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Management Summary
The Amsterdam Practical Trial (APT) or Praktijk Proef Amsterdam (PPA) 1 is a series
of large scale practical trials of innovative vehicle and road side systems and services
aiming to improve traffic efficiency, safety and the environment. The APT is a
cooperation with the city of Amsterdam, Province of North Holland, Vervoerregio
Amsterdam, Rijkswaterstaat and NDW. The APT participates in several European
projects like SOCRATES 2.0 and CONCORDA.
CONCORDA is a European project for the ‘CONnected CORridor for Driving
Automation’. The objective is to prepare European motorways for connected and
automated driving and truck platooning with adequate cooperative and connected
services and hybrid communication technologies. The CONCORDA project consists
of partners from the automotive and telecom industries, as well as road authorities
and operators, and is strongly linked to the European Automotive Telecom Alliance
(EATA), the 5G Automotive Alliance (5GAA), C-ROADS, CEDR and the C2C-CC.
Close cooperation with the relevant stakeholders enabled to understand and learn
from the needs and requirements from the perspective of those other stakeholders
for automated driving, communication and mobile communication networks. Close
cooperation was found to be very valuable and provided better insights on issues in
interoperability, cross-border harmonisation in Europe, deployment and policy
making, but also on internal processes within organisations like technical or strategic
choices.
CONCORDA conducted trials in Flanders, Germany, France, Spain and on three trial
sites in the Netherlands; North Brabant, Helmond and the Metropol Region
Amsterdam (MRA). The MRA is part of the APT with the particular objective on
functional and technical challenges for the APT to support automated driving, the
needs for the infrastructure support from an automated vehicle perspective, and how
to integrate road side and in-vehicle services. Additional CONCORDA partners in the
MRA trial are CRF2 as vehicle manufacturer and NXP Semiconductors. The
cooperative road side infrastructure and cooperative vehicles for the APT are
supplied by SWARCO and V-tron respectively, and TNO contributed to the technical
and functional evaluations. The MRA held cross-border interoperability tests with
Flanders, North Brabant and Helmond, with cooperated with partners like KPN,
Deutsche Telekom, Siemens and Bosch.
The MRA trials are set up using the cooperative infrastructure of the APT. Tests on
the public roads are driven manually by test drivers in test vehicles with On-Board
Units (OBU) to communicate with the road side infrastructure and generate vehicle
speed and lane control actions. Virtual and real-life events are tested on the public
roads. For safety reasons, test drivers are instructed not to execute the advised
actions. Several trial periods of 1 or two weeks were held from September 2019 to
December 2020, and several smaller test and trail events in between.
On closed test tracks, connected automated test vehicles are driven in automatic
mode while road side infrastructure information and test scenarios are replayed from
1

https://www.praktijkproefamsterdam.nl/over-ppa
CRF is the research centre of FIAT Chrysler Automobiles (FCA), now part of the Stellantis group
with PSA and Opel.
2
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the APT. The impact on driving assistance, safety and comfort are evaluated from
these tests. Details are presented in section 3 and reference [2]. Other trials also
tested automated driving on the public road, e.g. in Germany and North Brabant for
truck platooning.
Evaluation addressed technical criteria, such as the performance of the
communication systems, event detection, and the reliability and accuracy of speed
and lane control actions, and functional criteria such as the usability of road side
information. Effects of the services on driver behaviour, user acceptance or traffic is
assessed but not extensively tested.
Chronologically speaking, an ex-ante evaluation [1] was made beforehand. The
evaluation results from all trials are collected in [2], and have been aggregated at
APT level in [4]. This report presents the ex-post evaluation in which the evaluation
results for the MRA are summarised in part 1, and part 2 summarises the lessons
learned from other trials that are also relevant for the MRA.
After the overall evaluation was compiled within the CONCORDA project, by all
participating countries, a comparison is made between the outputs and results of
different countries (i.e. evaluation at level 1; see Figure 3 on page 18). We have
studied the use cases and results of other counties and developed lessons learned
for APT from the other CONCORDA pilot sites and establish a relationship with APT.
This management summary gives an interpretation of the most relevant conclusions,
issues and lessons learned on infrastructure support for automated driving in
CONCORDA. In the continuation of this management summary, these are organised
by MRA services, communication technologies and organisational topics.
MRA – motorway services
The APT provides several Cooperative-ITS services on the motorways A5, A9 and
A16 in the Netherlands:
IVS

In-Vehicle Signage provides the overhead matrix signs on the gantries and
includes information from Automatic Incident Detection and activated traffic
measures. The service includes the use cases for Dynamic Speed Limit
Information (IVS-DSLI) and Dynamic Lane Management (IVS-DLM) for lane
deviations and lane closures.
RWW Road Works Warning provides safety warnings for planned and unplanned
road works on one or more lanes or the shoulder, and is frequently combined
with IVS speed and lane measures.
HLN
Hazardous Location Notification provides safety warnings for potentially
hazardous events on the road, including use cases for Traffic Jam Ahead
(HLN-TJA) and Stationary Vehicle (HLN-SV) warnings.
The MRA road side infrastructure informs vehicles, in real-time, about the type and
location of the events and active speed and lane measures. These services are
initially developed to inform and warn drivers with connected and cooperative invehicle services in order to safeguard road workers from being hit and avoid collisions
into traffic queues, service vehicles, or stationary vehicles on the motorway. For the
same reasons, this information is also essential for automated vehicles to adapt their
speed and to change lanes. However, automated driving requires higher quality road
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side information, for example on latency, reliability, accuracy, security and
authorisation of the sender.
MRA road side services are adequate to support and potentially improve
Automated Driving.
This is assessed by CRF for the MRA services, and similar conclusions are made at
other trials and services for automated driving, with the following motivations:
• The services and road side infrastructure in the MRA are interoperable with
the CRF vehicle systems. The communication, message sets and PKI
security are interoperable.
• The road side information could enable the automated vehicle to adequately
and safely adapt speed and provide enough time to change lanes upon lane
closures, when using ITS-G5 communication.
• The state-of-art test vehicles used are capable of longitudinal control using
on board sensors, infrastructure based information provide an additional
source of information if sensors fail and to validate on-board sensor
information. Road side information is initially used to disengage 3, and hand
back control to a driver, when entering an event zone, dynamic speed limit
or lane restriction.
• For time-critical events direct communication (ITS-G5) is needed to avoid the
latency caused by long-range communication (4G LTE) and back office
services (see communication section for more details).
Potentially the road side infrastructure and services can extend the ODD for
automated driving. Potentially the road side information is also an extra data source
to support automated driving in the event zones. This can extend the Operational
Design Domain (ODD)3 for automated driving in these event zones, and increase
driving support time of automated vehicles, increase driver comfort and safety, and
reduce the number of times that automated driving is disengaged. The road side
information must be of the required quality, e.g. on latency, accuracy, reliability and
authentication.
• The origin of the data from the road operator must be authenticated to
validate speed and lane changes. This is provided by the PKI security
infrastructure for ITS-G5 communication.
• Obviously, an automated vehicle and driver must be warned in advance to
adapt speed or change lanes comfortably and safely. On motorways, with a
cruising speed of 100 km/h, an automated vehicle needs a distance of about
250 m to make a lane change comfortably. The events in the MRA meet this
criterion.
• On-board systems must have lane-level accurate localisation to reliably
distinguish the relevance of events and traffic measures for the lane of the
vehicle. This is necessary in complex situations like parallel and slip roads,
parking and service areas close to main roads, entry and exit lanes, viaducts,
flyovers and tunnels.
o On the other hand, a road operator may also try to avoid or reduce
the ambiguity in the road side information. Section 3.2 and reference
[2] give examples like explicitly including parallel roads (without a

3

Road works and hazards fall outside the current Operational Design Domain (ODD) of automated
vehicle functions. The ODD defines the situations and conditions in which automated driving
functions can be engaged safely.
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measure), or start and stop events more than 50 meters from the
main road.
MRA – controlled intersection service
The MRA provides infrastructure support for Green Light Optimised Speed Advisory
(GLOSA) at traffic light controlled intersections on the provincial road N201 and N205
and near the IJ-tunnel in the centre of Amsterdam. The automated vehicles optimise
vehicle speeds to either pass on green or stop at red. Controlled intersections are not
part of the current ODD3 because an automated vehicle has no information on when
a traffic light status will change and cannot determine when to stop or pass.
CRFFout! Bladwijzer niet gedefinieerd. assessed that potentially automated
driving support can be increased significantly over the larger part of a route of
controlled intersections. Also the number of stops and waiting times could be reduced
with adequate GLOSA speed advices, while the time to cross intersections can be
reduced compared to human drivers. The main gain results from the smooth speed
adaptations over the full length of the intersection approach to avoid a stop, while
human drivers tend to slow down only from 250 meters from the stop line. The
conditions for automated driving is that a GLOSA speed advice to pass or stop can
be generated reliably and predictably.
The GLOSA service is largely interoperable with the vehicle systems in the sense
that technically a speed advice can be generated from the road side information in
the on-board systems. However, issues are noted with the predictability and with the
interoperability of the road side information.
Road side information from the Dutch Traffic Light Controllers are not
predictable and reliable enough to support GLOSA for automated driving.
Due to the dynamic nature of the Dutch traffic light controllers in the MRA, and also
in the North Brabant trial site, signal phase time endings are predicted too early or
too late, and end times frequently change during an approach of a vehicle. These
characteristics also vary per iVRI 4. Prediction errors of several seconds occur on all
intersections, with occasional outliers of 20 to 40 seconds. These prediction errors
result in unreliable advices in connected and cooperative driver support systems. The
impact for automated vehicles is more severe and potentially result in harsh braking
or acceleration, especially for errors closer to the stop line. For automated driving,
the behaviour of iVRI applications must be improved:
• Prediction errors are expected to decrease towards the end of the phase
itself.
• For safety, it is mandatory for the yellow phase, and the last seconds of the
red phase to be 100% predictable, i.e. the end time shall not change within
a given interval before the actual phase change. The length of such “safety”
interval is well studied and standardized. It depends on the vehicle
approaching speed and road slope.
• For speed optimisation, small prediction errors are allowed at larger
distances to the stop line. The distance depends on the vehicle speed and
local speed limit. First decisions to pass or stop are made in automated
vehicles from as far as 450 meters before the stop line.

4

iVRI is the Dutch standard for cooperative traffic light controllers
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The iVRI traffic light controllers provide road side information for GLOSA in the form
of MAP and SPaT messages 5. A MAP message defines the topology of the
intersection and the approach routes. The MAP message contents, geometry and
ingress approaches of more than 450 m are adequate for GLOSA optimisation and
automated intersection manoeuvres. The SPaT message contains the dynamic
signal phase and timing information of the iVRI.
SPaT information is not fully consistent and interoperable for automated
vehicles.
Both CRF in the MRA and partners in North Brabant report interoperability issues
with the SPaT:
• Frequently timing information is missing in the SPaT messages. The current
phase, likely time and minimum and maximum end times must always be
provided. The minimum and maximum end time must also bound the likely
time. Without this information GLOSA advice cannot be generated on-board.
This feedback can be interpreted as an interoperability issue with the profiles
from C-ROADS and the C2C-CC.
• The update frequency of SPaT messages is variable and rarely more than 1
Hz. If the traffic light phases were highly predictable and periodic, 0.5Hz
would be enough, but since these traffic light are highly adaptive, 10Hz
updates ( ISO standard ) shall be provided.
Communication Technologies
Hybrid communication architectures combining some forms of short- and long-range
communication technologies are used in all CONCORDA trials. In short-range
communication messages are directly exchanged between vehicles and road side
units. In long-range communication, a vehicle communicates via cellular
communication network of a Mobile Network Operator (MNO) and mobile internet to
services in the cloud. All trials used ITS-G5 as the baseline for short-range
communication, and 4G LTE as the baseline for long-range communication. The
evaluation results from the MRA are comparable to the other trials, and some novel
lessons can be learned from these other trials.
ITS-G5
ITS-G5 is the name for the European6 standard for short range vehicle ad-hoc
communication. ITS-G5 is implemented in all trials as a baseline communication
system for automated driving in vehicle units and road side units. ITS-G5 is well
specified, profiled in C-ROADS and C2C-CC, tested for interoperability and piloted in
most European Member States for Cooperative and Automated Driving.
ITS-G5 communication performance is adequate for the trialled automated
driving functions (including truck platooning); i.e. the communication latency is up
5

European version of MAP and SPaT are also abbreviated as MAPEM and SPaTEM respectively
ITS-G5 is specified by the European Telecommunications Standards Institute (ETSI), see
https://www.etsi.org. The name ITS-G5 is sometimes used loosely and interchangeably with other
standards for short range communication. Dedicated Short-Range Communication (DSRC) is the
name used for similar standards for vehicle ad-hoc communication in the USA and Japan and is
also used for electronic tolling. ITS-G5 and DSRC define their own sets of cooperative messages
used in the cooperative and automated driving services, but also specify the lower software and
hardware layers of the communication system. For example ITS-G5 defines how to route
messages as GeoRouting and GeoNetworking and how to access the radio network, for which the
Wireless Access in Vehicular Environments (WAVE) standard is used in the USA. The PKI
Security standards differ between Europe and the USA. At the lowest layer in the architecture,
both ITS-G5 and WAVE use the IEEE 802.11p standard, also called WiFi-p.
6
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to 50 milliseconds with PKI security and a reliability of 90%, and the effective
communication range of at least 320 meters are sufficient.
ITS-G5 is tested both with and without the ETSI standard for PKI security for message
(sender) authentication, including the trust chain with certificate authorities to validate
and revoke certificates. ESCRYPT is typically used in most trials to provide the PKI
security infrastructure. Adding PKI security has a considerable negative effect on the
latency and reliability of short-range communication.
ITS-G5 is considered as mature, ready for deployment of V2X services and
automated driving, and a benchmark for other communication technologies.
The services, standards and profiles are and will be developed continuously for new
Connected and Cooperative Automated Mobility services. Consequently, versions
and revisions need to be checked as a minimum requirement for interoperability in
trials and deployments. Harmonisation is a continuous process currently tasked to CROADS and C2C-CC.
LTE-V2X
LTE-V2X is a relatively novel standard7 for short-range vehicle ad-hoc
communication. The technology is tested and compared to ITS-G5 for its suitability
to support automated driving in the same environment and conditions. In the MRA
LTE-V2X is only tested and compared on application level and first results are similar
to more detailed tests in other trials in e.g. Germany and North Brabant (section 8.1).
LTE-V2X is not ready for and reliable for automated driving.
Most trial sites experienced issues with LTE-V2X technology, and qualify the
technology to be still in its “infancy”. Hardware and software proved to be extremely
difficult to obtain, are still under development with updates and new functionality, and
require additional resources for updating, integrations and testing.
This new technology also introduced new challenges that require redevelopment of
in-vehicle and road side units. The PC5 channel requires very precise timing of
message generation to optimise channel use. At the end of the trials, communication
performance is still not as good as that of ITS-G5. Especially the communication
latency and jitter are considerably higher and with larger outliers. Reliability (message
loss) and effective communication range are similar. LTE-V2X is tested with the same
PKI security as ITS-G5 and has a similar negative effect on the performance as with
ITS-G5. LTE-V2X performance is still considered sufficient for truck platooning (i.e.
latency remains within 100 milliseconds).
New technology developments are focussing on the 5G version, also called C-V2X,
rather than the 4G LTE version.
4G LTE
Long-range communication consists of two communication paths;

7

LTE-V2X is specified by 3GPP Releases 14 and 15 as the PC5 or SideLink variant for an ad-hoc
communication service using 4G LTE technology, see https://3gpp.org/v2x. Updates of the
standard Release 16 prepare for combination with 5G NR technology, often called C-V2X.
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1. the 4G LTE8 cellular communication network provides wireless radio
communication between vehicle systems and base stations of a Mobile
Network Operator (MNO), and
2. the fixed core network of the Mobile Network Operator from the base stations
to the internet and services in the cloud.
4G LTE is used in the MRA as part of the hybrid communication system with ITS-G5.
The MRA uses the TLEX and IF2 data provisioning services 9 in the cloud to forward
the road side information to service provider NXP. These service providers deliver
their service specific information to the cooperative and automated vehicles via a 4G
LTE mobile data connection. The end-to-end communication latency is between 120
and 320 milliseconds. This is considerably higher than for ITS-G5, and exceeds the
latency requirement of 100 milliseconds for automated driving.
V2X communication performance strongly depends on the communication
performance of both paths (1 and 2). In the German and North Brabant trials, in which
Deutsche Telecom and KPN are involved as MNOs, following interesting
observations are reported:
• Latency is significantly higher than for short-range communication, and
above the minimum requirement of 100 msec for automated driving.
Especially the large number of large outliers (up to and above 1 second)
make LTE communication unreliable for automated driving.
• Latency variations are almost exclusively caused in the radio access network
in path 1, and are more significant than in path 2. Latency variations result
from highly dynamic situations in the network such as the mobility of enduser devices, location (at the edge of a cell or in in close proximity to the base
station) and network load. Optimising the radio network of an MNO would
give the largest latency improvements. Network tuning was done during the
trails only, but cannot be used on large scale and in the commercial networks
for end-users. Dedicated LTE network tuning for automated driving is only
possible with the cooperation of an MNO as partner. This is not trivial for
further deployment.
• Reliability of the LTE network is normally high compared to short range
communication (i.e. few messages are not delivered) as long as the mobile
network coverage is granted. However, network coverage varies per location
which results in connection loss and service interruptions even in straight line
road sections. Also the hand-overs when switching between network cells
and crossing network borders result in additional delays and reduced
reliability.
• The size of C-ITS messages also has a significant effect on LTE network
performance, and should be reduced, e.g. by removing the headers that are
only meant for ITS-G5 communication. This would imply that interoperability
between short- and long-range communication paths in a hybrid architecture
is lost.

8

LTE is specified by 3GPP as the LTE-Uu serivce for cellular network based communication. LTE
is the name of the 4th generation (4G) communication network supporting mobile data exchange
between end-user devices and cloud services.
9
TLEX is a data provisioning service developed in Talking Traffic
(https://monotch.com/implementations/talking-traffic-nl/). IF2 is a data provisioning service on top
of TLEX developed in the InterCor project (https://intercor-project.eu/) .
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The radio network tuning is highly important for policy making and standardisation of
5G NR and V2X deployment in Europe. Specific requirements for the Quality-ofService (QoS) for automated driving, such as low latency, low jitter, and seamless
hand-overs, and not taken into account by MNOs in 4G LTE networks. Although
network latency and reliability are expected to improve with 5G NR, the same level
of QoS requirements may not apply to other application domains, so there is no
guarantee that the required quality-of-service will be available and will be provided.
For seamless cross-border services between member states and MNOs,
harmonised policies must be implemented to guarantee the needed
communication quality for automated driving and more generally for
Connected and Cooperative Automated Mobility (CCAM).
Edge Computing
Edge computing is not tested in the MRA. Other trial sites tested several solutions
and architectures using edge computing in the cellular network of the MNO. The
objective is to provide a local communication service in a 4G or 5G network-based
solution, thereby approaching the efficiency of short-range communication. Edge
computing is still experimental, and several architectures have been tested at several
trial sites, but not in the MRA. MECs can also be combined with LTE-V2X, 5G and
C-V2X, or act as a type of road side unit with specific CCAM functionality and
services10.
In an existing 4G LTE network all communication from a sending vehicle is routed
through the core network to a cloud service, and then back again to a receiving
vehicle. The IF2 data provisioning service and the Talking Traffic TLEX/UDAP are
examples of such cloud services in the MRA.
Edge Computing provides a shorter communication path for local communication.
When sending and receiving vehicles or road side units are within the same cell of
an MNO’s base station, the routing can also be short-cut on a MEC (Multi-access
Edge Computing). The MEC could run at or near the base station; i.e. at the edge of
MNO’s network. A so called GeoService at the MEC routes all local communication
from a sender directly to every local receiver and avoids communication through the
core network and the cloud. Both the sender and the receiver can use their standard
4G LTE communication systems, while the communication delays are reduced to
performance levels similar to that of LTE-V2X.
The 4G LTE performance issues in the MNO radio network, as reported above,
cannot be resolved with edge computing though.
Conclusions and discussion
The MRA and CONCORDA trials have demonstrated the potential and the need for
a cooperative road side infrastructure to support automated driving. Validated and
authenticated road side information can potentially extend the Operational Design
Domain of automated driving to event zones for road hazards, dynamic speed limits
and lane restrictions. An automated vehicle cannot obtain the necessary information
and information quality on road hazards, speed and lane restrictions from on-board
sensors or HD maps. Hence validated and authenticated road side information is
essential to support and enable automated driving in event zones, and to increase
traffic efficiency and safety by reducing the number of disengagements of automated
driving and consequent hand-overs of control back to the drivers. Infrastructure
10

MEC and 5G technology are still subject of research in new EU projects like 5G-MOBIX.
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support for automated driving does come with additional requirements for the road
side infrastructure, for example:
• Road side services and information must be provided with higher quality than
for connected and cooperative services, for example on latency, accuracy,
reliability and predictability. Currently, these requirements can only be met
for MRA motorway services using ITS-G5 or WiFi-p communication and not
with LTE-V2X or long-range 4G-LTE communication.
• PKI security infrastructure must be provided for automated driving to
authentication that information originates from the road operator and to
validate automated speed and lane changes.
Close cooperation between road operators, vehicle manufacturers and suppliers, and
mobile network operators in CONCORDA provided to be valuable and efficient. Close
cooperation did improve the quality of the project results, for example in the
understanding of requirements and limitations from the perspective of other
stakeholders, understanding interoperability issues and dependencies of results, and
jointly explore successful paths to solutions for testing and the trials. For the road
authorities for example it is important to know what kind of use cases are being
implemented in the vehicles in order to decide on the best investments for road side
infrastructure. The MRA partners recommend this for a successful deployment of
(connected) automated driving also in future projects. To advance development,
pilots and deployment, close cooperation between stakeholders and their
associations, like C-ROADS, C2C-CC, EATA and 5GAA, will be needed.
Most conclusions in this report are qualified as ‘potential’ or likewise for several
reasons. Technologies, systems, demonstrators, or prototypes are being tested in
various stages of technology readiness (i.e. different TRL levels). This is great for
demonstrating the potential, but does not justify projections of impacts for usability,
scalability and deployment. Examples for communication technologies are that LTEV2X is not ready for deployment, and the optimisation of 4G and 5G communication
networks for connected and automated driving services needs further policy making
and harmonisation across Mobile Network Operators (MNO).
Also acquiring road exemptions for testing automated vehicles on public roads in
different member states and trial sites proved to be too costly and time consuming.
Truck platooning is tested on the public road in Germany, but the same vehicles and
tests could not be executed in the Netherland, and the automated vehicle from CRF
is not exempt for testing on the public road in the MRA. Consequently automated
driving could only be tested on closed test tracks instead of public roads.
Gaining practical experience with automated driving in event zones is considered
essential for further development of automated driving functions, road side services
and the impact on driver behaviour, traffic effectiveness and safety. Since the
motorway services in the MRA are assessed as ready for testing with automated
vehicles, the logical next step would be to organise automated driving tests to collect
the evidence for infrastructure supported automated driving in real traffic conditions
on public roads in the MRA.
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Acronyms
4G LTE: 4th generation of cellular network communication, also named LTE
5G NR: 5th generation of cellular network communication, also named NR
ADF: Automated Driving Function
APT: Amsterdam Practical Trial (=PPA)
AV: Automated Vehicle
C2C-CC:Car-to-Car Communication Consortium
CAM: Cooperative Awareness Message
CAN: Controller Area Network within a vehicle
CAV: Cooperative or Connected Automated Vehicle
CEDR: Conference of European Directors of Roads
C-ITS: Cooperative Intelligent Transportation Systems
C-ROADS: The platform of harmonised C-ITS deployment in Europe
C-V2X: Cellular short-range communication using 3GPP Release 14 or 15 (LTEV2X7)
DENM: Decentralised Environmental Notification Message
DSL: Dynamic Speed Limit
DoW: Description of Work
FOT: Field Operational Test
FESTA: The Field Operational Test Support Action (FESTA)
GLOSA: Green Light Optimal Speed Advise (Advisory) service
HLN: Hazardous Location Notification service
HLN-TJA: Hazardous Location Notification service – use case Traffic Jam Ahead
HLN-SV: Hazardous Location Notification service – use case Stationary Vehicle
HMI: Human Machine Interface
iVRI: Dutch standard for a cooperative TLC
ITS: Intelligent Transportation Systems
ITS-G5: Short range ad-hoc communication using ETSI EN 302 663 (5.9 GHz), also
called WiFi-p
I2V: Infrastructure-to-Vehicle, directionality of a cooperation, message and service
IVI: In-Vehicle Information message
IVS: In-Vehicle Signage service
IVS-DLM: In-Vehicle Signage service - use case Dynamic Lane Management
IVS-DSLI: In-Vehicle Signage service- use case Dynamic Speed Limit Information
KPI: Key Performance Indicator
LTE-V2X: Cellular short-range communication using 3GPP Release 14 or 15 for 4G
(C-V2X7)
MAP: Messge defining the topology of an intersection and approaches to the
intersection
MRA: Metropool Region Amsterdam – CONCORDA trial site of the PPA / APT
OBU: On-Board Unit
ODD: Operational Design Demain
PPA: PraktijkProef Amsterdam (= APT)
RSU: Road Site Unit
RWW: Road Works Warning service
SPaT: Signal Phase and Timing message
TLC: Traffic Light Controller (iVRI)
TRL: Technology Readiness Levels
UC: Use Case
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Introduction to V2I: Vehicle-to-Infrastructure,
directionality of a cooperation, messages and
services
In the CONnected CORridor for Driving Automation (CONCORDA) project the
interaction between vehicles with automated functionalities (specific use cases) and
the road side is tested at different locations. Goal of the project is to test whether road
side information and messages can be used for automated driving and also to test
the development of the communication technologies. The project is not about
developing automated driving systems itself.
The Amsterdam Practical Trial (APT) is one of the trial sites in CONCORDA.
Rijkswaterstaat, Province Noord Holland (PNH) and Amsterdam collectively try to
combine the goals of CONCORDA and the APT as much as possible, in testing
automated vehicles (AV) and road side equipment as well as in evaluating the tests.
Project partners in the APT are CRF, providing the automated vehicles, closed test
tracks in Italy and simulation facilities, NXP providing and evaluating communication
performance, and SWARCO and V-tron as technology providers for the cooperative
road side and in-vehicle systems.

1.1

Amsterdam Practical Trial (APT) infrastructure and services
The Amsterdam Practical Trial (APT) is used as one of CONCORDA’s piloting areas
and is a cooperation between Rijkswaterstaat, the Province of North Holland and the
city of Amsterdam. The trial site (see Figure 1) consists of four test site routes and
locations with different types of public roads namely:
•
•
•
•

A5 and A9 motorways near Schiphol airport
N205 and N201 provincial road in North Holland
Prins Hendrikkade and IJ-tunnel intersections (West and East) in the city of
Amsterdam
A16 motorway between the cities of Rotterdam and Dordrecht

Figure 1: APT test-roads in CONCORDA.
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The APT infrastructure implements a hybrid communication architecture combining
both short- and long-range communication. All test routes and controlled
intersections are equipped with Road Side Units (RSU) using the European standard
ITS-G5 for short range communication. ITS-G5 is sometimes also called WiFi-p
communication6. The RSUs are also connected to the TLEX/UDAP data exchange
and IF2 data provisioning service in the cloud9. Service Providers can access the
road side information via TLEX or the IF2 and forward the information via 4G cellular
communication8 to the On-Board Units (OBU) in the automated and cooperative test
vehicles. Most OBUs are equipped for using both ITS-G5 and 4G LTE
communication. Several RSUs and OBUs have also been equipped to use LTE-V2X7
communication.
The APT deploys
cooperative services and related use cases within the
CONCORDA project that are listed in sections 1.1.1 to 1.1.5 . These services and
use cases are fully compliant with the C-ROADS specifications [6]. The services use
C-ITS messages to broadcast information from the road side to in-vehicle systems,
or I2V communication. The IVI, DENM, SPaT and MAP are the C-ITS messages used
and briefly explained per service. Below, we present key concepts for the services
and briefly explain how they are implemented in CONCORDA.
1.1.1

In-Vehicle Signage - Dynamic Speed Limit Information (IVS-DSLI) and Dynamic
Lane Management (IVS-DLM)
Dynamic Speed Limit Information and Dynamic Lane Management are use cases for
the In-Vehicle Signage information service. The road user is informed about dynamic
speed limits and lane restrictions on the motorway. The road operator sets the speed
limits and lane restrictions as part of the traffic measures for traffic efficiency and road
safety events such as road works and hazards. The information is broadcast in the
form of In-Vehicle Information (IVI) messages.
The CONCORDA project implemented this use case in the Netherlands by converting
the traffic signs on overhead variable message set from the Motorway Traffic
Management (MTM) system. Road signs shown are for instance [max 50], [max 70],
[max 90] and [end of restrictions], lane deviations and lane closures. An IVI message
defines the traffic signs that are relevant on the road segment from the variable
message sign till the next gantry. Typically a traffic measure for an event such as a
road works is complex and consists of a series of speed measures and lane closures,
that are represented in a series of IVI messages over consecutive gantries.
Note that the information transmitted in IVI messages will not include the legal
maximum speed. In situations where the legal maximum speed may vary, e.g. in the
Netherlands when rush hour lanes are either open (max speed 100) or closed (max
speed 120), the non-standard legal maximum speed should in principle be
transmitted as well. This is however not implemented yet and will have to be
investigated.

1.1.2

Road Works Warning (RWW)
Road Works Warning is a service to warn road users for road work zones. The road
user receives information about the road works zone and the closure of part of a lane,
whole lane or several lanes, or hard shoulder. The closure is due to a static road
works site. In this use case, alternate mode and road closure are excluded.
The CONCORDA project implemented this use case in the Netherlands by converting
information on lane closures due to road works retrieved from the ‘signalling system‘
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(MTM) and possibly SPIN and/or Flister into Decentralised Environmental Notification
Messages (DENM).
The RWW information will be calculated centrally, not locally at the roadside. The
event position will be calculated from the position of the first [red cross] combined
with information from SPIN and Flister if available. The event position can also be the
location of a service vehicle closing off a lane.
1.1.3

Hazard Location Warning - Stationary Vehicle (HLN-SV)
The Stationary Vehicle use case warns approaching drivers about stationary or
broken down vehicles ahead. This use case is part of the HLN service to warn drivers
for hazard locations and obstacles on the road. It is a preventive safety service, as
drivers will have more time to prepare for the hazard.
The road operator could have an event management system and insert also a
conventional (non C-ITS) vehicle broken down, and trigger an I2V DENM message
to warn other vehicle drivers. Alternatively, a service vehicle from the road operator
can also broadcast V2X DENM messages while being stationary on the road or hard
shoulder.
The CONCORDA project implemented this use case in the Netherlands according to
these scenarios:
• HLN-SV based on information directly from a traffic inspector’s vehicle (i.e. a
WIS-PNH). The traffic inspector’s vehicle locally generates HLN-SV DENM
messages and broadcast these via ITS-G5 (i.e. a WIS-PNH To nearby ITSG5 capable vehicles).
• HLN-SV based on central information obtained from the Flister system. The
Flister system is an existing conventional central system which locates road
inspector vehicles that are standing still. Information from Flister can be used
to centrally trigger HLN-SV messages. This information is then transmitted
locally as DENM messages via the most appropriate RSU(s). This was done
virtually on the A16 motorway.
Note that the HLN-SV information may be calculated centrally as well as locally at
the roadside (e.g. on the traffic inspector’s vehicle). The event position will be
calculated from either the GPS position of the traffic inspector’s vehicle or from CAM
messages. Note that even when DENMs are sent from a traffic inspector’s vehicle
they are, due to the fact that it is a message from the road operator, denoted ‘I2V’
rather than ‘V2V’.

1.1.4

Hazard Location Notification - Traffic Jam Ahead (HLN-TJA)
The Traffic Jam Ahead (TJA) service warns drivers for dangerous end of queue of
traffic jams. This is an I2V use case. The road operator detects a traffic jam, and
sends the information to the road user, including the location of the queue end, the
length of the traffic jam and the road section and lanes that are jammed.
The CONCORDA project implemented this use case in the Netherlands by converting
information retrieved from the ‘signaling system‘ (called MTM) on traffic jams (the socalled ‘Automatic Incident Detection’ (AID) mechanism) into DENM messages.
The HLN information will be calculated centrally, not locally at the roadside.
The event position will be calculated from the position of the first [max 70] with
flashers and will be positioned in the middle of the carriageway. Event history (length
of traffic jam) will not be used in DENMs.
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1.1.5

Signalized Intersections - Green Light Optimal Speed Advisory & Time to
Green/Time to Red (SI-GLOSA)
The service is to provide speed advice to road users approaching and passing traffic
light controlled intersections.
Situation:
• In a single intersection a V2X equipped vehicle approaches a single I2V
enabled signalized intersection, which transmits periodically and in real time
the current phase state and predicted timing of the traffic lights in SpaT
messages, and the road topology for the intersection ahead in MAP
messages.
• In a sequence of intersections a V2X equipped vehicle approaches a
sequence of I2V enabled traffic light controlled intersections, which transmit
periodically and in real time the current phase state and predicted timing of
the traffic lights and road topology for the intersection(s) ahead.
The CONCORDA project implemented this use case in the Netherlands by
integrating traffic lights with a subsystem at the roadside (iVRI). Via this connection
the traffic light can broadcast information to nearby vehicles. This includes
information about the topology of the intersection in MAP messages, and the phase
schedule of each traffic light signal in SPaT messages.
Approaching vehicles can receive this information and calculate the optimal
approaching speed. At optimal approaching speed, energy-efficiency is improved and
stops may even be avoided.

1.2

APT Trials
The following trail events are held on the APT and evaluated in deliverable [2]:
1. 2–4 September 2019, using ITS-G5 and 4G communication
2. 20-23 January 2020, using ITS-G5 and 4G communication
3. 13 and 16 July 2020 for interoperability tests with trial site in Flanders using
ITS-G5, and 1 July and 24 September for tests with the North Brabant trial
site using ITS-G5
4. 30 November – 23 December 2020, using ITS-G5 and 4G, and C-V2X
communication
The APT trial sites and stations included in the evaluations included 17 RSUs on the
A16 motorway, 6 RSUs on the A5 and A9 motorways, 13 intersections on the N201
and N205, and 1 intersection in Amsterdam, which the data were collected from them
by TNO’s repository and are reported in detail in CONCORDA Technical Evaluation.
Additional tests were also held, for which log data was collected and analysed, but
not reported in [2]. This includes tests for development or C-V2X and new releases
of PKI security, CAM and DENM messages, ISAT acceptance testing on the trial
sites, pre-tests for the trials and preparatory cross-border tests with other trial sites.
Additional tests are also held with the APT test vehicles to prepare and trial on other
CONCORDA trial sites in Flanders and North Brabant, the results of which are
reported separately by each trial site in [2].
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Approach to trailing and evaluation
At the Amsterdam test site the usability of the cooperative services and C-ITS
messages for autonomous driving was tested by test drivers of the CONCORDApartners, in regular traffic but without actuation. Due to the nature of Dutch law a car
is in general not allowed to drive in regular traffic without a driver holding his hands
at the steering wheel. There are exceptions that can be made on this, but it would be
an intensive and long process. In order to stay safe the APT project partners decided
to test the vehicle systems in four setups:
1. RWS and PNH provided test vehicles that are equipped with cooperative
validation equipment. These vehicle receive the cooperative road side
information and generated advices and information on an HMI to the enduser.
2. NXP provided a test vehicle with communication test equipment to measure
communication performance.
3. CRF provided test vehicles that are prepared for automated driving. The onboard equipment receives the road side information as input to automated
driving functions. The automated driving functions however are not directly
controlling the vehicle, but present the actions on an HMI instead.
4. Automated driving with truly automated vehicles is performed by CRF in
additional tests on the CRF test tracks in Italy.
From the perspective of a road operator, the cooperative services and C-ITS
messages should support both the human drivers as users of cooperative advice
systems and automated vehicles. The usage of the I2V information can be very
different though. A cooperative driver support system for example would only be
active during events to warn or inform the human driver. Automated driving functions
are engaged within their Operational Design Domain (ODD), and are normally
disengaged during such events. To extend the ODD during the events, the usefulness
and quality of the C-ITS messages is crucial, for example in terms of latency, lanelevel localisation, predictability and consistency across events. If an automated
driving would be based on the same C-ITS information, then traffic behaviour may
also be very different, for example in terms of response times and compliance to the
warnings and information. Consequently, the requirements on the quality and
usefulness of I2V information may be very different between cooperative and
automated vehicles.
The objective of the trials is to see if and how traffic control, through the use of C-ITS
messages, supports the way automated vehicles drive and how this contributes to
realize positive effects that can be attributed to the use cases. Figure 2 shows a
simplified architecture of the technical set up of the CONCORDA project [2]. The blue
blocks and interactions in the RSU and On Board Units (OBU) in the left part of the
figure are the services and applications for the cooperative vehicles and road side
units that were evaluated.
The Road Side Unit (RSU) and the back end systems that are in operation as the
central system have C-ITS applications triggering the generation of C-ITS messages
and sending these messages to OBUs. The OBU runs vehicle-based C-ITS
applications generating input to automated driving functions via the CAN (Controller
Area Network) of the vehicle that determines how vehicle control is adapted.
Alternatively, the control input from automated driving functions, such as speeds and
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lane changes, can also be presented as advices to be realised by the driver (e.g. in
test vehicle 3.).

Figure 2 Simplified Application Level Architecture (source: technical evaluation report).

The cooperation between road side and in-vehicle systems is evaluated at the
application level. Evaluation at application level relates to the technical behaviour,
such as the communication performance and message processing, to the output of
the application as information to the HMI of the driver or to the Automated Driving
Functions. Eventually the response of the vehicle or driver to given C-ITS information
will lead to different driving behaviour, which in turn will lead to an impact and effects
of use cases on traffic efficiency and safety.
However, for safety reasons, the test drivers in the Amsterdam test site are instructed
not to adapt their driving behaviour on the public road in response to the information
presented on the HMI. Also, the automated vehicles are not exempt to automatically
control the vehicle on the public roads of the APT. Hence the quantitative and
qualitative effects of the services on driver behaviour cannot be evaluated from the
trial data.
1.4

Evaluation reporting process
In CONCORDA three evaluation levels are distinguished (see figure 3):
1. Highest level of evaluation in the CONCORDA project, where information
from all pilots is combined. This is led by the Institute of Communication
and Computer Systems (ICCS).
2. Evaluation of CONCORDA at pilot level. For the Amsterdam pilot this is
coordinated by Fiat Chrysler or more specifically Centro Ricerche Fiat
(CRF) but carried out by level 2 partners APT/NXP /CRF.
3. Level of the Amsterdam Practical Trial
TNO carries out the technical and functional evaluation of the Amsterdam pilot (level
3). These evaluations will be input for the higher level evaluations.
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Figure 3 The three evaluation (and coordination) levels and the main deliverables in the
CONOCRDA project

1.5

Structure of the document
This document consists of two parts. The first part describes the results of the
functional and technical ex-post evaluation of the APT and the second part explains
the lessons learned from CONCORDA project for the APT.
At the start, RWS provided TNO with an ex-ante Amsterdam Practical Trial evaluation
document [1]. The ex-ante document is used as a guideline to do the ex-post
evaluations. TNO has performed a technical evaluation and a functional evaluations
from the APT at level 3 (see Figure 3) for the CONCORDA project. Those reports
were provided to RWS as inputs for M26 [2], and M33 [4] deliverables of the
CONCORDA project. The ex-post evaluation described in this report is based on the
TNO’s inputs to M26 and M33 (at level 3 evaluation) and also the ex-ante document
[1].
The second part of this report discusses the lessons learned from other pilot sites
within the CONCORDA project for the APT. For this part, the latest version of the
M33 deliverable [4] of the CONCORDA project, from the level 1 evaluation (see
Figure 3), has been used as an input. In this part, the results of the comparison
between the different countries (i.e. evaluation at level 1) are examined. After the
overall evaluation has become available, a comparison is made between different
countries. For this we have studied the use cases, results and lessons learned from
the other pilot sites and establish a relationship with APT.
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User acceptance
In the APT the tests were aimed at the communication aspects of the services and
on pre deployment. The C-ITS messages from the infrastructure (for instance
maximum speed or a Short-range communication or ITS-G5 signal) were sent and
received in the test vehicle on a laptop that simulated the autonomous functions of
the vehicle.
RWS instructed TNO to use the ‘Ex-ante evaluation Amsterdam Practical Trial’
document [1] as the guideline to conduct its ex-post evaluation of the CONCORDA
project. However, on the ex-ante document, the user acceptance part was
considered ‘out of scope’ and was not described in detail.
Ultimately the CONCORDA project did include a ‘user acceptance’ part, which was
implemented rather differently than the classical definition of the user acceptance.
For instance, on the InterCor project [5], the user acceptance was executed by
testing many users on the road in actual session and the respondents were solicited
to test the use cases. However given that in practice the CONCORDA project did
include users and the use cases on the actual roads, it was decided that the user
acceptance to be investigated by conducting interviews with the test drivers and
combining the outcomes with the findings from CRF. This format of conducting the
user acceptance was implemented in consultation with RWS and other consortium
partners in the CONCORDA project.
In the first test events there was a co-driver in the test vehicle that checked technical
aspects on the spot for example the correctness and timeliness of the messages on
the laptop. For the later test events a livestream was implemented, since COVID-19
prevented the presence of more than one person in a car. Although testing HMIdesign and user experiences were not the focus of APT and the assessment by a codriver is not user acceptance in the classical sense (where the driver is evaluating a
service), the co-drivers do give insight in the way the vehicle functions when its
confronted with the different use cases.
For the user acceptance within the functional evaluation we conducted interviews
with test drivers at the first test event in the APT and took into account the results
from the test events, the technical evaluation and interviews with test drivers in the
4th test event in Italy. From this we can conclude the following:
•

Cooperative driving with road management information (IVS
services for dynamic lane management and dynamic speed
limits):
• Information from overhead panels can be brought into the
vehicles and used for automated driving. In the
Netherlands several service providers offer IVS on
smartphone apps, through Talking Traffic. Drivers who
have these types of apps are used to having this
information in car. However, having automated vehicles
react automatically to this type of information will probably
feel different for drivers, since they will not define the
moment of intervention themselves. In Italy this use case
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was tested in a satisfactory way, the AV slowed
down/accelerated with dynamic speed limits and with
dynamic lane change the test driver had to confirm the
lane change.
Cooperative driving with traffic and hazard information (RWW,
TJAW, slow or stationary vehicle information):
• Slow vehicle warning was tested with an APT vehicle
(road inspector vehicle) equipped with ITS-G5 that
automatically sends a DENM message with traces of the
part last driven. The test showed that the signals were
received timely and CRF gave indications that this type of
information has the potential to be used to have the AV
propose or request to the driver to scale down in level of
automation. This was tested in a satisfactory way in Italy
on the test track.
• The tails of traffic jams are measured through loop
detectors at the main road network of the Netherlands.
Because of the frequency/locations of overhead panels
(roughly every 600-800 meters on the main road network)
there is a margin in what the exact position of the tail of
the traffic jam is. The automated vehicle has to deal with
this and, unless there is additional V2V information, alert
the driver, who has to take over control himself. Another
thing that could help is to raise the sensor alertness.
There were also tests with a traffic jam in which the tail
was moving (in both ways).
• Road Works Warning was tested by passing on the exact
locations of the road works. This service issues a warning
with a location, and as long as it is clear what the warning
is about and the location is of sufficient quality, the
automated driving vehicle can do something with that
information.
GLOSA:
• GLOSA was tested on different traffic light controls, within
the city of Amsterdam as well as on provincial roads.
Information from the road side was brought into the
vehicle, but there are several issues that make this a
complicated use case. The most important one is the fact
that the traffic controls are traffic actuated, which makes
the predictability of the traffic lights low. In the project this
was tackled by making the traffic light control more static.
Even then, it is not straightforward how the use case will
be implemented exactly in an automated vehicle.

After the first test event, most of the CONCORDA use cases were tested virtually
since not all relevant traffic situations occurred in real traffic during the test events.
For instance: instead of waiting for a traffic jam this was tested by a computer
generated scenario that simulated this traffic situation. This way the technical tests
could also be done with different communication techniques present in the vehicle
(Wifi-P, cellular). This approach resulted in the collection of a lot of data on the use
cases in different traffic circumstances.
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In addition to the virtual testing in the APT-roads an additional test event was created
in Italy with test drives on a test track (so no regular traffic) in Torino. Here test drivers
from CRF/FCA were driving automated vehicles (level 3) with actuation. The tests
were technical tests regarding the speed profile: the KPI was to maintain the speed
profile within the acceleration limits of the cruise control. The designers of the
automated vehicle-software regarded their implementation to be comfortable for a
driver and no issues with driver acceptance were expected. In addition, there was
autonomous actuation in response to information that was sent by the traffic light on
the test track; the speed profile, lane centring and steering were done by the vehicle;
so full functionality of the CONCORDA use case (drivers took their hands off the
wheel).
Some use cases were tested more extensively than others. For GLOSA there were
about 30 trials, for dynamic speed limit, stationary vehicle, TJAW and slow vehicle
each about 10 trials. The test drivers knew which scenarios were tested (a scenario
comprised one or more use cases). They knew more or less the locations where the
use case would be operational, but not exactly.
In general the test drivers were very positive, the vehicle behaviour was the expected
one. The vehicle felt pretty much as a human driving, the vehicle was complying with
human comfort. Sometimes there were small differences (compared to how a human
would drive) in the lateral control. Some specifics per use case:
•

•

•

•
•
•

GLOSA: in one specific situation there was a difference with a
human driver, namely when the traffic light was red and about to
turn green. The vehicle knew that it was going to be green, where
a human driver could not know this without information.
Slow vehicle warning: this was tested by a remote vehicle slowing
down. Then the AV slows down as well, it does not change lanes.
The remote vehicle sends the message via Wifi-p.
Stationary vehicle warning: The AV requests the driver to take
back control. If the driver does not take back the control, then the
vehicle slowed down to 30 km/h (and ideally/later it would stop).
TJAW: Just as for Stationary vehicle warning, the AV requests the
driver to take back control.
Dynamic SL: vehicle slows down/speeds up to new speed limit.
Dynamic lane change: This was tested by having traffic cones on
the track, where a lane closure was in place. The AV was driving
on the lane that was closed further downstream. It received the
V2X information about the lane closure. For security reasons, the
driver had to confirm the lane change. After the lane closure, the
vehicle went back to the original lane.

The test drivers mentioned that with the scenarios that they tested, the environment
was perfect (because it was a test track) and all use cases worked fine. This is
different from testing in real life situations.
2.1

Technical effectiveness
The Ex-ante evaluation Amsterdam Practical Trial document [1] included a specific
section about the ‘traffic effectiveness’. In the ex-ante document, it was advised to
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test the automated vehicles on actual traffic situations and traffic safety aspects,
whereby the act of the AVs can be monitored in: ‘signalized intersections’, ‘road traffic
with signalling’ and testing ‘black spot locations equipped with techniques that send
information about vulnerable road users to connected and automated vehicles’.
It should be emphasise that the traffic effectiveness was not possible since the test
vehicles were not allowed to do any automated actuation in the normal traffic and no
orders from AV device was obeyed by the human driver behind the wheel of the test
vehicle. So the driver was driving the test vehicles without looking at the device's
instructions. Therefore no ex-post evaluations on the traffic effectiveness of the test
vehicles, driving on the road can be offered.
In conclusion, everyone agrees that it was very valuable to participate in the
CONCORDA project, because in the project important steps have been taken in the
testing and development of automated functions in vehicles and the communication
between those vehicles and the road side. Technology has been further developed
and a lot of things were learned about the working of the use cases. By this, the
organizations were able to improve their knowledge. The ties and contacts between
organizations are valuable for the future, and CONCORDA has made a step towards
maturity of the services. The status of the developments on C-ITS and the way
organisations work together has become clearer thanks to the cooperation in
CONCORDA .
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Technical conduct
The ex-ante evaluation of the APT in reference [1] on technical conduct is made on
the communication infrastructure and communication technology. Upfront some
qualitative expectations are expressed that more insight would be gained on the
manner that connected and automated vehicles would respond to iVRI (GLOSA) and
variable message sign (IVS) services [1]. Insight is evaluated in terms of usability
indicators for driving assist time, detection performance, GLOSA speed optimisation
and usability of traffic light information. The usability of short range and long range
communication on connected and automated driving is also raised as the main
research question. The influence of tunnels on the communication range and
message reception in vehicles is identified for research. The research questions are
evaluated in detail in CONCORDA deliverable [4] and are summarised in the next
sub sections.

3.1

Driving assist time
Driving assist time is an indicator to measure the time that a driver is assisted by
infrastructure services and automated driving functions. This indicator is measured
differently for connected and for automated driving.
For connected driving, the assist time is only relevant during the event of the road
side information or warnings:
• The driver should be warned in advance for the road works or other hazard
over the full length of the trace to the event position as defined in the DENM.
• The driver should be informed over the full length of the zone defined in the
IVI message where the information is legally relevant.
Driving assist time is evaluated in more detail on indicators for coverage of the
relevance area where the driver must be assisted, and the delay in delivering the first
assistance after entering the relevance in the APT are:
• Hazard warnings are given over 94% of the trace defined in the DENM
leading to the hazard location. This performance level is realized in 95% of
the passes. In 50% of the passes, the warning is given over the full length of
the trace. The delay for giving the advice when entering the trace is
negligible.
• Lane and speed advices are given over the full length of the zone between
gantries where the lane restriction, deviation or speed limit is applicable. This
performance level is realized in 90% of the passes. The advanced warning
is given before the gantry.
The high degree of coverage and timely driver support is due to the early reception
of DENM and IVI messages (well before the event) while using the ITS-G5 or 4G
cellular communication technologies. It must be noted that the virtual I2V events are
not dynamic and do not change during a pass, so for dynamic scenarios the achieved
numbers can be different. The accuracy for measuring coverage and delays of
advices is determined by the triggering frequency of HMI logging (3 sec intervals).
This may be appropriate for driver support systems and may not be appropriate for
an input to automated vehicle functions.
It is also observed that the positioning systems typically used in cooperative driving
systems are not sufficiently accurate for lane-level positioning, which is a requirement
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for automated driving. The consequence is that occasionally positioning errors result
in the reduction of driving assist time reported above.
Autonomous driving systems can be enabled only within their Operational Design
Domain (ODD), i.e. where the environmental conditions meet the expected ones.
Traffic lights and roadworks are examples outside most operational design domains
nowadays defined. This means that a human shall disengage AD near traffic lights
and roadworks. Technically this means return to Level 0 driving automation. The
reason why these locations are outside the ODD is the incapability from the vehicle
to perceive the situation: closed lanes and imposed speed limits for roadworks;
phases and timings for traffic lights. V2X can provide such information.
ITS infrastructure can highly improve the operational design domain of AD &
Connected vehicles, especially in scenarios where traffic lights, or roadworks with
dynamic lane management are present. As an example, on the N205 test site iVRI
traffic lights can improve the time an AD & Connected vehicle can stay in an
automation level by 76%; i.e. most of the traffic light controlled corridor. In case of
roadworks on the A5/A9 test site, the improvement is in the order of 14% instead; i.e.
the road works zone covered by IVI and DENM messages.
These improvements enhance the driver’s comfort, as it is not continuously required
to disable and re-enable AD. Furthermore ITS events are very important to improve
the driver’s safety, as intersections and roadworks are often also locations with higher
accident risks.
It is also noted that although the state-of-art test vehicles used are capable of
longitudinal control at traffic lights using on board sensors, V2X has two roles with
respect to these solutions, that make it an enabler of AD (not just ADAS).
Infrastructure based information provide a redundant source of information (if sensors
fail) and to validate sensor information, and GLOSA speed optimisation based on the
SPaT predictions would not be possible with on board sensors only as timing
information is not available through infrastructure based information panels and thus
not visible for the sensors
3.2

Event detection performance
Highway Chauffeur services extend the detection of events from on-board sensors
with I2V and V2V communication of In-Vehicle Information (IVI) and Decentralised
Environmental Notification Messages (DENM). The event detection performance is
measured in indicators for the percentage of correct detections, missed detections
and false alarms.
For I2V events broadcast by the road operator, the contents of the I2V message is
taken as the ground truth for evaluation, in particular for the location and zone where
the event is relevant, and the type of event (DENM cause code and IVI traffic signs).
The decisive factor for detection performance is the positioning accuracy of the
vehicle systems. For automated driving systems, lane level accurate positioning is
the required, while cooperative in-vehicle systems usually are not that precise.
Consequently errors can be made in matching the vehicle position onto the event.
Typical examples are matching errors on parallel and slip roads adjacent to the main
road, or fly-overs on intersections.
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Another type of positioning errors occur when GNSS signals are lost completely, such
as inside tunnels. Two tunnels are included in the APT; the Drecht-tunnel on the A16
and the IJ-tunnel in Amsterdam. In these situations, event detection is no longer
possible and driving support is completely lost.
In the APT pilots with cooperative test vehicles and including tunnel scenarios events
may be detected correctly in only 88 to 99% of vehicle passes, while 1 – 12 % of the
detections are missed, and up to 19% of addition false alarms are generated. As said,
the number of false alarms and missed events are expected to be smaller when more
accurate positioning systems would be used, but that has not been evaluated.
The road operator can also take precautions to ‘help’ cooperative systems with less
accurate positioning systems and to avoid following situations:
• Start traffic measures well before the tunnel entrance and do not change the
measures in the tunnels (like in some virtual test scenarios).
• Avoid starting DENM traces and IVI zones on the exit lane where the distance
to the main road is still very small. Instead start the event further up the exit
lane where the distance to the main road is larger (e.g. 50 meters) to avoid
matching errors.
• Include all roads leading to an event as traces or zones in the DENM or IVI
message resp.
• Also include a nearby parallel or slip roads as a zone in the message (without
a warning or traffic sign), to enable the on-board system make a distinction
in the matching.
I2V messages enable automated vehicles to adapt speed or change lanes in advance
and to make the manoeuvre more comfortably and safer. At a cruising speed of 100
km/h, an automated vehicle needs a distance of about 250 m to make a lane change
comfortably. The I2V events on the APT have traces and detection zones much
longer than 250 meters and meet this criterion.
3.3

GLOSA speed optimisation
GLOSA usability is defined by a set of performance indicators to measure the
improvement in speed optimization to pass a green light. Optimization here is
interpreted as a GLOSA advice to pass a green light and to reduce speed in order to
avoid an (unnecessary) short stop.

3.3.1

Crossing time gain
Time gain to cross intersections is measured for cooperative systems as the time
gained when GLOSA advice would have been followed versus driving normally
without advice. For situations where the vehicle can pass on green without stopping,
a time gain between 0 and +40% is possible in 50% of the straight manoeuvres. This
result however is too optimistic as the assessed GLOSA advice do not account for
queues and slow traffic due to unavailability of this information. The test drivers on
the public road were instructed to not-follow the GLOSA advice, so a more accurate
evaluation could not be made in this test setup.
For automated driving evaluation a simulator setup is used, fed with traffic light data
collected during the public road tests. The initial conditions of speed and distance,
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along with the traffic light phases were taken from the real tests data, and input to the
simulator. The output of the simulator was then compared to the human driven field
tests to extract the needed statistics. A total of 57 valid runs were compared.
• On average a human is 5.7% slower at crossing a controlled intersection
compared to an AD & Connected vehicle.
• On average humans spend 14.4 seconds at a stop, while AD&Connected
vehicles only had to wait 6.9 seconds.
These results prove that AD&Connected vehicles can cross iVRI controlled
intersection more efficiently compared to human driven vehicles. The main benefits
are reduced time to cross the intersection
3.3.2

Prevented stops
GLOSA advice also potentially help to prevent a stop by giving a reduced speed
advice. A reduced speed advice is an advice below the speed limit, such that it slows
down the vehicle on the approach to pass on green without having to stop.
For cooperative test vehicles stops could be prevented with GLOSA reduced speed
advice in 10% of all intersection passes (30 passes). The remaining intersection
passes are:
• In 29% the vehicle has a free pass without having to adapt the speed
significantly to pass on green.
• In 18% the vehicle is slowed down by other traffic but can still pass on green.
• In 43% of passes, one or more stops cannot be avoided.
GLOSA reduced speed advice can already be generated from the beginning of the
ingress approach to the intersection. Reduced speed advice are given , at least some
400 meters before the stop line. Initially speeds are 10 to 20 km/h under the speed
limit of 70 or 80 km/h. Typically in these trials is that the speed advice has to be
reduced further to compensate for the driver behaviour (who is instructed to ignore
all GLOSA advice). The reduced speed advice disappears when the vehicle can pass
on green. Typically drivers only accelerate a few seconds after the light has changed
to green. The delay seems indicative for the reaction time of drivers.
For automated driving evaluation a simulator setup is used as described in the
previous section. Automated vehicles adapt their speed over the full length of the
approach to avoid a stop. But only useful and recommended with static controllers,
as otherwise the opposite effect can be achieved (slowing down earlier, leading to
missing the green light due to the slower speed compared to the drivers who did not
adapt their speed. While human drivers adjust their speed only below 250m from the
stop line. Consequently, automated vehicles could still pass on green without
stopping, where the human drivers had to stop.
These results prove that AD&Connected vehicles can cross iVRI controlled
intersection more efficiently compared to human drivers. The main benefits are
reduced time to cross the intersection, and reduced waiting times. The latter
behaviour can have a beneficial effect also on non-AD vehicles, as such trajectories
help to smooth overall traffic flow, therefore reducing fuel consumption, emissions,
and traffic shock waves.
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Usability of traffic light information
Cooperative and automated vehicle systems receive the same information on the
status and phase timing. The usability of this information to generate GLOSA speed
advices is also similar. Usability is evaluated on following indicators.

3.4.1

Predictability of phase timing
Predictability is measured as the prediction error between phase timing in SPaT
messages and the actual phase changes. The effect of prediction errors is that these
errors are corrected by the iVRI a little later during the approach of a vehicle. Invehicle systems have to adapt their GLOSA advice upon every correction. Closer to
the stop line, adaptations result in more extreme speed advice changes and abrupt
decisions to stop or pass. The following observations are made:
• Prediction errors occur in all intersection passes, with an average of several
seconds, and occasional errors of 20 to 40 seconds. Phase time endings are
predicted too early as well as too late, and their characteristics vary per iVRI.
• Prediction errors are expected to decrease towards the end of the phase
itself. This behaviour was only visible towards the very end of red phases
(not for the green phases). This aspect should be improved.
• It is mandatory for the yellow phase, and the last seconds of the red phase
to be 100% predictable, i.e. their end time shall not change within a given
interval from the actual phase change. The length of such “safety” interval is
well studied and standardized. It depends on the vehicle approaching speed
and road slope. This interval is used to define just the yellow phase duration,
as the only way humans know that a green phase is about to turn red is by
looking at the yellow phase. On the other hand humans are not usually
warned about the upcoming end of the red phase, therefore as long as the
traffic light is red they decide to stop. But AD&Connected vehicles during a
red phase can retrieve information about the remaining time until a green
phase comes, and therefore it is very important for the last seconds of the
red phase to be 100% predictable. This allows to perform at its best the so
called prevented stop GLOSA manoeuvres, where the vehicle is not
completely stopped, but just slowed down to wait for a green phase.
• iVRI broadcast SPaT messages that do not always meet the standards for
AD. The current phase, likely time and minimum and maximum end times
must always be provided. The minimum and maximum end time must also
bound the likely time. Without this information GLOSA advice cannot be
generated on-board.
• The update frequency of SPaT messages is variable and rarely more than 1
Hz. If the traffic light phases were highly predictable and periodic, 0.5Hz
would be enough, but since these traffic light are highly adaptive, 10Hz
updates ( ISO standard ) shall be granted.
• In terms of MAP instead, the length and geometry were found to be adequate
for GLOSA optimization and automated manoeuvres. First decisions to pass
or stop are made in automated vehicles from as far as 450 meters before the
stop line. The distance depends on the vehicle speed and local speed limit.
The ingress approaches in the MAP messages should cover this distance,
as well as the timing information in SPaT messages.
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The last decisions to pass or stop are made very close to the stop line, with
decelerations up to -5m/s2. This is hard braking and is out of comfort bounds
(OEMS have not yet a common view point on what is acceptable).

Hybrid communication performance
Communication performance is evaluated for ITS-G5 short range communication and
4G (LTE-Uu) cellular network based communication. In particular the quality of
service is evaluated for exchanging SPaT messages for GLOSA services between
the Road Side Unit (RSU of the iVRI and an On-Board Unit with a test application in
the vehicle.
In ITS-G5 short range communication the SPaT messages are sent directly from the
RSU to the OBU. ITS-G5 is tested without security and with PKI security to sign and
verify the certificates with every message.
• The 90% percentile of the end-to-end latency was in the order of 10-20 msec
without security, and up to 50 ms with security
• Effective communication range was minimally 320m, usually in order of 500600m, and maximally 1080 m.
The long-range communication path is more complex. The RSU sends SPaT
messages to the TLEX/IF2 cloud service. The service provider collect the information
in his back-office from the IF2, and finally sends the SPaT information via 4G mobile
network to the OBU.
• The 90% percentile end-to-end latency was in order of 120-320 msec without
security.
• Of this 120-320 msec, 25-40 msec can be attributed to the latency in the
mobile network, the rest is essentially spent in the back-offices and the
communication between back-offices mutually and the traffic light controller.
The most stringent EU ETSI specifications require a maximum end-2-end latency of
100 msec. This requirement is met by ITS-G5 with a clear margin, while this cannot
be met via the long-range communication path.
In additional test LTE-V2X short range communication is also compared to ITS-G5
communication. The effective communication range was minimally 400m and
maximally 950.
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Data management and quality
Regarding the data management and quality of the information, the ‘Ex-ante
evaluation Amsterdam Practical Trial’ document [1] points at two important
characteristics, the availability and the reliability of the data for the connected and the
automated driving.
In this section, we investigated the presence or absence of specific information in the
C-ITS messages and addresses. We asked for the availability of the messages for
the use cases and more in general for the automated driving, and also tried to see
what were the issues in this regard. For example, was the right type of data available
for the automated driving? What changes should be made in the data (e.g. timing,
quality, availability) in order to raise the quality of automation? What are the
requirements from the use cases and autonomous vehicles towards the infrastructure
and data? These items are discussed in this chapter per use case. Information on
the issues were collected using interviews, therefore the nature of the information
gathered here were qualitative.
When starting the CONCORDA project there were agreements on EU level about the
standards, when it came to exchanging information between road side and vehicles.
These formats included:
• what data to exchange,
• how to use certain message fields and which fields are mandatory
• which ones are optional.
In the project it appeared that for some OEMs non-mandatory fields had to be filled,
or that more detailed agreements needed to be made on how exactly the message
fields were going to be filled. So just using existing standards without further
specifications and agreements turned out not to be enough. To give an example, the
MAP and SPaT messages needed more information than standard given. Some
fields that were necessary for the AV were not filled by the road authority. The project
also showed that despite standardization, different suppliers use different technical
solutions that are developed in these kinds of technical projects. This might suggest
that no customization is needed in the next phase of development towards
automated driving.
Regarding the usability of the data, the latency is the most important indicator named
in the ex-ante evaluation [1]. When looking at the end-to-end latency and frequency
of messages, different parts of the communication have to be considered: detection,
back-end and communication to the vehicle. For the use cases that were considered
in APT a speed under 100 milliseconds is fine, and this speed was achieved in the
project. The largest part of the latency is not in the communication technology part,
but in the part from detection to sending (so in the back-end).

4.1

In-Vehicle Signage services for dynamic lane management and dynamic
speed limits
In this use case information from the road side is brought into the vehicle (I2V). In
case of using dynamic speed limits for automated driving, in The Netherlands speed
limits can differ over the day (at night speed limits are sometimes higher than during
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the day). These differences are not always implemented correctly in the underlying
maps. For automated driving it is important that the speed limit is correct.
A question that was discussed in the project is whether just the speed limit at that time should
be passed on to the vehicle, or whether both the current speed limit and the speed reduction
should be given.
4.2

Traffic and hazard information services
In CONCORDA APT Traffic Jam Ahead Warning is coupled to the MTM system of
Rijkswaterstaat. This means that it is coupled to the locations where the MTM system
works (overhead portals connected to loop detectors). These portals have about 500800 meters distance between them. This means that there is an inaccuracy in
detecting the tail of a traffic jam. This information is not accurate enough to use it for
a braking action in automated driving. But it could be used for example to shift down
the automation level and give the control back to the driver, or to switch on other
processes in the vehicle. Rijkswaterstaat cannot make the information more accurate
right now, so OEMs have to consider how to deal with this. There is potential for this
use case in situations where the line of sight is not optimal for drivers (e.g., in curves).
A warning to the automated driving system that this kind of situation is emerging
within a certain distance can for example trigger the system to use its sensors more
strongly.
Slow vehicle warning was tested on a provincial road with a road inspector vehicle
that was equipped with a wifi-p antenna. The road inspector vehicle can be seen as
an infrastructure vehicle (since it belongs to the road inspector). The wifi-p antenna
sends a DENM message. According to CRF this application has a lot of potential.
The information was usable, the content of the message was correct and the
message was received by different users in the correct format. What will happen with
the vehicle is that the automated driving task is shifted down, to for example level 0;
the driver has to take over control.
Road Works Warning was tested by passing on the exact locations of the road works.
The same reasoning as for Slow vehicle warning goes for RWW. These types of
services (warning for a hazard) issue a warning with a location, and as long as it is
clear what the warning is about, the location is of sufficient quality and the message
is correct, the automated driving vehicle can use that information. In principle these
types of services are easy to implement on a larger scale.

4.3

Green Light Optimal Speed Advice (GLOSA)
GLOSA was tested on a number of intersections; within Amsterdam as well as on
provincial roads. One of the intersections in Amsterdam was in fact a ‘double
intersection’ with two intersections close together and the traffic lights close to each
other. In the corresponding map messages the part between the two intersection was
only mentioned as an ingress. As a result, the test vehicle removed too much
information (because it considered some of the information as corrupt) and only kept
the data from its own lane. The two intersections were in fact seen as one where they
should be seen as two. Another issue that came to the surface in the APT was that
the vehicle had difficulty with the MAP messages on a location if the local map
message was split into two messages. The need to combine these two messages
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was not expected by the unit in the CRF-test vehicle and had to be adjusted in the
project.
When it comes to communication, tunnels and bridges can be disruptive elements.
This was not specifically part of the testing. In the IJ-tunnel in Amsterdam specific
measurements were made for GLOSA. About halfway in the tunnel messages can
be received, and GLOSA can work here since the intersection is about 200 meters
after the tunnel exit. Since the speed limit is 50 km/h there is enough time for the
vehicle to react to this use case. Extra sensors in the tunnel were not necessary in
this specific case. However, the problems at the Drecht-tunnel (where IVS for SL,
hazard location and RWW were tested) were significant. The event in Amsterdam
were entirely in front of the tunnel whereas event zones on the A16 continue in the
Drecht-tunnel.
The intelligent traffic lights (iVRIs) on the test tracks have a control that is of dynamic
nature. They use the amount of approaching traffic to optimize throughput at the
intersection. These applications are less suitable for GLOSA, since they adjust to the
real time traffic situation and information can change in the last seconds before the
intersection. On the test track the iVRI-algorithm was adjusted to be a little more rigid
and therefore a more predictable algorithm. Here a trade-off has to be made: a
dynamic iVRI-algorithm is serving traffic management better, a more rigid iVRI is in
favour of an automated vehicle.
A related issue with the dynamics of the traffic light found in the APT is the distance
to the intersection within which the information must be provided to the automated
vehicle. More information on this issue might also be addressed in the level 2 or level
1 evaluation of CONCORDA or this is an element that could be addressed in a follow
up research project.
It also shows that the unique situations at a traffic light intersection make a use case
as GLOSA less generic and more difficult to implement in an automated vehicle. Not
in the least since there are multiple iVRI providers and all providers must adhere to
the standard regardless of their product differences. However the problem is the
diversity of profiles that determine how the standard should be used. This is a top
priority for C-ROADS and C2C-CC to harmonize for the road authorities.
4.4

Other technical remarks and insights
CONCORDA also showed that presenting the global information of the status on the
intersection to a driver on a vehicle HMI is very different from giving the specific
information to an AV that is needed to guide the car through the crossing in a safe
way. A human driver can select relevant information from this global image of the
intersection and they use their own observations to assess the situation. An AV
cannot do that.
Another issue mentioned in the interviews concerns the hybrid communication that
was used in this project. This is an issue that is seen throughout C-ITS in Europe:
road operators keep working with the cellular network interface as well as ITS-G5.
From the road side perspective, you can keep the two technologies, but not from the
car perspective. However, this is bigger than just CONCORDA.
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Cooperation between governments and private
parties
The goal of the ex-ante evaluation document [1] was to study the experiences that
could be gained with the new collaboration mode between governments, the
automotive industry and original equipment manufacturers (OEM). This part of the
ex-post evaluation was conducted to find out the lessons learned from the
cooperation between government and private parties. This was done by holding a
workshop and conducting two additional interviews. The following partners took part
in the workshop or interviews: Rijkswaterstaat (several people), province of NorthHolland, NXP and CRF. In the workshop and interviews questions were asked about:
•
•
•
•
•
•
•
•

The roles and responsibilities of the different partners
The organization of the project
What went well in the cooperation
What could be improved in the cooperation
Commitment of the people involved
Communication
The balance between input/effort and output of the project
Cooperation with other test sites

From the workshop and interviews the following conclusions can be drawn about the
cooperation. In general, the cooperation went very well, and this was for a large part
due to the fact that:
•

•

•

•

•

(Part of) the team members already knew each other from before
the CONCORDA project and they had (positive) experience in
working together.
There was a lot of trust between the team members and they were
open towards each other, in good times as well as bad times (in
case of setbacks or other issues). This includes openness about
strategy and choices made higher up in the organizations that
affect the project.
All team members had a practical, hands-on attitude, agreements
were fulfilled and people informed each other on time about
potential issues.
Because the project was a so-called ‘innovation’ or ‘pre
deployment’ project’ there was room for mistakes and people went
the extra mile to ensure success.
The team was small, stable throughout the project and
communicated very well.

The good cooperation and connection between team members was strengthened in
a trip to Italy in the beginning of the project, and this was maintained through the
weekly meetings and cooperation during the test events.
Compared to earlier projects from which part of the team members already knew
each other, there were also some new organizations (e.g. OEMs) and people active
in this project. This was good; they brought a new (wider) perspective, kept all the
other team members on their toes and provided insights in other ways of working in
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new organizations Working on the proposal together and together experiencing major
setbacks in the beginning (budget reduction) also helped in the teambuilding.
There were also some difficulties. One partner was, although committed, a bit less
tightly connected to the project. This was because of organization policy (choices and
priorities) and not because of effort on a personal level.
Besides the project partners there were also other organizations involved more from
a distance, each organization of course having its own interests. It was complex to
bring all those organizations together. Some things went well, but there were also
hiccups in involving all the other organizations. For example, the RDW-approval of
the Italian cars did not go smoothly, due to a difference in approach between the
RDW and counterparts from other countries. If this could have been foreseen in the
beginning, it would have saved a lot of effort and time. Sometimes decision on a high
level within organizations influenced the project and the team had to deal with that.
More in general, in an innovative project like CONCORDA, team members and
organizations have to be flexible in adjusting to a constantly changing environment
and circumstances (e.g. COVID-19), and to deal with people who have less faith in
the chosen path (e.g. the communication technology). The team believes they have
done a good job in handling that.
More on the content side there were also things that contributed to the good
cooperation:
• The people involved from the private parties had a high level
technical expertise.
• The choice to have a small team with a couple of people from the
government and experts from the supplier side has worked really
well.
• The project could build upon building blocks from earlier projects
(‘predecessors’ of CONCORDA).
• Cross site testing made the project stronger. There was
cooperation with the CONCORDA test site in Belgium and with
the Dutch test site in North-Brabant.
• Having the test vehicle from Rijkswaterstaat was essential in
performing verification, validation and pre-tests and as a first
indication of the performance of the services. The use of an own
vehicle created independence, there was no need to lean on
private parties for the tests. This proved to be especially valuable
during COVID-19.
Working in a small group certainly had its benefits in terms of progression and quick
communication lines. On the other hand it also means that there is a specific
(technical) solution that is being tested, provided by the participating suppliers or
OEMs. Other organisations may look at the issues with another perspective. There
is no information whether the issues that were addressed are specific for these
organisations or more general issues in the field.
When we talk about cooperation, the test events have to be mentioned. In general,
people enjoyed the test events because there they could interact in real life and make
big steps in the project. The test events were well organized and really made the
project stronger. Of course, there were issues during the test events, especially in
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the beginning (having to do with preparation). Usually, these issues were overcome
during the test week. It was necessary to have all suppliers present in person during
test events so that issues could be solved quickly, and that was not always the case.
When asked to look back at the project and compare the outcomes with the
expectations beforehand, COVID-19 of course had a major impact on the project. It
changed the priorities in activities done at CRF, and the content of the 3rd and 4th
test events was changed. There was less insight into the use cases at a functional
level and in their (potential) impact on the traffic situation. This made the evaluation
at functional level difficult. However, the cooperation continued during COVID-19 with
the same drive and flexibility, and it forced the team to be more creative. It was
decided to keep cooperating after the COVID-19-pandemic.
In conclusion, everyone agrees that it was very valuable to participate in the
CONCORDA project, because in the project important steps have been taken in the
testing and development of automated functions in vehicles and the communication
between those vehicles and the road side. Technology has been further developed
and a lot of things were learned about the working of the use cases. By this, the
organizations were able to improve their knowledge. The ties and contacts between
organizations are valuable for the future, and CONCORDA has made a step towards
maturity of the services. The status of the developments on C-ITS and the way
organisations work together has become clearer thanks to the cooperation in
CONCORDA.
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Applicability to comparable situations
For the topic of the applicability, the ex-ante evaluation [1] points at the scalability of
the use cases. Therefore, one of the steps in the ex-post evaluation was to collect
(qualitative) information on the applicability of these use cases, for example in what
type of circumstances or situations these use case can provide added value to the
road authorities and/or the OEMs.
Executing the CONCORDA project has provided valuable information on the tested
use cases and the way C-ITS information can be used for automated driving. In a
workshop this subject of applicability and possible next steps for the project were
discussed. The following partners took part in the workshop: Rijkswaterstaat (several
people), V-Tron, Swarco and TNO. In the workshop input per use case group was
collected from all partners on the following subjects:
•
•
•
•
•
•

For what type of locations is the use case relevant?
In what situations is the use case relevant?
What is needed to apply the use case to other locations?
Are there certain prerequisites for applying to other locations?
For what type of locations can positive effects be expected?
For what type of locations do we expect the user to need/want
automated driving?

For the workshop these topics were combined into two general questions. For the
different types of use cases the group discussed:
1. What type of locations should the use case be scaled up to? (this has to do
with both technical possibilities from a road side point of view as well as
expected effects)
2. What is needed or what will be the next step in scaling up the use case, with
focus on the road side point of view?
Below the results from the workshop can be found, including additions from an
interview with the province of North-Holland. The results are grouped per (type of)
use case and there are some general results.
6.1

General results on applicability
For applying the use cases at other locations and scale them up, in general it is
important that the use cases have a certain degree of market readiness and there is
a business case. To be market ready, that means they have to be reliable and the
data quality has to be high. There has to be a ‘trust chain’ from the road side to the
vehicle. When the automated vehicle intervenes, there has to be a close to 100%
reliability. To make a viable business case, everything has to work on a European
level and there has to be willingness, support and acceptance, by OEMS,
governments as well as drivers.
A lot of issues when talking about the applicability and scaling up of use cases for
automated driving, are about the human factor. Automated driving versus human
behaviour and informing people collectively versus individually. The benefit of road
side information is that everybody receives relevant information on the status of the
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traffic situation and is able to react to it in a suitable and safe manner. For example,
drivers sometimes exceed the speed limit shortly when it is needed in certain
situations (e.g. while overtaking). Would an automated vehicle react in the same way
or follow the maximum speed strictly? When vehicles process this information using
automated functions it can sometimes be unclear (to the driver as well as to other
road users) why a vehicle makes a certain move. In the end, do we wish for an
automated vehicle to behave as a human driver and which guidelines do we base
this behaviour on? And will it even be possible to realise fully automated driving in an
urban environment? Those are issues that need to be addressed.
From the road authority point of view the requirements from the OEMs need to be
clearer. Commercial parties on the other hand want policy makers to make clear
decisions. By just ‘doing things’, going ahead and solving issues along the way, such
as was done in the APT of the CONCORDA project, good progress was made in the
APT. Also the next steps or follow up from the project becomes more clear.
6.2

Cooperative driving with road management information (IVS for dynamic lane
management and dynamic speed limits)

6.2.1

Type of locations
The type of locations that are judged to be most logical to scale up to are basically all
roads, except for roads with a low speed limit (30 km/h). Motorways and other main
roads are mentioned specifically. Both locations with matrix signs available and on
the other hand locations where there is no road side information available are
mentioned. The former will be more easily to scale up to, the latter more necessary
because of the lack of road side information. What is also mentioned is that it is
relevant at locations where the (line) of sight is not optimal, for example on curvy
roads.

6.2.2

Next step with IVS towards Automated Driving
What should happen to take the next step? Different items are mentioned here:
• Align with the automobile industry in what situations do they want
to collect supplementary information from the road side that they
can use.
• Also align with the automobile industry how information will be
shown in different vehicles in an unambiguous way.
• Setting EU standards
• Make legislation to build it in every vehicle.
• Use it in vehicles to build up trust. Show on a larger scale that
commercial vehicles can deal with it.

6.3

Cooperative driving with traffic and hazard information (RWW, TJAW and
SSV)

6.3.1

Type of locations
The people present in the workshop mentioned main roads, such as motorways,
provincial roads and larger city roads, to be most suitable to scale up to for use cases
that deal with traffic and hazard information. The biggest gains will likely be achieved
on those types of roads. Besides that, the relevant types of locations should also be
considered from the point of view of the driver.
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Next step with traffic and hazard information towards Automated Driving
• What should happen to take the next step? The following items were mentioned:
• Offer the information to vehicles in a harmonized way.
• Standardization (of source data) on a European level.
• Testing and researching driver behavior; take behavior and safety
related questions seriously.
• Implementation and use by vehicles; the use cases and profiles
are largely clear.
• Convince policy makers.
• Ask the automotive sector what needs to be done in order to scale
up. What is their need?
• More reliable systems.
The road authority knows what information they have available and how to transfer it
to the vehicles. The question is, what do the OEMs need exactly and what do they
do with the information. For example, slow vehicle warning was tested on a road
inspector vehicle. What the automated vehicle will do right now, according to Fiat, is
to shift down its automation level. The vehicle does not slow down or change lane
itself. However, this could change per OEM, although OEMs seem to be on the same
page about this, and want the information delivered in a standardized way. From a
government point of view this is an important use case that they would like to have
on all their vehicles, for the safety of their employees. Equipping road inspector
vehicles and other vehicles used professionally on the road are a good start, and
there are in principle no barriers to go ahead with this.
Other use cases were tested with road side unit information from matrix panels for
example. The road authority cannot just build RSUs everywhere. At the tactical level
policy should be made. What does the road authority want to have for the next five
years?
An important issue regarding scaling up and deployment is building up evidence. If
there is proof that in hazardous situations vehicles lower their speed and therefore
increase safety, deployment can go fast. Government investments can help in
deployment and scaling up. However, governments have other goals to achieve as
well, so there is always a trade-off to be made.

6.4

Green Light Optimal Speed Advice (GLOSA)

6.4.1

Type of locations
Intersections with traffic lights that are seen as most promising for GLOSA for
automated driving, are corridors – with several controlled intersections – with a green
wave. Uncomplicated intersections and not too complex roads are the best to start
with, for example provincial roads with little or no cyclists and pedestrians and a
mostly through traffic. And what is also mentioned is that the type of traffic light control
should be suitable for GLOSA. Fixed or predictable controls are more suitable for
GLOSA than traffic actuated, more unpredictable ones. There is a trade-off between
the control being traffic actuated giving higher traffic throughput (capacity) but less
predictable phase changes and a fixed time control giving predictable phase changes
but less traffic throughput. There has to be a certain level of predictability for GLOSA
to work. The closer a vehicle is to the stopping line, the more predictable the traffic
light has to be. With the typical Dutch traffic actuated control, this is not the case.
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The Province of North-Holland has chosen to make the traffic light controllers on the
N205 a bit more fixed for the CONCORDA tests. This makes them more predictable,
but has impact on waiting times and traffic throughput.
Smooth throughput on intersections can be achieved by traffic actuated controls,
while GLOSA needs more fixed traffic controls. In CONCORDA the starting point is
the individual vehicle. The vehicle has to cross the traffic light/intersection as
comfortable and smooth as possible , and that does not necessarily mean that there
is an optimal throughput for traffic as a whole.
6.4.2

Next step with GLOSA towards Automated Driving
What should happen to take the next step? The issues mentioned in the previous
paragraph also play a role here. The biggest issue is the predictability of the traffic
light control. It should be assessed whether the reliability and predictability of a traffic
light are acceptable so that GLOSA can be used for automated driving while
maintaining an acceptable traffic throughput on the intersection.
For automated driving it is important that the GLOSA advice can be incorporated in
the vehicle. In doing this, the vehicle has to deal with for example slower vehicles,
vehicles overtaking, and a queue. These things can disturb the functioning of the
automated vehicle. When all vehicles drive automatically, they could potentially adapt
to each other.
There are other hurdles as well in taking a next step. For example how does the
system cope with queues? Tests have been held with radar to estimate the length of
the queue, but this is far from perfect yet.
To summarize, there are many issues or hurdles that have to be taken before GLOSA
can be used for automated driving. It also depends on the exact nature of the use
case that is implemented. If the MAP/SPaT messages are used for changing speed
or stopping on time, then the use case is closer. Optimizing on network level (which
is the case with a green wave) is more difficult than for one intersection only. GLOSA
could be split up in several parts, such as time-to-green, time-to-red, the operational
manoeuvre at the stopping line, and adjusting speed on a larger distance.
Handling incomplete or incorrect information is complex for both human drivers and
automated vehicles. However, a human driver can look outside and correct for this.
An automated vehicle needs very reliable information.
In the future more CAM messages will be available from vehicle which makes arrivals
more predictable and therefore the control more predictable. This will improve
GLOSA on through roads with no or a very limited number of cyclists and pedestrians.
On other intersections cyclists and pedestrian that are crossing will always have an
‘unpredictable’ impact on the control.
The ex-ante evaluation document [1] also points at the topic of ‘differences between
the pilot sites’. To investigate this topic, we have used the M33 as the point of
departure to investigate the observed differences. The detailed discussion on the
differences of the pilot sites have been discussed in section 8.5 and the lessons
learned have been derived in that section.
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Conclusions and summary of findings from the
functional ex-post evaluation for APT
In the CONCORDA Amsterdam Practical Trial (APT) the interaction between
automated vehicles (AVs) (SAE level 2 to 3) and the road side was tested. By using
test vehicles that responded to use cases in different circumstances and on different
roads a great amount of data was collected, for example on the accuracy and
timeliness of the communication messages. This data is valuable to CRF to further
develop the functions of the automated vehicle (AV) using road side units as an extra
sensor of information. The technical evaluation provides insights into these
communication aspects and messages. The functional evaluation that is described
in this report gives additional qualitative information on cooperation, data
management and applicability of services in other situations.
The functional evaluation was carried out by means of conducting workshops and
interviews about different aspects of the evaluation.
In a functional evaluation a common addressed aspect is ‘user acceptance’ to gain
insight in the ‘positive’ aspects and ‘to be improved’ aspects of driving an automated
vehicle with the different use cases. In order to gain insight in user acceptance the
approach was to interview the test drivers originating from the CONCORDA project
consortium partners. Although maybe biased (since they are familiar with the
automated driving functions and have more experience as regular car drivers would
have), they would be able to assess whether the vehicle responds in a comfortable
manner and at the right moment. There were two other complicating factors in the
project:
•

•

Due to COVID-19 it was not possible to execute all the test events as
planned in the project. On few occasions it was possible to interview test
drivers. These interviews were conducted to gain insights in the way of
working and prepare for the real interviews in the upcoming test events.
At the same time there were some difficulties in gaining permission to use
automated vehicles in live traffic situations on Dutch roads. Therefore it
was decided to test the automated functionalities on a test track only. As
a consequence it was not possible to learn about the impacts of AV on real
traffic and how the interaction of an AV with data from the roadside works
in real life.

It was therefore, decided to adapt the original plan and use other possibilities
available. Interviews were held with test drivers from CRF after the 4th test event that
took place in Italy, and this was combined with interviews, workshops and findings
from all consortium partners. In that way we managed to obtain several lessons that
were learned on the tested use cases and on aspects concerning cooperation, data
management and applicability of services in other situations. First some general
points about the groups of use cases that are mentioned.
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7.1

Use cases

7.1.1

In-Vehicle Signage services for dynamic lane management and dynamic speed
limits.
Information from overhead panels can be brought into the vehicles and used for
automated driving. In The Netherlands speed limits can differ during the day, for
example lower speeds in rush hours or daytime compared to night time. These
differences are not always implemented correctly in the underlying maps, which is a
problem for an AV.

7.1.2

Traffic and hazard information services.
Three use cases were tested: Road Works Warning, Slow Vehicle Warning and
Traffic Jam Ahead Warning. Information on road works and hazardous situations on
the road ahead can be of great value for the AVs and have a lot of potential according
to the people that were interviewed. These types of services issue a warning with a
location, and as long as it is clear what the warning is about and where exactly the
event is located, the automated driving vehicle can do something with that
information. A timely reaction of a vehicle can safeguard road workers from being hit.
This can directly be used in the operational process of the road authorities and
prevents casualties. Also for the OEM this use case is interesting and has potential.
With the data collected in CONCORDA they can further develop the right action for
the vehicle, for example giving back control to the driver in a timely manner.

7.1.3

GLOSA
GLOSA is probably the use case that is the most difficult one of the tested use cases
in CONCORDA APT. Due to the dynamic nature of the Dutch traffic light controllers
in the APT the predictability and reliability of the signal-light is currently too low to be
able to adjust the AV speed. For an AV some rigidness is needed, there cannot be a
change in the last seconds before entering an intersection crossing. Here a trade-off
has to be made: a dynamic iVRI-algorithm is serving traffic management better, a
more rigid iVRI is favourable to an automated vehicle.

7.2

Cooperation
In an innovative project like CONCORDA, team members and organizations have to
be flexible in adjusting to a constantly changing environment and circumstances (e.g.
COVID-19), and to deal with people who have less faith in the chosen path (e.g. the
communication technology).
The cooperation within the CONCORDA APT consortium was one of the building
blocks for the successful execution of the project. The partners built upon the trust
they gained in previous projects that they worked on together. They also welcomed
new partners, who brought new perspectives and insights to the table. All parties
entered the project with an open and active (hands-on) attitude, which is essential to
execute a successful innovation project. Working in small dedicated sub-groups kept
lines of communication short and progress visible.
Three mentioned success factors involved teambuilding: (1) a site visit to Italy in
which all the partners participated in the beginning of the project, (2) experiencing
(and coping with) major setbacks in the beginning (budget reduction) and (3)
cooperation on the test events, where all previous actions and people come together.
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The cooperation of different types of organizations in the CONCORDA project has
given each organisation a better insight and better understanding of the current status
of C-ITS developments and also on internal processes in the involved organisations
(like technical or strategic choices that are made) that have influenced the project.
Since there was a good and open working environment this helped in understanding
and accepting some choices that were made. The CONCORDA project extends
beyond The Netherlands, so it gives a broader perspective of the current status on
C-ITS and Automated Driving.
7.3

Data management and quality
The exchange of information between the road side unit and the two test vehicles
(namely the Fiat 500X of CRF and Renault Megane of APT) will provide an extra
source of information on which the vehicle can position itself on the road and the path
it needs to follow. It provides a vehicle with data that will help to respond adequately
to upcoming and changing traffic situations. One of the lessons that the partners of
CONCORDA learned was that there is a big difference in level and detail of
information that is needed to guide an AV in comparison to what is needed to inform
a (human) driver in the same situation. For example, on an intersection an AV needs
to be positioned into the specific lane in order to give it the relevant traffic light signal,
whereas a human driver is able to focus on his relevant light even though his position
is not accurate enough for lane level mapping. And on a highway the position of the
traffic jam is based on the location of the vehicle signage system and may vary 500800m. For a human driver the warning is enough to be more alert and adjust speed
at the appropriate time, for an AV this distance is too inaccurate to start a braking
action on.
The CONCORDA project has given insights about the way communication messages
were exchanged and used. EU standards include what data to exchange, how to use
certain message fields and which fields are mandatory and which ones are optional.
In the project it appeared that for some OEMs non-mandatory fields had to be filled,
or that more detailed agreements needed to be made on how exactly the message
fields were going to be filled. So just using existing standards without further
specifications and agreements turned out not to be enough. For GLOSA for example
the message fields from the iVRI were conform the agreed standard, but the supplier
needed more information to be able to execute the use case efficiently. With other
suppliers (outside CONCORDA) other issues might arise. This outlines the need for
international profiling.
An insight that is not filled in during the CONCORDA APT is the effect an AV can
have on traffic, because the actuation of the automated functionalities based on
communication were not tested in real traffic. Therefore there is not much information
on what part of the C-ITS information is actually used in the AV and how it affects the
driving behaviour of the vehicle. This makes it difficult to assess the possible impact
of the use cases on traffic situations and relevant traffic indicators. It would also be
helpful if there was a clear demand from the OEM on the type of information they
need to successfully execute a use case.
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Applicability on a larger scale
In the interviews and workshop on applicability the project members looked at the
information or activities that would be desired or needed to implement the use cases
on different locations and/or on a different scale.
The CONCORDA APT project has worked with five different implementations of the
use cases. Several adjustments had to be made to tailor the communication
messages to the group of suppliers (of traffic lights, road side units, and automated
vehicles) and road authorities that were involved. This gave a perspective on what
can be expected from such tests. For an implementation with a larger group of
suppliers more standardization is needed.
In CONCORDA APT the symbiosis between the vehicle manufacturers and the road
authorities was very valuable. The involved organizations would recommend this for
successful deployment of automated driving. The vehicle needs real time data as an
extra sensor that will help to adapt to the current traffic situation and all deviations
from the ‘normal’ situation. The road authorities can share their wishes on the use
cases they find relevant with the automotive company. For the road authorities it is
also important to know what kind of use cases are being implemented in the vehicles
in order to decide on the best investments for road side infrastructure. A project like
CONCORDA has both sides become more aware of these mutual dependencies.
The user acceptance evaluation is not researched in CONCORDA APT, but is
needed to give more insights in the added value and use of the different use cases.
This is research that needs to be done in a next, or deployment project.
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Lessons learned from the other pilot sites in
relationship with APT
CONCORDA MILESTONE 33 [4] collects the lessons learned per pilot site. This
section summarizes these lessons learned per subject and reflects their potential
relevance to the APT. Where relevant, explicitly expressed lessons from pilot sites
are quoted.

8.1

Communication technologies
Three communication technologies are evaluated and compared on all test sites:
• ITS-G5, the European standard for short range V2X communication
• LTE-V2X, also called LTE-PC5 or SideLink short range V2X communication
• 4G, also called LTE Uu, long range cellular network based communication
Hybrid communication setups with short range and long range communication are
also piloted.
The focus for evaluation and deployment of the communication technologies varies
somewhat per pilot site partly because of the focus on different services for
automated driving, and partly because of the diversity in the type of partners. Their
experiences and lessons learned complement those from the APT.

8.1.1

ITS-G5 short range communication
ITS-G5 is the European standard for short range ad-hoc direct V2X communication.
On all pilot sites, the technology is considered ready for V2X services and a
benchmark for other communication technologies. No communication issues
reported in any of the pilots or services like platooning, CACC and Highway
Chauffeur. Characteristic is the quote from the APT:

Connectivity has been effective in the tested use cases. We find that time
critical events (V2V and some V2I cases) currently need direct
communication without the involvement of “back-office” (cloud) servers
and long-range communication. In our trial this implied short range
communication technology therefore - [4]-section 6.1
8.1.2

LTE-V2X short range communication
LTE-V2X is the 3GPP short range communication standard, using 4G or LTE cellular
communication networks, is also called LTE-PC5, PC5 or SideLink, is a new
technology for short range ad-hoc direct V2X communication and piloted on all sites
for comparison as an alternative to ITS-G5.
Consensus from pilot sites is that LTE-V2X technology is still in its “infancy”. LTEV2X is evaluated in more detail in other pilot sites, amongst others by Mobile Network
Operators, which provides interesting insights, also in the results from the APT.
• Hardware and software proved to be extremely difficult to obtain. To quote
from:
“the only existing hardware at the time was the “Qualcomm CV2X Development platform” which was only made available
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under NDA and which required, in total, more than a year to
obtain” - [4]- Belgium section 2.3 and North Brabant section 4.2
•

•

Hardware and software are still under development, with updates and
necessary functionality being released during the project, requiring
additional (unplanned) resources, testing and integration efforts.
LTE-V2X also introduces new technological challenges. Very precise
timing is required between message generation and the modem, because
the PC5 channel reserves a periodic time slot for broadcasting.
“If the messages are received a little bit too late by the modem,
the slot is missed and extra latency is added because of that.
Currently it can be observed that the interpacket distance is not
exact on the mark. It is expected that the extra latency using the
PC5 channel is caused by a misalignment between messages
from the platooning application and PC5 modem”. The very
precise timing also requires more complex system time
synchronisation and modem syncrhonisation than needed for
ITS-G5 - [4] Germany section 4.1 and North Brabant section 7.4

•

8.1.3

At the end of the pilots, communication performance is not as good as that
of ITS-G5, although the KPIs for the use cases are still met (latency < 100
msec - Germany). The LTE-V2X latency and jitter are considerably higher
and with larger outliers compared to ITS-G5, while performance is better
than via the 4G cellular communication and cloud services path. This is
also observed in the APT evaluations. Reliability (packet loss) and
effective communication range for LTE-V2X and ITS-G5 are similar ([4]
Spain, Germany, North Brabant). The general lesson learned is further
studies are required to try to improve LTE-V2X.

PKI Security
Short range V2X communication with ITS-G5 and LTE-V2X is piloted with and without
security using PKI infrastructure for signing and verifying C-ITS messages. Adding
PKI security has a significant negative effect on the latency and reliability of short
range communication.
The impact signing and verification has on the latency for short range
communication is significant. This performance not only adds latency but
might even form a bottleneck with large number of messages to be
interpreted. - [4] North Brabant section 7.1
For 4G LTE communication other security measures are piloted, e.g. TLS.

8.1.4

4G cellular network based communication
Long-range communication consists of two communication paths; the 4G LTE-Uu
cellular communication network provides the wireless radio communication between
vehicle-based systems and the base stations, and the fixed core network between
base stations and MECs, and communication to cloud services. In the APT similar
communication performance is observed as on other pilot sites, but the network
performance has not be analysed in such level of detail, and following observations
may also be of relevance to the APT.
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For 4G LTE communication, existing production networks of Mobile Network
Operators (MNO) can be used. As observed e.g. in the German and North-Brabant
pilots, the LTE networks are not specifically optimized to serve primarily the motorway
and also not highly latency-sensitive respectively jitter-sensitive traffic as required for
the automated driving use cases.
• Latency variations in the LTE Radio Access Network are more significant
than those in the core network and cloud services. To quote [4] Germany
section 4.1 and Helmond section 8.1:
When comparing measures in the cellular network, optimizing the
radio access network will have the largest impact on latency.
Enabling quality of service for the cellular network. It is expected
that this will give the largest latency improvements using the
cellular communication channel
“Selective network optimizations to avoid frequently oscillating
connections between neighbouring base stations of terminals
moving at higher speeds based on CONCORDA results will help
improving the future service experience. It will be worth
considering avoiding such unwanted behavior already in the
network planning configuration and optimization guidelines of the
respective network operator”.
“For CACC an extra measure was taken to further reduce the
latency in the Radio Access Network (RAN). Prescheduling helps
to reduce the up-link latency by reserving resources blocks for
the UE”. “It is good to note that these settings were implemented
for only this test. On a larger scale it will be very inefficient to
reserve a large amount of resource blocks, not used by the UE.
Other mechanisms should be considered for future services”.
•
•

Hand-overs between network cells and networks result in additional
delays.
Packet loss is normally nihil (compared to short range communication) as
long as the mobile network coverage is granted.
“However, occasionally the connection was lost in the straight
line section with lower signal strength”, thus reducing the
communication reliability. - [2] North Brabant section 6.3.1.2

•

•

Network coverage also varies per location (e.g. Helmond versus Lelystad)
resulting in additional delays and reduced reliability.
Message size has a significant effect on LTE network performance. C-ITS
messages contain headers for GeoNetworking that are not used in LTEUu communication and could be removed to improve LTE communication
performance .
LTE network tuning specifically for CCAM is only possible with the
cooperation of an MNO as partner. This is not trivial for further deployment
of CCAM:
“This could also help addressing the potential issue on
European scale, with the EU-27 member states and further
European countries and their typically 3-4 network operators
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each, since long-range road cargo transport, including truck
platooning is frequently crossing borders, given Europe’s
geography, and will use multiple mobile networks along the
European road transport corridors. With the network evolution
to 5G and especially to 5G stand-alone, network latency in
general, and specifically during handover is expected to
improve significantly. Nevertheless, network optimization to
avoid unnecessary oscillating handovers will also be required
for 5G. One aspect, which will continue to present a challenge
to latency-/jitter-sensitive applications also in 5G is jitter,
although on a lower level compared to LTE: latency fluctuations
are almost exclusively caused in the radio access network,
depending on a highly dynamic situation depending on many
factors, like mobility, location (cell edge vs. in close proximity to
the base station) and of course network load”. [2] Germany,
section 4.5
Several architectures for the edge and core network are piloted. In Germany and
North Brabant alternative architectures for routing behind the MEC are used;
GeoServer on the MEC, and MQTT brokers between MEC and GeoServers. The
architecture and implementation of MECs and services have a significant impact on
V2X communication. In the best case, with a GeoServer on a MEC near the base
station - like a Road Side Unit, performance is similar to LTE-V2X. The extended
communication range of Uu is a major advantage over short range communication.
For other architectures latencies may increase significantly (up to 100 msec on
average), but more importantly, add significant outliers and bursts of delays that
reduce the reliability of V2X long-range communication. Therefore, the added value
of 4G LTE Uu is mainly to provide advanced warnings and manoeuvre control to
Highway Chauffeur services.
8.2

Services for Automated Driving
The main objective of the pilot tests was to assess the performance of hybrid
communication systems under real traffic situations on the public highway for several
automated driving services. Some pilot sites reported lessons learned in that may
also be of relevance to the APT.
Several pilot sites reported challenges with accurate time synchronisation of invehicle, road side and cloud systems. This is not only needed for accuracy
measurements of communication performance, and for LTE-V2X communication
(section 8.1.2), but also to meet the minimum requirements for automated driving
functions and higher communication frequencies. Timing accuracy for automated
driving is more stringent than for cooperative driver advice systems. These
requirements also apply road side equipment and back-end services. The Spanish
pilot site reports for example that standard time synchronisation methods, such as
NTP (typically used for road side and back-end servers) was not sufficiently accurate
and that dedicated hardware was needed on the in-vehicle OBUs ([4] sections 5.1
and 5.3).

TNO report | TNO 2021 R11446

51 / 56

Timing accuracy also affects the I2V messages generated by road operators. In
particular observations are made with respect to the GLOSA services from Traffic
Light Controllers (TLC) in The Netherlands.
• Adaptive TLCs pose a particular challenge for automated vehicles to
control speed in a safe manner, in particular to safely stop on red. This
implies that predictability and communication frequency need to improve:
When we want to use the SPaT/MAP messages for automated
vehicles we need to improve the prediction accuracy. - [4] section
7.1
Due to the dynamic nature of the Dutch traffic light controllers
(traffic actuated) in the APT the predictability and reliability of the
signal-light is currently too low to be able to adjust the AV
speed….Driving profile optimization varies between
periodic/predictable and adaptive Traffic Light; adaptive TL’s
need higher refresh rate (10 Hz and higher). - [4] section 6.1
•

To improve TLC predictability, the suggestion is made to use vehicle data
over longer distances to the traffic lights and increase the prediction
horizon of the TLCs:
We expect the prediction accuracy can be improved if the traffic
light controller has better knowledge of the traffic that is
approaching the intersection. For this the long-range cellular
channel can have an important contribution since this is not
limited to a certain range and can help to provide information on
approaching traffic minutes ahead of time…. Together with
automotive OEM’s and traffic light manufacturers a strategy
should be formed for future automated driving vehicles. Routing
information from automated vehicles need to be shared ahead of
approaching the intersection. - [4] sections 7.1 and 7.4

•

To improve TLC predictability, the suggestion is also made to standardise
(harmonise) the usage of TLC timing information in the communication to
vehicle systems:
The SPaT messages contain a minimum, likely and maximum
time to change. Currently it is up to the traffic light manufacturer
to populate these numbers and up to the automotive OEM to use
those predictions. While implementing our system we were
struggling which parameters to use from the SPaT messages but
also see that depending at the traffic light, different parameters
give optimal performance. This should be aligned in Europe
across automotive OEM’s and traffic light manufacturers. - [4]
section 7.1

How well LTE-V2X and LTE can support the piloted services for automated driving is
not expressed clearly and conclusively in the evaluation report [2] and lessons
learned [4]. Presumably a distinction should be made between Highway Chauffeur
services (based on DENM and IVI messages) and automated control services like
Truck Platooning and CACC.
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ITS-G5 is piloted as the benchmark in all pilot sites and considered as
sufficient and mature.
LTE-V2X seems to meet the communication requirements, albeit that
latency is higher than ITS-G5 while the effective communication range and
reliability seems better. Nevertheless, disclaimers are made in most pilot
sites that the technology is still in its infancy and that further research is
still needed before conclusions can be formulated as evaluation results or
lessons learned in an [4].
LTE or 4G long range communication is considered as a complementary
(hybrid) technology, especially to extend the communication range for
automated driving services, e.g. for improving Highway Chauffeur and the
predictability of GLOSA services. Existing commercial mobile networks
may not be optimised to support automated driving services though, and
communication performance may not always be adequate, especially the
latency variations and hand-overs. Also disclaimers are made on network
coverage and optimisation across Europe.

Deployment
Two important lessons learned are reported for future improvements and
harmonisation with respect to deployment.
Section 8.1.4 already identified examples why harmonisation is needed with Mobile
Network Operators (MNO) to optimise mobile communication networks to the specific
requirements for cooperative and automated driving in the future.
Another important insight comes from the APT for harmonising investment in service
deployment:
The experience gained in the CONCORDA project will be exploited by the
stakeholders (OEM’s, Road Operators and suppliers), for an improved plan
of the new C-ITS investments: first deployment of existing use cases and
assets, which assets on the different road types, technologies, standards,
but also the integration steps to follow between connected vehicles and
digital roads in the pre-production phase (or when upgrading the
products/technology)…. it would be of great help for all stakeholders to have
a common view of what use cases to deploy first to develop knowledge on
real situations and the usage of the use case information in the vehicles.
Deployment of use cases implemented on test sites in the CONCORDA
project is a good starting point for development of this experience. - [4]
section 6.4

8.4

Road Exemption
In the German, North Brabant and Helmond pilots, automated vehicles are used on
the public road for truck platooning and CACC. Road exemptions had to be acquired
for these vehicle with national authorities. Several lessons can be learned [4] sections
4.3, 4.4, 7.3, 8.3 and 8.4.
• Acquiring exemption is a complex process that takes a lot of time and a lot
of resources, both in Germany and in The Netherlands.
• The process to acquire exemption greatly differs in Germany and in The
Netherlands, even if for the same vehicles, service and type of road tests.

TNO report | TNO 2021 R11446

53 / 56

The Dutch authorities required extra tests to be performed and
could not rely on the German exemption - [4] section 8.3.
As a consequence, mitigating actions were taken by the pilot sites that affect the
fidelity of piloting on public roads, for example:
Current regulations prevent a temporary exemption in multiple countries.
As automated driving functions are introduced across Europe it would help
innovation speed if such procedures can be aligned across countries. The
Helmond network was extended towards Lelystad. This was at the cost of
less coverage and an extra distance between the RAN and edge systems.
- [4] section 7.3.
Gaining permission to use automated vehicles in live traffic situations on
Dutch roads [was not given]. Therefore, it was decided to test the actuation
of the automated functionalities on a test track in Italy only. This posed a
challenge to the objective of studying AV impacts on real traffic the
interaction of AV with data from the roadside in real life. An insight that
was not filled in completely during the CONCORDA APT is the effect an
AV can have on traffic as a whole, because the actuation of the automated
functionalities based on communication were not tested in real traffic with
many other equipped/automated vehicles. - [4] sections 6.3 and 6.4.
The proposal for improvement is to better harmonise the process across Europe.
Current regulations prevent a temporary exemption in multiple countries. As
automated driving functions are introduced across Europe it would help innovation
speed if such procedures can be aligned across countries.
8.5

Pilot Test Organisation
Some pilot sites express lessons learned in [4] on the usefulness and necessity to
verify and validate systems before piloting, and to setup pilots in several iterations.
The risk of omitting adequate verification and validation before piloting is that errors
are discovered only during pilot evaluation, thereby eliminating project results and
forcing to repeat the development, piloting and evaluation cycle. In most pilot projects,
time and resources are no longer available to repeat this process. The mitigation
strategy is to built-in several iterations into the pilot project.
The APT has learned these lessons already in previous projects, managed to
organise all steps of the pilot plan and evaluation in advance, and implemented four
iterations of piloting to test, verify and validate successive versions of the use cases.

8.5.1

Cross-pilot Interoperability testing
Cross-pilot tests are an efficient approach to test interoperability between countries,
system developers, road operators, and service providers, that are typically not
encountered within a pilot site. The APT executed cross-pilot tests with Belgium and
North-Brabant.
The outcome of cross-country test campaign on V2X technologies and CITS services tests provided insights in the compatibility issues that can be
encountered at different levels, such as radio, networking, services, and
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security level, when providing cross-country C-ITS services….Finally, we
managed to test the interoperability with the IF2 interface that was
developed within the Intercor project11. This way, the information that was
displayed on the digital signs at the gantries and other event related data,
such as RWW or Hazard Warning could be retrieved from the Intercor
backend systems, both from the Flemish and Dutch road authorities, and
used in the CONCORDA evaluation - [4] section 2.2
8.5.2

Multi-stakeholder cooperation
The APT is the only pilot site to express the importance of multi-stakeholder
cooperation in CONCORDA:
In CONCORDA APT the symbiosis between the vehicle manufacturers and
the road authorities was very valuable. The involved organizations would
recommend this for successful deployment of automated driving. The
vehicle needs real time data as an extra sensor that will help to adapt to the
current traffic situation and all deviations from the ‘normal’ situation. The
road authorities can share their wishes on the use cases they find relevant
with the automotive company. For the road authorities it is also important to
know what kind of use cases are being implemented in the vehicles in order
to decide on the best investments for road side infrastructure. A project like
CONCORDA has both sides become more aware of these mutual
dependencies.... The experience gained in the CONCORDA project will be
exploited by the stakeholders (OEM’s, Road Operators and suppliers), for
an improved plan of the new C-ITS investments: first deployment of existing
use cases and assets, which assets on the different road types,
technologies, standards, but also the integration steps to follow between
connected vehicles and digital roads in the pre-production phase (or when
upgrading the products/technology - [4] section 6.2 – 6.4

11

https://intercor-project.eu/
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