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Glossary

• Datex II or Datex2 is a data exchange standard for exchanging traffic information 
between traffic management centres, traffic service providers, traffic operators and 
media partners

• IF2 is the back-office interface
• The European profile standard ITS-G5 is based on IEEE 802.11-2007 and it includes 

all features of the IEEE 802.11p
• JSON - JavaScript Object Notation is an open-standard file format that uses human-

readable text to transmit data objects consisting of attribute–value pairs and array 
data types.

• Use Case Scenario -Denotes a more specific way to execute an ITS-S application, 
e.g. the stand-alone mode of Roadworks Warning in case of safety trailers failing to 
connect to the centre. As another example, in the C-ITS Corridor terminology, “TCC-
triggered RWW” denotes a use case scenario to implement RWW application based 
on TCC data only.
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0 Forward

0.1 InterCor Project Objectives

This InterCor Milestone 13 Pilot Evaluation Report [1] sets out to answer the key questions 
posed within the European Grant Agreement.

The main specific objectives of this Action are the following:

1. Demonstrating a large-scale interoperable deployment of C-ITS fostered through 
the participation in relevant platforms such as the С-Roads platform;

2. Foster four MS C-ITS cross-border interoperability through the organization of 
interoperability tests with the participation of the different MS;

3. Provide C-ITS services on a broader scale by fostering a hybrid communication 
approach through a combination of cellular and ITS-G5 communication;

4. Extend the strategic cooperation between C-ITS front running countries and 
support other MS to step-in, by publishing Roll out Guidelines for Pilot operation;

5. Evaluate the life benefits of C-ITS applications by reports on technical evaluation, 
impact assessment and user acceptance.

Overall Aims of Evaluation Stream:

The focus for evaluation is on the interoperability of systems and services across borders 
and over the entire network of corridors, and interoperability between service providers and 
end user devices. A common framework for data acquisition and evaluation will be defined to 
enable the objective comparison and exchange of evaluation results between pilots.

Data collection and analyses will be automated to facilitate the objective evaluation of the 
extensive data sets generated by the pilots and to provide immediate evaluation results on 
tests during the iterative development of technologies, systems and services. Initial versions 
of data acquisition and analysis tools are made available for validation in Sub-Activity 2.2. 
The tooling and evaluation framework will be extended and tested and will be fully 
operational for pilot operations in Activity 3.

The main results of this Activity will be a report concerning technical evaluation plans, impact 
assessment and user acceptance.

Evaluation Milestones:

M12 Evaluation framework finalised 31/08/2017 Document describing the common 
evaluation framework approved by the Advisory board.

M13 Technical evaluation, Impact assessment and User acceptance finalised 28/02/2020 
(new date following 6-month extension) Report of the Technical evaluation, Impact 
assessment and User acceptance approved by the Advisory board.

Sub-Activities

This Activity is composed of the following four Sub-Activities:
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4.1: Evaluation Framework:

This Sub-Activity consists of the definition of the common evaluation framework based on 
the FESTA approach detailed in the following documents: InterCor Detailed Evaluation 
Methodology [Ref: 3]; InterCor Milestone 12 Evaluation Framework [Ref: 2] and InterCor 
Milestone 7 – Completion of Validation of Specifications [Ref: 4], and will include the 
definition of the use cases, hypotheses for the effects and key performance indicators. 
These are defined in collaboration with experts that develop the specifications for the 
technologies and services in Activity 2,1. This Sub-Activity will also take into account 
relevant recent study of the EC on KPI. Test scenarios and data quality criteria will be 
defined and harmonized with the experts for validation and pilot operation (Activities 2.2 and 
3). This includes the common processes and procedures for data acquisition, management 
and data quality validations, from all relevant data sources (e.g. end user devices, road side 
units, and back office systems from traffic operations, fleet and service providers, and user 
feedback such as common questionnaires). A harmonized approach will be used concerning 
data analysis, situation assessment, event detection and indicator calculations and to the 
exchange of data analysis and evaluation results.

4.2 Technical Evaluation:

This Sub-Activity consists of the evaluation of the effects of implemented technologies on 
system performance and quality of services and includes:

• Interoperability, compliance and security;
• Performance of security measures, (hybrid) communication, positioning and 

application triggers;
• Performance (accuracy, location, timeliness and reliability) of advices and 

information provided to drivers and other users like traffic operators, fleet 
operators and service providers;

• Assessment of the quality of collected data;
• Detection and classification of situations in traffic and services as defined in test 

scenarios and use cases;
• Detection of events in driver support and applications as defined in use cases;
• Detection of anomalies in system behaviour or provided services;
• Calculation of KPIs.

4.3 Impact Evaluation:

This Sub-Activity consists of the impact assessment of applications and services, including 
the identification of the rate of advice, follow-up and their impact on indicators such as speed 
adaptation, route choice, travel times (no objective impact) and traffic efficiency (subjective 
view from broader service benefits gleaned from user acceptance only) and safety 
(subjective view from broader service benefits gleaned from user acceptance only).

4.4. User Acceptance:

This Sub-Activity aims at providing user acceptance which is key for the fast deployment of 
C-ITS services and provision of added value to the driver. Pilots will involve dummy users to 
collect their feedbacks through questionnaires or during the driving.
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0.2 Forward to the Executive Summary

The headline for the InterCor project is that it works.

In this series of TESTFESTs and subsequent Pilots, InterCor assessed and analysed the 
following:

 Interoperability / Cross border interoperability
 Communications performance
 Applications and Services:

o IVS: Speed advice and lane guidance
o RWW
o GLOSA
o Truck Parking; MCTO; Tunnel Logistics

 User Acceptance & Attitudes to the services
 Objective Impact of the services on driver behaviour (speed adaptation)
 Consideration of the wider benefits including traffic efficiency and safety

C-ITS front running countries provided strategic co-operation and assisted the other member 
states by providing valuable advice, feedback on their work to date, and by publishing roll 
out guidelines for pilot operation. This helped in evaluating the life benefits of the C-ITS 
applications.

In the TESTFESTs we were able to demonstrate that large scale interoperability with C-ITS 
equipment is possible, and through the use of common specifications and interoperability 
testing we were also able to prove that it works across borders. Through a combination of 
cellular and ITS-G5 communication we were able to show that hybrid communications is not 
only possible in a C-ITS situation but has been shown to work well on a broader scale. While 
there were communication delays of up to a few seconds on the cellular network, this did not 
affect the operation of the service which continued to provide situational information at the 
appropriate time.

Impact Assessment was limited due to the scale and duration of the project, and also the 
influence of existing ITS signage; but by using subjective information gathered from user 
surveys and interviews we were able to provide useful context to the assessment. This 
provided valuable feedback that indicated that users both like the services and that they felt 
that they could trust the information more than the existing roadside signs.

The users liked the services offered and indicated they would use them. Drivers indicated an 
increase in feelings of comfort / reduction in stress. Changes in driver behaviour have been 
measured and directly linked to driver interviews (Objective vs Subjective impact).

By refining the systems further, mass user acceptance is a real possibility. This could include 
improvements to the HMIs, integration with vehicle infotainment systems and existing 
navigational apps such as TomTom.

Projects under C-Roads can take the learning from InterCor and build on these for even 
more successful future C-ITS Pilots.
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0.3 Introduction

0.3.1 Purpose of this document
The purpose of the present document [1] is to provide a summary of Technical evaluation, 
Impact assessment and User Acceptance from the four pilot evaluations in the MS:

 Belgium/Flanders
 France
 The Netherlands
 United Kingdom

0.3.2 InterCor Contractual References
InterCor (Interoperable Corridors) links the C-ITS corridor initiatives of the Netherlands C-
ITS Corridor Netherlands-Germany-Austria and the French one defined in SCOOP@F, and 
extending to the United Kingdom and Belgium C-ITS initiatives.

InterCor is an action co-financed by the European Union under the Grant Agreement number 
INEA/CEF/TRAN/M2015/1143833. The Project duration is 42 months, effective from the 1st 
of September 2016 until the 29th of February 2020. It is a contract with the Innovation and 
Networks Executive Agency (INEA), under the powers delegated by the European 
Commission.

Communication details of the Agency:

Any communication addressed to the Agency by post or e-mail shall be sent to the following 
address:

Innovation and Networks Executive Agency (INEA)

Department C – Connecting Europe Facility (CEF)

Unit C3 Transport

B - 1049 Brussels

Fax: +32 (0)2 297 37 27

E-mail addresses: General communication: inea@ec.europa.eu 

mailto:inea@ec.europa.eu
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For submission of requests for payment, reports (except ASRs) and financial statements: 
INEA-C3@ec.europa.eu 

Any communication addressed to the Agency by registered mail, courier service or hand-
delivery shall be sent to the following address:

Innovation and Networks Executive Agency (INEA)

Avenue du Bourget, 1

B-1140 Brussels (Evere)

Belgium

TEN-Tec shall be accessed via the following URL:

https://webgate.ec.europa.eu/tentec/ 

All communication with the INEA or the European Commission shall be done via the Project 
Coordinator, Mr Eric Ollinger. 

mailto:INEA-C3@ec.europa.eu
https://webgate.ec.europa.eu/tentec/
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1 Executive Summary

1.1 InterCor Evaluation Objectives

The goal of InterCor was to meet the following high-level objectives:

 Demonstrating a large-scale interoperable deployment of C-ITS;
 Demonstrating cross border interoperability;
 Providing C-ITS services on a broader scale by hybrid communication;
 Extending the strategic cooperation between C-ITS front running countries and 

assisting other member states to step-in;
 Evaluating the (potential) life benefits of C-ITS applications by reports on using 

technical evaluation, impact assessment, user acceptance and exploitation.

The evaluation was approached using a commonly agreed set of standards and guidance 
based on the following documents:

 InterCor Milestone 12 Evaluation Framework
 InterCor Detailed Evaluation Methodology
 InterCor Evaluation Guidance for Pilots

These documents provided the core guidance for the evaluations across all Member State 
Pilots and fed learning into the C-Roads WG3 Evaluation Assessment Plan.

This report outlines how the project has evaluated all aspects of the high-level objectives, 
culminating in the assessment of real-life benefits carrying out the required aspects of the 
evaluation under technical, impact and user acceptance. It also demonstrates that drivers 
were willing to exploit the information but will require improvements in the way the 
information is presented in the HMIs (see Section 1.7.1 for suggested improvements). This 
aspect is a high priority for road operators from a traffic related safety perspective.

A series of TESTFESTs carried out across the Member States (MS) proved large scale 
interoperability, and continuation of service - during cross border testing. All MS complied 
with the InterCor standards Milestone 6 (Common set of Upgraded Specifications for 
Services) and supporting documentation provided by Activity 2. The summary of all 
TESTFESTs is contained in the Milestone 7 document (InterCor_M7-
Completion_of_Validation_v1.0_INEA) [Ref: 4].

Pilots were implemented with both ITS-G5 and Cellular communication channels. 
Comparisons of the performance of these approaches, both separately and combined in 
Hybrid configuration, are outlined later in this Executive Summary and detailed in Section 3.1 
Technical Evaluation Communication Performance. The addition of security certificates 
created a slight delay but by no more than was expected and didn’t unduly impact the real-
time services implemented.

The Pilots examined the positioning of the Road Side Units (RSUs), user compliance and 
system performance; measuring the accuracy, location, timing, quality of data, and the 
reliability of the advice. The results of these can be seen in Section 3.1 Technical Evaluation 
Communication Performance.
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France and the Netherlands led the way in the first TESTFESTs with their reports providing 
valuable learning for the UK and Belgium, allowing both to step in for TESTFESTs 3 and 4, 
with the ‘learning by doing’ approach feeding into their own successful Pilot activities.

Finally, the evaluation focussed on high quality user acceptance, including common 
questionnaires, interviews and focus groups. Gathering subjective impact from real drivers 
on how the services improved their driving experience and provided useful information that 
prepared them for their drive ahead. These were also matched to objective results 
(measured data) in specific test scenarios, providing strong evidence that driver’s behaviour 
has the potential to be positively influenced by the services piloted.

1.2 Technical Evaluation

The technical evaluation was approached using a common set of views based on the 
InterCor Detailed Evaluation Methodology [Ref: 3] and the InterCor Milestone 12 Evaluation 
Framework [Ref: 2]. These two documents provided the core guidance for the testing across 
all Member States.

Technical evaluation was divided in to five levels of research questions, hypotheses and 
indicators. First, the communication performance was evaluated to vehicle applications 
(TE_RQ 1) and back end servers (TE_RQ 2), and for PKI security over ITS-G5 (TE_RQ 3). 
Following this, the effects of communication performance were evaluated on the functionality 
and performance of vehicle applications (TE_RQ 4), and finally the effects on services 
(TE_RQ 5). Further detail is provided in Section 6.2 of the Conclusions section.

1.2.1 Interoperability
In-Vehicle Signage (IVS), Road Works Warning (RWW) and Green Light Optimised Speed 
Advice (GLOSA), road side and in-vehicle systems all proved interoperability between 
Member States during all TESTFESTs.

In the Netherlands (Rotterdam Harbour) Multi Modal Cargo Transport Optimisation (MCTO) 
was piloted using the Mainport Traffic Monitor (MTM) which gathered data from Transics, 
Trimble, TomTom and Astrata, this system could readily be extended to any country. A fully 
operational MCTO system was also implemented in France for HGV / trucks transporting 
containers to and from the Dunkirk seaport container terminal, which included Integration 
with existing logistics IT systems, specifically the Port of Dunkirk’s Cargo Community 
System.

For Truck Parking (TP), the Dutch and France nodes implemented both static and dynamic 
data for truck parking lots according the DATEX-II specifications and provided the mandatory 
data according the InterCor translation table for interoperable services. This was validated 
during TESTFEST4 [4].

As part of the Tunnel Logistics (TL) Pilot, communication with the A-TLC is based on ETSI 
standards. If A-TLCs in other countries are equipped with the Priority Request Service (and 
can receive SRM messages) it is possible that equipment can request priority at 
intersections cross border. Other Service Providers (in other countries) could request priority 
at the intersections.
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Data from the Tunnel Metering Prediction System used in TL was available via an API, so 
other Service Providers could receive the information. BeMobile can also include other 
tunnels (in other countries) if they provide an API, so it is scalable.

1.2.1.1 Cross-border interoperability

Cross-border interoperability has been tested, refined and improved during the InterCor 
TESTFESTs. In-vehicle applications continued to work as expected via ITS-G5, including 
PKI security, and over cellular via the IF2 services on all pilot sites in the Member States.

For MCTO in the Netherlands, service continuation across borders was not explicitly tested 
‘on road’, but after carrying out a detailed desktop evaluation of the system, it is expected 
that it would work uninterrupted.

Tunnel Logistics data gathered from the service provider showed that trips between the 
Netherlands, Germany and Belgium were recorded, this provided good empirical evidence 
that cross border interoperability functioned well.

The cellular communications performed sufficiently well for all the applications evaluated, but 
there were interruptions of between one and six minutes when crossing borders which is a 
factor to consider if deploying cellular only services. All logistics services (TP, MCTO and 
TL) were successfully delivered over the cellular communication channel.

1.2.2 Communication Performance (TE-RQ 1 – 3)
Technical evaluations proved the technical maturity of the road side units and in-vehicle 
systems to provide the service to drivers using ITS-G5 and Cellular communication. The 
PDR (data quality) and communication ranges proved to be sufficient for the applications 
tested. No issues with ITS-G5 communication were observed during any of the TESTFESTs 
or Pilot Operations as overlap of RSU coverage was well planned at the Pilot Roll Out Stage; 
refer to Milestone 10 [5] on best practice, and the successful outcomes of all Pilot 
Operations described in Milestone 11 [8].

Some member states implemented full hybrid systems. The Netherlands piloted in-vehicle 
services in hybrid mode using both ITS-G5 and Cellular communication simultaneously. On 
the motorway a subset of the On-Board Units (OBUs) were piloted using ITS-G5 or Cellular 
only. This was also the case on the UK pilot network where Cellular only services were 
provisioned in London, Hybrid on the motorway and ITS-G5 only in Kent.

On the motorway RSUs were installed as specified in Milestone 10 – Roll out Guidelines and 
Best Practices of Pilot Operation [Ref: 5] on gantries and other street furniture at various 
heights of 4m, 6m and 8m and at distances of less than 1 km. OBUs were installed with 
exterior roof-mounted antennas.

The performance of I2V communication for ITS-G5, Cellular and Hybrid communication 
varied within the Member States but supported the same services on both communication 
channels:

 Within the MS Pilots, the average communications delay ranged between 5ms and 
81ms for ITS-G5 and from 150ms to 1 second for 4G Cellular communication, with a 
spread of 50ms for ITS-G5 and up to 3s for Cellular. (Where it was possible to 
measure, the ITS-G5 Communication full end to end delay was typically in the range 
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of a few hundred milliseconds when measured from the UIN / Central C-ITS Station 
to the OBU).

 The I2V effective communication range (ECR) for ITS-G5 varied depending on 
location and mounting height but ranged from 200m to 500m and on higher 
elevations this range extended as far as 1.7km. Communication inside tunnels 
degraded significantly for both communication standards.

 PKI Security was enabled on all OBUs and RSUs and nearly all messages could be 
signed and validated successfully.

1.2.2.1 ITS G5 vs Cellular Communication Paths

Due to limitations in the ability to measure end-to-end delay some Member States were only 
able to directly measure the delay between the RSU and the OBU (for ITS-G5).

The average communications delay (TE RQ1) for ITS-G5 (5-81ms) is typically four times 
faster than cellular (150ms), and in the worst-case scenario cellular (over 1sec) could be as 
much as twenty times slower. However, both technologies easily supported the piloted 
services without delaying the information to the HMI. (TE RQ4,5). The effective 
communications range for ITS-G5 was at least 200m and existing Cellular was near 
ubiquitous for the pilot regions. Although signals degraded significantly around tunnels and 
urban canyon areas, they were strong enough to provide a continuous service.

Further, the hybrid model (where the OBU receives messages via both communications 
paths and chooses the optimum) was proven to work well and provided continuity of service 
in areas where the RSUs range may be limited or do not overlap. In this way it enabled 
seamless transition to Cellular only or ITS-G5 only services from a single OBU (proven 
during Dutch and UK Pilot testing).

1.2.3 Applications and services (TE-RQ 4 – 5)

1.2.3.1 RQ4: Application Functionality and Performance:

End to End Delay of Warnings and Information provided to drivers

The average end-to-end delays described above for both communication paths were 
typically in the range 25-150ms, and this latency in the system was not a dominant factor in 
the reliability of warnings described below.

Geographical Coverage of Warnings and Information provided to drivers

The Netherlands stated that ITS-G5, Cellular and Hybrid was fully covered except within 
tunnels. For the UK all IVI first warning messages were displayed on the HMI before entering 
the relevance zones. And for Belgium, IVI and DENM events are fully covered in the 
relevance zones.

During additional cross border testing between France and Belgium performed as part of the 
French pilot, it was found that the connection was lost for over a minute due to cellular 
roaming which would apply to any cellular based system.
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Reliability of Warnings and Information provided to drivers

Reliability of the warnings was generally very good; for instance, in-vehicle systems informed 
the user correctly in more than 94% of cases; this dropped to as low as 57% for GLOSA 
because the SPAT information was either unavailable or legal speed advice could not be 
given. Where GLOSA advice could be given it was very reliable and was typically generated 
early on the ingress to the relevance zone.

Tunnel Logistics alternative route advice was based on the prediction that tunnel metering 
would be activated in the next hour. The prediction algorithm generally overestimated the 
times that tunnel metering will be present. The analysis of this service is detailed in the 
accompanying document [6] Detailed Results Annexes, Section 8.1.6.4.

Accuracy of Warnings and Information provided to drivers

Warning messages were presented when vehicles were less than one hundred meters from 
detection zones or the event locations. The warnings were not presented outside of these 
areas for example when on a parallel road.

Warnings were revoked either when passing the event location or within a few seconds of 
leaving the location.

The accuracy of the GLOSA advice varied depending on the intersection and turn direction. 
This was mostly due to fluctuations of the SPAT timing information which were generated by 
the Adaptive Traffic Light Controllers (A-TLC). In about a third of intersection passes, no 
advice could be given.

Because the countdown to green could not always be accurately determined, (due to the 
variations in timings presented by the A-TLCs) a radar style clock icon was used. This 
allowed the rate of the countdown to be modified as and when the A-TLC data changed.

1.2.3.2 RQ5: Service Implementation

Are Applications and Services Interoperable?

Interoperability was demonstrated for OBUs providing RWW, IVS, PVD and GLOSA services 
on all pilot sites using ITS-G5. It was also demonstrated for Cellular with RWW, IVS and the 
GLOSA services. Additionally, interoperability of PVD over Cellular was demonstrated 
between France and Flanders.

Are Services Continued when Crossing Borders?

Continuation across borders was demonstrated and with two Member States proving this 
with in vehicle services such as RWW, IVS, GLOSA and PVD when crossing borders. The 
cloud service of the Service Provider connects to IF2 services from all Member States.

Interoperability issues with other member states have been adequately resolved during the 
TESTFESTs. OBUs can communicate with RSUs from other member states and pilots via 
ITS-G5.

PKI security enabled successful signing and validation of messages between OBUs and 
RSUs from the different member states.
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When crossing borders, it was discovered that Cellular roaming provider switching could 
take between one and six minutes.

The UK suffered some issues related to the changes from left carriageway driving to right 
carriageway driving, also they had some issues in early testing due to immature equipment.

Are applications and Services developed for Hybrid Communication?

All applications and services were able to use hybrid communication this was demonstrated 
on the A16 motorway and Helmond pilot sites, the rural test area in the UK (comprising of 
Highways England Hybrid IVS and Road Works Warning and Kent GLOSA Junction), E313 
– E34 Motorway in Flanders and peri-urban roads in France.

Service Success / Failure Rates

Service specific evaluation results are included in the Services Summary sub section 1.5 
below.

1.3 User Acceptance Evaluation

The user acceptance evaluation comprising an acceptability-check (drivers’ sentiment before 
consuming the services) was approached using a common set of views based on the 
InterCor Detailed Evaluation Methodology [Ref: 3] and the InterCor Milestone 12 Evaluation 
Framework [Ref: 2]. These two documents provided the core guidance for the testing across 
all Member States. A dedicated web-based application was developed and operated by BE, 
to support survey-taking and exploitation of responses. Further detail is provided in Section 
6.3 of the Conclusions section.

1.3.1 Quantitative

Driver profiling

Across the member states there was a good mix of drivers: around three quarters were car 
licence holders only, about one in ten held a truck driver licence and about a fifth held a 
motorcycle licence. 90% of the participants mostly travel by car. Annual driving distance 
varied widely; in the UK two thirds reported driving between 35k and 96k km, another two 
thirds of Belgium participants drove between 16k and 35k km, and around half of the Dutch 
drivers in the tests indicated travelling between 15k and 35k km. Almost half of the 
participants had driven more than 480,000 km since obtaining their driving licence.

About 60% said they used radio and a built-in GPS to receive traffic information. Separate 
navigation devices and smartphone applications were also frequently used by at least half of 
the participants. Only about 15% currently used information systems that provided warnings 
for speed cameras.

Almost all drivers wanted to receive information relating to traffic jams. Over three quarters 
of participants wanted information relating to specific traffic and road conditions, lane 
utilisation and slightly fewer wanted regulatory speed limit displayed.

1.3.2 Qualitative



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 27 © InterCor Consortium

Many users stated that if the system was integrated into a Sat Nav this would be much more 
beneficial. To improve the value of the service, it was suggested to make it customisable, to 
meet the needs of different profiles of road users and journey purposes.

A few participants commented that they felt they paid more attention to the messages they 
saw on the HMI because they felt they could trust this information more than the external 
signage.

Most of the users indicated a low willingness to pay for services, but this is not due to the 
quality of the services since participants displayed the same attitude before their test drives.

Overall the surveys indicated that there is a lack of accuracy and that there is an up-side 
potential by improving the overall accuracy and timing leading to higher quality services.

Considering the answers of a few open questions provided by experienced drivers, 
acceptance would be higher if the app could be enriched by a navigation service with more 
information such as actual traveling time.

An application that only provides information on road works, traffic jams, green lights, speed 
limits, and a few more minor services is rather evaluated as an app with a limited scope.

Some key interview feedback is captured in the service specific sections 1.5.1-1.5.7 below 
(see 5.2.1.2 for more details).

1.4 Impact Evaluation

The impact evaluation was approached using a common set of views based on the InterCor 
Detailed Evaluation Methodology [Ref: 3] and the InterCor Milestone 12 Evaluation 
Framework [Ref: 2]. These two documents provided the core guidance for the testing across 
all Member States.

Measurable and statistically significant benefit was always going to be difficult to derive at the 
early stage of development of services and technology. This was particularly due to the 
relatively small sample size of Pilot drivers compared to the total traffic volume. When the 
system worked it gave valuable information that complimented the real-world services. For 
example, a countdown to the next phase at a traffic signal junction was a welcomed service 
even when the driver was stopped waiting for green at a stop signal. In this evaluation the 
potential benefits of the services tested, and the potential benefits of future more complex and 
innovative services, were derived from the positive results of the User Acceptance evaluation.

The pilot evaluation teams were set up so drivers’ behaviour could be observed with and 
without C-ITS warnings, with the intention of comparing the difference between drivers in 
control (no C-ITS) and drivers in treatment (with notifications). However, with low driver 
numbers and the influence of existing ITS signage (IVS service) this was additionally 
supplemented by the following:

 Use of subjective impact from user surveys and interviews
 Individual driver objective measurements based on subjective feedback to observe if 

following a notification, the driver showed any speed adaptation
o Plot vehicle speed before and after receiving the HMI warning
o Monitor vehicle speed within a roadworks section to see if overall speed was 

lower as result of the HMI guidance (countdown to and in roadworks).



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 28 © InterCor Consortium

The IVS speed limits had no effect on driver’s behaviour when the speed limits were also 
presented on the matrix signs above the road. Where there were fewer matrix signs 
displaying the advice the IVS app could be more effective in promoting compliance to speed 
limits. We did find a strong behavioural influence of the app when it was the sole source of 
speed limit signage. Although IVS speed limits in addition to operational gantries did not 
increase behavioural compliance, drivers seemed to accept IVS technology, similarly to how 
they follow speed limits displayed by gantries. While the tests without VMS are not 
conclusive that users of the service will reduce their speed, it is a strong indication that the 
service will influence behaviour. See Section 4.2.1.3.1.4.2 for more details.

Further detail is provided in Section 6.4 of the Conclusions section.

1.5 Services Summary

1.5.1 In Vehicle Signage (IVS)

Speed Signage

"It makes you check whether you're doing the right speed. It's a good reminder."

POSITIVE NEGATIVE
Overall, positive opinion about the usefulness 

of the service
Perceived usefulness declined post-testing in 

some MS Pilots

More than half of the participants found the 
information to be accurate, timely and 

trustworthy

Decrease in opinions that the service can 
contribute to feeling more at ease and secure 

post-testing in some MS Pilots

Lane Signage

"I was on the left-hand side, I had to move across, so it was quite handy as a little reminder 
to say to move over."

POSITIVE NEGATIVE
Not distracting

Overall, positive opinions about the usefulness 
of the service and its potential to improve road 

safety

Mixed opinions about the timeliness, accuracy 
and trustworthiness of the service

Overall positive opinions about the added value 
of the service compared to roadside signage

Three IVS services were evaluated across the member states: Use Case 1: Dynamic speed 
limit information (Common Use Case), Use Case 2: Embedded VMS and, Use Case 3: 
Dynamic Lane Management Lane Status information (Common Use Case).
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More than 94% of the IVI events were presented correctly throughout the relevance zones of 
the matrix signs. Communication and positioning issues around the tunnel sections in some 
pilots caused most of the omissions in the information presented to drivers.

Most drivers said they had seen, understood and used the information. They also said that it 
had a positive effect on their driving behaviour. (See Section 4.2 for impact evaluation and 
Section 5.1.3.1-2 for User Acceptance evaluation of this service).

Two variants of the service were operational: one using the ITS-G5 communication channel 
and one using Cellular communication channel on all motorways equipped with lane 
indicator signs. In two MS, this was tested in full hybrid mode. The road side and in-vehicle 
systems proved to be interoperable with pilot sites in other member states during the 
TESTFESTs.

Key Findings

Controlled driver tests were performed; after conducting an extensive behavioural 
experiment, it was concluded that in-vehicle communicated speed limits have no effect on 
driver’s behaviour when the speed limits are also presented on the salient matrix signs 
above the road. Although IVI speed limits in addition to operational gantries did not add to 
behavioural compliance, drivers seemed to accept IVS services as they obeyed the speed 
limits on the in-car devices.

In one of the MS pilot tests they were able to run with IVS only (gantry messages blanked) 
and this resulted in drivers reducing their speed consistently. The evaluation team found 
strong evidence for an in-car application with the ability to signal speed limits and influence 
drivers’ behaviour. The average improvement was over 10 km/h.

When the app was the only source of information, there was a strong influence on driver 
behaviour. Drivers followed the speed limits displayed by the app. Using both sources did 
not increase the compliance to speed limits. Furthermore, IVS seemed to have little effect on 
driving when the same information was presented on the salient gantries.

Benefits Realisation

Users stated that the service increased awareness and that in some cases increased 
comfort and speed reduction. In one of the IVS HMI user control group tests with gantry 
signs blanked, an overall speed reduction was observed amongst this small sample of 
drivers. Although not statistically significant, if scaled up this could have a positive impact on 
safety and emissions.

For truck drivers the existing VMS infrastructure is often activated only 250m in front of the 
stopped traffic which for HGV drivers is too late to allow them to make alternative 
arrangements. With IVS they could identify the problems much sooner and change plans. 
This implied that the main advantages for the IVS service could be the fact that the 
messages can be adjusted for the target group.

In addition, the IVS service has the capability to display embedded VMS signs, including but 
not limited to “obstacle in road”, “accident ahead”, pedestrian in road”, “queuing ahead” etc 
which could have a safety benefit for drivers as these can be sent to the vehicle at any point 
on the road (a virtual message sign).

IVS could reduce the installation and operating costs of roadside infrastructure, if IVS 
penetration is sufficient then expensive roadside message signs and related infrastructure 
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could be removed or simplified. This could also have the additional safety benefit that VMS 
maintainers and installers will not have to work at height installing and maintaining such 
signage.

For a more detailed analysis of all evaluation findings of the IVS service refer to the 
Conclusions Section 6.5.1.

1.5.2 Road Works Warning (RWW)

“The message came up well in advance of those roadworks so that's a positive.”

“I backed off a bit from the car in front and reduced my speed to wait and see what 
happens.”

POSITIVE NEGATIVE
Participants reported being less distracted of 

the service after testing compared to their 
expectations before

Some drivers indicated increasing the gap to the 
car in front on receiving the RWW warning

The countdown to and in particular in roadworks 
was deemed useful (see interview feedback 

5.2.1.2

RWW assistant did not help drivers feel more at 
ease during test drive compared to their 

expectations

RWW did not encourage actual speed 
reduction post-testing compared to 

expectations

Earlier warnings prior to start of roadworks 
desired

There were three Use Cases proposed for this service:

 Use Case 1 – Lane closure and other Restriction
 Use Case 2 – Alert planned closure of a road or carriageway;
 Use Case 3 – Mobile Roadworks

The evaluation focussed on the InterCor Common Use Case - Lane Closure or other 
restriction.

In-vehicle systems informed the user correctly in more than 97% of RWW events. There 
were early technical issues but once these were corrected, the RWW service performed 
well. At least 94% of DENM warnings received from the roadside were presented to the 
driver on time and throughout the area approaching the start of roadworks.

Most drivers reported having seen, understood and used the RWW information. Users found 
it useful to have in-car information, especially for emergency warnings. With the system 
installed they felt more secure and at ease while driving. The response to the information is 
supported by the data driven impact assessment. Although the impact of the HMI cannot be 
fully established; the data analysis did show speed before and after IVI messages was 
significantly different.
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Drivers indicated that the information was not always displayed in time, but participants 
reported being less distracted by the service after testing compared to their expectations 
before.

Key Findings

Nearly a third of the drivers felt more secure with the RWW service and nearly half felt it 
made them more alert to the hazard of approaching roadworks.

At least two thirds of RWW users stated that the service was useful to have, and over half 
found it had more value and was more effective when presented in vehicle.

In terms of speed reduction, nearly 40% said they reduced speed and 30% increased the 
distance between themselves and the vehicle in front. There is potential for this to be higher 
if the RWW scenarios were further honed to ensure drivers experienced a full roadworks 
event in isolation.

Due to technical issues with the RWW service for the lead MS, the service was tested 
without a baseline. For both the Controlled and Naturalistic user groups the mean speeds 
before and after the RWW message did not change significantly; however, the distribution of 
speeds is greater. This could be caused by the RWW message but possibly the users saw 
the roadworks and/or the warnings on the VMS gantries before the message arrived.

This is not to say drivers wouldn’t have an objective change we can measure, but during this 
limited RWW test, our data wasn’t able to definitively show the changes were all due to the 
HMI warning itself. Data availability for the RWW service was significantly better than for the 
IVS service and further research is needed to ascertain why this is the case. It is 
recommended that a baseline test is carried out in which the VMS is a controlled variable. It 
is also recommended that cluster different speed limits are covered within the analysis.

Benefits Realisation

The users valued the service and indicated in their response to the questionnaire that the 
service increased their comfort and situational awareness.

With an audible warning, drivers will be better prepared to encounter roadworks, and this 
should improve safety for other drivers and roadworkers alike.

Early presentation of RWW to truck drivers in particular should also see an increase in safety 
and reduced fuel consumption and emissions.

Safety improvements shows strong potential from the deployment of the RWW service as a 
third of drivers surveyed said they would increase the distance between themselves and the 
vehicle in front as well as reducing their speed. This evidence was seen consistently in both 
surveys and interviews.

For a more detailed analysis of all evaluation findings of the RWW service refer to the 
Conclusions Section 6.5.2.

1.5.3 Green Light Optimised Speed Advice (GLOSA)
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POSITIVE NEGATIVE
Participants felt more at ease while driving with 

GLOSA compared to before
GLOSA did not make participants feel more 

aware/alert of their speed

Participants had stronger, more positive 
opinions about the usefulness of the service 

after testing

GLOSA Time-to-red generated mixed opinions 
about the service and its potential to encourage 

safe behaviour

Participants were more willing to have GLOSA 
permanently in their vehicle after testing

GLOSA speed and countdown advice could 
jump when traffic signals were in fully adaptive 

mode, causing driver to question advice.

Participants were more willing to pay for the 
service after testing (in one MS pilot)

Some MS reported subjective impact of drivers 
adapting their speed according to advice

HMI display could distract drivers 

The GLOSA service was evaluated as a single Use Case but essentially consisted of the 
following:

 Time to Green (TTG); Time to Red (TTR)
 Speed Advice to go through on a green signal

Key Findings

The GLOSA system worked but the performance of GLOSA across the Member States was 
mixed, in both the Netherlands and the UK, Adaptive Traffic Light Controllers (ATLC) 
affected timings causing the TTG/TTR and speed advice to jump.

Technical evaluations proved that the communication and applications were capable to 
provide the GLOSA service on all approaches of the intersections in participating member 
states, both via ITS-G5 and through cellular communication. In one Member State GLOSA 
was implemented at a ramp metering site controlling entry to the freeway, this was to 
analyse the feasibility and the benefits of GLOSA for ramp metering.

There was positive feedback from drivers regarding GLOSA with many stating they would 
recommend the service to others which is further detailed in the User Acceptance sub 
section below and Section 5.1.3.4 and Section 5.2.2.3.

Overall, the delivery and the reliability of the information to drivers are arguably not yet at a 
desired level for a commercial service. Based on the results from both the quantitative and 
qualitative User Acceptance evaluations, it seems apparent that highly adaptive traffic 
control systems interferes with the reliability of the information presented to drivers through 
the GLOSA assistant. It is therefore highly recommended that further development is carried 
out to address the issues caused by adaptive light controllers, some of which could be 
solved by use of slightly different HMI1.

1 A refinement of this HMI was implemented during the Tunnel Logistics pilot where the Netherlands used a 
radar countdown which could be slowed or speeded up as the timing changed. This reduced any noticeable 
timing changes to the driver.
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A third of drivers felt more at ease driving with the GLOSA information in the vehicle when 
experiencing an optimised service, but this was significantly less (down to less than 10%) 
when junctions using Adaptive Traffic Light Controllers (A-TLCs) caused jumps in the 
countdowns (to red or green) and the associated speed advice given.

Nearly 50% of drivers said they reduced their speed earlier on receiving a time to green 
notification; however, 22% said they increased their speed. In a detailed impact analysis of a 
sample of drivers who did speed up (Section 4.4.1), it was ascertained that they appeared to 
be following the speed advice which resulted in only a modest increase in speed, with the 
benefit of increasing junction throughput.

Over two thirds thought the information was accurate. Less than 15% of users were 
uncomfortable providing position data as part of the GLOSA assistant.

Over 50% of users said they thought that GLOSA in their vehicle was useful (as high as 76% 
in one MS Pilot) and would like to have it permanently on their dashboard. However, as with 
most of the services piloted, the willingness to pay was relatively low.

Further, worked examples of matching driver feedback to their actual on road behaviour 
strongly indicated them following the speed advice, the countdown to red and to green are 
given in the main impact results in 4.4.1. Although this was only a small sample of drivers, it 
is however a first step in the analysis of GLOSA that provides evidence that drivers could be 
influenced by such as service and matches to their increased comfort, trust and perceived 
usefulness of the service.

Benefits Realisation

Based on the preliminary survey findings, a significant percentage of drivers armed with 
advanced information about traffic lights will adjust their speed accordingly; feel more at 
ease driving and be more likely to take a smoother passage through the junction. This is 
especially true for HGV drivers who will be keen to reduce gear changes. Smoother driving 
is known to reduce congestion, which should provide better junction throughput.

The cost benefits could be significant, for instance reduced infrastructure to roll out and 
maintain, reduced fuel consumption and a possible reduction in accidents gained by less 
agitated drivers.

Drivers armed with advance information regarding traffic light status and lane guidance will 
be encouraged to adopt appropriate speed choices and early lane selection, therefore 
reducing the risk of collision with pedestrians and other road users.

Other gains can be made from smoother driving and calmer drivers; both helping to reduce 
the production of harmful gases and therefore produce a potential environmental gain.

For a more detailed analysis of all evaluation findings of the GLOSA service refer to the 
Conclusions Section 0.

1.5.4 Probe Vehicle Data (PVD)
During the TESTFESTs [4] PVD data was successfully collected from other MS OBUs.
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PVD was evaluated on ITS-G5. The Cooperative Awareness Messages (CAM) data from 
passing vehicles’ OBUs was collected on the RSUs.

Although the penetration rate of OBUs in the Pilots were too low for traffic control 
application, (i.e. replacing external infrastructure supplied information with data from the 
OBUs) the pilot site has proven interoperability with OBUs in vehicles from across all MS.

Key Findings

During a stakeholder session with data and traffic experts from road authorities concerning 
topics about PVD have been discussed. The topics covered were:

 the importance and usefulness of PVD for the organisations
 the challenges and conditions they see to make PVD a success
 what solution directions they expect for the future.

The conclusions from these meetings were that PVD could be used for incident 
management and V2V communication. However, in order to use it as effectively as possible 
some aspects should be considered:

 Incident management and V2V communication are dependent on a (near) real-time 
data flow and this will require a robust system, and accurate and valid messages.

 GDPR (privacy) related concerns and challenges.
 Keeping the data provisioning not for profit.
 Creating standardised message protocols was one of the solutions that should help 

create a level playing field.
 More time is needed to do research and there will be more need for data scientists.

Benefits Realisation

If the data format and the content of the PVD information is standardized, and data is 
provided via APIs this will allow many more service providers to enter the market. This would 
allow road operators to easily exchange data with third party application suppliers. Resulting 
in up-to-date and more data-intense information. Moreover, the shared architecture could 
potentially accelerate innovations and public-private cooperation.

The end-user will benefit from better quality information which will result in improved travel 
time reliability, comfort and safety.

For a more detailed analysis of all evaluation findings of the PVD service refer to the 
Conclusions Section 6.5.4.

1.5.5 Truck Parking (TP)

POSITIVE NEGATIVE
90% of drivers said after use, that they would 

like to have the information permanently

The survey showed users appreciate the real-
time feature as 81% were using it

Application could be developed / refined

Integration with existing applications in cabin

Ability to reserve whilst en-route
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The TPE app showed real-time availability for some truck parking. The amount of available 
truck parking spaces was updated in real-time. The survey showed that users appreciated 
the real-time functionality as 81% were using the real-time truck parking availability feature.

The application piloted covered over 34,000 truck parking spaces across Europe. Dynamic 
data was not available for all truck parking facilities. As there were no Dutch truck parking 
facilities with real-time availability the survey focussed on the highways of the A63 in France, 
the A9 in Germany and Hamburg port.

Key Findings

The Truck Parking dynamic data is different from other data used for other C-ITS services, 
where precise information was needed about roadside facilities rather than systems relating 
to traffic control. Here, the driver needed to know if there was a high likelyhood that they will 
get a space in a given parking slot.

Given the high turnover of spaces, implementing a more frequent update, that would provide 
more accuracy in real time, might not be better in terms of service quality. Hence, it was 
quite difficult to measure the efficiency of this service with this indicator. Follow up work 
could be to use the actual real-time information (to be updated more regularly by the TCC) to 
compute such a probability of free spaces depending on the distance to the parking.

Of the drivers surveyed, nearly all of those that were aware of the Truck Parking service 
were using it, and the feedback for the service was overall very positive with the majority 
rating the service excellent. This we conclude provided good empirical evidence that the 
availability and reliability was very good.

Based on the appreciation rate by users (4.6/5) we conclude that the satisfaction rate was 
high, meaning user friendliness and available information is quite good.

For a more detailed analysis of all evaluation findings of the Truck Parking service refer to 
the Conclusions Section 6.5.5.

1.5.6 Multi Modal Cargo Transport Optimisation (MCTO)

POSITIVE NEGATIVE
Transportation planners found the service useful

Single source of information

Information beneficial to Transport company 
management

Application needs to be developed / refined

Information may have limited practical use due 
to the way current re-booking processes work

Less useful for Truck Drivers unless combined 
with TP service in app

Information about waiting and handling times at the terminal and depots (without C-ITS) is 
currently either unavailable or limited. The Traffic Monitor changed this and showed the real-
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time and historical waiting times and handling times of depots and terminals based on on-
board computer data from truck companies operating in the Port of Rotterdam.

A fully operational MCTO system was also implemented in France for HGV / trucks 
transporting containers to and from the Dunkirk seaport container terminal, which included 
Integration with existing logistics IT systems, specifically the Port of Dunkirk’s Cargo 
Community System.

Key Findings

This information allowed companies to make last minute decisions to unload the container at 
their own depot and give the driver a new trip (instead of waiting at the gate). The same 
benefit applies with the stacking trucks on the highway, a small decrease of trucks can make 
a big difference on waiting times. The advantage of the Mainport Traffic Monitor (MTM) was 
that it has a total overview of all terminals, so planners don’t have to use a variety of sources 
of information.

One node was implemented with both static and dynamic data for truck parking lots 
according to the DATEX-II specifications and provided the mandatory data according the 
InterCor translation table.

Transportation planners found the service useful and they liked how the information was 
presented. The planners also made some improvement suggestions detailed in the 
Conclusions section 6.5.6.

Stakeholders within the Freight Logistics companies stated that if their freight logistic 
planners were armed with the information provided by MTCO they could make real time 
decisions to optimise arrivals at ports. This tool would allow them to plan deliveries to more 
favourable times. They also felt that the tool could be trusted as an independent source for 
waiting times and as a result it would have a bigger impact on port traffic2.

In contrast, the overall evaluation of the app from a truck driver’s perspective and whether the 
drivers would like to have it permanently on board were more negative. The conclusion from 
the IFSTTAR study on organisation and potential impact of MCTO at Transport Bogaert’s must 
be cited here, in that the overall response from the drivers’ questionnaires show that the overall 
logic of MCTO has to be adjusted, e.g. with a more prominent implication of the dispatchers 
rather than the on-board information in its current format given to truck drivers directly.

Benefits Realisation

Planners could advise drivers to take a ‘Tacho break’ before going to the terminal. Some 
logistic companies have their own depot at the terminal, which means that a decision could 
be made to unload the container at their own depot. This would free the driver for a new trip 
instead of waiting at the gate.

2 In one MS it was decided to add a layer of evaluation to this via a study of expected impact through thorough 
observation of a transporter’s processes. This study was conducted by the IFSTTAR institute for transport 
research, by a transport economist. The study was mandated by the French ministry and conducted in 
coordination with the logistics specialist project partner i-Trans. The conclusions remain partial as they treat 
only one specific transport company and the impact MCTO made during the long test phase was small.
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A result of many trucking companies using MCTO could mean a small decrease in truck 
traffic on the highway, which would have a major impact on waiting times at the port.

All of this could help increase safety by reducing driver tiredness through more efficient 
journeys, lower emissions due to constant speed and less stop/start of truck engines, 
increased traffic efficiency due to the presence of fewer trucks queuing near ports and 
reduce lost time due to waiting.

There could be a boost to the economy through greater efficiencies gained by reduced 
waiting times at ports.

The main expectation and benefit MCTO, is to offer to drivers and planners alike is knowing 
in advance the waiting times at the Terminal, in order to potentially allow resource re-
allocation. Combining with the Truck Parking app, giving truck river specific information could 
then yield benefits for both ends of the delivery chain.

For a more detailed analysis of all evaluation findings of the MCTO service refer to the 
Conclusions Section 6.5.6.

1.5.7 Tunnel Logistics (TL)
POSITIVE NEGATIVE

Service was able to reduce stopping at red 
lights which a 55% of drivers agreed with

45% of drivers would like the Route Advice 
permanently in their vehicle

Drivers would like to receive earlier information 
about whether or not they are given priority at 

traffic lights so they can anticipate their actions

Jumps in information were seen with the A-
TLCs

Route advice was deemed similar to Waze or 
GoogleMaps

A total of 35 trucks (from two transport companies) were equipped with the FLUX-app from 
BeMobile.

The A-TLCs were integrated into the app with the following functions:

- Priority;
- Time to green / time to red;
- Speed advice (later decided not to show this as explained below).

Key Findings

As mentioned in Section 0 (GLOSA) below, A-TLCs made it confusing for drivers 
experiencing jumps in the time to green. Therefore, showing seconds (as a countdown) on 
the HMI was not a practical option. It was decided to show the colour of the traffic light and a 
‘count down radar’. In this manner it was possible to speed up or slow down the count 
without users noticing.

90% of drivers said after use, that they would like to have the information permanently.
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A big variation between the A-TLCs was seen in terms of latency. This is being further 
investigated by the system provider prior to any wider roll out.

Prediction accuracy is currently being researched by MAPtm, but it is thought that more time 
is needed when training the fine tune algorithm.

Priority at Intersections:

The priority service reduced the number of times heavy traffic must stop at a traffic light by 
more than 50%. With Balanced Priority heavy vehicles, the service reduces the number of 
times heavy traffic must stop at a traffic light by 10%.

Use case "Priority at intersections"; 20% of the respondents perceived priority at traffic; 
Nearly half rated the service as useful; A third of drivers felt more at ease driving with the 
service.

Route Advice:

A third found the advice useful; a third found the service distracting at times.

Some users were not using the service as intended, they either didn’t enter a route or didn’t 
enter their waypoints. This means that they will not get route advice or priority at traffic lights, 
although the system will still provide time-to-green and time-to-red alerts.

Benefits Realisation

The Route Advice for heavy vehicles aims to provide optimal routes with the least delays to 
drivers of heavy vehicles, resulting in a reduction of lost time and reduces driving hours.

With Balanced Priority heavy vehicles, the service reduced the number of times heavy traffic 
must stop at a traffic light by 10%. This reduces both congestion and pollution.

For a more detailed analysis of all evaluation findings of the Tunnel Logistics service refer to 
the Conclusions Section 6.5.7.
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1.6 Benefits Realisation Summary

Users felt they had an increased situational awareness and of the current road information 
which increased a feeling of comfort. This should see a reduction in stress and possibly road 
rage, and therefore an increase in the safety of other road users.

All drivers armed with advance information regarding traffic light status and lane guidance, 
will be encouraged to adopt appropriate speed choices and early lane selection therefore 
reducing the risk of collision with pedestrians and other road users. A further increase in 
safety should be seen with a reduction in roadside furniture and infrastructure which would 
be on a much longer timescale once penetration rates are significant.

Based on the preliminary survey findings, a significant percentage of drivers armed with 
advanced information about traffics lights say they will adjust their speed accordingly; feel 
more at ease driving and be more likely to take a smoother passage through the junction. 
This is especially true for HGV drivers who will be keen to reduce gear changes. Smoother 
driving is known to reduce congestion, which should provide better junction throughput. 
However, it should be noted that more work needs to be done to ensure that GLOSA doesn’t 
affect network performance due to existing adaptive systems being compromised.

C-ITS could see a reduction in the installation and operating costs of roadside infrastructure. 
If IVS and PVD penetration is sufficient then expensive roadside message signs and related 
infrastructure could be simplified or even (in some cases) removed. This could also have the 
additional safety benefit that VMS maintainers and installers will not have to work at height.

Cost benefits could also be significant, for instance reduced infrastructure to roll out and 
maintain, reduced fuel consumption and a possible reduction in accidents gained by less 
agitated drivers. This report accepts that further evidence is required to produce a fully 
costed business case for C-ITS and will be explored more fully as part of the C-Roads 
evaluation, which will look at benefits from many more C-ITS pilots.

IVS has the capability of providing other information besides speed and lane advice, such as 
“Salting in Progress” and Embedded VMS messages. The latter IVS Use Case was piloted 
successfully by one of the MS and detailed driver feedback recorded and analysed in 
Section 5.2.2.1.1.3 of this report.

Environmental gains can be achieved via multiple paths; for instance, a reduction in roadside 
infrastructure would result in less concrete, and in turn C02 gas which is a by-product. Other 
gains can be made from smoother driving and calmer drivers; both helping to reduce the 
production of harmful gases. Early presentation of RWW and IVS information to truck drivers 
in particular should see an increase in safety and reduced fuel consumption and emissions.

If the data format and the content of the information is standardized, and data is made 
accessible via APIs more service providers could enter the market allowing road operators to 
more easily exchange data with third party application suppliers. This would promote more 
up-to-date and more data-intense information. Moreover, the shared architecture could 
potentially accelerate innovations and public-private cooperation. The end-user would 
benefit from better quality information which will result in improved travel time, travel time 
reliability and safety.

By using MCTO, haulage planners could advise drivers to take a ‘Tacho break’ before going 
to the terminal. Some logistic companies have their own depot at the terminal, a decision 
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could be made to unload the container at their depot rather than waiting at the terminal. This 
could free up resources for a new trip. If many trucking companies used MCTO it could 
mean a small decrease in truck traffic on the highway, which could have a major impact on 
waiting times at the port. There should then be a small boost to the economy through greater 
efficiencies gained by reduced waiting times.

C-ITS has the ability to provide a broad range of information in one app as opposed to 
several. Integration into existing apps such as Waze, TomTom or Here Wego will provide for 
greater acceptance by drivers. As such, some of the services e.g. IVS, RWW and TL, in 
combination with route-navigation and with a higher level of service quality, would have a 
higher potential for commercial roll out. Services such as GLOSA (when optimised), could 
have the potential to be initially launched as a standalone service with a view to integrating 
into in-car systems. This is evidenced by a leading European car manufacturer including it in 
their ‘Multi-functional display’ as part of an early roll out of a GLOSA service.

All the services tested within InterCor have the capability to impact the environment, drivers 
and other road users for the better, whether it is through reduced: travel time, accidents, 
stress or congestion. Other positive benefits include cleaner air and cost reductions to both 
drivers and road operators. Finally, softer societal benefits could include: improved mental 
health, a reduction in hours associated with work and reduced road noise.

Projects under C-Roads can take the learning from InterCor and build on these for even 
more successful future C-ITS Pilots.

Further detail on service specific benefits are discussed in the service summaries 1.5 given 
above.

1.7 Recommendations

Please refer to Section 6.7 in the Conclusions section for more detail on these headline 
statements.

1.7.1 HMI implementation observations
The perceived usefulness of the service would be much improved if the system was to show 
only journey relevant information such as time to next junction, lane/road closures, possible 
diversion routes, accidents and congestion ahead of the planned route.

Customisability as an important feature: To improve the value of the service, it was 
suggested to make it customisable, to meet the needs of different profiles of road users and 
journey purposes.

Many participants expressed that the HMI was too big, and if the system was integrated into 
a Sat Nav this would be much more beneficial. Additionally, an integrated service could 
improve drivers’ understanding of the exact location of road features (e.g. traffic lights) of 
events (e.g. road works, road closure) or traffic conditions (e.g. congestion, accidents, 
obstructions).

A few participants commented that they felt they paid more attention to the messages they 
saw on the HMI than they would if it was displayed on the overhead gantry.
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Some participants found that when the road was heavily congested it was difficult to read 
and follow the HMI messages. They found there was too much information at times, and if 
the road was busy, they decided to make sure they were driving safely and felt they could 
not do this if they followed the HMI.

Some participants suggested that the position of the HMI was intrusive to their drive, but this 
is thought to be because the HMI was overly large. Some users were not aware of warnings 
and this could be improved by placing the HMI closer to the line of sight of the participant.

It is highly recommended that further development is carried out to address the issues 
caused by adaptive light controllers, some of which could be solved by use of slightly 
different HMI e.g. the Dutch Tunnel Logistics Pilot used a ‘radar’ representation of the time to 
green/red countdown rather than a specific number to reduce any noticeable timing changes 
to the driver.

There were divided opinions about the audible sound alert that came with in-vehicle 
notifications. Some participants did not find them intrusive at all while others commented that 
they caused a distraction and frustration when notifications were repetitive.

Though, they indicated that they are more aware of the speed limits on the road and a 
considerable number of participants indicated that they immediately reacted to the 
information presented on the HMI.

A good aspect of the HMI is that most drivers indicated that they did not find the speed 
assistant in the car too disturbing.

Overall the feedback showed that there is a great potential for the technology to increase 
compliance with signage when the information is presented in a more personal way in the 
vehicle.

1.7.2 Lessons Learned

 From these tests we have learned: that the technology works; common specifications 
are possible and can achieve interoperability of services across borders; Hybrid 
communications is very effective, and the Cellular system performs adequately.

 Users like the services offered and indicate they would use them. The HMI has a 
significant impact on the user acceptance of services.

 GLOSA is problematic when used in conjunction with existing highly optimized and 
adaptive traffic signals. The existing traffic control systems may need to be modified 
to enable the creation of C-ITS services.

 GLOSA with SCOOT (or other A-TLCs) and bus priority is difficult to implement, but 
the interaction also causes countdown timers to jump back up, etc. For their tunnel 
logistics service, the Dutch implemented a slightly different approach for their HMI – 
rather than a countdown clock, they implemented a circular graphic that slow fills as 
the end of the timer approaches – this allows fluctuations to be masked somewhat.

 Impact assessments are difficult due to the scale and duration of the project, larger 
fleets and naked roads would allow for a clearer result. Data logging (common or not) 
is key to good evaluation results and can take much more work than anticipated.

 IF2 interface operates properly and guarantees interoperability of ITS services 
through Cellular networks. The Cellular performances are very promising compared 
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to ITS-G5 performances. The roaming process is problematic for service continuity. 
During roaming when crossing country borders, the coverage is not available for 
more than one minute.

 It would be useful to have some form of supplier technical team on site during testing 
to quickly resolve issues (especially in early stages of testing).

 The logistic companies taking part in the study have generally no problem sharing 
the data from their fleet (vehicle ID, position and direction). They are open to the next 
phase where also information about origin, destination and information about the load 
is shared. The key to success is the return of the tool they receive in return with 
useful information for the planning process; truck drivers need consulting also.

 It is not a guarantee that the planners will start to work with the MTCO tool by 
themselves, they will require encouragement and support.

 The communications latency between back-end servers is low and has no impact on 
ITS services. Interoperable communication using PKI security was successfully 
demonstrated.

 The first few stages of the project took longer than expected. The project definition, 
design and funding took a lot of time and was complex because of many parties 
involved.

1.7.3 Future Work

 When implementing the technology, it should also be investigated if the additional 
information is increasing the mental workload of drivers. Where possible, adding 
extra physical screens should be avoided and an integration within existing in-car 
technology is preferred.

 Further testing is recommended to estimate user perceptions about the accuracy, 
timeliness and trustworthiness of the services. Due to the naturalistic nature of some 
of the user tests, it was difficult to predict when and how often for example IVS - 
Speed Signage requiring behavioural response, would be experienced by 
participants. Therefore, further larger scale testing in a more controlled environment 
is recommended to collected in-depth feedback about the quality of the service in 
specific scenarios (e.g. congestion, accident ahead etc.).

 For future research it is recommended to see whether an evaluation plan can be 
formulated in which the VMS roadside system is a controlled variable so that the 
individual effects from VMS and in-car information can be distinguished. Moreover, it 
could be beneficial to validate whether the IVS service is providing the correct 
information at the correct time since both the data driven impact assessment and 
user questionnaires indicated that the information was not always correct.

 The delivery and the reliability of the GLOSA information to drivers are arguably not 
yet at a desired level for a commercial service. Based on the results from both the 
quantitative and qualitative User Acceptance evaluations it seems apparent that the 
choice for highly adaptive traffic light controllers interferes with the reliability of the 
information presented to drivers through the GLOSA assistant. It is therefore highly 
recommended that further development is carried out to address the issues caused 
by adaptive traffic light controllers, some of which could be solved by use of a slightly 
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different HMI. Simulation could also be used to see what network-wide effects might 
be compromised by making traffic light controllers more compatible with GLOSA 
needs.

 Another recommendation for future research is to apply clustering of events (on e.g. 
similar traffic characteristics) and then conduct separate analyses of the IVS service 
on different road configuration and the behavioural response of the driver (e.g. the 
behavioural response can be different on straight road sections compared to weaving 
areas). Especially because the latter group often already increases the distribution of 
speeds.

 For future research it is advisable that further effort is put in the corresponding 
baseline test, possibly in combination with a pilot setup in which the VMS is a 
controlled variable. It could also be worthwhile to investigate whether the RWW 
events can be clustered based on road characteristics so that similar road 
configurations are compared. Moreover, it could be beneficial for the analysis to 
cluster different speed limits within this analysis. A recommendation for future work is 
therefore to include the VMS as a controlled variable within the evaluation plan.

 A common set of HMI guidelines should be developed and used for C-Roads.

 The testing should be scaled up to ensure impact studies have greater statistical 
significance. Look for reliable methods to measure improvements in safety, 
throughput and emissions.
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2 Evaluation Overview

This section gives an overview of the reported evaluations and evaluation periods. See 
Section 2.1 below.

Different types of evaluations are distinguished to refine answers to the appropriate research 
questions relevant to the evaluation areas (i.e. Technical, Impact and User Acceptance). 
Refer to Section 2.2 below.

The test environments used to collect the data for calculating indicators and to reuse results 
are described in Section 2.3 below.

The timing of evaluations is specific per Member State and per service, and provided the 
context to execute each type of evaluation in the main results sections: 0 (Technical); 
section 0 (Impact); and section 5 (User Acceptance).

2.1 Timing and Type of Evaluation

2.1.1 The Netherlands

2.1.1.1 RWW, IVS and PVD

Service RWW, IVS, PVD 

Length (months)
12 months for Technical Evaluation (September 2018 – August 
2019), of which 4 months for controlled and naturalistic user tests 
(April – July 2019).

InterCor Evaluation / Non 
InterCor? InterCor technical, impact and user acceptance evaluations on A16 

motorway. 

Vehicle Numbers Involved 14 vehicles and 140 users

Deviation(s)  Technical evaluation: Back Office infrastructure is not logged 
and not evaluated (as planned). IF2 performance is evaluated 
indirectly.

Service RWW, IVS

Length (months) 6 months for naturalistic user driving tests with 'Flitsmeister' service 
(March –August 2019).

InterCor Evaluation / Non Non-InterCor impact and user acceptance assessment on 
Rotterdam-Venlo area using 'Flitsmeister' service originally 
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InterCor? developed for the Talking Traffic project.

Vehicle Numbers Involved
Number of vehicles cannot be determined (due to data 
anonymisation). About 500 users and 181 user questionnaires are 
assessed.

Deviation(s)
The questionnaire sent to the Flitsmeister app users is much 
shorter than the one used within InterCor. Secondly the 
communication architecture differs from the InterCor tests on the 
A16.

Service RWW, IVS, PVD 

Length (months) 23 months (May 2017 – March 2019) Technical evaluations of pre-
InterCor pilot iterations and InterCor TESTFESTs.

InterCor Evaluation / Non 
InterCor? InterCor technical evaluations on A16 motorway. 

Vehicle Numbers Involved 1 - 5

Deviation(s)

These technical evaluations of earlier iterations conform to the 
Evaluation Framework and Methodology. TESTFEST evaluations 
have been reported separately in InterCor Milestone M7 (Activity 
2). Results are not included in the calculated indicators in attached 
spreadsheets. Results are incorporated in the answers to research 
questions. 

Service RWW, PVD 

Length (months) 1 month - separate tests in 2017 and 2018 of C-ITS Corridor Pre-
Deployments.

InterCor Evaluation / Non 
InterCor? Non-InterCor data logging and technical evaluations on A58 and 

A67 motorways.

Vehicle Numbers Involved 1 – 100 non-InterCor ITS-G5 OBUs

Deviation(s)

These technical evaluations of earlier iterations conform to the 
Evaluation Framework and Methodology and have been reported 
earlier in C-ITS Corridor reports. Results are not included in the 
calculated indicators in attached spreadsheets. Results are 
incorporated in the answers to research questions. 
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Service PVD 

Length (months) 1-day workshop with stakeholders.

InterCor Evaluation / Non 
InterCor? Non-InterCor user acceptance evaluation

Vehicle Numbers Involved -

Deviation(s)
The user acceptance was discussed with different stakeholders 
(road operators, service providers and car industry) using 
questions from the InterCor user acceptance research questions.

2.1.1.2 GLOSA

Service GLOSA

Length (months) 2 months in May 2019 – June 2019 of controlled and naturalistic 
driving tests.

InterCor Evaluation / Non 
InterCor? InterCor compliant User Acceptance Assessment and Technical 

Evaluations on the Helmond pilot site.

Vehicle Numbers Involved 10 cars

Deviation(s)

Technical evaluation: V2I Communication, PKI Security and Back 
Office infrastructure is not logged and not evaluated. V2I 
Communication is evaluated during Pre-TESTFEST and other 
tests on this site (see next tables). IF2 performance is evaluated 
indirectly. Application and User evaluations are included in the 
spreadsheets.

Service GLOSA

Length (months) 1 month of accumulated test days including the Pre-TESTFEST 
and final TESTFEST in 2018 and 2019 for technical evaluation.

InterCor Evaluation / Non 
InterCor? InterCor technical evaluation on Helmond pilot site. 
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Vehicle Numbers Involved 3 - 5

Deviation(s)
Technical evaluations are included in the InterCor TESTTFEST 
reports and Milestone M7, and are not included in the indicator 
calculations of attached spreadsheet. Results are used for 
answering research questions in this report.

Service GLOSA

Length (months)
Pre-InterCor phase: January 2018 – August 2018, 12 months

Post-InterCor phase: September 2019 - 2020

InterCor Evaluation / Non 
InterCor?

Helmond pilot site:

Pre-Intercor phase: InterCor-compliant GLOSA functional service 
definition, and non InterCor technical profile

Post-InterCor phase: Intercor compliant technical and user 
acceptance evaluations

Vehicle Numbers Involved 50+ trucks

Deviation(s)

2.1.1.3 Truck Parking

Service TP

Length (months) 3

InterCor Evaluation / Non 
InterCor? The Evaluation was conducted following implementation

Vehicle Numbers Involved An existing application was used. Based on the response on the 
user evaluation at least 337 drivers used the service.

Deviation(s)

 Technical evaluation: done by desk research (was decided for 
by InterCor so formally it is no deviation).

 User acceptance: the survey was conducted by the service 
provider as they are the only one having access to their 
customers. From marketing point of view, they decided to 
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combine the 12 truck parking survey questions into 6-9 
questions answering the research topics identified.

[Repeat above for each 
service]

2.1.1.4 MCTO

Service MCTO

Length (months)

Via a step by step approach, development and testing of the 
service took place in three tracks:
1. Creating a test group of transport companies and container 

trucks. Activities were started in the beginning of 2018 and 
were completed in June 2019. This has resulted in 14 
participating trucking companies and 1.200 vehicles active in 
the Rotterdam port area.

2. Development and testing of software, communications with 
board computer and Freight Management Systems, data 
collection and reporting to participating companies in a step by 
step approach. For each terminal the geofences of waiting 
areas and loading/unloading areas were defined and tested 
with real life data of position and time stamp of the vehicles. 
Activities started in the summer of 2018 and are still ongoing 
in the summer of 2019. The activities have resulted in a 
working service of data collection of waiting times and turn over 
times at the terminals in the port area;

3. Preparation of market introduction of the services as a 
commercial product, aiming at the fall of 2019.

TLN / Simacan provided two datasets for the evaluation:
•a detailed dataset for July 29th until August 11th, 2019 with 
individual measurements for trucks in all the geofences;
• an aggregated dataset for December 12th, 2019 until January 
8th, 2020. This dataset contained the output from the API of the 
Mainport Traffic Monitor for all geofences. 

InterCor Evaluation / Non 
InterCor? InterCor

Vehicle Numbers Involved 1200 (status May 2019)

Deviation(s)

During the pilot period is was necessary to build up a database of 
historic data. The version for end users with accurate historical 
profiles (to use in real operations) was available in July. Therefore, 
a user survey under a larger group of end users was not possible 
during the evaluation period that ended in August.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 50 © InterCor Consortium

Data from vehicles was only available from the Fleet Management 
Systems and not directly from the trucks. Logfiles were therefor 
limited (only by the Mainport Traffic Monitor) and no technical 
research questions about the complete chain could be answered 
(like latency and availability).

2.1.1.5 Tunnel Logistics

Service Tunnel Logistics

Length (months) January – August 2019
April – July 2019 is used for the evaluation

InterCor Evaluation / Non 
InterCor? InterCor Evaluation

Vehicle Numbers Involved 35 heavy vehicles were equipped with the Tunnel Logistics service

Deviation(s)

Speed advice while approaching an A-TLC has been developed. 
But because of the flexibility of the A-TLC to extent green times the 
accuracy of the time to green and time to red was not high enough. 
After the test it was decided not to implement in the service in the 
app. Therefore, it couldn’t be evaluated.

2.1.2 The UK

2.1.2.1 TfL Area

Service IVS, RWW and GLOSA

Length (months) November 2018 – November 2019

InterCor Evaluation / Non 
InterCor? InterCor Evaluation

Vehicle Numbers Involved

Equates directly to drivers involved in FTEs (Focussed Test 
Events):
FTE1-2: Validation Testing (up to 6 drivers to generate technical 
data only).
FTE3-4: 28 drivers
FTE5-6: 24 + 6 drivers
Total: 58 drivers / vehicles
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Deviation(s)

Limited Control/Treatment Group due to technical issues of 
switching groups during live FTEs. Mitigation has been to look at 
individual driver plots guided from their post-test interviews based 
on strong subjective impact collected. RWW lane delineation was 
not implemented due to technical constraints but was mitigated by 
arranging a specific daytime test event with a scenario that didn’t 
require it. For night-time testing, additional text was added to the 
HMI message to advise which lane was closed (sitting above the 
general roadworks pictogram).

2.1.2.2 Highways England Area

Service IVS, RWW and PVD

Length (months) November 2018 – November 2019

InterCor Evaluation / Non 
InterCor? InterCor Evaluation

Vehicle Numbers Involved

Equates directly to drivers involved in FTEs (Focussed Test 
Events):
FTE1-2: Validation Testing (up to 6 drivers to generate technical 
data only).
FTE3-4: 28 drivers
FTE5-6: 24 + 6 drivers
Total: 58 drivers / vehicles

Deviation(s)

PVD evaluated on ITS-G5. Limited Control/Treatment Group due 
to technical issues of switching groups during live FTEs. Mitigation 
has been to look at individual driver plots guided from their post-
test interviews based on strong subjective impact collected. RWW 
lane delineation was not implemented due to technical constraints 
and evaluated from a technical perspective only.

2.1.2.3 Kent County Council Area

Service GLOSA

Length (months) November 2018 – November 2019

InterCor Evaluation / Non 
InterCor? InterCor Evaluation
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Vehicle Numbers Involved

Equates directly to drivers involved in FTEs (Focussed Test 
Events):
FTE1-2: Validation Testing (up to 6 drivers to generate technical 
data only).
FTE3-4: 28 drivers
FTE5-6: 24 + 6 drivers
Total: 58 drivers / vehicles

Deviation(s)

Limited Control/Treatment Group due to technical issues of 
switching groups during live FTEs. Mitigation has been to look at 
individual driver plots guided from their post-test interviews based 
on strong subjective impact collected. Kent back end data wasn’t 
integrated into the Interchange Node so not directly analysed, but 
OBU data used extensively to determine if advice was timely and 
accurate during the technical validation testing prior to FTE2 and 
to inform on impact and user acceptance evaluation.

2.1.3 France

Service RWW, IVS, PVD 

Length (months) 2 weeks for Technical Evaluation April 2018 and March 2019

InterCor Evaluation / Non 
InterCor? InterCor technical, A4 motorway.

Vehicle Numbers Involved 20 vehicles 

Deviation(s)

Service GLOSA

Length (months) February 2019– January 2020

InterCor Evaluation / Non 
InterCor?

InterCor Evaluation

Vehicle Numbers Involved None

Deviation(s) DiRIF investigated a technical solution with three objectives:
 Retrieving light cycle data from the access control.
 Generating corresponding SPAT/MAP messages.
 Relaying them to the National central ITSS.
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Service MCTO – Slot Management and ETA calculation

Length (months) 4 months (April 2019- July 2019) step 1
4 months (August 2019- Nov 2019) step 2

InterCor Evaluation / Non 
InterCor? InterCor Technical

Two solutions have been proposed to generate these 
SPATEM/MAPEM:

 Getting from SIRIUS (the DiRIFs Traffic Management Aid 
System, SAGT), the light status every second thanks to a 
specific interface gathering the operational availability and 
regulation parameters.

 Obtaining the functional mode and using it to get or 
duplicate the current light status.

However, for these two solutions, there was uncertainties about the 
capacity to collect data from the access control. Moreover, 
difficulties came out to get the light timely cycle length – i.e. when 
was the light status on the overall and ongoing cycle – from the 
actual data. Duplicating the cycle on an external system was 
suggested but the idea was finally scrapped since the access 
control may divert from the planned cycle, according to service 
requirements, adding a random feature to the system.

Therefore, it was suggested to set up a Raspberry box within the 
access control switching cabinet. That box has to detect the 
beginning of each phase of the access control light cycle. Thanks 
to that detection it was theoretically possible to calculate the 
remaining time before a new cycle in order to produce a SPATEM. 
That way, each phase would have been rebuilt through two 
different databases:

 The application program interface (API) which give the 
cycle length and the duration of the « green » light.

 A modem and specific components, connected to the light 
bulb or to the access control driver, to get a TOP at the 
beginning of every new cycle.

But the original set up within the switching cabinet was extensive. 
Actually, while the installation was doable yet costly, the extension 
of the modification was such that the upkeep would have been 
marred, nay impossible. As such, as this equipment is daily used 
for traffic regulation, there would have been a direct impact for 
drivers and traffic jam.
Consequently, installation studies were stopped as the installation 
was evaluated as having a negative impact on traffic in all 
likelihood.
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Vehicle Numbers Involved 6 trucks 

Deviation(s)

Service Truck Parking

Length (months) 4 months (August 2019- November 2019)

InterCor Evaluation / Non 
InterCor? InterCor Technical 

Vehicle Numbers Involved 6 trucks 

Deviation(s)

2.1.4 Belgium

Service RWW, IVS, PVD

Length (months) 12 months with several technical test days, and 1 controlled impact 
evaluation test day. 

InterCor Evaluation / Non 
InterCor?

InterCor technical, impact and user acceptance evaluations on 
E313-E34 motorway.

Vehicle Numbers Involved 13 vehicles and 13 users (during test day) – 1-2 cars during test-
drives

Deviation(s)
Technical evaluation: Not all back-office infrastructure logs its 
communications and could only be evaluated very basically. IF2 
performance is evaluated indirectly.

2.2 Research Questions Answered

This section gives an overview of how each Member State has contributed to each of the 
evaluation tasks' research questions and for each of the services.

2.2.1 Technical Evaluation
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2.2.1.1 The Netherlands

Evaluation Technical

Service RWW, IVS

Research 
Question(s) or Use 
Cases evaluated.

 Service implementations level are evaluated from a Member State 
perspective as well as from the TESTFESTs – especially on cross-
border interoperability research questions

 In the Netherlands all but the back-end services are evaluated.

Evaluation Technical

Service PVD

Research 
Question(s) or Use 
Cases evaluated.

 Evaluation focusses on feasibility and usefulness of OBU data. 
Collecting PVD from cellular communication is not possible via the 
IF2 services.

 In the Netherlands PVD is evaluated on the A16 and A58 
motorways.

Evaluation Technical

Service GLOSA time advice, speed advice

Research 
Question(s) or Use 
Cases evaluated.

 Technical evaluation of GLOSA-on-green and GLOSA-on-red in 
Helmond uses hybrid systems and focusses on application 
performance without PKI security. 

 Evaluation Technical

Service TP

Research 
Question(s) or Use 
Cases evaluated.

TE_RQ 5: Service implementations
 Test 1: Interoperability at platform level
 Test 2: Data received and displayed in truck HMI



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 56 © InterCor Consortium

Evaluation Technical

Service MCTO

Research Question(s) or Use 
Cases evaluated

1. TE_RQ 4: Application functionality and performance
a. Overview of the technical architecture
b. Overview of the information that is shared 

between parties
c. Overview of the user interface

2. TE_RQ 5: Service implementations
a. Are applications and services interoperable?
b. Are services continued when crossing 

borders?

Evaluation Technical

Service Tunnel Logistics

Research Question(s) or Use 
Cases evaluated.

TE_RQ 1: Communication performance to vehicle applications
- What is the reliability of the (mobile) communication 

network?

TE_RQ 2: Communication performance to back end servers
- What is the performance of the I2V and V2I 

communication?

TE_RQ 3: PKI-Security in ITS-G5 communication
- None

TE_RQ 4: Application functionality and performance
- Priority messages sent and received by the backend
- What is the end-to-end latency of the information?
- What is the location of Priority requests and responses?
- What is the reliability of the predictions of the tunnel 

metering prediction?

TE_RQ 5: Service implementations
- What are the benefits of the cross-border functionality for 

this service?

2.2.1.2 The UK
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Evaluation Technical Evaluation

Service IVS

Research 
Question(s) or Use 
Cases evaluated.

The following use cases were included in the UK proposals for 
evaluation:

 IVS1 Dynamic speed limit information;
 IVS2 Embedded VMS; and,
 IVS3 Dynamic lane management lane status information.

In UK, the RQs evaluated for those use cases are as follows;

 Communication performance to vehicle application TE_RQ 1
 Application functionality and performance TE_RQ 4
 Services implementations TE_RQ 5

Communication performance to back end servers is to be confirmed.

PKI-Security has not been evaluated.

Evaluation Technical Evaluation

Service RWW

Research 
Question(s) or Use 
Cases evaluated.

The following use cases were included in the UK proposals for 
evaluation:

 RWW1 – Alert planned closure of a road or carriageway;
 RWW2 – Dynamic lane management;
 RWW3 – Lane closure and other notification; and,

In UK, the RQs evaluated for those use cases are as follows;

 Communication performance to vehicle application TE_RQ 1
 Communication performance to back end servers confirmed TE_RQ 

2
 Application functionality and performance TE_RQ 4
 Services implementations TE_RQ 5

.PKI-Security section has not been evaluated.

Evaluation Technical Evaluation

Service GLOSA
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Research 
Question(s) or Use 
Cases evaluated.

In UK the technical evaluation of GLOSA1 – Time to green information 
and GLOSA2 – Time to red information, in London was delivered via 
cellular and Kent was delivered via ITS-G5. The RQs evaluated are 
related to the application functionality and performance TE_RQ 4.

Communication performance to back end servers is to be confirmed.

PKI-Security section has not been evaluated.

Evaluation Technical Evaluation

Service PVD

Research 
Question(s) or Use 
Cases evaluated.

IVS: refer to impact section 4 for exact terms; Dynamic Speed Limit, Lane 
Change, Embedded VMS (FTEs 2-6)

RWW: Lane Closure or other Restriction (FTE5), Carriageway Closure 
(FTE cancelled)

GLOSA: Time Green/Time to Red (FTEs 2-6)

PVD: Traffic Data Collection (FTE5-6)

2.2.1.3 France

Evaluation Technical

Service RWW, IVS

Research 
Question(s) or Use 
Cases evaluated.

In France, the technical evaluation focussed mainly on cellular and hybrid 
communications. Nevertheless, some additional evaluations have been 
achieved over ITS-G5 networks.

Evaluation Technical

Service MCTO

Research 
Question(s) or Use 

The slot management consists for a truck driver to check the validity of a 
movement to pick-up or deliver a cargo in a terminal.
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Cases evaluated. This part presents the results of use of the slot management.
The period of evaluation has started in April 2019. The first period of 
evaluation was focused on technical integration in order to ensure that the 
solution delivered to evaluators was of good quality.
The second phase was to test the service in real operational cases. This 
period started from August 2019. 

Evaluation Technical

Service TRUCK PARKING

Research 
Question(s) or Use 
Cases evaluated.

Are Services Interoperable

Evaluation Technical

Service GLOSA

Research 
Question(s) or Use 
Cases evaluated.

Feasibility and benefits of GLOSA for ramp metering.
The implementation tests ran for nearly a year during 2019.

2.2.1.4 Belgium

Evaluation Technical

Service RWW, IVS

Research Question(s) or Use 
Cases evaluated.

• Service implementations level are evaluated from a 
Member State perspective as well as from the 
TESTFESTs – especially on cross-border interoperability 
research questions

• In Flanders all are evaluated; some data on security were 
missing. Back-end services are evaluated in a simple way. 

2.2.2 Impact Evaluation
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2.2.2.1 The Netherlands

Evaluation Impact Evaluation

Service RWW and IVS

Research 
Question(s) or Use 
Cases evaluated.

IVS use case 1: dynamic speed limit information, has been evaluated 
according to the following research questions:
 RQ1: Do drivers comply with the speed limit after receiving the 

information?
 RQ2: Do different driver behave/ respond differently to the information?

Evaluation Impact Evaluation

Service MCTO

Research Question(s) or Use 
Cases evaluated

3. Which actors are involved in the Pilot?
4. What is the lead time of the service?
5. How many trucks took part in the pilot (per company)?
6. How does the service influence the waiting times in the 

terminal?

2.2.2.2 The UK

Evaluation Impact Evaluation

Service IVS

Research 
Question(s) or Use 
Cases evaluated.

IVS use case 1: dynamic speed limit information, has been evaluated 
according to the following in line with the agreed Common Methodology:

Where the information may require immediate driver action:

 Difference in approach speed profile of a vehicle, measured at a 
number of time intervals with respect to notification.

Where the information is advisory and does not require immediate driver 
action (e.g. Road will be closed at some later time / date):

 Technical evaluation and subjective impact /User Acceptance (via 
User Questionnaires) are expected to be the primary evaluation 
methods for this Use Case during the Pilot
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Compliance with advice: Attempt to extrapolate from speed profile.

 RQ1: Do drivers comply with the speed limit after receiving the 
information?

 RQ2: Do different driver behave/ respond differently to the information?

See Section 4.2.1

Comparison of subjective impact from user acceptance with any objective 
impact for specific drivers from Controlled Tests (FTEs).

IVS use case 3: Lane Change Advice; has been evaluated according to the 
following in line with the agreed Common Methodology:

 RQ2: Do different driver behave/ respond differently to the information

See Section 4.2.3.

Comparison of subjective impact from user acceptance with any objective 
impact for specific drivers from Controlled Tests (FTEs).

IVS use case 2: Embedded VMS; has been evaluated according to the 
following in line with the agreed Common Methodology:

 RQ2:Do different driver behave/ respond differently to the information;

See Section 4.2.2.

Comparison of subjective impact from user acceptance with any objective 
impact for specific drivers from Controlled Tests (FTEs).

Evaluation Impact Evaluation

Service RWW

Research 
Question(s) or Use 
Cases evaluated.

RWW Use case 1: Lane closure or other restriction, has been evaluated 
according to the following in line with the agreed Common Methodology:

Indicator Description:

Difference in speed profile between triggering the RWW notification and 
reducing to an appropriate speed [i.e. RWW Drivers adapt their 
approaching speed and driving behaviour]



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 62 © InterCor Consortium

RQ1: Do drivers slow at an earlier point after receiving RWW?

 Extrapolate from speed profile (which may be hard to measure)

RQ2: Do different drivers behave/ respond differently to the information?

Refer to Section 4.3.

Comparison of subjective impact from user acceptance with any objective 
impact for specific drivers from Controlled Tests (FTEs).

Evaluation Impact Evaluation

Service GLOSA

Research 
Question(s) or Use 
Cases evaluated.

GLOSA use case 1: Time to Green / Time to Red, has been evaluated 
according to the following in line with the agreed Common Methodology.:

Indicator Description:

 Difference in speed profile between triggering the GLOSA notification 
and stopping or passing the stop-line [i.e. GLOSA Drivers adapt their 
speed approaching a red or green light]

 Change in speed profile moving off from a red light [i.e. GLOSA 
vehicles should be closer to their intended final speed in a shorter time]

 Smoother driving - adapted driving as a result of the advice.

Refer to Section 4.4.

Measurement method:

Comparison of subjective impact from user acceptance with any objective 
impact for specific drivers from Controlled Tests (FTEs).
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2.2.2.3 France

Evaluation Impact

Service MCTO

Research Question(s) or Use 
Cases evaluated

1. Which actors are involved in the Pilot?
2. What is the lead time of the service?
3. How many trucks took part in the pilot (per company)?
4. How does the service influence the waiting times in the 

terminal?

2.2.2.4 Belgium

Evaluation Impact Evaluation

Service RWW and IVS

Research 
Question(s) or Use 
Cases evaluated.

IVS use case 1: dynamic speed limit information, has been evaluated 
according to the following research questions:
 RQ1: Do drivers comply with the speed limit after receiving the 

information?
 RQ2: Do different driver behave/ respond differently to the information?

2.2.3 User Acceptance Evaluation

2.2.3.1 The Netherlands

Evaluation User Acceptance 

Service RWW and IVS

Research 
Question(s) or Use 
Cases evaluated. How do end users rate this service and its influence on them?
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Evaluation User Acceptance 

Service PVD

Research 
Question(s) or Use 
Cases evaluated.

 What is the usefulness of PVD within the organisation?
 What is the importance of reliability and accuracy of PVD?
 What is the impact of PVD on the organisation?
 What challenges, conditions and solutions are there to make PVD a 

success?

Evaluation User Acceptance 

Service GLOSA

Research 
Question(s) or Use 
Cases evaluated.

 What is the perceived value of GLOSA?
 What potential improvements to the service can be identified?

 Evaluation User

Service TP 

Research 
Question(s) or Use 
Cases evaluated.

1. What is the added value of dynamic data for the availability of truck 
parking spaces?

2. Is it important to have cross border continuity for this service?
3. Is it easy to use this service on the way?
Will the use case for reservations of an available place at a Truck Parking 
be an interesting next step for the development of the Truck Parking 
Service?

Evaluation User

Service MCTO

Research Question(s) or Use 
Cases evaluated

1. Do the planners find the service useful?
2. Do planners like the way information presented to 

them?
3. Do planners use other sources of information for the 

same information?
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Evaluation User

Service Tunnel Logistics

Research Question(s) or Use 
Cases evaluated.

- Ability to make use of the priority at intersections and 
associated benefits

- Benefits of optimal route advice with tunnel metering
- Information received from the A-TLC during the Pilot
- Priority at the intersections.
- Usefulness of Priority service.
- Usefulness of information about route advice.
- Appreciation of the way the information was presented.
- Use of other sources for route and travel time information 

on top of the route advice service.
- Succession rate of the route advice service

2.2.3.2 The UK

Evaluation User Acceptance

Service IVS

Research 
Question(s) or Use 
Cases evaluated.

IVS use case 1: dynamic speed limit information

How do end users rate this service and its influence on them?

Quantitative Evaluation: Common set of User Acceptance used as agreed 
within Activity 4.4 using online survey (pre and post-test questionnaires to 
measure acceptability vs acceptance).

Qualitative Evaluation: Driver interviews conducted following topic guide 
agreed in Activity 4.4. following testing.

See section 5.1.2.1 / 5.2.2.1

IVS use case 2: Lane Change Advice;

How do end users rate this service and its influence on them?

Quantitative Evaluation: Common set of User Acceptance used as agreed 
within Activity 4.4 using online survey (pre and post-test questionnaires to 
measure acceptability vs acceptance).

Qualitative Evaluation: Driver interviews conducted following topic guide 
agreed in Activity 4.4. following testing.

See Section 5.1.2.2 / 5.2.2.1
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IVS use case 3: Embedded VMS;

How do end users rate this service and its influence on them?

Qualitative Evaluation: Driver interviews conducted following topic guide 
agreed in Activity 4.4. following testing.

See Section 5.2.1./ 5.2.2.1

Evaluation User Acceptance

Service RWW

Research 
Question(s) or Use 
Cases evaluated.

RWW Use Case: Lane Closure or other restriction:

How do end users rate this service and its influence on them?

Quantitative Evaluation: Common set of User Acceptance used as 
agreed within Activity 4.4 using online survey (pre and post-test 
questionnaires to measure acceptability vs acceptance).

Qualitative Evaluation: Driver interviews conducted following topic guide 
agreed in Activity 4.4. following testing.

See Section 5.1.2.3 / 5.2.2.2

Evaluation User Acceptance

Service GLOSA

Research 
Question(s) or Use 
Cases evaluated.

GLOSA Use Case: Time to Green / Time to Red.

How do end users rate this service and its influence on them?

Quantitative Evaluation: Common set of User Acceptance used as 
agreed within Activity 4.4 using online survey (pre and post-test 
questionnaires to measure acceptability vs acceptance).

Qualitative Evaluation: Driver interviews conducted following topic guide 
agreed in Activity 4.4. following testing.

See Section 5.1.2.4 / 5.2.2.3
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Evaluation User Acceptance (Qualitative)

Service PVD

Research 
Question(s) or Use 
Cases evaluated.

Qualitative Evaluation: Stakeholder Workshop held covering:

 What is the usefulness of PVD within the organisation?
 What is the importance of reliability and accuracy of PVD?
 What is the impact of PVD on the organisation?
 What challenges, conditions and solutions are there to make PVD a 

success?

See Section 5.2.2.4

2.2.3.3 France

Evaluation User Acceptance

Service MCTO

Research Question(s) or Use 
Cases evaluated Slot Management and ETA calculation

2.2.3.4 Belgium

Evaluation User Acceptance 

Service RWW and IVS
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2.3 Testing Environment

In this section of the report, MS Pilots have provided a brief description of the environment 
within which the evaluation has been implemented.

2.3.1 The Netherlands
All reported evaluations are based on services deployed on real-life pilot sites and in real 
traffic situations. Pilots include controlled and naturalistic driving tests, as well as pre-
deployments and TESTFESTs.

Several pilot sites in the Netherlands have been used for the different services and in 
collaboration with different projects. The pilot sites using cellular services cover the complete 
area of road networks between Rotterdam – Venlo, Rotterdam – Antwerp, the provinces of 
North-Brabant and Utrecht, and also international routes. The pilot sites for ITS-G5 services 
cover part of this area.

2.3.1.1 A16 motorway

This pilot site provides hybrid RWW, IVS and PVD services and is described in detail in 
Milestone 9, Start of Pilot Operation [13], section 5.3.4.
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The traffic primarily 
affected by the 
evaluation

2017 – March 2019: pilot site used for TESTFESTs, and iterations of 
development and technical testing with test drivers, with virtual and real-
life events. Technical evaluation results have been reported separately, 
and not included in this final report.

April – August 2019: pilot site used in daily traffic with live events for RWW 
and IVS (matrix signs). Evaluation results are reported in this Deliverable.

 Passenger cars are used for naturalistic driving for 
commuter/short-distance, bi-directional

 Passenger cars are used for controlled user tests during planned 
road works.

All log data is used for Technical Evaluation in this report.

Physical Layer Used ITS-G5, Cellular, Hybrid

Specific Issues

Occasional intermittent differences between IVI messages and real matrix 
signs have been noted by test drivers. These technical issues could be 
determined to be caused by back end services and were not caused by the 
InterCor road side or in-vehicle systems, or IF2 services. Back office issues 
could not be fully resolved in this project. 

2.3.1.2 Rotterdam-Venlo

Cellular-based C-ITS services, including RWW and IVS, are deployed in the Talking Traffic 
project and cover all of the Netherlands, including the area from Rotterdam to Venlo and 
Antwerp.

Area 
Data collected from motorways A15, A16, A58, A67, covering the area from 
Rotterdam to Venlo and Antwerp, is used for impact assessment and user 
acceptance in this report.

Network 

Motorway and urban

The traffic primarily 
affected by the 
evaluation

Passenger vehicles

Physical Layer Used Cellular
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Specific Issues
The Talking Traffic architecture, on which the Flitsmeister app is 
developed, does not use an IF2 data provisioning service, and does not 
produce InterCor compliant logging. This log data is only used for impact 
and user acceptance assessments. 

2.3.1.3 City of Helmond

This pilot sites provides hybrid GLOSA services and is described in detail in Milestone 9, 
Start of Pilot Operation [13], section 5.3.6

Area Urban

Network 

City network of controlled intersections

The traffic primarily 
affected by the 
evaluation

2017 – 2019: pilot site used for several projects and deployments, including 
C-TheDifference, Talking Traffic and C-MobILE, and for the InterCor Pre-
TESTFEST and final TESTFEST.
In phase 2 January 2019 – August 2019 an additional pilot has been rolled 
out to enable evaluation and testing of the technical Intercor GLOSA 
standards. May – June, controlled and naturalistic driving tests with 
passenger cars are held in 2019 specifically for InterCor evaluations.

Physical Layer Used ITS-G5, Cellular, Hybrid

Specific Issues
Typical for the Netherlands and Helmond is the use of different types of 
traffic-activated dynamic TLC algorithms that significantly affect the 
predictability of GLOSA.
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2.3.1.4 Motorway network with Truck Parking

Area Countries

Network Datex II

The traffic primarily 
affected by the 
evaluation

Trucks

Physical Layer Used Cloud

Specific Issues None

2.3.1.5 A58 and A67 motorway

A58 and A67 motorways in the Province of North Brabant are important motorways on the 
C-ITS Corridor. Pre-Deployment tests have been executed in 2017-2018, and the 
evaluations have been reported separately as C-ITS Corridor deliverables. Evaluation 
results are not included in the indicator calculations and hypotheses testing in this report, but 
are included in the answers to research questions, especially on PVD. 

Area A58 motorway between the cities of Tilburg and Eindhoven, and A67 
motorway from Flanders, via Eindhoven to Venlo.

Network Motorway

The traffic primarily 
affected by the 
evaluation

Passenger vehicles

Physical Layer Used A58: ITS-G5, Cellular, Hybrid
A67: Cellular

Specific Issues Logging not compliant to InterCor formats, and log data is not used for 
evaluations in this report.
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2.3.1.6 MCTO

Area Urban, Rural, Industrial (Harbour)

Network Highway, regional roads, industrial area

The traffic primarily 
affected by the evaluation

Trucks

Physical Layer Used Cloud for MTM and Cellular for communication between trucks and 
FMS

Specific Issues None

The pilot operation of the Multimodal Cargo Transport Optimization (MCTO) service is 
connected to the Rotterdam Mainport Traffic Monitor project, which started in October 2018. 
The Mainport Traffic Monitor project is currently developed by Transport & Logistiek 
Nederland (TLN), Port of Rotterdam and Simacan.

The information about the waiting and handling times at the terminal and depots is now 
currently unavailable or limited. Most container carriers only have insight into the (real-time) 
data of their own fleet. Terminals and depots also have information, but this is mainly limited 
to the internal process. This data is not public yet. With the Traffic Monitor this is changed.

The Traffic Monitor shows real-time and historical waiting times and handling times of depots 
and terminals based on on-board computer data from truck companies operating in the Port 
of Rotterdam. In addition, a real-time feed from the Mainport Traffic Monitor of this 
information will become available, which may be important for parties such as the NDW 
(National Road Traffic Data Database). The Mainport Traffic Monitor must prove its added 
value. All parties benefit from it by receiving more accurate information; this can be 
operational, tactical and strategic information.

The MCTO service applies to the participating trucks in the pilot area, consisting of the main 
roads through the Port of Rotterdam, which are motorway A15 (between Junction Ridderkerk 
and Oostvoorne) and the N15 (Oostvoorne and “Tweede Maasvlakte”). These roads are 
highlighted on the map below (blue line).

All truck companies are frequent users of the same corridor in the Port of Rotterdam, as 
shown below.
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Figure 1: Main roads in the pilot area of the MCTO service in the Netherlands

Figure 2 is an illustration of the available information for the transport companies. The 
following information is shown in the interface:

 The actual and historical (expected) waiting time at the gate for terminals based on data 
collected with the Mainport Traffic Monitor;

 The actual and historical (expected) turnover time at terminals based on data collected 
with the Mainport Traffic Monitor;

Figure 2: Screenshot of Traffic Monitor showing waiting times and turnover times at the port

Transport companies use these data to improve the planning of their activities (for example 
to avoid peak hours at the terminal) and to present objective data to their customers 
regarding the trips and delay(s) at the terminals if they occur, being an important part of the 
commercial process.
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2.3.1.7 Tunnel Logistics

Area Rural

Network Motorway A2 and regional road N201

The traffic primarily affected 
by the evaluation

Trucks

Physical Layer Used Cloud

Specific Issues None

The N201 (Figure 3) is a common (but not preferred) route 
for heavy vehicles heading for or coming from the region of 
SchipholRijk/FloraHolland. SchipholRijk/FloraHolland is 
located in a short distance of Schiphol Airport and at the 
east side of de motorway A9. Most heavy vehicles leave 
this region, go south to motorway A2 via regional road 
N201 or motorway A9 and pass the Leidsche Rijn tunnel in 
motorway A2 near Utrecht. For safety reasons it is not 
allowed to have traffic jams in this tunnel. If there is a risk 
that there will be a traffic jam in the tunnel (e.g. caused by 
an accident downstream the tunnel) tunnel operators will 
activate tunnel metering, e.g. closure of a lane, which 
results in less vehicles entering the tunnel. This measure 
causes traffic jams at the A2 upstream of the tunnel. It is 
common that these traffic jams grow until (or even further 
than) the junction N201-A2 and causing traffic jams on the 
N201.

This area is very suitable to pilot a service with the 
objective to optimize road usage for logistic companies.

The pilot on the Tunnel Logistics service in the province of 
Utrecht concerns two use cases which were operational between April and July 2019:

1. optimal route advice for heavy vehicles;
2. balanced priority for dedicated vehicles.

The first use case, optimal route advice for heavy vehicles, aims to provide optimal routes 
(with the least delays) to drivers of heavy vehicles, resulting in a reduction of the loss of time, 
caused by traffic jams. This use case can be used in all European countries. However, this 
use case is specifically developed and deployed for the ‘N201-Leidsche Rijn tunnel area’, as 
Leidsche Rijn tunnel metering (both closures and lane closures) predictions have been 
included in this use case.

Figure 3 Network
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For the second use case, balanced priority for dedicated vehicles, six intelligent traffic lights 
on the N201 (FloraHolland – A2) were used. These A-TLCs enable to provide priority for 
dedicated vehicles. In case the fastest route is advised via the N201 (due to traffic jams on 
other routes), heavy vehicles will get priority at these intelligent traffic lights to limit the 
hindrance of these heavy vehicles breaking and accelerating at the N201. Figure 4 shows 
the pilot area.

Figure 4: Pilot area for Tunnel Logistics

Deployment of the pilot consisted of the following steps:

1. Before the start of pilot, the TLCs on the N201 have been upgraded to A-TLC’s to 
ensure communication between traffic lights and heavy vehicles.

2. An app was developed based on an existing map and route planner (including actual 
traffic state) in which it was possible to integrate heavy vehicle specific information 
(height, weight, etc.), intelligent traffic light controllers (A-TLC) and tunnel metering 
predictions.

3. A-TLC’s had to be integrated in the app with the following functions:
o Priority
o Time to green / time to red
o Speed advice (later decided not to show this as explained later)

In the Netherlands, the TLEX3 has been developed (out of InterCor-
scope) and was operational during the pilot operation. The backend 
of the app communicated via the TLEX with the traffic lights on the 

3 https://www.monotch.com/en/platforms/tlex

Figure 5 'Speed 
up'
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N201 to ask priority (SRM-message) and to receive an answer if priority is granted 
(SSM). Time to green and time to red has been derived from SPAT messages and 
speed advice has been calculated based on the SPAT message, location and speed 
of the heavy vehicle. Speed advice would be indicated with an arrow on the HMI as 
‘speed up’ or ‘slow down’.

4. The tunnel metering prediction had to be developed and integrated in the app. The 
backend of the app asks every minute the status of the tunnel metering prediction via 
an API. The tunnel metering prediction system replies with a JSON-file, in which a 
category (metering now – between now and 20 minutes – between 20 and 40 
minutes – between 40 and 60 minutes – 60+ minutes) is included. The app uses this 
prediction to reroute heavy vehicles if their original route is through the Leidsche Rijn 
tunnel.

The supplier of the app was committed to select transport companies which would have 
1200 movements during the pilot operations. Those transport companies had to prove that 
they frequently make use of the routes in the pilot area, which ensures sufficient data for the 
evaluation.

Two transport companies were willing to join the pilot operation with a total of 35 heavy 
vehicles. In consultation with the transport companies, the vehicles were equipped with 
dedicated smartphones and were installed on the, by the end user, preferred place in the 
vehicle. End users were instructed by the CEOs of the transport companies, as they 
believed in this way it would be more likely that end users would be more willing to 
cooperate than when external people would brief them. Therefore, the CEOs were already 
involved in the development phase to not only provide them background information on 
decisions, but also to consider their views. In the deployment phase the CEOs were briefed 
to prepare them for the instruction to end users.

Testing experience showed that the time to green and time to red were difficult to show as 
the A-TLCs in the Netherlands adapt their signalling to the presence of traffic and therefore 
the green times change a lot. Therefore, showing seconds (as a countdown) on the HMI was 
not an option as also the seconds would both count down and add up, which makes no 
sense for the end user. This is why it was decided to show the colour of the traffic light and a 
‘count down radar’ (clockwise),which in the example in Figure 6 below shows time to green, 
represented by the amount of green remaining in the circle. In this manner it was possible to 
speed up or slow down the count down a little without the user noticing.

Time to green and time to red information would also be used to calculate a speed advice. 
As written before, the highly dynamic traffic lights cause a lot of changes in the traffic 
signalling. These changes also impact the calculation of speed advices, which made it too 
much a challenge to show a proper speed advice on the HMI, even when only showing to 
speed up or slow down. Because of this, and not knowing the traffic situation around the 

stop line, is was decided not to include speed advice in the 
app.

Figure 6: 'Count down 
radar'
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2.3.2 The UK

2.3.2.1 TfL London (Urban)

Area 
Data collected within the Greater London boundary, on the A2 and 
A102, between the A2 Danson Underpass, A2 Shooters Hill, A102 
Blackwall Tunnel south, and A2 Eltham Tunnel.

Network 

Primary roads within a dense heavily trafficked urban network. A 
main connection between the Inter Urban road network and parts 
of central London including the connection to a major river crossing 
(Blackwall Tunnel)

The traffic primarily affected 
by the evaluation

Passenger cars were used for controlled user tests during the 
FTEs conducted during the Pilot period.

Physical Layer Used Cellular

Specific Issues
Optimisation of SPAT/MAP message generation from existing 
UTMC system took several iterations during pilot period. Optimised 
for FTE5/6 although closeness of 3 sites illustrated potential 
limitations of standard GPS tracking in OBU.
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2.3.2.2 Highways England M2 (Motorway)

Area Data collected from motorway M2 between J2 and J5.

Network 

Inter urban Motorway 

The traffic primarily affected 
by the evaluation

Passenger cars were used for controlled user tests during the 
FTEs conducted during the Pilot period.

Physical Layer Used Hybrid (ITS-G5 and Cellular but PVD on ITS-G5 only)

Specific Issues

Connection to back end NRTS (National Roads 
Telecommunications Service) fibre back haul was delayed, in 
place for FTE5/6 which delayed measurement of true end to end 
delay of system and TE Q2 – performance of Back End Servers.

2.3.2.3 Kent County Council (Rural)

Area Data collected from a site located on the A229 in Kent.

Network 

Rural trunk road on the approach to the M20 motorway.
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The traffic primarily affected 
by the evaluation

Passenger cars were used for controlled user tests during the 
FTEs conducted during the Pilot period.

Physical Layer Used ITS-G5 (GLOSA)

Specific Issues System ran reliably throughout pilot period.

2.3.3 France

Area peri-urban

Network A17 FR BE

The traffic primarily 
affected by the 
evaluation

March 2019 : used during the final TESTFEST in Belgium.

June 2019 : used for complementary cross-border tests
All log data is used for Technical Evaluation in this report.

Physical Layer Used 3G/4G

Specific Issues The cellular network roaming takes 2 min either from France to Belgium or 
from France to Belgium.

Area peri-urban

Network 21 km motorway and urban roads near to Reims in France

The traffic primarily 
affected by the 
evaluation

March – April 2018: pilot site used for the second TESTFEST on 
PKI/Security, and iterations of pre testing and testing periods with test 
drivers, with virtual and real-life events.

March 2019: pilot site used for two days on the final TESTFEST
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All log data is used for Technical Evaluation in this report.

Physical Layer Used 3G/4G, ITS-G5

Specific Issues NA

Area Peri-urban

Network A14 FR BE

The traffic primarily 
affected by the 
evaluation

November 2019 : used for complementary cross-border tests
All log data is used for Technical Evaluation in this report.

Physical Layer Used 3G/4G

Specific Issues The cellular network roaming takes 2 min either from France to Belgium or 
from France to Belgium.

MCTO:

Area Peri-urban, highways, sea port area

Network A1, A16 and A26 (Northern France around Dunkirk)

The traffic primarily 
affected by the 
evaluation

April to December 2019: HGV / trucks transporting containers to and from 
the Dunkirk seaport container terminal

Physical Layer Used Cellular

Specific Issues
Integration with existing logistics IT systems, specifically the Port of 
Dunkirk’s Cargo Community System managed by MGI. Partial (manual 
only) integration with internal IT systems for the Terminal and the 
Transporter. 

GLOSA:

Area peri-urban
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Network 

A86

The chosen access control for the GLOSA use case is located à 
Créteil on the A86 entry from the D19 road (8°48’13,10 North 
2°26’55.27 East). It is a FARECO model. This site has been chosen 
because of its relative accessibility. Noteworthy, the technical room 
is situated on the DiRIF main centre for exploitation and service. 
Thus, it was meant to ease interventions on the equipment and to 
avoid specific beaconing.

The traffic primarily 
affected by the 
evaluation

Road users using ramp metering systems

This system is based on the ALINEA algorithm. The control variable 
is the freeway entry and the input variable is the lane occupancy 
rate on the section ahead of the freeway entry. The chosen value is 
close to the critical density of the designated road infrastructure i.e. 
the optimal use of the maximum road capacity. According to the 
real-time measurement of the lane capacity, the system constantly 
ascertains the maximum authorized traffic on the motorway entry to 
avoid traffic jams.
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Physical Layer Used 3G/4G

Specific Issues Implementation of GLOSA on ramp metering systems

2.3.4 Belgium 

Area Peri-Urban / Rural

Network E34 from Antwerp to Eindhoven
E313 from Antwerp to Hasselt

The traffic primarily 
affected by the 
evaluation

March 2019 – Network was used for TESTFEST; several drivers with 
different OBU tested the cross-border interoperability.
December 2018 – December 2019 – Technical test-drives were conducted 
during this period
October 2019: Test day (evening) was conducted with virtual events on a 
controlled section of the motorway.

Data of the test day and from some of the later test-drives were used for 
technical evaluation 

Physical Layer Used ITS-G5, Cellular

Specific Issues

- Some issues between IVI messages and real lane indicator signs 
have been noted. Some of them could be resolved

- Some ITS-G5 hardware/software issues occurred and could be 
resolved.

- Some data was not logged or were incomplete.
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3 Technical Evaluation

3.1 Technical Evaluation Context

The performance indicators provide a basis for answering the technical research questions 
in this section. The description of the PIs and evaluation methodology is provided the 
InterCor report "Detailed Evaluation Methodology" [3], version 1.0 from 12 December 2018. 
More details on the PIs are provided in the Detailed Results Annexes Document, Annex 1 in 
Section 8 [6].

3.1.1  The Netherlands

3.1.1.1 The Netherlands – A16 motorway

The A16 motorway in the Netherlands is the pilot site for which RWW and IVS services are 
evaluated in attached spreadsheet. Table 1 summarises the contexts of the technical 
architecture. Three types of ITS-G5 and 4G cellular communication paths are sketched in 
Figure 7.

Table 1: Technical Evaluation Context parameters for NL-A16 pilot site

Context name Description

MS Netherlands

PS A16 motorway

Road operator back end communication path

Begin point

End Point

TCC

RSU or IF2 

IF2 Monotch

SP RWS

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Motorway 

Protocol ITS-G5 and 4G (LTE) – most devices used in HYBRID mode

C2X I2V and V2I (for PVD)

Message types CAM, DENM and IVI

Repetition rate 1 – 10 Hz for ITS-G5 communication. Messages are sent event-
based (rate = 0) for the IF2 and 4G Cellular communication path. 
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Context name Description

Update rate Virtual and semi-static DENM and IVI are updated every 6 minutes.
Life variable messages on matrix signs can be updated every 10 
sec. 

Services RWW, IVS, PVD

Authorities used for PKI and Security

CA RWS for RSUs and RDW for OBUs

AA RWS

Figure 7: Communication paths for Pilot Site A16 in the Netherlands

The motorway has a tunnel section in which the performance of communication, positioning 
and the applications are affected. Hence events near the tunnel area is separated from the 
open-spaced motorway context.

Tunnel environment is the area of the A16 motorway covered by 6 RSUs before and after 
the tunnel, with originating station ids 1005, 1006, 1007, 1012, 1013 and 1014.

The other 12 RSUs cover the motorway without significant obstructions to the North and the 
South of the tunnel area, with remaining originating station ids from 1001 – 1018.

RSU with station id 1019 is a mobile RSU that is occasionally used for testing at the 
Dordrecht test site. Events of this unit are removed from the evaluations.

A fleet of 13 On-Board Units (OBU) are used in either ITS-G5 mode, 4G Cellular mode, or 
using both in Hybrid mode.

Five context situations are distinguished:

1. Reception of CAM by RSUs for Probe Vehicle Data services
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2. RWW and IVS services using ITS-G5 communication in the open motorway area
3. RWW and IVS services using Cellular communication in the open motorway area
4. RWW and IVS services using ITS-G5 communication in the tunnel area
5. RWW and IVS services using Cellular communication in the tunnel area

Pilot operations have started in September 2018 with several tests towards the final 
TESTFEST. Continuous piloting data is collected and evaluated from March – August 2019. 
A total of about 6203 IVI events and 409 DENM events are collected and evaluated.

3.1.1.2 The Netherlands – Helmond

The city of Helmond provides an urban network of controlled intersections for piloting 
GLOSA. Table 2 summarises the contexts of the technical architecture. Two types of ITS-G5 
and 4G cellular communication paths are sketched in Figure 8. The GLOSA in-vehicle 
services are piloted in hybrid mode using both communication paths simultaneously in all 
contexts 10-17.

Table 2: Technical Evaluation Context parameters for NL-Helmond pilot site

Context name Description

MS Netherlands

PS City of Helmond

Road operator back end communication path

Begin point

End Point

RSU

RSU

IF2 Monotch

SP RWS

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Urban 

Protocol ITS-G5 and 4G (LTE) – all devices used in HYBRID mode

C2X I2V 

Message types MAP and SPAT

Repetition rate 1 – 10 Hz for ITS-G5 communication. Messages are sent event-



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 87 © InterCor Consortium

Context name Description

based (rate = 0) for the 4G Cellular communication path. 

Update rate 1 Hz for SPAT

Services GLOSA

Authorities used for PKI and Security

CA Not applicable

AA Not applicable

Figure 8: Communication paths for Pilot Site Helmond.

Table 3 below lists the eight contexts that are defined for the GLOSA analysis, to distinguish 
the following situations:

 Time advice and speed advice. The reason for this is that there are events where a 
time advice is presented, but a speed advice is not given. Note that the converse is 
not true, as is to be expected for the application: a speed advice is only given when a 
time advice is also available (see Detailed Results Annexes section 8.4 [6]).

 Events where the vehicle passes the intersection without stopping (possibly at 
varying speed), i.e. GLOSA-on-green, and events where the vehicle comes to a stop 
before the intersection (or comes almost to a stop), i.e. GLOSA-on-red.

 Straight and turn manoeuvres. In the Pre-TESTFEST, significant differences were 
observed in the availability of SPAT information between these two cases.

Table 3: The eight contexts defined for the analysis of the GLOSA events.

Context Index GLOSA service Pass/Stop Manoeuvre
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10 Time Advice GLOSA-on-GREEN STRAIGHT
11 Time Advice GLOSA-on-GREEN TURN
12 Time Advice GLOSA-on-RED STRAIGHT
13 Time Advice GLOSA-on-RED TURN
14 Speed Advice GLOSA-on-GREEN STRAIGHT
15 Speed Advice GLOSA-on-GREEN TURN
16 Speed Advice GLOSA-on-RED STRAIGHT
17 Speed Advice GLOSA-on-RED TURN

The GLOSA analysis focuses on the Application performance (TE_PI_4): HMI activation 
ratios, the time/location that the first GLOSA advice is generated on the ingress and on the 
accuracy of the GLOSA time advice.

The application also presents lane advice in the form of turn directions and current signal 
states throughout the ingress. However, these presentation events are always present with a 
time or speed advised and possibly also when a time or speed advice cannot be given. Lane 
information is not logged and therefore not analysed separately.

Fifteen intersections are analysed from which significant number of events are logged on the 
OBUs. Although the Helmond pilot site is operational for some years, data for this evaluation 
is analysed from the user tests from May – June 2019. A total of 651 GLOSA events are 
analysed.

Communication, back-end server performance and security (TE_RQ_1 – TE_RQ_3) are not 
analysed for the pilot operations. Communication performance research questions are 
answered based on results presented during the Pre-TESTFEST. Security is not enabled in 
the Helmond pilot site. Back-end services, including traffic light controllers and applications 
and the feed to the IF2 are used from the Talking Traffic project and not evaluated here 
either.
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3.1.1.3 Truck Parking

Table 4: Technical Evaluation Context parameters

Context name Description

MS Netherlands

PS A63-France
A9-Germany
Port of Hamburg

Road operator back end communication path

Begin point

End Point

SP

SP

IF2 N.a.

SP Truck Parking Europe

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment  Motorway 

Protocol 4G (LTE)

C2X I2V

Message types C-ITS messages for which communication performance is reported

Repetition rate N.a.

Update rate N.a.

Services TP

Authorities used for PKI and Security

CA N.a.

AA N.a.
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3.1.1.4 MCTO

Context name Description

MS Netherlands

PS Port of Rotterdam

The Mainport Traffic Monitor (MTM) is built on open standards and protocols developed by 
the so-called Stichting Uniforme Transport Code (SUTC). SUTC is a knowledge platform 
with a focus on ICT standards for the logistic sector. It aims to connect the different 
stakeholders that are active in the market with the Dutch government. One of the standards 
developed is the Open Trip Model (OTM), this is a simple, free, lightweight and easy-to-use 
data model, used to exchange real-time logistic trip data on the web, and making it easier for 
shippers, carriers, software vendors, OEM’s and truck manufacturers to create new multi-
brand applications and services. Different stakeholders are involved in developing and 
implementing the standards:

Figure 9: Different stakeholders in the open standards for logistics
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3.1.1.5 TUNNEL LOGSITCS

Optimal route advice for trucks

The first use case, optimal route advice for trucks, aims to provide optimal routes (with the 
least delays) to drivers of heavy vehicles resulting in a reduction of loss of time, caused by 
traffic jams. Specifically, for the N201-area, in case of a traffic jam on the A2 from the N201-
A2 junction towards the Leidsche Rijn tunnel and the availability of another faster route, 
drivers of heavy vehicles will be advised via in-car information to take another, faster route to 
get to the other side of the tunnel.

Alternatively, if the common routes via regional road N201 are available and faster than 
other routes (e.g. due to traffic jams located elsewhere), drivers of heavy vehicles will be 
advised via in-car information to take the N201 to the south. This is when the second use 
case, balanced priority for dedicated vehicles, comes into the picture.

The architecture of this use case is shown in Figure 10, in the green area:

Be-Mobile C-ITS platform

FLUX app

iTLC’s N201

SRM – request prio

SSM – reply

SRM

SSM Events, prio feedback

GPS positions

Continental
route planner

Logistic route 
planner interface

Route calculated pre-trip 
with on-trip updates 

Planned route

Predicted tunnel 
metering (MAPtm)

Leidsche Rijntunnel 
tunnel metering One prediction

every minute

Prediction used in 
route planning

Figure 10: System Architecture (part Route Optimisation)

The OBU, Planning system and the Cargo Optimization was developed by Be-Mobile. The 
Traffic system was developed by MAPtm, based on the Travel time measurement systems 
of Rijkswaterstaat / NDW.

For this use case the Be-Mobile Event Adapter was used as a Data access point. In the 
future, when this service is deployed in other countries, this can also be a public data access 
point.

Balanced priority for dedicated vehicles

Five traffic lights on the N201 (FloraHolland – A2) are upgraded to intelligent traffic lights (A-
TLC). In the case that the fastest route is advised via the N201 (due to traffic jams on other 
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routes), heavy vehicles will get priority at these intelligent traffic lights to limit the hindrance 
of these heavy vehicles breaking and accelerating at the N201.

Figure 11: Location of the iTLCs

Because of a delay in the planning of the deployment, A-TLC number 2 was not installed yet 
and was excluded from the pilot.

The architecture of this service is shown in Figure 12.

Be-Mobile C-ITS platform

FLUX app

iTLC’s N201

SRM – request prio

SSM – reply

SRM

SSM Events, prio feedback

GPS positions

Continental
route planner

Logistic route 
planner interface

Route calculated pre-trip 
with on-trip updates 

Planned route

Predicted tunnel 
metering (MAPtm)

Leidsche Rijntunnel 
tunnel metering One prediction

every minute

Prediction used in 
route planning

Figure 12: System Architecture (part Balanced Priority)
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The backend (Be-Mobile C-ITS platform) receives the GP-coordinates of the OBU from the 
FLUX-app. When the truck is near an A-TLC and priority is applicable, the backend sends an 
SRM message (Signal Request Message) to the A-TLC requesting priority. This message is 
sent via the TLEX, a Dutch platform where all communication related to all the A-TLCs is 
processed.

300m SRM (request priority)

XY (GPS)

iTLC
iTLC

SRM

Figure 13: Priority request for A-TLC

The A-TLC responds first with an SSM message (Signal Status Message) ‘requested’, which 
is again sent via the TLEX, and starts tracking the truck. The backend receives this SSM 
messages and sends priority feedback to the FLUX-app. During tracking, SSM messages 
containing ‘processing’ can be sent by the A-TLC.

250m SSM (requested)

Priority 
feedback

iTLC
iTLC

SSM

Figure 14: Priority feedback for A-TLC

When the truck is near the A-TLC the priority is either granted or rejected by the A-TLC 
which is confirmed by sending another SSM message via the TLEX. The backend receives 
the SSM’s and relays the appropriate information to the OBU. Additionally, SRM messages 
can be sent requesting an update or cancelling the priority request.
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150m SSM (granted)

Priority 
feedback

iTLC
iTLC

Figure 15: Priority feedback for A-TLC

The SSM messages and SRM messages are ETSI standards. The Dutch Profile is 
developed in Talking Traffic (CROW D3046-3, 22-03-2018).

The OBU and Service Provider were developed by Be-Mobile. The ITS application and TLC 
application are from Dynniq. For this use case the TLEX was used as a Data access point, 
which in fact is a data access point.

Logging

During the deployment of this pilot data has been logged by Be-Mobile and Dynniq, which 
has been used in this evaluation to answer research questions.

3.1.1.5.1.1 OBU logfiles

Logging of the OBU from Be-Mobile consists of geojson files and logfiles. The geojson files 
contain the routes taken by the participating trucks (see Figure 16). No timestamps are 
included in the geojson files. The logfiles contain several types of events processed and / or 
shown by the app. This includes routing advice for the trucks, feedback from the A-TLC (time 
to green / red, priority feedback) and tunnel metering predictions. These events have been 
recorded with a timestamp but not always with a vehicleID.

In total 938 of the recorded routes pass through the FloraHolland area during the 
deployment of the pilot. Sometimes these routes consist of multiple trips. For example, the 
dataset contains trips to and from Germany that are described by one route in a geojson file. 
Or a recorded route consists of a truck driving to the Bloemenveiling Aalsmeer, making a 
stop there and then moving on to deliver goods at another location. 379 recorded routes 
pass the N201 with the 5 A-TLC´s. Because the geojson files do not include timestamps it is 
difficult to split the routes into trips.
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Figure 16: Geofence of the area
The app logfiles contain tunnel metering predictions for the Leidsche Rijn Tunnel. When 
planning a route, several different routes are compared internally in the service. If one of 
these options passes the Leidsche Rijn tunnel, a prediction is asked of the BeMobile Event 
Adapter and the response is logged in the OBU logfile. The logfiles however do contain the 
prediction response, but not information about which of the four tunnel tubes the prediction is 
for. This unfortunately limits the precision with which the reliability of the tunnel metering 
prediction algorithm could be validated.

3.1.1.5.1.2 Backend logfiles

The backend logfiles contain events processed centrally at the Be-Mobile C-ITS platform. 
GPS-coordinates and CAM-data sent by the OBU’s in the trucks are recorded for the N201 
near the 5 iTLCs. The logfiles also contain SRM messages that are sent to the A-TLCs by 
the backend and the corresponding SSM messages sent by the A-TLCs in response.

Notably, during the first weeks (week numbers 14-19) of the pilot many more SRM and SSM 
messages have been logged by the backend than in later weeks (week numbers 20-26). 
During the first weeks the logfile contains test trips performed by Be-Mobile. These test trips 
have also been used in this evaluation when possible.
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Figure 17: Priority Request and Answers per week
For the SRM messages the time of sending the messages from the backend is logged. For 
the SSM messages the time of sending the messages from the A-TLC is logged, the time of 
receiving the SSM messages at the backend is not available.

3.1.1.5.1.3 A-TLC logfiles

The A-TLC logs SRM messages received and SSM messages sent. Not only the trucks that 
are participating in this pilot communicate with the A-TLC’s but also busses and other 
vehicles that are applicable to receive priority.

3.1.2 The UK
The C-ITS services available in the UK were generated from three highway authorities. 
Transport for London (TfL) generated message sign services, road works warnings and 
GLOSA. Highways England generated road works warnings and message sign services. Kent 
County Council generated GLOSA. The UK services were interconnected with other InterCor 
partners via Interface 2.
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RSU

Cellular 
Service

Simulator
IVI

DENM

TfL C-ITS
GLOSA, IVS, 

RWW
UIN

Kent C-ITS
GLOSA

RSU
GLOSA

HE C-ITS 
IVS, RWW RSU

RSU
CAM, DENM, IVI

Interface 2

Figure 18: C-ITS UK interconnection

3.1.2.1 London (Urban)

Within the Greater London boundary, on the A2 and A102, between the A2 Danson 
Underpass, A2 Shooters Hill, A102 Blackwall Tunnel south and Eltham Tunnel are the pilot 
sites for which IVS, GLOSA and RWW services are evaluated in the. 4G Cellular 
communication path drafted in the Figure 19 below.

Figure 19: London (Urban) 4G Cellular communication path

Context name Description
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Context name Description

MS UK

PS London (Urban)

Road operator back end communication path.

Begin point

End Point

Transport for London C-ITS Services (TfL C-ITS Services = Central 
Station CS) via Unified Interchange Node (UIN) and Third-Party 
Information Cellular Service Provider (3rdSP).
End point is the On-board Unit (OBU).
If the communication path extends to in-vehicle devices, then the 
end point is the node switching to third party services or wireless 
communication path, such as the RSU, IF2 or SP.

IF2 Name(s) of the IF2 Data Provisioning service(s)

SP Name(s) of the service provider, e.g. of the RSUs or in-vehicle 
services.

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Urban 

Protocol 4G (LTE)

C2X Cooperative communication direction: I2V and V2I

Message types RWW, IVI, SPAT and MAP

Repetition rate Typical maximum repetition frequencies are 1Hz or 10 Hz. 
Between back end servers and RSUs communication may be 
event-based (can be reported as 0 Hz)

Update rate This is the default time interval for update the message contents for 
triggered / active events. Typically, road side triggered events (I2V) 
are updated on regular intervals of 6 or 12 minutes.
Messages for triggered events are typically updated by the road 
side systems (I2V) at a regular rate, e.g. every 6 min.

Services C-ITS services for which indicators are reported: IVS and GLOSA

Authorities used for PKI and Security

CA Name(s) of Certificate Authorities used

AA Name(s) of Authorization Authorities used

Table 5: Technical Evaluation Context parameters for London pilot site
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3.1.2.2 M2 (Motorway)

On the M2 motorway, between J2 and J5 for which RWW (to be confirmed while analysing 
FTE5 data) and IVS services are evaluated in the attached spreadsheet. ITS-G5,4G Cellular 
and Hybrid communication paths are drafted in Figure below.

Figure 20: A2M2 (Motorway) ITS-G5 and Cellular communication paths

Context name Description

MS UK

PS M2 (Motorway)

Road operator back end communication path.

Begin point

End Point

Highways England (HE) Prototype M2 Pilot AP1, Unified 
Interchange Node (UIN), Unified Third-Party Information Cellular 
Service Provider (3rdSP), Road Side Unit (RSU)

End point is the node switching to third party services or wireless 
communication path, such as the UIN, 3rdCSP, RSU and OBU.
If the communication path extends to in-vehicle devices, then the 
end point is the node switching to third party services or wireless 
communication path, such as the RSU, IF2 or SP.
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Context name Description

IF2 Name(s) of the IF2 Data Provisioning service(s)

SP Name(s) of the service provider, e.g. of the RSUs or in-vehicle 
services.

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Motorway

Protocol ITS-G5, 4G (LTE) and Hybrid

C2X Cooperative communication direction: I2V and V2I

Message types IVI, DENM and CAM

Repetition rate Typical maximum repetition frequencies are 1Hz or 10 Hz. 
Between back end servers and RSUs communication may be 
event-based (can be reported as 0 Hz)

Update rate This is the default time interval for update the message contents for 
triggered / active events. Typically, road side triggered events (I2V) 
are updated on regular intervals of 6 or 12 minutes.
Messages for triggered events are typically updated by the road 
side systems (I2V) at a regular rate, e.g. every 6 min.

Services C-ITS services for which indicators are reported: IVS and RWW

Authorities used for PKI and Security

CA Not applicable

AA Not applicable

Table 6: Technical Evaluation Context parameters for M2 (Motorway) pilot site

In the M2 there are installed 32 RSUs. The stations ids are: 279794, 279787, 279792, 
279789, 279788, 279797, 279799, 279798, 279790, 279791, 282668, 282664, 282652, 
282650, 282648, 282654, 282667, 282656, 282661, RSU20 ,282649, 282666, RSU23, 
282651, 282655, 282653, 282660, 282657, 282665, 282659, 282669 and 282658.

A fleet of 20 On-Board Units (OBU) are used in ITS-G5 mode, 4G Cellular mode or Hybrid 
mode.

Three contexts are distinguished within this environment:

1. Reception of CAM by RSU
2. RWW and IVS service using ITS-G5 communication in the motorway area
3. RWW and IVS service using 4G Cellular communication in the motorway area
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Table 7: Contexts for the analysis of the RWW and IVS services

Context Index Protocol Service Messages Case

Formal Pilot evaluation operations started in April 2019 with several Focussed Test Events 
conducted from May to November to ensure enough quality evaluation data could be 
gathered. Continuous piloting data was collected and evaluated from July 2019 until 
December 2019. A total of 35 experiments took place on the M2 motorway at FTE 4 (Sept 
2019) and, 12 experiments at FTE 5 (Nov 2019).

3.1.2.3 Kent (Rural)

On A229 rural site in Kent, GLOSA service is evaluated in the attached spreadsheet. ITS-G5 
communication path is drafted in Figure 17 below;

Figure 21: Kent (Rural) ITS-G5 communication path

Context name Description

MS UK
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Context name Description

PS A229 Kent (Rural)

Road operator back end communication path.

Begin point

End Point

Road Side Unit (RSU)

End point - OBU
If the communication path extends to in-vehicle devices, then the 
end point is the node switching to third party services or wireless 
communication path, such as the RSU, IF2 or SP.

IF2 Not available over IF2

SP RSU messages generated locally

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Rural

Protocol ITS-G5 

C2X Cooperative communication direction: I2V 

Message types SPAT and MAP

Repetition rate 1 Hz

Update rate Not applicable to GLOSA
Messages for triggered events are typically updated by the road 
side systems (I2V) at a regular rate, e.g. every 6 min.

Services C-ITS services for which indicators are reported: GLOSA

Authorities used for PKI and Security

CA Not applicable

AA Not applicable

Table 8: Technical Evaluation Context parameters for Kent (Rural) pilot site

In Kent there is installed one RSU, which station id reference is: 12340000

One general GLOSA service context is distinguished within this environment;

Table 9: Contexts for the analysis of the GLOSA service

Context Index GLOSA Service Pass/Stop Manoeuvre
11 Time Advice GLOSA-ON-GREEN STRAIGHT
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Speed Advice GLOSA-ON-GREEN STRAIGHT
Time Advice GLOSA-ON-RED STRAIGHT

Speed Advice GLOSA-ON-RED STRAIGHT

Pilots operations started in April 2019 with several Focussed Test Events. Continuous 
piloting data was collected and evaluated from July 2019 until December 2019. A total of 80 
CAM experiments and 75 MAP experiments at FTE 4 (September 2019).

3.1.3 France

Context name Description

MS FRANCE

PS REIMS 

Road operator back end communication path.

Begin point

End Point 

TCC (IF2) 

IF2 URCA_NN

SP SANEF_TCC

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment  motorway 

Protocol 3G/4G 

C2X I2V, V2V

Message types IVI, DENM

Repetition rate  2 min

Update rate NA

Services RWW, IVS

Authorities used for PKI and Security
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Context name Description

CA FR_PKI

AA AA_FR_PKI

Context name Description

MS France

PS A25 motorway near to Valenciennes

Road operator back end communication path.

Begin point

End Point

TCC

RSU or OBU

IF2 Not implemented

SP DIR NORD

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Motorway

Protocol ITS-G5 (for V2V and V2I) and 4G (LTE) (V2I only)

C2X I2V, V2I, V2V

Message types CAM, DENM and IVI

Repetition rate 1 – 10 Hz for ITS-G5 communication.

Update rate Virtual and semi-static DENM and IVI are updated every 6 minutes.
Variable messages on matrix signs can be updated every 10 sec. 

Services RWW, IVS, MCTO

Authorities used for PKI and Security

CA IDnomic

AA IDnomic
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3.1.4 Belgium
E313 and E34 motorway in Flanders is the pilot site for evaluation of the RWW and IVS 
services. Table 10 summarises the context of the technical architecture. The services were 
provided through ITS-G5 roadside units (RSUs) and the IF2 IP based channel.

The ITS-G5 RSUs were broadcasting at the following locations:

• E313 between Antwerp and Ranst: 10km of continuous coverage. Motorway 

equipped with dynamic lane signalling, peak lane and bus lane.

•  E34 between Vorselaar and Ranst: 13km of intermittent coverage.

Table 10: Technical Evaluation Context parameters

Context name Description

MS Belgium - Flanders

PS E313 – E34 Motorway 

Road operator back end communication path.

Begin point

End Point

TCC

RSU or IF2

IF2 Dynniq back office

SP Dynniq RSU or Be-mobile back office

Wireless communication path that extends the back-end communication path to in-vehicle devices

Environment Motorway 

Protocol ITS-G5 and 4G

C2X I2V, V2I

Message types CAM, DENM and IVI

Repetition rate 1 Hz for ITS-G5 V2I communication. Messages are sent event-
based for the IF2 and 4G Cellular communication path

Update rate Update cycle is mainly event-based and can depend.
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Context name Description

Services RWW, IVS, PVD

Authorities used for PKI and Security (ITS G5 only)

CA RCA BE-FLANDERS TEST

AA AA BE-FLANDERS TEST

Evaluation methodology used

For the data analysis a C-ITS Message Analyser Application was developed at Tractebel. 
This application allows us to transform Json-format data into readable CSV-files or to put the 
data into a database. More details on the tool can be found in Annex 1 [6].

Figure 22 Screenshot of the tool
After conversion of the files, different scripts were developed in MS Excel. This allowed us to 
do some basic analysis for the technical evaluation.
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3.2 TE_RQ 1: Communication performance to vehicle applications

This section records the results from technical evaluation of the performance of 
the communication networks to deliver messages to in-vehicle applications. This 
included the I2V and V2I communication between roadside and in-vehicle 
applications as outlined in Detailed Methodology document [3]

The communication performance indicators enabled objective evaluation of the 
differences between the communication networks and deployment strategies.

Three types of communication networks were evaluated and compared across 
the InterCor MS Pilots:

1. ITS-G5 ad-hoc short-range communication
2. 4G/LTE cellular networks-based communication
3. Hybrid communication by clever combination of ITS-G5 and 4G/LTE 

communication

Different road side begin points are distinguished in different contexts. Most 
important for RWW, IVS and GLOSA services is the communication 
performance from road side units to in-vehicle systems.

V2V communication is not strictly considered in InterCor services. 
However, the communication performance can be evaluated in a similar 
manner and may be defined as a context and included here as well.

The communication performance indicators and indicator calculations to be 
recorded for each communication network type defined in Annex 11.3 of the 
Detailed Methodology [3] are:

 Communication delay; the delay of transmitting a single message from 
the sender application to a receiving application.

 Packet Delivery Ratio (PDR) is the indicator to measure communication 
reliability as the ratio of received messages over sent messages.

 Effective Communication Range (ECR) is the indicator to measure the 
range or distance where communication is effective and reliable.

 Neighbourhood Awareness Ratio (NAR) is the indicator to measure the 
ratio of detected ITS-Stations in the vicinity of a host stations. This 
indicator is relevant especially for the PVD service.
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3.2.1 What was the ‘ITS-G5’ Communication Performance?
Communication performance was measured for the communication paths described in 
Section 3.1. Communication performance for ITS-G5 for the pilot sites in each member state 
are reported in more detail in the Detailed Results Annexes document [6], Section 8: Annex 
1.

3.2.1.1 I2V ‘ITS-G5’ communication performance

Table 11: I2V ‘ITS-G5’ communication performance measures

Communication 
Delay

The end-to-end communication delay was aggregated over the full pilot periods, 
and all OBUs and RSUs.

The averaged communication delay was in the order of 20 to 25ms on the A16 
motorway and the Helmond Pilot Sites in the Netherlands. The spread in ITS-
G5 communication delay was in the order of 50ms.
At the Kent GLOSA site the CAM logs were not captured in InterCor logging 
format and were not collected. The analysis of the OBU CAM logs suggested 
that there was a difference in network time between OBUs and the RSU. This 
was not surprising since there was no communications path between the two 
networks other than ITS-G5 which does not carry time synchronisation. The 
accuracy of the results and the effective range of the RSU signal suggested that 
transmission delay was not an issue and can be expected to be in the range of 
50 to 100ms (measured median value was 81ms). In Belgium, the median for 
Communication delay was defined for CAM, RWW and IVS. The delay for IVS 
was 48ms, for DENM 55mse and for CAM 5ms.

The communication delay is between 5ms to 81ms. This is the delay from 
the RSU to the OBU.

End to End delay is discussed in 3.2.3.1 as part of Back End Server 
Performance and further analysed in Section 3.5.1 as part of Application 
Functionality and Performance. This was typically a few hundred 
milliseconds from UIN / CS message origin to the OBU. 

Communication 
Range

Effective Communication Range (ECR) in the workbook is defined as the range 
at 75% PDR. The ECR at 75% PDR is about 200 m on the A16 motorway PS in 
the Netherlands in open field conditions. Near tunnels this distance is limited by 
the distance to the tunnel. The repetition rate of DENM and IVI is such that at a 
range of 500 to 1000 m OBUs still receive the messages and receive at least 
one message well in time for the (not so dynamic) services. The ECR varies per 
intersection and is strongly affected by buildings and trees. Nevertheless, the 
communication performance is sufficient to cover all approaches to the 
intersections for OBUs to receive MAP and SPAT messages.

On the Hybrid route the ECR at 75% PDR is around 450 to 550m for the whole 
corridor on the M2 for FTE4 data. However, analysing in more detail, those 
RSUs located close by the railway line, their communication range is affected in 
both directions and the ECR at 75% PDR slowed down noticeably to around 
250 to 300m.

In Kent, the ECR at 75% PDR is 800m. Over 900m, PDR drops as drivers 
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approach the intersection, where the end of the tested route is. There is a great 
communication range in the area.

In Belgium, the overall communication range at 75% is 350 m. There were 
differences found between the RSUs. 

IVI
 PDR ECR
RSU1 10,12% 300
RSU2 32,27% 275
RSU3 12,17% 325
RSU4 42,49% 325
RSU5 7,49% 350
RSU6 19,38% 325
RSU8 72,85% 450
RSU9 77,47% 525
RSU10 44,05% 275
RSU11 80,36% 550
RSU12 72,99% 475
RSU13 73,51% 450
RSU14 63,95% 350
RSU15 69,27% 400
RSU15b 64,84% 250
RSU16 63,07% 475
RSU28 91,82% 650

We found that the communication performance of RSU 1 to 6 was worse 
compared to the others. RSU 1 to 6 were placed in a curved stretch of road, 
where at one side sound barriers were installed and at the other side there were 
(high) trees. We assume that these conditions have an influence on the 
communication performance.

The performance of RSU10 was also lower. This RSU was placed very near 
(around 40m) a bridge. We also assume that bridges will have an influence on 
the performance of the RSU. The same influence of obstacles severely limiting 
line-of-sight is seen in RSU15b.

The communication range is at minimum 250 m.

Packet Delivery 
Ratio

 

Packet Delivery Ratio (PDR) is the ratio of messages that are successfully 
received at the end of the communication path relative to the messages that are 
sent at the start. The PDR was reported at a distance of 500m between sender 
and receiver. The PDR at 500m distance was 25 – 30 % on the A16 motorway 
in the Netherlands in open field conditions.

The PDR was reported at a distance of 500m between sender and receiver. The 
PDR at 500m distance on the M2 (UK) between J2 and J3 is 59% for FTE4. The 
25% and 75% quartile are 50% and 75% respectively. (Note: RSU ID 279790 
did not work during FTE4).
For FTE4 in Kent, the PDR at 500m distance is 89%.
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The overall PDR was 45% for DENM and IVS. As described above, we also 
found differences between the RSUs.

Jamming Attack was simulated using a noise generator
by analysing the number of packets received and the number of packets lost. 
We notice that from a distance of 0.5 meter from the rustler the receiver can no 
longer decode the packets (See also Annex 1, Section 8.3.2.1.1).

3.2.1.2 V2I ‘ITS-G5’ communication performance

Table 12: V2I ‘ITS-G5’ communication performance measures

Communication 
Delay 

The maximum communication delay was less than 1 sec (In France results, the 
average was 236.9ms; in Belgium results, the median is 4ms).(See also Annex 
1, Section 8.3.2.1.2 in [6])

Communication 
Range 

The overall effective communication range for PVD is between 75 and 100 
meters in Belgium results whereas the average communication range is 226 
meters in France results. (See also Annex 1, Section 8.3.2.1.2 in [6])

Packet Delivery 
Ratio

In France results, the PDR is 35%.
In Belgium results, at 500m distance there was no PDR. In the graph in Annex 
1 it was noticed that at a distance higher than 225 meters, the RSU only received 
a very small number of messages (between 3 and 80 messages), except at a 
distance between 250 and 300 meters. To achieve an acceptable PDR the 
range was often less than 225m
(See also Annex 1, Section 8.1.1.2, 8.2.2.2 8.3.2.1.2, 8.4.3. [6] for more detail 
on this analysis done by all MS evaluation teams) 

Neighbourhood 
Awareness Ratio

The NAR is defined as the ratio of ITS-Stations that a host ITS-Station is aware 
of relative to the total number of ITS-Stations in its vicinity:

𝑵𝑨𝑹 =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒅𝒆𝒕𝒆𝒄𝒕𝒆𝒅 𝑰𝑻𝑺𝑺

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑰𝑻𝑺𝑺

NAR could be refined if the world model or Local Dynamic Map of an ITSS would 
be examined. Here we simplify the analysis to simply count the station Ids from 
received messages within a moving window of 1 minute as awareness.
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3.2.1.3 What is the best deployment strategy?

Were parts of the pilot site 
not, or poorly, covered by the 
road side units?

The Netherlands
The full A16 motorway section of the pilot site in the Netherlands 
was sufficiently covered to receive DENM and IVI messages in the 
dissemination and detection areas, except in the tunnel area.
The intersections and approaches in the Helmond pilot site are 
sufficiently covered to receive SPAT and MAP messages in time.

The UK
For the M2 between J2 and J3, those RSUs that were located close 
by the Medway viaduct or at higher elevation have larger range of 
communication up to 1.7km.

France
A study has been conducted in order to define the methodological 
approach associated with the implementation of Roadside Units as 
part of the INTERCOR project. it consists of prioritizing the location 
to be equipped by RSUs due to the non-capacity of equipped 
everywhere. In order to make this prioritization we classify the area 
by 3 priority :
Priority 1: Accident zone
Priority 2: Very congested area
Priority 3: Rural area

Belgium
The sections of road that were covered by RSUs were completely 
covered, though not all areas at the same level of signal quality. 
The section towards the Dutch border (and beyond) was only 
covered by 4G.

 Conclusion: All major pilot sites were covered by RSUs, in order 
to produce different DENM, IVI, SPAT and MAP services. Other 
sites were covered by cellular

What is the effect of bends, 
trees, hills and other 
environmental phenomena?

The Netherlands
No significant effects are observed in the open-field areas on the 
A16 motorway. In the urban area of the city of Helmond, the 
approaches are well covered in line of sight from the RSU at the 
intersection.

The UK
For the M2 between J2 and J3, those RSUs that were located close 
by the Medway viaduct or at higher elevation have larger range of 
communication up to 1.7km.

France
In order to assess the impact of obstacles on reception, we 
estimate the sensitivity that the antennas must have to comply with 
our site A25
Using the Friis equation, we obtain the following result of the 
received power:

𝑃𝑟 =  ‒ 78.87 dBm
Referring to this calculation it is assumed that the receiving 
antennas are able to receive the transmitted data at a distance of 
1Km knowing that the sensitivity of the receiving antennas is: -95 
dBm.
Note that the distance and the obstacles have the same effect on 
the receptivity of the antennas. the more obstacles there are the 
more the antennas are less sensitive to radio emissions.

Belgium
These have an attenuating effect. Where possible, the locations 
were chosen such that these influences were minimized. Based on 
our results we found that bends, trees and sound barriers 
could/have an effect on the performance.

Conclusion: Any obstacle has an impact on the ITS G5 
transmission. But not with the same intensity
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What is the effect of 
buildings, bridges, tunnels 
and other structures?

The Netherlands
Especially the PDR drops below 75% towards the entrance 
(descending slope) and in the tunnel on the A16 motorway, thereby 
considerably reducing the ECR.

The UK
For M2 between J2 and J3, those RSUs (279792, 279789, 279788 
and 279797) located close by the railway line, the ECR at 75% 
PDR reduced significantly to 250 to 300m.

France
Have not been evaluated as there is no urban side in the A25.

Belgium
We found in our results that bridges and sound screens can have 
an effect on the performance of ITS-G5 communication. We noted 
a difference between RSU’s placed in ‘more open’ space and 
RSU’s placed in bends, near bridges and trees.

Conclusion: Any obstacle has an impact on the ITS G5 
transmission. But not with the same intensity

What is the effect of traffic 
density and heavy goods 
vehicles? 

The Netherlands
This is not evaluated on the Dutch pilot sites.

The UK
This is not evaluated either on M2 or in Kent.

France
Traffic density allows OBUs to have more time to receive the 
message. However, the case that all vehicles are equipped has not 
been assessed.

Belgium
These have an attenuating effect.

Conclusion: Has not been properly assessed due to general 
implementation conditions
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What is the effect of road 
side antenna 
configurations?

The Netherlands
Only 1 type of omni-directional antenna (vertically mounted at a 
height of about 6 m) are used on the A16 motorway and in 
Helmond

The UK
RSUs were mounted at 3 different heights: 4m, 6m and 8m.
A variation in the PDR, between J2 and J3 on the M2 caused by 
height of the antenna was not observed. Some difficulty in 
reception was encountered in TESTFEST 3 when the RSU power 
was inadvertently reduced. This suggests that some parts of the 
network were operating close to the limits of the communications 
design despite the blanket coverage of RSUs. The effect of the 
railway line is a significant finding.

France
Roadside antenna range tests were performed, in different VMS 
antenna configurations
(1): Tested position on VMS east side
(2): Tested position on VMS middle side
(3): Tested position on VMS west side
The following results were obtained:
All three positions provide are acceptable in terms of the receptivity 
range of the ITS G5 signal. Indeed:

 Position (1): the presence of a bend prevents a better 
range

 Position (3): the range is not very affected by the change 
in position, in fact there is also a slight bend and a bridge 
that obscure the signal

More details in Section 8: ANNEX 1 [3]

Belgium
As all antennas were identically configured, this was not 
measurable at the pilot site.

Conclusion: All the evaluations carried out have led that the 
location of the antennas is very important for the range of the radio 
transmission

What is the effect of vehicle 
antenna configurations?

The Netherlands
All OBUs in the A16 motorway and in Helmond have external 
antennas mounted on the car rooftop.

The UK
All OBUs were installed inside the vehicles with antenna 
temporarily attached to the roof of the vehicle in whatever position 
was practical. With the confines of the available and variable fleet 
of vehicles no objective testing of antenna was possible.

France
Here we test the reception of OBUs on both directions of traffic in 
order to analyse the effect of the position of the OBU in relation to 
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the RSU on ITS G5 receptivity
PMV On PR 2+200

Axis A25
PMV 2+600
Direction 1
Direction 2

We notice that the configuration of antennas whether in vehicle or 
road side unit it affects clearly the range of ITS-G5 communications
More details in ANNEXE 1 [3]

Belgium
Placement of individual magnetized antennas might impact the 
quality of the received signal, though this was not a controlled 
parameter during the pilot.

Conclusion: All the evaluations carried out have led that the 
location of the antennas is very important for reception sensitivity

Did communication 
congestion occur in the ITS-
G5 network?

The Netherlands
Not observed on the A16 motorway or in Helmond

The UK
Because geo-networking was not implemented in the routing of 
messages to RSUs there was significant load on the RSUs. No 
specific performance effect was noted given the small number of 
transmitted messages and the small number of stations on the 
network at the same time.

France
The network has never exceeded more than 5 vehicles in 
communication. As a result, this assessment should be postponed 
to the day of large-scale implementation of the ITS G5

Belgium
Network congestion was not a significant factor throughout the 
pilot.

Conclusion: Has not been properly assessed due to general 
implementation conditions

Did ITS-G5 communication 
interfere with other services 
or communication channels?

The Netherlands
Not observed on the A16 motorway or in Helmond

The UK
This is not evaluated either on M2 or in Kent.

France
Not observed on the A16 motorway or in A25
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3.2.1.4 Cross-border interoperability

Table 13: ‘ITS-G5’ cross border interoperability

Did an OBU report an 
interoperability issue?

An OBU can detect an interoperability issue in I2V communication 
such as decoding or networking issues.

OBUs did not experience any interoperability issues, either in ITS-
G5 or PKI security during the 4 series of TESTFESTS (in the end 
after fixing specification incompliances on both sides). 

Did a RSU detect an 
interoperability issue with an 
OBU?

An RSU can detect an interoperability issue in V2I communication 
such as decoding or networking issues.
RSUs did not detect any interoperability issues with observed 
'foreign' OBUs for PVD

3.2.2 What was the ‘4G’ communication performance?

3.2.2.1 I2V ‘4G’ communication performance

Belgium
The Belgian regulatory agency (BIPT) measured the signals from 
RSU G5 communication and found them within acceptable ranges 
for non-interference with other services. Automatic tolling 
equipment was the main risk for interference.

Conclusion: Has not been properly assessed due to general 
implementation conditions

Did border-crossing events 
occur, and if so, how did that 
affect ITS-G5 communication 
performance?

The Netherlands
No issues with ITS-G5 communication are observed during any of 
the TESTFESTS or pilot operations in the Netherlands and with the 
Dutch OBUs in the other member states.

The UK
Refer to Hybrid TESTFEST REPORT in [4].

France
No issues with ITS-G5 communication are observed during any of 
the TESTFESTS or pilot operations.

Belgium
No issues with ITS-G5 communication are observed during any of 
the TESTFESTS or pilot operations.

Conclusion: No issues was observed
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Table 14: I2V ‘4G’ communication performance measures

Communication 
Delay

The communication delay is lower than 1 sec.
For the pilot site parts which are fully covered, the average communication delay 
is in the order of 150ms, lower than 1 second with some outliers of more than 1 
sec.
For pilot sites with less coverage, the average communication delay is 527ms. 
(See also Annex 1, Section 8.3.2.2.1 [6])

Communication 
Range

- The full pilot site areas of the A16 motorway and Helmond are covered 
by the 4G network.

- The full motorway network of Flanders was covered by the 4G network
- FTE5 data is to be analysed for M2 and London (DENMs and IVI).

Packet Delivery 
Ratio

The PDR is 92% for the parts not fully covered.

Annex - Annex 1 Section 8.2.2.1, 8.2.2.2 and 8.3.2.2.1 [6]

3.2.2.2 V2I ‘4G’ communication performance

Table 15: : V2I ‘4G’ communication performance measures on motorways

Communication 
Delay 

The experiment has been done over 193016 messages.
The average communication delay is 169ms, the highest delay is 95293ms, the 
lowest delay is 72ms. (See also Annex 1, Section 8.3.2.2.2 [6])

Communication 
Range 

Cellular range

Packet Delivery 
Ratio

The PDR is 90% because the coverage is not full in all parts which makes the 
communication not always stable.

Table 16: : V2I ‘4G’ communication performance measures in urban environments

Communication 
Delay 

The experiment has been done over 18302 messages.
The average communication delay is 130ms, the highest delay is 6989ms, the 
lowest delay is 20ms.

Communication 
Range 

Cellular range

Packet Delivery 
Ratio

100%

3.2.2.3 What is the best implementation and deployment strategy?



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 117 © InterCor Consortium

Table 17: 4G-based service implementation and deployment strategy

Were parts of the pilot site 
not, or poorly, covered by the 
cellular network?

Test sites are sufficiently covered to receive DENM and IVI 
messages in the dissemination and detection areas. In addition, 
the urban pilot site in London, UK, was covered to received 
GLOSA.

The Urban pilot sites in Helmond, Netherlands, are sufficiently 
covered to receive SPAT and MAP messages in time.

Was cellular network 
services periodically 
interrupted or unavailable?

Not observed for all Test pilot sites.

What is the effect of bends, 
trees, hills and other 
environmental phenomena?

Not observed in most sites. However, the effect of these 
environmental phenomena depends on the density of the roadside 
foliage. It was observed that GNSS position quality might be 
affected. This was counteracted with intelligent map matching in 
the client solution.

What is the effect of 
buildings, bridges, tunnels 
and other structures?

The impact is largely dependent on the degree by which the ‘view 
of the sky’ is obstructed.

In Netherlands, like IST-G5: especially the PDR drops below 75% 
towards the entrance (descending slope) and in the tunnel, thereby 
considerably reducing the ECR.

What is the effect of traffic 
density and heavy goods 
vehicles? 

No impact was observed.

Did communication 
congestion occur on the 4G 
network?

No disturbance or loss of connection with the 4G network was 
perceived due to congestion.

Did border-crossing events 
occur, and if so, how did that 
affect 4G communication 
performance?

Border-crossing event occurred in some sites, but some of them 
have not been shown and sometimes they have been delayed.
Also, there were interruptions between 4 to 6 minutes were 
encountered when crossing borders. This lost connection was due 
to service discovery and time for connecting to the foreign mobile 
network. InterCor did not investigate mitigation of this connection 
loss, since it should be done at MNO (mobile network operator) 
level.

3.2.2.4 Cross-border interoperability

Table 18: ‘4G’ cross border interoperability

Did an end-user device End user devices did not experience any interoperability issues 
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report an interoperability 
issue?

with IF2 connectivity during the TESTFESTS (in the end after fixing 
specification incompliances on both sides). 

Did an IF2 service detect an 
interoperability issue with an 
end-user device or service 
provider access?

No interoperability issues reported on the IF2 servers. IF2 
specification was interpreted similarly by all MS.

Some tests were conducted through the cross-border between involved European countries. 
As an example, we will detail some tests between France and Belgium in Annex 1 Section 
France Cross-border, Section 8.3.2.2.3 in [6].

In conclusion, when we cross borders, the connection is always lost for more than a minute 
due to the roaming procedure. As a consequence, all events happening within this duration 
could not be received by vehicles. This issue had not been expected since we thought than 
the telecom service is supposed to be continuous.

As a countermeasure, we could anticipate before reaching any border to collect the events 
around the border of the next country to cross before reaching the border. The area could be 
5km around the border which could be disseminated by both countries.

3.2.3 Comparison of ITS-G5, 4G and HYBRID communication performance

3.2.3.1 I2V communication performance

End to End delay is discussed in 3.2.3.1 as part of Back End Server Performance and 
further analysed in Section 3.5.1 as part of TE_RQ 4: Application Functionality and 
Performance.

Table 19: Hybrid communication performance measures

Communication 
Delay

Most OBUs have been piloted in hybrid mode, using both ITS-G5 and 4G 
cellular communications. The OBUs use the first messages received via any 
communication path. Consequently, the average end-to-end communication 
delay is less than 1 sec. In the Netherlands results, the delay is in the order of 
20-25ms within ITS-G5 range, and 150ms elsewhere; in the United Kingdom 
results, the full end to delay is 0.384 sec for ITS-G5 whereas 0.41 and 0.66 sec 
for the cellular service). On the Hybrid route the median communication delay 
(RSU to OBU) was in the order of 81ms and the 25% and 75% quartile of the 
average delays are 78.84 and 82.95ms respectively in M2 motorway (UK). 

Communication 
Range

Deployment and communication range of RSUs are sufficient to cover the 
dissemination areas of DENM and IVI messages. The dissemination area for 
distribution via IF2 is similar. Hence the observed communication ranges are 
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similar for ITS-G5 and HYBRID operation. 

Packet Delivery 
Ratio

This has not been analysed for 4G and hybrid communication. 

3.2.3.2 What is the best implementation and deployment strategy for HYBRID systems?

Table 20: Hybrid service implementation and deployment strategy

Were parts of the pilot site 
not, or poorly, covered by the 
HYBRID solutions?

Not observed.

What is the effect of bends, 
trees, hills and other 
environmental phenomena?

Not observed. 

What is the effect of 
buildings, bridges, tunnels 
and other structures?

Degraded communication performance in and near tunnels is 
comparable between ITS-G5 and cellular communication

What is the effect of traffic 
density and heavy goods 
vehicles? 

This is not evaluated.

Did border-crossing events 
occur, and if so, how did that 
affect ITS-G5 communication 
performance?

No issues with Hybrid communication observed or detected during 
any of the TESTFESTS (in the end after fixing specification 
incompliances on both sides).
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3.2.3.3 Cross-border interoperability

Table 21: Hybrid cross border interoperability

Did an end-user device 
report an interoperability 
issue?

An end-user device or service can detect an interoperability issue 
in I2V communication between ITS-G5 and IF2 or a service such 
as decoding or access issues. End user devices did not experience 
any interoperability issues with ITS-G5, 4G or Hybrid 
communication during the TESTFESTS (in the end after fixing 
specification incompliances on both sides).

Did an RSU or IF2 service 
detect an interoperability 
issue with an end-user 
device or service provider 
access?

No interoperability issues observed on the RSUs on the A16 
motorway and Helmond PS or the Monotch IF2 
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3.3 TE_RQ 2: Communication performance to back end servers

This section records the results from technical evaluation of the performance of 
the communication networks at the road side, beginning at back-end servers for 
source information (e.g. road works database) as outlined in Detailed 
Methodology document [3] (Figure 5.1) and the example communication path in 
Figure 8. Paths to two end points should be distinguished in the context:

- to road side units
- to IF2 data provisioning services.

This section does not include the wireless communication to in-vehicle systems 
that are covered in the previous section.

Architectures and implementations for back-end solutions are not evaluated or 
compared between pilot sites. Only the frequency of updating source information 
to the back-end end points is considered here. This is inherent to a service and 
road authority policy and will impact the application and service performance in 
the next sections. The strategy for updating, repetition of messages, deployment 
of road side units and data provisioning jointly determine the performance of in-
vehicle applications.

3.3.1 What was the back-end Communication Performance?

Performance of back-end communication was evaluated for the IF2 data provisioning service 
used in different pilot sites. The average delay value varies between different sites. The 
following cases were reported for each of the participating collaborators:

In the UK, During FTE5 and FTE6, 4139 IVI individual messages were received by OBUs 
using the cellular service. The average end to end message propagation time for cellular 
service during FTE5 was 13.88 seconds. The average IVI message propagation time between 
the UIN and cellular service was 13ms. The average message propagation time between 
cellular service and OBU was 0.41 seconds.

In addition, During FTE 5 & 6, 3144 new messages were generated by the IVS C-ITS service 
for Highways England road network (M2) using ITS-G5. The average end to end message 
propagation time for IVS message was 0.384 seconds.

In France, the measurement of the back-end communication delay was evaluated for one 
hours. The average back-end delay to receive messages through the IF2 was 15ms, with a 
minimum delay of 2ms and a maximum delay of nearly 40ms were recorded (See also Annex 
1, Section 8.3.3.1 [6]).

Finally, For the Belgium pilot, the delay between the original command to change the dynamic 
lane indicator sign (VMS) and the publishing of the message on the IF2 interface varied 
between 2 s and 5 s.

3.3.2 What is the best implementation strategy?
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The 'best' implementation for functionality and performance of in-vehicle 
applications depends on the strategy for updating information to road side 
endpoints and depends also on the road side deployment strategy. Two paths 
should be distinguished in the context:

- to RSUs for ITS-G5 communication to OBUs
- to IF2 for 4G cellular communication to devices.

3.3.2.1 What is the best frequency for updating in IF2 data provisioning?

The frequency of communication between back-end services and IF2 data 
provisioning to inform service providers with in-vehicle applications of new 
triggers, updates and terminations. Communication to the IF2 may be lower than 
for ITS-G5 communication via RSUs (previous sections) and may also be event-
based instead of frequent (frequency = 0 in the workbook).

Table 22: Updating frequencies to IF2 data provisioning service 

Updating 
frequency of 
DENM data

0.033Hz
2 mins

Updating 
frequency of IVI 
data

0.033Hz
2 mins

Updating 
frequency of 
SPAT data

0.97Hz

Updating 
frequency of 
MAP data

Not evaluated.

Updating 
frequency of 
PVD data

Not evaluated.

We have experimented various zoom tile levels. Higher is the zoom level, higher is the chance 
to receive the event and to receive it before reaching it.

But by increasing the zoom level, we may receive more events, and some could be not 
relevant for the driver (See also Annex 1, Section 8.3.3.2.1 [6]).
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3.4 TE_RQ 3: PKI-Security in ITS-G5 communication

3.4.1 Success Rates

3.4.1.1 Signing by senders

Senders sign messages. The signing is either successful, in which case the 
message can be broadcast, or failed due to some anomaly and the message 
cannot be broadcast.

Table 23: Success rates of signing messages

State of 
deployment All RSUs and all OBUs are equipped.

Success 
Rate

.
All (100%) of messages are signed successfully on the OBUs

Main causes 
of failures

.
None 

What were 
the main 
causes of 
cross-trust 
failures?

Not relevant. 

3.4.1.2 Verification, authentication and validation by receivers

Receivers verify, authenticate and validate the signatures and authorisation. 
This is only successful if all steps are successful. A standardised list of SN-
DECAP confirm report values shall be returned by the security entity of an ITS-
Station. These report values can be logged to identify which of the steps failed 
to explain the failures.

In the following tables, the term validation is used to denote the complete 
process on the receiver; including verification and authentication.

Interoperability for PKI-Security mainly affects the authorisation and 
authentication of tickets and certificates across borders of member states and 
certificate authorities. Interoperability issues can be determined from the report 
values upon failures by grouping the results for stations by relevant borders.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 124 © InterCor Consortium

Table 24: Success rates for validating messages

State of deployment All OBUs are deployed with security in non-strict 
mode.
All RSU and OBU were equipped with security.

Success Rate
Almost all (99%) of messages are signed and 
verified successfully on the OBUs.

Main causes of failures "SIGNER_CERTIFICATE_NOT_FOUND" is the 
only failure that was frequently reported but only for 
a very short time till the new certificate had been 
requested and verified. 'INVALID_CERTIFICATE' is 
rarely reported on the A16 motorway from senders 
that otherwise sent valid signed messages.

What were the main causes of cross-trust 
failures?

No OBUs with security are observed.

3.4.2 Impact on communication performance

Signing and validation may impact the ITS-G5 communication performance 
reported in section 3.2.1 in several ways:

- Signing and validation effectively introduce an additional delay in the 
communication path between applications of senders and receivers. 
Most likely, the processing time will reduce upon intermediate errors or 
failures in the processing. The processing load for signing or validation 
may also reduce the maximum rate for sending or receiving messages

- Communication reliability is reduced effectively due to failures in the 
signing and validation.

- Message rates for sending and repeating messages is limited by the 
signing and validation rates of senders and receivers.

Table 25: Communication delay due to PKI security

Table 26: Communication reliability due to PKI security

Additional processing 
time for successfully 
signing messages

4.8ms 

Additional processing 
time for successfully 
validating messages

The additional processing time is around 5ms measured in the 
Netherlands and Belgium.

Secured 
Communication Delay

35ms 
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Table 27: Communication rate due to PKI security

Secured Packet 
Delivery Ratio

ITS-G5 PDR is hardly affected because no foreign OBUs or RSUs are 
encountered during pilot operations.
It seems that some packages were partly received, which could not be 
validated.

Maximum signing rate 250 messages/sec 

Maximum validation 
rate

Maximum validation rate is around 200 messages/sec measured in the 
Netherlands and Belgium.

Secured 
communication rate

250 messages/sec 
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3.5 TE_RQ 4: Application functionality and performance

The main purpose of applications is to inform and warn drivers in the relevance zone of 
events. The functionality and behaviour of applications is measured in several indicators for 
timeliness, reliability and accuracy of the presented information.

Events, relevance and the type of information may vary per service. A reference model for 
evaluating the functionality and behaviour is the zone model sketched in Figure 23 for IVI 
events. Similar zones apply to DENM (RWW) and GLOSA events.

Figure 23: IVI Zone model

The dissemination and detection areas define the area in which vehicles must receive the 
first C-ITS messages for an event, and the in-vehicle application must detect that event for 
the first time. The driver must be informed or warned in the awareness and relevance zones.

This model is simplified for evaluation purposes here. The relevance zone is defined for:

- RWW events as the event history in DENM messages
- IVS events as the relevance zones of IVI messages.
- GLOSA events as the ingress approaches to intersections in the MAP messages

The application performance is evaluated on two criteria:

First Warning: Driver awareness must be triggered before entering the relevance zone 
(RZ) with the latest information (last message update). This is measured 
by the performance indicator:
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"First Warning relative to entering the RZ"

If the driver receives the first warning before entering the RZ, then the 
dissemination, detection and driver awareness must have been 
accomplished.

Revocation: Revocation of information on the HMI means that the last warning is 
removed from the HMI. Throughout the relevance zone, the driver must 
be informed on any updates of event information. This is measured by 
two performance indicators:

"Revocation relative to point leaving the RZ"

"Last message received before leaving RZ

If the driver receives the last warning after leaving the RZ, then the 
application supports the driver throughout the relevance zone. The 
application may have extrapolated event information from older or 
outdated information while in the RZ. The second indicator measures the 
timeliness of the most recent information used by the application, as an 
indication of message updates or terminations that could have been 
missed by the application while being in the RZ.

3.5.1 What is the end-to-end delay of warnings & information to drivers?
Table 28: End-to-end application delay

End-to-End delay 
using 'ITS-G5' 
communication

The end-to-end communication delay is aggregated over the full pilot 
periods, and all OBUs and RSUs.
The averaged delay is less than 100ms (around 25ms in the Netherlands 
results, 81ms in the UK, and 50ms in Belgium results) (see also 
PreTESTFEST report and Annex 1 Section 8.2.2.1 [6].
The spread in delays is in the order of 50ms.

End-to-End delay 
using '4G' 
communication

The end-to-end communication delay is aggregated over the full pilot 
periods, and all OBUs and RSUs.
The averaged delay is 150ms on the Helmond PS from RSU to 
smartphone. The median end-to-end communication delay is less than 1 
second in Belgium results, but it can go up to 2 to 3 seconds. The cause 
was mainly the 1Hz update frequency of the client app.
(see also PreTESTFEST report [4] and Annex 1 Section 8.2.3 [6]).
The spread in delays is more than 1 sec.

For Tunnel Logistics, the delay for requesting priority V2I is on average 
1.8 sec (Annex 1 Section 8.6.2 [6])

How did End-to-End 
delay vary with 
communication 
media?

Delay increases by 125ms when using the Monotch IF2, SP server and 
4G communication; i.e. 5 times the delay for ITS-G5 on the Helmond PS. 

How did End-to-End 
delay vary with road No variations in deployment strategies are piloted for road side units or 
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side and IF2 
deployment 
strategies?

the IF2 in the A16 motorway and city of Helmond pilots.

How did End-to-End 
delay vary with any 
noted congestion 
issues?

Not observed.

What other factors 
affect End-to-End 
delay?

.
No other factors observed.

3.5.2 What is the geographic coverage of warnings & information to drivers?
The geographical coverage for supporting drives is defined by several zones as sketched in 
Figure 23. The geographical coverage is evaluated on two criteria:

1. Driver awareness must be triggered before entering the relevance zone (RZ) with the 
latest information (last message update). This is measured by the performance indicator 
"First Warning relative to entering the relevance zone (RZ)". The dissemination area is 
upstream of the relevance area and typically covering the detection area.

2. Throughout the relevance zone, the driver must be informed on any updates of event 
information. This is measured by the performance indicator for the time period between 
the last message (either repetition, update or termination) received before leaving the 
relevance zone.

If the last message is received shortly before leaving the RZ, then it can be assumed 
that the in-vehicle application has informed the driver with the latest information.

The revocation of information to the driver is not a good indicator, as the in-vehicle 
application may have used older or outdated messages. In most cases this remains 
unnoticed from the logging because of the low update rate of DENM and IVI contents.

Table 29: Geographical coverage of relevance areas by applications

Are the dissemination and relevance areas of events covered by the wireless communication 
to in-vehicle applications?

ITS-G5 

 The IVI and DENM events on the A16 motorway in the Netherlands are fully 
covered on the relevance areas. First warnings are presented on the HMI well 
before entering the relevance zones, and mostly in the beginning of the 
detection zones. The first messages are received in the dissemination / 
detection zone. HMI information is revoked shortly (< 1 sec) before the end of 
the relevance zone. Geoforwarding is not used, and unlikely to be needed with 
current deployment of RSUs.

 Messages are received over the complete relevance area. Messages are no 
longer received over the last part (4 sec) of the relevance zone inside tunnels. 
HMI information is revoked shortly (< 1 sec) before the end of the relevance 
zone. Geoforwarding is not used, and unlikely to be needed with current 
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deployment of RSUs.
 In the city of Helmond the MAP and SPAT messages are received over the 

approaches and within ITS-G5 communication range.
 On the M2 motorway (Hybrid context), in the FTE4 there were 237 encounters 

within 6 sessions where IVI events occurred. On the 25th of September PM 
session, it was analysed a total of 97 events and for those true positive events 
(83.7%), all IVI first warning messages were displayed on the HMI before 
entering the relevance zones.

 The IVI and DENM events on the E313 and 75% of the E34 motorway* in 
Flanders are fully covered on the relevance areas. First warnings are 
presented on the HMI and mostly in the beginning of the relevance zones (0.5 
s). The HMI information was not displayed anymore shortly (-1.5 s) before the 
end of the relevance zone. Messages are received over the complete 
relevance area.

4G Cellular 
Network

 On the A16 motorway in the Netherlands and in the city of Helmond, the 
coverage of the relevance zones for 4G communication is similar to that for 
ITS-G5. First messages are received in the dissemination area and first 
presented in the detection zone and well before entering the relevance zone. 
HMI information is also revoked at the end of the relevance zone.

 As for ITS-G5, messages are no longer received over the last part (4 sec) of 
the relevance zone inside tunnels.

 On the E313 and E34 motorway, the coverage of the relevance zones for 4G 
communication is similar to that for ITS-G5. First messages are presented in-
between 1 to 3 seconds when entering the relevance zone.

Hybrid
Since both ITS-G5 and 4G cover the dissemination and relevance areas, the 
performance for presentation of information to the driver are very similar and also in 
hybrid mode.

3.5.3 How reliable were the warnings and information provided to drivers?
Reliability of applications is evaluated for two criteria: the HMI activation ratios and the 
percentage of time that advices were actually provided in the relevance zones (see previous 
section).

An HMI activation is a trigger or presentation of information on the HMI to inform or warn a 
driver of an event. An application is reliable in the perception of the driver if an activation is 
given in the relevance zone of every event, while no activations are given outside events.

Reliability is measured for the following ratios, where an activation is measured if it is given 
during any part of the relevance zone. The accuracy of such activations is measured in the 
next section.

True Positive valid activation that is correct in time, location and contents, as the 
application is specified to activate.

False Negative missed activation; i.e. no single activation action is recorded 
throughout the time period and relevance area of an event.
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False Positive: invalid activation on the HMI when no event is relevant in the 
vicinity or driving direction; i.e. the application does not behave as 
specified or expected.

For the driver compliance and the impact on traffic, the true positive events should be 
selected for further analysis, while false events should be omitted. However, these false 
events are crucial for drivers' trust and acceptance in the application and service, and for the 
compliance to following advices.

Applications may still behave differently for true positive events. Warnings and speed, lane 
or time advices may not all be given or deemed relevant in all true positive events, or in parts 
of the events. A third performance indicator for reliability is:

Percentage of time spent in RZ: the time period that an advice is activated on the 
HMI as part of the period that the driver is in the relevance zone or 
ingress approach to the intersection.

Table 30: Application reliability for HMI activations

How reliable are applications in different context and per service?

RWW

The true positive activations of RWW DENM is close to 100%. Q small rate warnings 
are missed (0.7%-3%). This could be caused using a non-updated application during 
the test day.
The relevance zone is defined as the trace to the DENM event position on the A16 
motorway pilot site. The warnings are given in more than 94% of the time covering the 
trace. This is similar to the performance for IVS. 

IVS

The true activations of IVS varies from 94% to 97.6%.

Both the speed and lane advices are presented over more than 94% to 97.9 % of the 
relevance zone or road works zone.
However there is a loss in the tunnel area, presumably due to the obvious positioning 
issues. Moreover, loss of coverage occurs near the gantries when IVI information on 
the HMI is updated for the next IVI zone. Furthermore, loss of coverage can also be 
related to the battery performance of the users. It was noted that when the battery was 
lower than 30%, the update frequency or data provisions was lower (dropping to once 
every three seconds).

GLOSA 
on green

The true positive presentations of time and speed advices in the four different GLOSA-
on-green contexts ranges between 57% and 74%. In 26-43 % of intersection passes 
no advice can be given either because no relevant SPAT information is available or no 
legal speed advice could be given.

In case a GLOSA advice is generated, it is generated typically early on the ingress. For 
the four applicable contexts, the median value of the advice coverage ranges between 
78% and 87% of the time spent on the ingress. The first 10-20% is lost because SPAT 
information is not yet available, or no legal or feasible speed advice can be generated. 
While only mildly visible in the median values, a per-intersection analysis (See Annex 
1, Section 8.4.1 [6]) shows that the coverage for an advice for a turn has more outlying 
low values (and larger spread) than for a straight pass. 
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GLOSA 
on red

For the four different „GLOSA-on-red“ contexts, the percentage of true positives ranges 
between 56% and 79%. The percentage of false negatives is the complement (i.e. 
between 21% and 44%). This is similar to the GLOSA-on-green reliability, and also 
caused by the absence of SPAT information for the manoeuvre of the vehicle pass.

In case a GLOSA advice is generated, it is generated typically early on the ingress. For 
the four applicable contexts, the median value of the advice coverage ranges between 
78% and 92% of the time spent on the ingress.

Overall, no substantial differences are apparent in the values for GLOSA-on-green and 
for GLOSA-on-red

Tunnel 
metering 
predictio
ns for 
Tunnel 
Logistics

The reliability of the tunnel logistics application is evaluated for the prediction that tunnel 
metering will be activated in the next hour in Annex 1, Section 8.6.4 [6]. The prediction 
algorithm overestimates the times that tunnel metering will be present.

3.5.4 How accurate were the warnings and information provided to drivers?
Accuracy of applications is evaluated in terms of the timeliness and location of HMI activations. 
The HMI activations are determined by the first warnings and revocations (last warnings). The 
accuracy of the warnings is measured by two indicators for the time and location relative to 
the relevance zone:

Delay: Time period between the moment of entering or leaving the relevance zone 
and resp. the first or last activation on the HMI.

Location: Distance relative to the entry or exit location of the relevance zone; i.e. the 
location of the first or last activation on the HMI.

First warnings are expected to be activated in the awareness zone prior to the relevance zone, 
hence the delay and location should both be negative. Positive values imply that the first 
warnings are only triggered while the driver is already in the relevance zone; i.e. too late.

Last warnings are expected to be revoked after the relevance zone, hence the delay and 
location should both be positive. Negative values imply that the warning was already revoked 
while in the relevance zone; i.e. too early.

For GLOSA application performance, the time or speed advices to pass on green are critically 
dependent on the predictability of the signal timing predictions in the SPAT messages. Since 
all speed advices are based on SPAT time-to-next-phase information, evaluation is focussed 
on indicators for time advices. Two indicators are reported:
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Percentage of time spent in RZ: the time period that an advice is activated on the HMI 
as part of the period that the driver is in the relevance zone or ingress 
approach to the intersection.

If SPAT messages do not contain the expected time-to-next-phase 
information, then in-vehicle applications may not be able to generate a time 
or speed advice either.

Prediction error of time-to-green: is the error in the predicted timestamp and the actual 
timestamp at which the traffic light status ends. This error can be 
determined in evaluation from the actual traffic light status changes in the 
SPAT.

If the SPAT message contains a time-to-next-phase (as measured in the 
previous indicators) then the value may turn out to be off by some error. 
The in-vehicle application will propagate this SPAT error in an error in the 
time or speed advice to the driver.

Table 31: Application accuracy for HMI activations

How accurate are applications in different context and per service?

RWW

The RWW service gives an advanced warning along the trace (or detection zone) and 
revokes the warning when passing the event location of the crash absorber. Similar to 
IVS performance, on average, all warnings are first presented after a few seconds after 
entering the trace and revoked a few seconds after passing the event position.

Warnings are presented when the vehicle is within several tens of meters from the 
traces and event positions of DENMs. Warnings are not presented or revoked when 
vehicles are further away or leaving the trace, for example when entering parallel 
roads.
(See also Annex 1 Section 8.2.6 [6])

IVS

The IVS service gives an advanced warning in the detection zone and enlarges the 
visual presentation in the relevance zone. For adjacent IVS events, these two overlap 
and both road signs are shown. For this reason, the first warnings are given well before 
entering the relevance zone.
The information is revoked around the end of the relevance zone (within 1.5 sec).
Warnings are presented when the vehicle is within several tens of meters from the 
zones and event positions of IVIs. Information is not presented or revoked when 
vehicles are further away or leaving the trace, for example when entering parallel 
roads.
(See also Annex 1 Section 8.2.5 [6])

GLOSA 
on green

In case a GLOSA advice is generated, it is generated typically early on the ingress. For 
the four „GLOSA-on-green“ contexts, the delay with respect to the beginning of the 
ingress is comparable and ranges between 2.8 and 4.5 seconds, corresponding to a 
distance of between 34 and 45 meters (median values).

The mean prediction error of the GLOSA time-advice was 1.9 seconds for the „straight“ 
manoeuvres, with a positive value indicating that the change-of-phase occurs later than 
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predicted and advised to the driver. The variation of the prediction error is much larger. 
The standard deviation is 6.8 seconds, meaning that the variation of prediction errors 
can be tens of seconds and thus of the same magnitude as the duration of green 
phases.

For turn manoeuvres, the variation of the time advices is even larger, with a mean 
prediction error of 4.7 seconds and a standard deviation of 7.2 seconds. It should be 
noted that departing lanes (including their loop detectors influencing the traffic lights) 
may split off relatively late at the ingress, which induces larger jumps in the SPAT time-
to-next-phase values.

Consequently, the prediction error of time advices fluctuates with a spread as large as 
the duration of a green or red phase. Derived speed advices show proportionally large 
variations or no legal speed advice can be generated. This makes the service 
unreliable and unpredictable for users (Section 5.2.2.3).

(See also Annex 1 Section 8.2.7 [6])

GLOSA 
on red

For the four „GLOSA-on-red“ contexts, the delay with respect to the beginning of the 
ingress is comparable and ranges between 3 and 3.7 seconds, corresponding to a 
distance of between 33 and 42 meters (median values). These values are comparable 
to the ‚GLOSA-on-green“ values.

The mean prediction error of the GLOSA time-advice was 11.3 seconds for the 
„straight“ manoeuvres, with a standard deviation of 15.2 seconds. For turn 
manoeuvres, the mean prediction error is 6.3 seconds, with a standard deviation of 
26.4 seconds. This variability is considerably higher than for the ‚GLOSA-on-green“ 
case.

Consequently, the prediction error of time advices fluctuates with a spread as large as 
the duration of a green or red phase. Derived speed advices show proportionally large 
variations or no legal speed advice can be generated. This makes the service 
unreliable and unpredictable for users (Section 5.2.2.3).

3.5.5 Cross-border interoperability
Cross-border interoperability is evaluated from two perspectives:

 Detection of potential interoperability issues resulting from differences in the 
interpretations of standards and specifications. These issues may have an impact on 
the services as evaluated in sections 4 and 5.

 Continuation of services and applications when crossing a border between member 
states, pilot sites, service providers or communication network operators. Travelling 
through the regions of multiple member states, pilot sites or providers is also 
considered as border-crossing situations.

Cross-border interoperability is primarily evaluated from TESTFEST results. Refer to 
the TESTFEST Evaluation Report contained in M7 [4].
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Table 32: Cross-border interoperability of applications

What are the differences in 
interpretation and 
implementation of 
standards, profiles and 
specifications? 

Gaps or differences of opinion?
 On the A16 motorway, series of DENM and IVI messages 

are used in combination for a single road works. DENMs 
are used to warn for physical lane closures, e.g. by crash 
absorbers, while the speed and lane measures are 
provided in IVIs. Consequently, drivers are expected to 
adapt their driving behaviour to the IVI messages 
upstream of DENM event positions.

 Series of consecutive IVI messages are used for dynamic 
speed and lane measures on consecutive gantries and 
matrix signs.

 SPAT messages provide the most accurate signal timing 
as likely Time rather than end Time. 

Differences in the application 
logic and application triggers

 In-vehicle applications on the A16 motorway trigger IVI 
information on the complete detection and relevance 
zones.

 In-vehicle applications on the A16 motorway trigger on the 
complete traces and event histories of DENM.

 In-vehicle applications in the Helmond pilot site trigger on 
the complete ingress approaches. 

Differences in driver 
support; i.e. different 
information, or different 
trigger and revocation 
actions on the HMI

 In-vehicle applications on the A16 motorway present 
information in the both the detection and relevance zones 
of IVI.

 In-vehicle applications on the A16 motorway give a 
warning for DENM over the traces to the DENM.

 In-vehicle application in the Helmond pilot site give time 
and speed advices over the ingress approaches.

Did applications continue 
working as expected while 
passing different pilot sites, 
member states, or 
providers?

 In-vehicle applications from the A16 motorway and 
Helmond pilot sites continued to work as expected via ITS-
G5, including PKI security, and the IF2 services on both 
pilot sites and all pilot sites in the other Member States.
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3.6 TE_RQ 5: Service implementations

This section aggregates the technical evaluation results from previous sections to answer 
the high-level project objectives on service deployment and cross-border interoperability and 
service continuity. 

3.6.1 Are applications and services interoperable?
Table 33: Cross-border service interoperability

Can all OBUs provide all their 
services using ITS-G5 from 
all RSUs on all pilot sites?

 OBUs from the A16 motorway and Helmond pilot sites 
provide RWW, IVS, PVD and GLOSA services on all pilot 
sites using ITS-G5 whereas OBUs from the E313/E34 site 
provide RWW, IVS and PVD services.

Can all in-vehicle devices 
provide all their services 
using IF2 data provisioning 
services on all pilot sites?

 OBUs from the A16 motorway and Helmond pilot sites 
provided RWW, IVS and GLOSA services on all pilot sites 
using local IF2 services.

 IF2 provided RWW, IVS for the Belgium pilot site.
 PVD as V2I communication over IF2 was successfully 

demonstrated between Flanders and France.

Can all hybrid in-vehicle 
devices provide all services 
using hybrid communication 
on all pilot sites?

 OBUs from the A16 motorway and Helmond pilot sites 
provided RWW, IVS and GLOSA services on all pilot sites 
using hybrid services. This was also proven on the M2 in 
the UK and on the roads in France and Belgium where 
Hybrid services were deployed. 

Following table checks interoperability per C-ITS service from the end-user perspective

Did end-users use a single 
device and application for all 
services on all pilots?

 Separate devices and applications are used for (RWW, 
IVS, GLOSA and PVD ), TL and MCTO services

Did road operators collect 
probe vehicle data in a single 
common open data format 
from all road users (or via 
service providers)?

 RSUs collect CAM via ITS-G5 for PVD.

More detailed information has been reported in the InterCor Milestone M7. As a main 
conclusion, based on the findings of several participants during the Cross-border 
interoperability TESTFEST were:

 Overall: the events that were transmitted by the Road Side Units were received: 
speed limits, road works, lane closures/opening, …
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 GLOSA worked: participants received the status and predicted timing of upcoming 
traffic lights (red/green).

 ITS-G5 and cellular data are consistent: the information received through both 
channels is consistent and generally received synchronously.

 PKI: generally worked well.

 Cross-border interoperability was achieved! Problems that were encountered were mainly 
programming issues and not directly related to interoperability.

3.6.2 Are services continued when crossing borders?
The interoperability was evaluated from any differences in services between member states, 
pilot sites and service providers as detailed in Milestone 7 [6] which discussed interoperability 
and any cross-border testing carried out in TESTFESTs 3 and 4.

Table 34: Cross-border service continuity

Are 4G/LTE cellular services 
continued when crossing 
borders?

Dutch in-vehicle devices continue to provide RWW, IVS, GLOSA 
and PVD services when crossing borders. The cloud service of the 
Service Provider connects to IF2 services from all Member States.

Services are continued when crossing borders, however roaming 
issues can occur.

Could service providers 
provide the same quality of 
service in driver support on 
the same pilot sites and 
events while using data from 
alternative IF2 services

Pilot sites did not provide alternative IF2 services to test this. 

Could service providers 
provide the same quality of 
service in driver support (via 
ITS-G5 and IF2) on the all 
pilot sites.

SPs can provide feedback on differences between member states 
and pilot sites that require adaptation or tuning in their services to 
cope with.
The OBU service provider from the A16 and Helmond pilot sites 
could provide the same services on the pilot sites in the other 
member states (e.g. during TESTFESTs) with similar quality, 
taking into account the reliability of services during TESTFESTs.
The OBU service provider from Flanders pilot sites could provide 
the same services on the pilot sites in the other member states 
(e.g. during TESTFESTs) with similar quality, taking into account 
the reliability of services during TESTFESTs.
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3.6.3 Are applications and services developed for hybrid communication?
All of these can be answered from design information by comparing message formats and 
pilot designs. To enable hybrid communication (as opposed to cloud services without ITS-G5 
services), an IF2 must be used to provide the same services is ITS-G5 RSUs.

3.6.3.1 Road Operators

Table 35: Hybrid services – road operators

Did road operators provide 
the same information in the 
same open data formats to all 
service providers (via IF2)?

 Road operators from the A16 motorway and Helmond PS 
provide exactly the same messages via RSUs and via IF2. 
The messages are not repeated via the IF2.

 This was result was also repeated for the UK (M2) hybrid 
section.

Did road operators provide 
the same information in the 
same open data formats to all 
end user devices (via ITS-
G5)?

 Road operators from the A16 motorway and Helmond PS 
provide DENM, IVI, SPAT and MAP messages via RSUs 
and via IF2. The messages are not repeated via the IF2

 This was result was also repeated for the UK (M2) hybrid 
section.

3.6.3.2 Service Providers

Table 36: Hybrid services – service providers

Did service providers 
provide the same 
information in the same open 
data formats to all end user 
devices via hybrid 
communication channels?

 Service Providers from the A16 motorway and Helmond 
PS provided DENM, IVI, SPAT and MAP messages via 
cellular communication to the in-vehicle devices.

 This was result was also repeated for the UK (M2/A2) with 
seamless service delivery across ITS Hybrid and Cellular 
only services (from WSO2)

Did hybrid end-user devices 
provide the same driver 
support functionality and 
performance when data is 
available from multiple 
communication paths 
simultaneously?

 Hybrid end user devices from the A16 motorway and 
Helmond PS integrate DENM, IVI, SPAT and MAP 
messages from all communication paths

 This was result was also repeated for the UK (M2/A2) with 
seamless service delivery across ITS Hybrid and Cellular 
only services (from WSO2)
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3.6.4 In-Vehicle Signage
Table 37: IVS services

Number of successful events In Netherlands, 1800 IVI events and 106 DENM events using ITS-
G5 communication and 1600 IVI events and 300 DENM events 
using Cellular communication.

In Belgium, during the test day, 97 successful IVI event. Which is 
more than 95% of vehicles presented the IVI correctly throughout 
the relevance zones of the matrix signs. For cellular 
communication (4G), it was stated that the battery condition 
(charged lower than 30%) influenced the quality of the service.

Three IVS services were included in the UK proposals for 
evaluation: IVS1 Dynamic speed limit information; IVS2 Embedded 
VMS; and, IVS3 Dynamic lane management lane status 
information. FTE4 data showed that VMS texts were encountered 
(IVS2 service) on the M2, motorway context. The presence of the 
other two scenarios are to be confirmed during the analysis of the 
FTE5 data.

Causes for failed events In Netherlands, 3-6% of IVI events and 1% of DENM events are 
missed due to positioning issues on parallel roads, partial zone 
matches, especially near the tunnel. More analysis is needed to 
filter and classify events with lateral offsets of 30-60 m from the 
zone centre lines, and vehicle traces covering less than 70% of the 
zones.

3.6.5 Road Works Warning
Table 38: RWW services

Number of successful events  106 DENM events on the A16 motorway using ITS-G5 
communication.

 300 DENM events on the A16 motorway using Cellular 
communication.

 The RWW service was available on the all motorways in 
Belgium Flanders from January 2019 until December 
2019. RWW is piloted in scenarios in combination with IVS 
and also in isolation. The road side and in-vehicle systems 
proved to be interoperable with pilot sites in other member 
states during all TESTFESTs. Technical evaluations 
proved the technical maturity is similar to that of the IVS 
service using the same road-side units and in-vehicle 
systems. More than 90% of the DENM events are 
presented correctly throughout the trace towards the 
impact protection vehicles.

Causes for failed events  On the A16 motorway in The Netherlands, 1% of DENM 
events are missed due to positioning issues on parallel 
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roads, partial trace matches, especially near the tunnel. 
More analysis is needed to filter and classify events with 
lateral offsets of 30-60 m from the trace centre lines, and 
vehicle traces covering less than 70% of the traces.

 In England, RWW4 (Winter maintenance – salting 
progress) has not been assessed. As a roadworks warning 
it would be an advanced service creating a DENM 
message around a winter service as it moved along the 
road. The system did not have that capability. As an IVI 
service the system did have the capability to display 
"Salting in Progress". Since there were no freezing 
weather conditions during the trial period, the service was 
not encountered.

3.6.6 Green-Light Optimised Speed Advise

Table 39: GLOSA services

Number of successful events 651 GLOSA time and/or speed advices are analysed for the 
Helmond pilot site.

There were two use cases to be implemented for GLOSA by the 
UK: GLOSA1 – Time to green information; and, GLOSA2 – Time 
to red information. The Technical evaluation proved in Kent (rural 
context) that there was a successful communication performance 
and the functionality and behaviour of applications were adequate 
for facilitating GLOSA service in the area, via ITS-G5. The average 
coverage was 99.66% and the accuracy of the application with 
respect of the time and speed advice was 96% (FTE4 data).In 
France, the GLOSA implementation for ramp metering proved to 
be more difficult than planned since the ramp metering 
implementation needed both a control at the central level 
(computation of cycle periods) and the local level (override of the 
central system if the queue on the ramp is too long). It was not 
possible to get both information properly without touching the 
whole ramp metering implementation or sending possible wrong 
information to the user. This is quite an interesting result though 
mentioning the difficulty of linking actual traffic management 
measures with C-ITS information.

Causes for failed events Advices cannot be given when SPAT information is not provided 
from the RSU, both via ITS-G5 or IF2, for the manoeuvre of a 
device, or no legal advice can be generated from the SPAT 
information. 
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3.6.7 Probe Vehicle Data
Table 40: PVD services

Coverage of road network Relative coverage derived from ECR per pilot site
The A16 motorway pilot section is (almost) completely covered by 
the 18 RSUs

Type of vehicle data that is 
collected

The A16 motorway pilot collected CAM data via ITS-G5.This also 
successfully collected during other MS during TESTFESTs (from 
other MS OBUs), and during the Pilots from home OBUs, but not 
analysed in detail. 

Regarding probe vehicle data (PVD), the Flemish government is now mainly focused on the 
implementation of the EU Safety-Related Traffic Information (SRTI) Directive (see 
also https://ec.europa.eu/transport/themes/its/road/action_plan/traffic-information_en).

In this context, any party (both public and private) is by law required to make the relevant 
data publicly available. To that end, it joined the Data Task Force (DTF), together with other 
EU member states, the European Commission, and current industry partners such as map 
makers, OEMs, … The DTF was established during the High-Level Meeting on Connected 
and Automated Driving on 15 February 2017 in Amsterdam, The Netherlands. The broad 
idea here is to define a proof-of-concept (PoC) in Flanders regarding the collection and 
sharing of the relevant data. In this case, we talk about all SRTI-data, including vehicle-
generated data; on https://cardatafacts.eu/ we can for example understand the need for 
sharing data, the types of data that are relevant (cf. CAN-bus data), how personal data and 
privacy is protected by OEMs, what the safest and most secure way is of sharing the data, 
what the risks are of allowing direct access to the data, and if all this vehicle data will be 
available to all service providers and under the same conditions.

In addition, the DTF also looked at what level the data is to be shared (e.g., will there be raw 
data versus processed data such as incidents/accidents/events). At the 2019 European ITS 
Congress in Eindhoven, The Netherlands, a memorandum of understanding (MoU) was 
signed for 1 year. In the meantime, the signing partners have a strong intention to continue 
the project, with even more partners wanting to participate. This should in the end allow 
them to translate the PoC into daily practice.

At the moment of writing (January 2020), most of the present OEMs are planning to deliver 
their first data sets to the group, at which point the road authorities will determine how to 
best acquire, store, process, and share the data (i.e. via a National Access Point). The latter 
aspect also entails some sort of reciprocity, i.e. the results after processing are assumed to 
be fed back into the ecosystem. In any case, privacy concerns will probably lead OEMs to 
provide more aggregated data.

PVD, in the form of floating-car data (FCD), is already being used in part for completing the 
real-time traffic information distributed by the Flemish Traffic Centre. The current data is 
bought via government contracts from providers such as Be-Mobile, INRIX, … The data (jam 
occurrences and average speeds / travel times on sections) is used to complement the 
already available congestion information on parts of the motorway network where no 
inductive loop detector data is available. Note that the underlying road network (e.g., 
secondary roads) is currently not in scope for real-time traffic information (this falls typically 

https://ec.europa.eu/transport/themes/its/road/action_plan/traffic-information_en
https://urldefense.com/v3/__https:/cardatafacts.eu/u__;!!La4veWw!hnx9QbZtZLIQbZQU05SibVHny_2fHr6FuMFhGLm3pEnxDFCC_9TDzuuxe4kad0m_E2fBRovxU_6H$
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under the umbrella of specifically localised studies). As of yet it is unclear how this latter part 
will unfold, but the entire V2X ecosystem will be more studied within the scope of the 
Mobilidata project (see also https://mobilidata.be/). In this respect, the road authority has as 
one of its goals a new way of looking at traffic lights, making them more ‘intelligent’ (which is 
typically defined by services such as GLOSA, priority requests, … in order to obtain higher 
throughputs versus more local traffic safety).

These aspects are currently studied by the other partners in order to check if they can be 
implemented. The User Acceptance aspects of the PVD service were evaluated in 
Section 5.2.2.4 of this report.

3.6.8 Truck Parking (TP)

The MCTO and Truck Parking use cases are highly linked since information on 
parking availability for trucks is of high importance to truck drivers and should 
permit the optimization of the transport of goods.

 Truck parking availability will be displayed to the driver in real time to provide 
useful information on the parking area, e.g.:

 If it is open or closed

 The number of free spaces.

This information will be available through IF2 and/or Service Provider-specific open 

cloud-data interface.

There is an existing DATEXII-based standard at the time being for truck parking 

providing for European data-exchange of truck parking data between Member 

States and Truck Parking Service Providers, and it is foreseen to use the POI 

standard adapted to this use case for supplementary short-range communication in 

France for in-vehicle delivery of parking information.

This test will permit to verify that the data required for the truck parking service is 

available in each country and conforms to the standard.

The truck HMI will display the truck parking information received in real time. 

displayed to the driver and/or his back office. This test will verify that the HMI 

displays the correct information received from the platform.

https://urldefense.com/v3/__https:/mobilidata.be/__;!!La4veWw!hnx9QbZtZLIQbZQU05SibVHny_2fHr6FuMFhGLm3pEnxDFCC_9TDzuuxe4kad0m_E2fBRir1LGKs$
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Test 1: Interoperability at platform level

Was the data conforming to the 
DATEXII/PoI translation table in each 
country?

Yes, 4 countries.

Test 2: Data received and displayed in truck HMI

Was the data real-time updated in the HMI?

The TPE app shows real-time availability for some 
truck parking. The amount of available truck parking 
spaces is updated real-time. The survey shows 
users appreciate the real-time feature as 81% is 
really using uses the real-time availability feature.
In France, it is done mainly on the A1 highway 
between Paris and Lille. The amount of available 
truck parking spaces gathered by the traffic control 
centre is updated periodically, at an average 
frequency of 2 minutes. Thereafter, the HMI is 
updated.

Was the data available for all the truck 
parking’s involved in the InterCor area?

The app covers over 34.000 truck parking’s across 
Europe. Dynamic data is not available for all truck 
parking’s around Europe. As there are no Dutch 
truck parking’s with real-time availability the survey 
aimed at highway A63 in France, A9 in Germany 
and Hamburg port.
The truck parking application covers the twelve-
truck parking on the A1 highway. The A1 motorway 
is involved in the InterCor area.

Was the static information about the 
available truck parking spaces correct?

As the app covers over 34.000 truck parking’s there 
is always a chance not all static information is 
correct. However, based on the appreciation rate by 
users (4.6/5 with N=1.500 in the first 6 months of 
2019) we see the satisfaction rate is quit high 
meaning user friendliness and available information 
is quite good.
Moreover, SANEF installed sensors on the HGV 
parking spots on the four A1 truck parking, 
connected to their SAGT which allows to signal the 
number of free spots on SANEF’s variable message 
signs on the A1. The solutions developed within 
InterCor, effectively using the MCTO app for this 
additional information, also allowed for on-board 
information on connected screens smartphones in 
this case. RSUs can transmit the message to ITS-
G5 equipped vehicles.
The static information was not provided since only 
the available spaces were displayed.
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Did the service show the correct dynamic 
truck parking availability data?

Added to the long-term Dutch tests, some French 
tests were conducted during the dedicated MCTO 
and TP TESTFEST in March 2019 with SANEF, 
NeoGLS, French ministry MTES, MGI and i-Trans. 
Several test drives were made, with light vehicles in 
order to test the app, sensors and NeoGLS’s RSUs. 
No further longer-term Test was organised with 
HGV. The service shows the correct dynamic truck 
parking availability.
In France, the application provides correct 
information about the availability of free spots on the 
parking. During the TP TESTFEST on March, we 
noticed a high turnover of HGV on the parking. 
Therefore it is complex to evaluate with accuracy the 
real number of free spaces in real-time (human 
inspection).
Nevertheless, we received good feedbacks relative 
to the available information, and the display 
friendliness.

The dynamic data here is a different type of dynamic data as for other C-ITS services, where 
a precise information is absolutely needed. Here, the driver needs to know if there is a 
chance that he’ll get a space in the parking slot. Given the high turnover, an update more 
frequent, that would provide more accuracy in real time, might not be better in terms of 
service. Hence, it is quite difficult to measure the efficiency of this service with this indicator. 
A further piece of work could be to use the actual real time information (to be updated more 
regularly by the TCC then) to compute such probability of free spaces depending on the 
distance to the parking.
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3.6.9 MCTO

3.6.9.1 The Netherlands

Are applications and services interoperable?

The Mainport Traffic Monitor is set up for the Rotterdam Harbour area, but this can be 
extended for any region, also in other countries. If geofences are configured in in, like 
Antwerp, these can be shown in the interface (although this is not tested yet).

Now data from Transics, Trimble, TomTom and Astrata board computers are available in the 
MTM. If transport companies from other countries use these brand of board computers this 
data will be directly available. New FMS can be connected to the MTM if an API is available.

Are services continued when crossing borders

This was not directly tested, but it is very likely.

MCTO Service Results

TLN / Simacan provided two datasets for the evaluation:

 a detailed dataset for July 29th until August 11th, 2019 with individual measurements 
for trucks in all the geofences;

 an aggregated dataset for December 12th, 2019 until January 8th, 2020. This dataset 
contained the output from the API of the Mainport Traffic Monitor for all geofences.

In total 27,553 trucks were measured in the two weeks in July – August 2019:
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Figure 24 Trucks measured per day

The dataset consists of 75 geofences (including 30 test geofences). Figure 25 and Figure 26 
shows an example of the terminal area with the geofences. The MTM distinguishes terminals 
and depots.
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Figure 25 Overview of the geofences (example 1)

Figure 26 Measurements (vehicles) per geofence for the 2-week period
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The total number of registered vehicles and the average waiting and turnover time is show in 
the table below:

July-August 2019  December - January 2020

Average time (minutes) Average time (minutes)

Waiting time Turnover time Total (number) Waiting time Turnover time

Depots 6,6 34,1 3003 2,6 14,8

Alconet 4,7 15,7 33 3,5 10,6

Hapag-Lloyd Rotterdam 2,6 5,1 104 3,6 4,9

Kramer Delta Depot 3,5 12,8 148 0,8 7,8

Kramer Home Depot 10,7 10,6 157 3,5 9,1

Mainport Rotterdam Services 3,6 19,6 75 0,6 16,8

Medrepair Netherlands 6,2 15,7 494 3,2 10,9

OCC Overbeek Container Control 3 68,8 74 0,6 86,6

Port Container Services 3,5 13,4 189 1,7 10,4

Progeco Holland 1 3,2 12,7 47 0,8 8,0

Progeco Holland 2 2,7 2,4 204 2,0 12,7

Progeco Holland 3 1,4 4 2,6 5,5

United Waalhaven Terminals 2,6 26,3 138 0,6 14,8

United Waalhaven Terminals 2 8,9 14,6 635 7,4 8,9

United Waalhaven Terminals 3-5 9,5 10,6 581 4,8 5,9

Van Doorn Container Depot 4,6 8,8 120 3,3 9,7

Terminals 14 27,6 11614 5,9 22,2

Barge Center Waalhaven 4,8 17,6 141 0,9 60,5

ECT Delta Terminal 10,6 33,7 3701 7,3 15,6

Euromax 12,3 27,4 1430 6,3 26,8

Rhenus Deep Sea Terminal Maasvlakte 4,3 16,8 129 1,4 16,9

Rotterdam Container Terminal 5,2 14,6 478 1,8 11,7

Rotterdam Short Sea Terminals (Noord) 21,5 13,6 1434 19,9 16,6

Rotterdam Short Sea Terminals (Zuid) 21,7 22,4 1425 14,4 17,5

Rotterdam World Gateway 13,2 30,1 1760 4,1 21,7

Uniport Multipurpose Terminals 19,7 29,7 704 4,1 22,8

Waalhaven Botlek Terminal 6,8 13,5 412 3,4 12,0

All geofences 12,4 29,9 14617 4,0 17,8
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The number of trucks measured at the depots and terminals varies greatly. The number of 
trucks measured waiting for the depots and terminals is roughly the same as the number of 
trucks measured in the depots and terminals. Some big differences are due to overlapping 
geofences related to multiple terminals, this accounts for the big difference for terminal 
Rotterdam Short Sea Terminals (Noord).

The waiting time for a terminal is on average much higher than the waiting time for a depot 
(as expected).

The waiting time before entering the depot or terminal is usually shorter than the time spent 
in the depot or terminal. There is a large variation between the different depots and 
terminals.

There are some differences between the two evaluation periods. The waiting time and 
turnover time is (for almost all terminals and depots) shorter in December and January. Most 
depots and terminals have a short waiting time compared to July - August.

For one terminal (unknown which) we received data per hour for the turnover time (the graph 
shows the average turnover time over the two-week period):
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Figure 27 MCTO Average turnover

The waiting time varies over the day. The terminal has three distinct peaks: a morning, noon 
and evening peak. The terminal is closed between 19:00 until 04:00. This kind of detailed 
information for specific terminals can be very useful for the planners to plan the arrival time.

3.6.9.2 France

This part of the document presents the evaluation of two use cases of Multimodal Cargo 
Transport Optimization (MCTO):

 Slot management
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 ETA calculation

Slot management

The slot management consists for a truck driver to check the validity of a movement to pick-
up or deliver a cargo in a terminal.

This part presents the results of use of the slot management.

The period of evaluation has started in April 2019. The first period of evaluation was focused 
on technical integration in order to ensure that the solution delivered to evaluators was of 
good quality.

The second phase was to test the service in real operational cases. This period started from 
August 2019.

3.6.9.2.1.1 Evaluation of technical services

The first step of evaluation is dedicated to evaluating the technical integration of all the 
services:

 Slot notification from MGI Cargo community System to NOSCIFEL
 Slot validity request by truck driver

This first step of evaluation has demonstrated that all the services are correctly connected 
and work properly together.

3.6.9.2.1.2 Evaluation of business services

The evaluation of business services has been performed from august 2019.

The data collected have been generated by the activity of 6 drivers of one company for one 
terminal.

The data collected has been generated by 134 slot requests covering a total amount of 166 
slot references.

3.6.9.2.1.2.1 Request type repartition

The slot management service allows to validate one or several references (Maximum 4) for 
one slot request. The graphic below presents the repartition of type of request concerning 
one of several references to be validated by the truck driver in order to pick-up or deliver a 
cargo to a terminal.
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Figure 28 Request type repartition

3.6.9.2.1.2.2 Reference type repartition

The graphic below presents the repartition of slot reference type. The slot request service 
allows to test the validity of a reference related to an import reference (pick-up) or/and an 
export reference (delivery).

62%

38% Import

Export

Slot reference type

Figure 29 Reference type partition

3.6.9.2.1.2.3 Slot request results type

The graphic below presents the repartition of type of results (success / error) for the slot 
requests.
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Figure 30 Slot request results type

3.6.9.2.1.2.4 Error repartition according to request type

The figure below presents the repartition of error according to the type or request processed.
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Figure 31 Error repartition according to request type

3.6.9.2.1.2.5 Error according to reference type

The graphic below presents the repartition of errors according to slot references.
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Figure 32 Error according to reference type

3.6.9.2.1.3 Slot management evaluation conclusion

The system works correctly all the components are integrated and work as a system without 
any interference for the user.

ETA Calculation

ETA calculation is accurate according to some logistic configurations which are not the 
majority of the cases evaluated. A lot of factors have affected ETA Calculation accuracy.

3.6.9.2.1.4 Business case logistic variety

A lot of business configurations have been tested during the evaluation. It appeared that 
some of them, mainly related to empty containers return, were considered as valid in the slot 
management use case but invalid in MGI solutions. We were in a situation for which there 
were an ETA calculated and a slot validated but no way to evaluate the accuracy of ETA 
Calculation. Once the diagnosis of the situation has been validated, we have implemented a 
new procedure in the evaluation methodology by including a checking request in MGI EDI 
platform in order to detect the delivery of empty container and then to evaluate the accuracy 
of ETA.

3.6.9.2.1.5  1.2.2) Truck company organization

The organization of the trucking company has an impact on ETA calculation. The ETA 
calculation has been designed for direct pick-up or delivery. But in reality, an important part 
of the cases for which an ETA has been calculated is not a direct delivery or pick-up to the 
terminal but an indirect connection via the truck company depot.

3.6.9.2.1.6 1.2.3) Truck driver commitment

One of the elements that can affect ETA calculation veracity is the commitment of the driver. 
For a lot of slots for which ETA has been calculated have overcome the real ETA time 
registered in MGI solution because there is an obligation for the truck driver to stop the ETA 
calculation. Then as a result a lot of ETA are calculated although the cargo has been already 
picked-up or delivered.
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3.6.10 TUNNEL LOGISTICS

Are applications and services interoperable?

During the pilot the backend service was located in Belgium, and the Service is delivered in 
the Netherlands.

Transport companies from all (EU) countries can use the BeMobile Tunnel Logistics Service. 
Vehicles that have the Flux app installed are connected to the BeMobile backend.

Communication with the A-TLC is based on ETSI standards. If A-TLCs in other countries are 
also equipped with the Priority Request Service (and can receive SRM messages) it is 
possible that BeMobile can request priority at intersections cross border. Also, other Service 
Providers (in other countries) can request priority at the intersections.

Data from the Tunnel Metering Prediction System is available with an API, so also other 
Service Providers can receive the information. The other way around, BeMobile can also 
include other tunnels (in other countries) if they provide an API, so this is scalable.

Are services continued when crossing borders?

In the data received by BeMobile trips to and from Germany and Belgium were also recorded, 
this proves that the service is continued when crossing borders.
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4 Impact Evaluation

4.1 Evaluation Context

4.1.1 The Netherlands

4.1.1.1 IVS and RWW Testing

Location of Test Site(s)  Hybrid services; motorway A16 in The 
Netherlands in both directions between 
Rotterdam and Dordrecht

 Cellular only; Flitsmeister app datalogging 
which is functional in the whole of the 
Netherlands. For impact evaluation the data 
from the corridor Rotterdam-Venlo was used, 
including the motorway connections to 
Belgium.

Type of Testing  14 persons in naturalistic driving tests
 140 persons during 7 nights of controlled 

testing
 For Flitsmeister app: about 500 users driving 

with the Flitsmeister app (without baseline).

Counterfactual method used Alternating (control / treatment group)
During controlled testing participants were 
requested to drive two trips. One trip in which the 
baseline measurement (without HMI) was obtained 
and one trip in which the treatment measurement 
(with HMI) was obtained. The order was varied 
between drivers.

Road conditions and factors that might 
influence driver behaviours (e.g. issues 
with the road surface).

During a number of the Controlled tests the sunset 
was taking place. These tests lasted until around 
midnight. There were no issues regarding road 
conditions, apart from the planned roadworks. For 
the Naturalistic tests the road conditions were not 
recorded.

Presence of speed enforcement systems / 
specific highways regulations / 
enforcement activity.

On this route no specific enforcement systems were 
present. For the Naturalistic tests there is no 
information about enforcement activities.

Speed of other vehicles in the area (i.e. to 
gauge if traffic was free flowing).

During the Controlled tests the participants were 
driving in free flow conditions due to the (relatively) 
low traffic volumes during the night. During 
Naturalistic tests the traffic conditions varied.

External signage (physical traffic signage In the A16 study area there are gantries with 
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and signals). overhead VMS panels (matrix signals for each lane). 
These regulate lane use and speed limits and are 
located approximately 600 meters apart. Although 
for the Naturalistic group the study area was not 
confined to the A16 pilot area it can be assumed that 
the road conditions these participants encountered 
were similar in terms of traffic management systems 
and physical road configurations.

Road geometry (such as the presence of 
any corners, tunnels etc)

Near Dordrecht a tunnel (Drechttunnel) is present. 

Speed limits.

On the entire route there is a fixed speed limit of 100 
km/h, for the Naturalistic group the speed limit 
varied given the services were not confined to the 
A16 pilot area. Moreover dynamic speed limits may 
have been applicable for both the Controlled and 
Naturalistic group which overrule the fixed speed 
limit.

Traffic volume.
The Controlled tests were always during night time 
with low traffic volume. Within the Naturalistic test 
participants drove in a variety of traffic volumes. 

Recorded local weather.

During the Controlled tests there were no adverse 
weather conditions present. There was no rain 
reported. For the Naturalistic tests there is no 
information available concerning weather 
conditions.

Road management / road works 
information.

During the Controlled tests roadworks were 
planned. This included the closing of lanes and/or 
carriageways, together with a decreased speed 
limit. For the Naturalistic tests no information is 
available.

Within the Intercor project two types of DENMs were 
supplied, the first type were based on static 
locations (based on a location and time range) and 
the second type of DENM’s were moving since they 
were built into vehicles that were involved in the 
road works. These OBU transmitted the DENM 
messages.

In vehicle dashcam footage. Available, but not used for the evaluation.

Vehicle types involved (HGV / car etc). Passenger cars (Renault Clio and Megane)

Total number of vehicles.  14 on pilot site A16 (Controlled and 
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Naturalistic)
 Around 500 with the Flitsmeister app. 

Number of each type of vehicle.
 All passenger cars on pilot site A16
 The Flitsmeister app is generally used in 

passenger cars but in general the vehicle type 
is not registered.

Type(s) of OBU.

OBUs with two types of HMI have been used during 
the Controlled and Naturalistic tests.

 

The Flitsmeister smartphone app shows in-
vehicle signage, road works warnings, 
hazardous location notifications and time-to-
green at specific junctions.
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Types of test drivers

For the pilot site A16:
 Controlled test drivers supplied by a 

specialised company, divided randomly over 
the seven test nights. They had to drive the 
pilot site twice; once time without HMI and 
once with HMI (in random/varying order).

 Naturalistic test drivers selected from 
Rijkswaterstaat employees that volunteered 
and were asked to use the equipped car to 
travel to and from home. The services and HMI 
were always active.

For the Flitsmeister app users: traffic information 
was given to drivers using the app. Data has been 
collected on a specific corridor only. The app could 
be downloaded for free.

Was the evaluation impacted by technical 
issues in respect of the warnings and 
information provided to drivers; if so, 
please provide details.

In the tunnel section there was no cellular signal 
available for the OBUs.

4.1.1.2 MCTO

Location of Test Site(s) Rotterdam Harbour area

Type of Testing Naturalistic

Counterfactual method used None

Road conditions and factors that might 
influence driver behaviours (e.g. 
issues with the road surface).

None

Presence of speed enforcement 
systems / specific highways 
regulations / enforcement activity.

Not relevant

Speed of other vehicles in the area (i.e. 
to gauge if traffic was free flowing).

Not relevant

External signage (physical traffic 
signage and signals).

VMS are available on the freeway network for 
travel time information. VMS are also shown in 
the MTM.
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Road geometry (such as the presence 
of any corners, tunnels etc)

Freeway and regional roads

Speed limits. Various

Traffic volume. Various

Recorded local weather. Various

Road management / road works 
information.

None

In vehicle dashcam footage. None

Vehicle types involved (HGV / car etc). Trucks

Total number of vehicles. 1200 from 17 companies

Number of each type of vehicle. All trucks (no further information available)

Type(s) of OBU. None

Was the evaluation impacted by 
technical issues in respect of the 
warnings and information provided to 
drivers; if so, please provide details 
(cross reference to Section where 
appropriate).

None

4.1.1.3 TUNNEL LOGISTICS

Location of Test Site(s) The Netherlands, focus on the N201and the A2

Type of Testing Naturalistic

Counterfactual method used None

Road conditions and factors that None



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 159 © InterCor Consortium

might influence driver behaviours (e.g. 
issues with the road surface).

Presence of speed enforcement 
systems / specific highways 
regulations / enforcement activity.

Not relevant

Speed of other vehicles in the area (i.e. 
to gauge if traffic was free flowing).

Not relevant

External signage (physical traffic 
signage and signals).

VMS are available on the freeway network for 
travel time information, however not used in 
the pilot

Road geometry (such as the presence 
of any corners, tunnels etc)

Freeway with tunnel (A2) and regional road 
(N201) with A-TLCs 

Speed limits. A2: 100 km/h (day); 130 km/h (night)
N201: 50 km/h (intersections); 80 km/h

Traffic volume. Various (because of the 3-month period)

Recorded local weather. Various (because of the 3-month period)

Road management / road works 
information.

None

In vehicle dashcam footage. None

Vehicle types involved (HGV / car etc). HGV

Total number of vehicles. 35

Number of each type of vehicle. Not relevant

Type(s) of OBU. Android smartphone with app

Type of users in the pilot Professional truck drivers

Was the evaluation impacted by 
technical issues in respect of the 
warnings and information provided to 
drivers; if so, please provide details 

Not all drivers used the app as 
intended/required. The service required users 
to enter a destination in the app for the service 
to work properly (balanced priority and route 
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(cross reference to Section where 
appropriate).

advice). Often the users did not enter a 
destination in the app, or entered the end-
destination.
This led to a lower number of priority requests 
at the A-TLC than anticipated. This will also 
have impacted the user acceptance outcome.

4.1.2 The UK
This section lists the Focussed Test Events (FTEs) generating data and their evaluation 
periods by areas where they were deployed. Focus Test Events are the periods of testing 
under the same level of system maturity. They lasted between two and four consecutive days, 
and involved a morning, afternoon and nigh-time testing sessions. The details of the 
evaluations conducted for impact are contained in Section The UK 2.2.2.2.

Useable data was collected from FTE4, FTE5 and FTE6.

An experiment is defined as a single circuit of one of the test areas (Rural GLOSA, Hybrid or 
TfL Urban)

The number of evaluated experiments logged were as follows:

Table 41 Evaluated experiments

Experiments
Test Event 4 136
Test Event 5 day 58
Test Event 5 evening 3
Test Event 6 46

The methodology for measurement of User Impact required drivers to be allocated to control 
and treatment groups. Controlling access to the service by remote control of the On-Board 
Units was developed but was not reliable enough to provide consistent logging in the two 
groups. A large number of experiments were compromised in attempting to get the test to work 
reliably.

Due to knowledge from early Dutch results showing no discernible change between control 
and treatment in the presence of external ITS signage, it was decided by the UK partners to 
maximise the data collected by users with the C-ITS services activated rather than to pursue 
the programmed tests. By maximising the experiments with active services, it maximised the 
User Perception data detailed extensively in Section 5 of this report.

It was also still possible for some carefully targeted User Impact analysis to be derived from 
individual data sets where HMI notifications were known to be encountered at a different 
location to the real-world location (physical sign) and matched to the user stories gleaned 
during the driver interviews. This analysis was carried out in detail for the GLOSA service 
detailed in Section 4.4.1.1 and Annex 2 9.3.1.[6].
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4.1.3 Belgium

Location of Test Site(s) E313

Type of Testing Controlled Testing

Counterfactual method used Within-subject design
Alternating order permutations (Latin square) of 
control (null condition) and two treatment conditions 
(4G & ITS-G5)

Road conditions and factors that might 
influence driver behaviours (e.g. issues 
with the road surface).

None

Presence of speed enforcement systems / 
specific motorways regulations / 
enforcement activity.

N/A 

Speed of other vehicles in the area (i.e. to 
gauge if traffic was free flowing).

See further for time-space diagrams

External signage (physical traffic signage 
and signals).

Two absorbers were allocated on the right lane 
(emergency lane / bus lane) of the motorway on two 
locations to mimic road works and to induce speed 
limits of 70 km/h.
On two locations the gantries were set to full black 
during the test drives and the IVI indicated speed 
limits of 90 km/h.
Gantries indicating IVS which drivers are also able 
to see at the same time as viewing the HMI.

Road geometry (such as the presence of 
any corners, tunnels etc.)

See further for experimental setup

Speed limits. 120 km/h; 110 km/h; 90 km/h; 70 km/h

Traffic volume. See further for time-space diagrams (no congestion 
was present)

Recorded local weather. No significant detrimental weather conditions were 
observed

Road management / road works See further for experimental setup 
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information.

In vehicle dashcam footage. A sample consisting of all trips recorded by one 
user’s dashcam was available

Vehicle types involved (HGV / car etc.) Passenger cars 

Total number of vehicles. 11

Number of each type of vehicle. Passenger cars: 11

Type(s) of OBU. Dynniq ITS-G5 OBU (see technical evaluation for a 
description)

Was the evaluation impacted by technical 
issues in respect of the warnings and 
information provided to drivers; if so, 
please provide details (cross reference to 
Section 3.2 where appropriate).

Most at-the-time-visible technical issues were 
detected and resolved during the experiment itself
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4.2 In Vehicle Signage (IVS)

4.2.1 Use Case 1 – In-Vehicle Signage Dynamic Speed Limit Information
This is the common Use Case for IVS for InterCor.

4.2.1.1 The Netherlands

RQ1 Do drivers comply with the speed limit after receiving the information?

InterCor IVI log data has been analysed to evaluate the IVS service. The IVS service signals 
a change in the speed limit that is determined by the road operator based on the actual 
traffic conditions (e.g. in case of traffic jams or road works) or specific time intervals (e.g. 
when the speed limit is decreased for environmental purposes).

The A16 test site has a base (fixed) speed limit of 100 km/h. Based on an IVI message that 
contains the maximum speed for a certain relevance area the Human Machine Interface 
(HMI) will show the maximum speed as the corresponding traffic sign. The speed limits vary 
in accordance with the Dutch Motorway Traffic Management speed limits. These show 50 
km/h during congestion, together with 70 km/h signs further upstream. For roadworks, 
typically 70 km/h is used, accompanied with 90 km/h further upstream. Lastly for time 
specific dynamic speed limits typically only the adjust speed limit is shown without any 
accompanying speeds upstream. For the IVS impact assessment the measurements of all 
these (adjusted) dynamic speed limits have been analysed together as one general dataset.

For the impact analysis only true positive IVS warnings have been considered. This means 
that messages for traffic driving in the opposite direction, or messages that are not relevant 
have been disregarded.

The different user groups that have been identified in this evaluation are:

 Controlled test drivers (IVS + RWW)

 Without HMI (baseline)

 With HMI (treatment)

 Naturalistic test drivers (IVS + RWW)

 With HMI (treatment)

 No baseline

Any additional 
comments or 
observations?

Two types of data sets have been used. The first one is the InterCor log data, 
the second one is the Flitsmeister data (see section 2.3.1.2). For each 
dataset results have been reported separately. 

Individual major 
deviations?

No major deviations were observed during the tests.
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 Flitsmeister app service users (originally developed for the Talking Traffic project) 
(IVS + RWW)

 With app (treatment)

 No baseline

4.2.1.1.1.1 Controlled test drivers

Within this section we discuss the impact assessment analysis to deduct the compliance of 
the Controlled test drivers to In-Vehicle-Signage messages that were shown in-car. In Figure 
36, Figure 37, Figure 38 and Figure 39 the different median speed profiles are presented. 
These speed profiles have been generated based on the raw speed trajectories that have 
been deducted from the Intercor dataset. Each driver conducted a baseline (no HMI) and 
treatment (with HMI) trip, the order of driving (baseline/treatment) was varied during the test.

Important to notice is that the dataset for the Controlled test drivers has been obtained 
during test evenings with low traffic volumes and roadworks. Due to the low traffic volumes it 
is assumed that other variables are equal and that, although the trips have been made with 
different timestamps, these trips are comparable.

Within the text below first some remarks will be made about the geographic distribution of 
the IVS events and subsequently the results per speed limit will be elaborated.

Geographic distribution of events

An important observation is that the locations in 
which IVS messages were sent out varied across 
the pilot site. The A16 trajectory, which provides a 
vital connection from and to Belgium, consists of 
multiple complex junctions between highways 
and also includes multiple bridges and tunnels. 
These physical aspects can significantly affect 
the existing speed variations of the traffic and can 
possibly hamper the comparability of events.

Figure 33 (as an example) visualises the locations 
for the Controlled group where an IVS with a 
speed limit 70 has been activated with red circles. 
What becomes apparent is that these IVS 
messages are spread across road sections with 
different traffic characteristics such as simple straight sections, weaving areas, onramps and 
offramps. As a result, comparing the behaviour of the drivers to the IVS messages at 
different traffic situations is not ideal.

User compliance per speed limit

For each of the speed limits a distribution of speeds has been deducted for each of the 
relevant timestamps before and after issuing of an IVS message. Figure 34 shows the 

Figure 33: Locations in which IVS messages with a 
speed limit of 70km/h were send out for the controlled 
group
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distribution of the observed speeds in a boxplot for the 70km/h speed limit with HMI and 
Figure 35 shows the results for 70km/h IVS messages without an active HMI.

For all other speed limits (i.e. 50 km/h, 90km/h,100km/h) and test scenario’s (i.e. with and 
without HMI) these graphs have been added to the Annex 2 [6]. Additionally, in these Annex 
extra metadata has been provided such as the locations where the IVS message were 
activated, on which test dates these vehicles trajectories have been logged and the sample 
size per timestamp.

 

Figure 34: Speed distributions distribution per second, normalized to time of entering (in a 
boxplots) for the relevance zone. Deducted from the Controlled group for which the HMI was 
active and when IVS messages were sent with a 70 km/h speed limit
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Figure 35: Speed distributions per second, normalized to time of entering the relevance 
zone. Deducted from the Controlled group in which the HMI was disabled and when IVS 
messages were sent containing a 70 km/h speed limit

When analysing the results for the various speed limits, it appears that the results for the 50 
and 70 km/h speed limits differ from the results for 90 and 100km/h (see Annex 2 [6]). For 
the first group (50 and 70km/h) the observed speeds are consistently higher than the speed 
limit (thus users are not complying with the speed limit) and for the latter group the observed 
speeds are lower than the speed limit (thus the users are compliant with the speed limit).

For the 50km/h speed limit the difference between the maximum allowed and observed 
speeds is so apparent that it raises the question whether the VMS panels above the road 
were consistent with the IVS message shown on the HMI4.

When looking at the graphs it becomes apparent that within the time interval -30 to 0 
seconds before t0 vehicle trajectories (and outliers) are detected that are already lower than 
the speed limit. This indicates that information IVS message could have been given provided 
earlier but also that this delay might have resulted in incorrect information in certain use 
cases. In example for speed limits in case of traffic jams (in accordance with the Dutch 
Motorway Traffic Management system) . The 70km/h speed limit is not applicable anymore if 
other vehicles are already driving less than 50 km/h

For all the speed limits and HMI setting a statistical (paired) t-test has been applied to verify 
whether the mean speeds before the issuing of a message were significantly different from 
the speeds after issuing the message. Within this test a confidence level of 95% has been 
applied Table 42 provides the results. A significant change is observed in all speed limits 
(with exception of 70 km/h with HMI active). The striking thing is that both HMI settings 

4 We have seen from the data that between 21:41 and 23:35 (09/04/2019) IVI messages displayed 50 km/h 
speed limit. We then compared this with the A16R trajectory between hectometerpaal 16 and 39.  It was 
determined that no VMS panels have shown 50km/h in that period. However further analyses are required to 
further substantiate this observation.
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display significant changes (so either with the HMI on and off). Therefore, it cannot be 
concluded that the HMI was the deciding factor.

If we examine the magnitude and sign of the difference in speeds for the situations in which 
a significant behavioural change was detected it becomes apparent that the HMI setting 
could have a strengthening effect. For example, the magnitude for the speed chance seems 
to be lower when the HMI was active (e.g. 1% increase with HMI and 3 % increase without 
HMI for the 70km/h speed limit). However, it is difficult to substantiate the hypothesis to 
determine whether the HMI was the sole affecting factor.

Within Figure 36 to Figure 39, the median speed plots have been depicted for each of the 
speed limits and for both HMI scenarios. The more detailed distributions are provided in 
Annex 3 [6]. To compare the behaviour for both HMI settings an unpaired t-tests has been 
performed. This t-test was conducted to determine whether the mean speed of the scenarios 
with and without HMI are significantly different in the time interval [1 30]. Within this test a 
confidence level of 95% has been applied. Table 43 presents the results of these t-tests. The 
result from this table is in fact counterintuitive, because for the all speed limit the mean 
speed has actually increased when the HMI was active. However, these speed increases 
are not statistically significant for most speed limits (with exception of speed limit of 90km/h). 
From a road operators’ perspective this speed increase is not (necessarily) the intention 
when supporting or providing the IVS service.

If we analyse both the graphs and the t-tests it becomes apparent that we see negligible 
effects of the IVS message on the mean speeds. A possible explanation for this inference is 
that in both testing scenarios the drivers were (possibly) already able to see the roadside 
systems at the test site, where the speed limits are shown on VMS panels on overhead 
gantries.

User 
group

Speed 
Limit

HMI 
Status

Mean 
speed 
before 
message

Mean 
speed 
after 
message

Pvalue Significant 
difference 
detected

Yes 77,6 79,3 0,036931 Yes
50 No 76,7 78,5 0,049667 Yes

Yes 81,3 81,9 0,36873 No70
No 77 79,6 0,029848 Yes
Yes 89,5 87,9 2,5471E-06 Yes90
No 89 80,7 7,9046E-07 Yes
Yes 86,2 89 0,0083519 Yes

C
on

tr
ol

le
d

100
No 82,2 85,2 0,045988 Yes

 Table 42: Results paired t-test with 95% confidence interval to determine if the speeds 
before and after issuing the message are significantly different.

User 
group

Speed 
Limit

Mean 
speed 
without 
HMI 

Mean 
speed 
with 
HMI

Pvalue Significant 
difference 
detected
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50 78,5 79,3 0,59367 No
70 79,6 81,9 0,16801 No
90 80,7 87,9 0,000199 Yes

C
on

tr
ol

le
d

100 85,2 88,9 0,065874 No
Table 43: Results unpaired t-test with 95% confidence interval to determine if the speed 
profiles with and without HMI are significantly different after entering the relevance area.

Figure 36: Median speed plot during Controlled driving tests with IVS speed limit of 50 km/h

Figure 37: Median speed plot during Controlled driving tests with IVS speed limit of 70 km/h
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Figure 38: Median speed plot during Controlled driving tests with IVS speed limit of 90 km/h

 

Figure 39: Median speed plot during Controlled driving tests with IVS speed limit of 100 km/h
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4.2.1.1.1.2 Naturalistic test drivers

Within this section we discuss the impact assessment analysis to deduct the compliance of 
the Naturalistic test drivers to the variable speed limits that were shown in-car. This dataset 
has been obtained from drivers that have been driving for several months under all traffic 
conditions. Contrary to the Controlled driver group no information is available for the 
baseline situation without HMI because the Naturalistic test participants were only driving 
with an activated HMI.

Similar to the Controlled group graphs have been prepared with the median speed profiles. 
These profiles have been generated based on the raw speed trajectories that have been 
deducted from the InterCor dataset for the Dutch pilot site (A16).

Within the text below first some remarks will be made about the geographic distribution of 
the IVS events and subsequently the results per speed limit will be elaborated.

Within the data analysis for the Naturalistic group it seemed that (unintentionally) still some 
data is included in this dataset that was gathered in one of the Controlled tests. Since the 
vehicles of the Naturalistic group were returned for Controlled test drivers no data for the 
naturalistic group would be expected on these days.

Geographic distribution of events

An important observation is that the locations in 
which IVS messages were sent out varied across 
the pilot site. The A16 trajectory, which provides a 
vital connection from and to Belgium, consists of 
multiple complex junctions between highways and 
also includes multiple bridges and tunnels. These 
physical aspects can significantly affect the 
existing speed variations of the traffic and can 
possibly hamper the comparability of events.

Figure 40 (as an example) visualises the 
locations for the Naturalistic group where IVS 
events with a speed limit 70 were activated. In 
comparison with the Controlled user group it is 
noticeable that the events have been distributed 
over the pilot site even more.

What becomes apparent is that these IVS 
messages are spread across road sections with 
different traffic characteristics such as simple straight sections, weaving areas, onramps and 
offramps. As a result, comparing the reaction of the drivers to IVS messages at different 
traffic situations is not ideal.

User compliance per speed limit

Similar to the Controlled group the speed distributions have been determined for each speed 
limit. In Figure 35 the distribution for the 70 km/h speed limit has been visualized as an 
example, more detailed graphs for every speed limit are available in Annex 2 [6].

Figure 40: Locations in which IVI messages with a 
speed limit of 70km/h were send out for the Naturalistic 
group
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The earlier observation from the analysis of the Controlled user group that there is a 
difference between the lower speed limits (50 and 70km/h) and the higher speed limits (90 
and 100 km/h) is also confirmed by the Naturalistic user group. Again, we see that for the 
first group (50 and 70 km/h) the observed speeds were generally higher than the speed limit 
and that for the latter group (90 and 100 km/h) the speeds are equal or lower than the speed 
limit. Especially, the differences for the speed limit of 50 km/h are striking again, and there 
was also an outlier detected that drove almost 140 km/h. Since a speed limit of 50km/h is 
unlikely for roadworks (normally only speed of 70 and 90 km/h are signalled for highways) 
the majority of these events are derived from events from the motorway traffic management 
system. If drivers are still able to reach speeds of 100 km/h and higher a variable speed limit 
of 50 km/h is unlikely.

Figure 41:Speed distribution per second, normalized to time of entering Relevance zone 
(t=0) for traces with HMI in Naturalistic driving test.

If we compare the distributions between the Controlled and Naturalistic groups, it is (visually) 
observable that the mean speed plot for the latter group is smoother which can be explained 
by the larger sample size of the Naturalistic dataset.

For the 70 km/h speed distribution (Figure 41) a large number of low speed outliers with a 
speed between 0 and 30km/h between time interval -27 and 0 are detected. This indicates 
that the IVS message was often activated after the driver entered the traffic jam itself which 
suggests that the message should have been activated earlier. Ideally these outliers should 
only become apparent after T0. Also, for the other maximum speeds similar low outliers are 
observed.

For each of the speed distributions a paired t-test was performed to determine if the speeds 
before and after the IVS message are significantly different. This t-test applied a 95% 
confidence. From the results it becomes apparent that for the 50km/h the difference is not 
significant, for all other speeds the hypothesis that the speeds profiles are significantly 
different were accepted given their small P-value. The results of the paired t-test are shown 
in Table 44.
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If we compare the sign of the speed changes (positive or negatives) we see that for the 
Naturalistic group, the mean speed for both the 70 and 90 km/h are now decreasing where 
in the Controlled group only the 90 km/h speed limit indicated a deceleration.

Due to the absence of a baseline test (since the HMI was always active), it is not possible to 
determine whether the HMI was the determining factor. Therefore, no t-test between the 
speed profiles for the situation with and without HMI has been executed because for the 
latter group no data is available.

Lastly, similar to the controlled group it should be noted there that the 100 km/h speed limit 
is quite a remarkable speed limit since it is equal to the regular speed limit of the test site, a 

message/IVI 
giving that all 
temporary 
limits are 
cancelled/expi
red seems 
more 
appropriate. 

Table 44 
Results paired t-test with 95% confidence interval to determine if the speeds before and after 
issuing the message are significantly different.

The median speed plots are shown below. The more detailed distributions are provided in 
Annex 2 [6].

Figure 42 Median speed distribution during Naturalistic driving tests with IVS speed limit of 
50 km/h

User 
group

Speed 
Limit

HMI 
status

Mean 
speed 
before 
message

Mean 
speed 
after 
message

Pvalue Significant 
difference 
detected 

50 Yes 72,1 73,1 0,13242 No
70 Yes 80 78,8 0,00220 Yes
90 Yes 90,7 89,4 3,16E-07 Yes

N
at

ur
al

is
tic

100 Yes 84,9 88,1 4,52E-10 Yes
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Figure 43 Median speed distribution during Naturalistic driving tests with IVS speed limit of 
70 km/h:

Figure 44:Median speed distribution during Naturalistic driving tests with IVS speed limit of 
90 km/h:



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 174 © InterCor Consortium

Figure 45: Median speed distribution during Naturalistic driving tests with IVS speed limit of 
100 km/h:

4.2.1.1.1.3 Flitsmeister app users

The impact assessment using the Flitsmeister data focuses on finding changes in driver 
behaviour based on quantitative analysis. The quantitative data in this case are the speed 
trajectories for each app. This dataset contains profiles of the vehicle’s speed starting from 5 
seconds prior to the moment the user received the information on the HMI and ending 20 
seconds after the information has been received. The applied time interval is significantly 
different than the data analysis that has been performed for the Controlled and Naturalistic 
driver groups. Another remark is about the original (base) speed limit on the respective road 
sections. This information was not available from data. Only the speed limit as shown in the 
app has been logged in the datasets.

The speed data is not always delivered with the same frequency for each speed profile. In 
some trajectories the speed is logged every second, whereas on other trajectories speed is 
only logged up to every 4 seconds. Furthermore, the time interval for each speed profile is 
not always -5 to +20 seconds around the moment of displaying the information. Sometimes 
a speed profile collects data already starting 10 seconds before the information is shown, 
and sometimes the speed values were collected for a longer period than the evaluation time 
frame. Since the analysis is based on data for every second, in the time window of -5 to +20 
seconds, speed profiles with missing data were completed using linear interpolation based 
on the surrounding speed and time values. Moreover data outside this interval was omitted.

After interpolating the speed values, all speed profiles have been filtered for unusable traces. 
All profiles that did not contain any speed values (e.g. all NaN or 0 values) were left out of 
the analysis. Furthermore, when a trace contains a single speed value of more than 250 
km/h, this profile is considered not suitable for evaluation. Finally, when a speed profile 
contains a jump in speed that is more than 30 km/h relative to the speed in the previous or 
next second, the profile is not considered for evaluation in the impact assessment either.
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The results based on the drivers using the Flitsmeister app indicate that the median speeds 
for speed limits up to 100 km/h are always higher than the speed limit displayed via the app. 
Only for speed limits of 120 km/h and 130 km/h (which is not applicable to the test site of the 
A16 for Controlled and Naturalistic testing) the median speeds are below the displayed 
speed limits. Based on these results, one can say that on an aggregate level, people using 
the Flitsmeister app comply with the displayed speed only in the case of the speed limits of 
120 km/h and 130 km/h. In all other situations and for the lower speeds, the median speed 
exceeded the displayed speed limit.

When looking at the shape of the median speed profiles, one can see that in most situations 
there is no significant decrease in vehicle speed over time. This means that there is no 
significant decrease in speed due to the message with the speed advice. The only speed 
limit condition which shows a slight decrease in median speed over time is the case of 50 
km/h. In this case the median speed drops from about 65 km/h from the moment of display 
of the advice to below 60 km/h 20 seconds after the moment of display. As mentioned 
earlier, this situation occurs frequently during congestion or just upstream of a traffic queue.

Most graphs show a large difference between the median speed and the 15 and 85 
percentile value of the speed. This is especially the case in the situation with a speed limit of 
50 km/h. An explanation for this is that the Dutch motorway management system, and thus 
the app, display a speed of 50 km/h in case of traffic jams. The situation in speed advice of 
50 km/h data also contains speed traces for vehicles that are (almost) standing still.

On the other hand, an explanation for the speeds higher than the median speeds can be 
given based on the same Dutch motorway management characteristics. Drivers are warned 
for roadworks via the overhead matrix signs, indicating speeds of 90, 70 or 50 km/h.

For future research it is recommended to make a distinction to traffic state; based on this 
data it cannot be said whether there was congestion or free flow conditions. The traffic state 
influences the driver behaviour significantly. Another possible explanation of the higher 
speeds in the graphs below is the characteristics of the app users.

There are two learning points which can be mentioned as recommendations: 1) within the 
Intercor Hybrid pilot on the A16 speed measurements were collected in a time range of -30 
to +30 seconds around the moment of display, whereas for the Flitsmeister data a range 
from -5 to +20 was applied. The disadvantage is that, with the small-time interval, there are 
less observations on speed changes and less information is gathered regarding the 
behaviour of drivers prior to the event. For future researches based on Flitsmeister data it is 
worthwhile to investigate whether the time interval can be extended and whether this 
provides more insight in the driver behaviour. 2) the approach up to now has been to 
generate average speed profiles. By doing so one loses information on oscillations or 
variations in speed profiles. Maybe as a further step or as an advice for future studies it is 
useful to work with actual speed profiles and to estimate latent groups of drivers based on 
the oscillations detected on the speed profiles. In this way one can generate some 
subgroups of drivers based on the similarity of their speed profiles. This approach may 
reveal further information about the driving behaviours.
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Figure 46: Flitsmeister app users speed distribution the median speed and the 15 and 85 
percentile value of the speed 50 km/h limit

Figure 47 Flitsmeister app users speed distribution the median speed and the 15 and 85 
percentile value of the speed 70km/h
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Figure 48: Flitsmeister app users speed distribution the median speed and the 15 and 85 
percentile value of the speed 90km/h

Figure 49: Flitsmeister app users speed distribution the median speed and the 15 and 85 
percentile value of the speed 100km/h

RQ2: Do different driver behave/ respond differently to the information?

Three samples of drivers were analysed in section 4.2.1.1 derived from different pilot 
configurations and data sources.

For the speed limit of 50 and 70 km/h all three groups of drivers (Controlled, Naturalistic and 
Flitsmeister) generally displayed observed speed profiles that were exceeding the speed 
limits during the whole measurement period. Moreover, the results for the 50 km/h speed 
limit impact analysis show that the IVS messages might have conflicted with the existing 
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infrastructural VMS gantries. Especially for this limit the observed speeds seem to be 
unlikely high.

In general, we see that for most of the speed limits the speed behaviour changed before and 
after receiving an IVS message. This was both observed with the Controlled and Naturalistic 
group. What is however striking that in general for the Controlled group the average speed 
before and after the meeting increases where the opposite was expected. However, it 
cannot be determined whether this effect was caused by the HMI or due to information from 
the existing infrastructural VMS gantries.

If we compare scenarios with and without HMI for the Controlled user group, it 
becomes apparent that the increase (or decrease) in the speed behaviour of the 
drivers were less or subtle when there was HMI present compared to situation where 
the HMI was not present.

For the speed limit of 90 and 100 km/h, two groups of drivers (“Controlled” and “Naturalistic”) 
stayed close and under the speed limits for the whole measurement period. However, the 
observed speeds of the users of the Flitsmeister app were higher than the speed limits and 
thus higher than the other two groups.

In summary, the evaluation did show that the mean speeds changed before and after 
the IVS messages were supplied, however these observed changes were both 
positive (accelerations) and negative (decelerations). However, within the analysis it 
was not possible to single out the effect of the HMI as the main contributing factor for 
these changes.

4.2.1.2 The UK

Detailed Subjective Impact Analysis was carried out for IVS – see Sections 5.1.3.1.14 and 
5.1.3.2.1.14 and Sections 5.2.2.1.1.1.2 and 5.2.2.1.1.2.2 and 5.2.2.1.1.3.2.

The user acceptance expert applied statistical analysis to ascertain the significance of the 
findings, focussed around influence of the service on behaviour and trip quality. See Section 
5.1 for an overview of the statistical analysis applied.

4.2.1.3 Belgium

Use Case 1 – In-Vehicle Signage Dynamic Speed Limit Information in the presence of RWW

Research questions

There are two societal valuable questions that we aim to answer within our experimental 
setup:

1. The first one concerns road safety by IVS: Is IVS increasing driver compliance 
towards road signs?

2. The second one concerns the efficiency of IVS: Are road signs still needed when all 
conventional road signs are projected on the IVS display?
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4.2.1.3.1.1 First research question

In order to answer the first question, we created a scenario in which the IVS app repeats the 
signalling along the road. IVS might increase a driver’s attention towards signalling and as a 
consequence driver’s compliance of signs along the road.

This leads to the following more concrete research question of interest. Are drivers more 
compliant with road signs along the road when in-car-signage is repeating these 
signs? To test this research question, a use case with gantries was implemented signalling 
road works and a speed reduction towards 70 km/h. Such speed reductions are common on 
motorways for multiple reasons such as road works, traffic jams, obstructions. The speed 
reduction was indicated on some of the gantries and these indications stayed on the gantries 
for the whole duration of the experiment.

4.2.1.3.1.2 Second research question

The second research question of interest reflects a greater ambition in which the future 
installation of full matrix displays, variable message signs, and other road signs are 
completely replaced by IVS. In this case the research question of interest is whether drivers 
are compliant with the in-car-signalling, in absence of any road signs along the road.

In order to test this hypothesis, a virtual IVS was created when passing some of the blacked-
out gantries, projecting 110 km/h and 90 km/h, followed by the cancellation sign on the IVS 
display, respectively. These virtual IVS were also signalled at a second location, having 110 
km/h, 90 km/h, and the cancellation sign when passing the blacked-out gantries in the same 
respective order. Note that closed bus or closed rush hour lanes were still able to be 
displayed on the gantries (and the HMI) if these settings were part of the actual safety 
situation during the experiment. In any case, the rush hour lane had to stay closed during the 
whole duration of the experiment.

This setting with blacked-out gantries and HMI IVS is called a virtual implementation. We 
compared any reaction of the drivers in this condition to their behaviour in the control 
condition (no HMI) at the same locations.

4.2.1.3.1.3 Comparison of speed trajectories with IVI reception for 4G network

For each driver, we filtered his/her GPS trajectories and split these into four parts: one 
during which no HMI was active (blue lines), and one where the 4G/ITS-G5 HMI was active 
(red lines), and this for both the westbound and eastbound directions. The green vertical 
lines are the locations of the IVI reception of speed limits. The black vertical dashed lines are 
the locations of the corresponding gantries. These speed limits were imposed by the 
experimental design. By analysing the speeds with and without the HMI stimuli, we could 
assess whether they had an impact on driving behaviour. Two research questions were put 
forward:

 The first question concerns whether the IVS on top of conventional road signs 
increases driver compliance. This effect was expected on the sites/locations with three 
or more black dashed vertical lines in Figure 50. On the one hand, the IVS is redundant 
because it does not add new information on top of the gantries. On the other hand, 
IVS in synchronisation with gantries composes a stronger signal and may induce more 
compliance.

 The second research question is aimed at investigating the impact on behaviour of the 
IVS message in case that the gantries are blacked out. This experimental manipulation 
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was achieved on the sites/locations with two vertical black dashed lines in Figure 50). 
Any provoked behaviour is solely the result of the IVS when the gantries are blacked 
out. This question practically evaluates whether drivers are accepting IVI technology 
as they are doing so for conventional road signs. If IVI would become a liable 
technology, this research question tells us whether the road signs and gantries are 
expendable in the long run.

We will first illustrate these research questions by means of an example of one driver, and 
then we will carry out statistical tests to evaluate whether the exemplified displayed 
behaviour can be generalised to all drivers.

Figure 50: Example of speed trajectories in the presence of IVIs obtained from ITS-G5 RSU 
network.

When looking at the speed trajectories in the upper panel, we see from left to right the 
sampled speed of the car heading from the off-ramp at Oelegem towards Antwerp. There 
are two locations on which the speed limits were experimentally manipulated.

 The first location counts two black vertical dashed lines in Figure 50 and endorses 
speed limits of 110 km/h and then 90 km/h. The gantries were blacked out on this 
location. Thus, there was no speed limit presented to the driver when no HMI was 
active (blue trajectory). When the 4G HMI was active, the speed limits were visible in 
the car (red trajectory). Clearly, there is an impact of the 4G IVI demonstrated by the 
downhill descend of the red speed samples towards 90 km/h when the respective IVI 
message was received and appeared on the in-car display (green vertical lines). The 
blue speed line is not showing this deceleration. Generally, when looking at the same 
plots in the Appendix, this impact seems to be rather limited and some drivers seem 
to hesitate while complying with the speed limits. Moreover, drivers seem to increase 
their speed shortly after the presentation of the speed limits on the HMI. The fact that 
the speed limits were not shown on the gantries might have raised hesitancy for some 
drivers.
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 The second location counts more than 2 vertical black dashed lines indicating speed 
limits from 100 km/h to 90 km/h, to 70 km/h and then again to 100 km/h. There were 
multiple gantries displaying speed limits and many IVI signage leading to many green 
lines. However, when no HMI was active (blue line), the driver was still able to see the 
speed limits on the gantries. In the condition that the HMI was active (red line), the 
driver received speed limit information from two sources: the gantries and the 4G 
application. As can be seen in this example by the steeper speed descend for the red 
trajectory, the compliance was strengthened by showing speed limit information on 
gantries and 4G/ITS-G5 HMI at the same time. However, this pattern was not observed 
for all drivers. When a driver was already compliant with speed limits solely presented 
by the gantries, there is less room for improvement and the effect of the additional 
speed limits on the 4G/ITS-G5 HMI is hard or even impossible to detect. Statistical 
tests will follow.

When looking at the speed trajectories in the lower panel, we see from left to right the 
speed of the car heading from Antwerp to the off-ramp at Oelegem. There are two locations 
on which the speed limits were experimentally manipulated.

 The first location counts three of four vertical black dashed lines, indicating speed limits 
from 100 km/h to 90 km/h, to 70 km/h and then again to 100 km/h. Although the driver 
did not slow down to the extent of 70 km/h, we see a similar pattern as in the upper 
panel, that is, more compliance in the red speed trajectory than in the blue speed 
trajectory. However, some drivers demonstrated opposite behaviour (see appendix). 
Although this contradictory result could be triggered by the momentary density of 
neighbouring cars in the surrounding, the differences among drivers indicate that the 
driver and the circumstances are the main source of variability.

 The second location counts 2 vertical black dashed lines and endorses speed limits of 
110 km/h and then 90 km/h for the active 4G/ITS-G5 HMI condition while the gantries 
were blacked out. Once again, we see a steep decline in speed towards 90 km/h after 
the received IVS (green vertical lines). For this particular driver, the 4G IVS application 
strengthened speed limit compliance.

4.2.1.3.1.3.1 Is IVS increasing driver compliance towards road signs?

The research question in the title matters the two sites with 4 to 5 received IVIs in Figure 50, 
i.e. the sites with the installed absorbers on the road (see experimental setup). To answer 
the question in the respective title of this section, we must assume beforehand the measure 
for the distinctive behavioural pattern between the experimental and baseline condition. 
“More compliant” could mean that the driver will slow down faster in the experimental 
(4G/ITS-G5 HMI) condition reaching the speed limits earlier. Another possible pattern is that 
the driver is not fully compliant in the baseline condition: he is not slowing down or just partly 
slowing down but not to the whole extent. In that case, the driver might reduce more speed 
in the experimental condition. In the first case, the effect of IVS takes place in time while the 
extent by which the driver is slowing down might be the same. In the second case, the effect 
is related to the extent by which the driver is slowing down, not necessarily with a higher 
deceleration. This effect can only appear when a driver is not fully compliant in the baseline 
condition.

A robust measure that captures both possibilities is taking the median of velocities in a time 
period of X seconds before the first IVS (reference velocity) and X seconds following the IVI 
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with the first lowest speed limit (reduced velocity). The difference between the medians 
before and after the IVS reception is a robust measure of speed reduction. In case a person 
is slowing down earlier, there will be more low-speed values in the time frame following the 
IVS. Thus, the earlier the speed reduction, the lower the median will become. In case that 
the distinctive behavioural pattern is based on the extent by which the speed is reduced, the 
median will also be lower as speed values are overall lower. The chosen time frame X 
should not be too long. The most distinctive effects can be expected in the first few seconds 
after the reception of the IVS. Taking time intervals that are too long will reduce statistical 
power as behavioural distinctive patterns are flattened out. We evaluate the reduction of 
speed for time windows X = 10 seconds (approximately 250 meters) and time windows X = 
20 seconds (more or less 500 meters).

As explained before, the statistical evaluation is a within-subject evaluation, comparing a 
driver’s behaviour in the 4G condition against his/her own behaviour in the control condition. 
This within-subject design will reduce the error term with respect to interindividual 
differences. However, it was pointed out that some drivers are excluded from the 
experiment. We excluded the driver with tripID 10006a and b, because this driver had severe 
technical problems and did not receive all IVI (see Appendix). Additionally, we have one 
location for one driver with no valid IVI in the test condition leading to data loss. Because of 
the low number of participants and the data loss, we decided to use a paired Student t-test 
to verify our hypotheses. We condense the statistical analysis to the essence with respect to 
the research question of interest.

The speed reduction is shown in Table 45 and Table 46. There are two locations per driver 
for the respective evaluation of the research question. That’s why each drive has two rows in 
each table. A positive number is a reduction of speed, a negative number is an increase. As 
can be seen, in the baseline and the 4G experimental condition, with or without 4G HMI, 
drivers reduced their speed. This speed reduction is consistent except for four cases (which 
can be assumed to occur because of a variety of reasons external to the test subject). 
However, when comparing the second (no IVI) with the third column (4G IVI + gantries), we 
did not find any improvement of IVI on top of the operational gantries. The average 
improvement was -1.56 km/h (se =2.99, t=-0.52, d=17) for the 10 seconds-long timeframes 
and -1.61 km/h (se = 2.70, t=-0.59, d=17) for the 20 seconds-long timeframes. These 
improvements are both non-significant.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 183 © InterCor Consortium

Driver

Baseline
effect gantries (no IVI)

 km/h

4G exp condition
effect 4G IVI + gantries 

 km/h
1 21 32
1 18 -4
2 20 19
2 -11 9
3 6 2
3 3 11
4 33 16
4 17 10
5 7 11
5 15 3
6 24 29
6 3 12
7 22 30
7 6 -9
8 36 38
8 18 6
9 36 18
9 22 35

Table 45. Speed reduction between the 10 seconds before the highest received speed limit 
and 10 seconds after the first received lowest respective speed limit in the 4G condition.
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Driver

Baseline
effect gantries (no IVI)

 km/h

4G exp condition
effect IVI 4G + gantries 

 km/h
1 31 40.5
1 25.5 13
2 17.5 28.5
2 -8.5 5.5
3 13 10
3 8 11
4 36.5 23
4 26 13.5
5 13.5 17.5
5 21.5 2
6 30.5 34
6 7 15
7 27 36.5
7 11.5 -2
8 44.5 39.5
8 26 13.5
9 38.5 26.5
9 21.5 34

Table 46. Speed reduction between the 20 seconds before the first highest received speed 
limit and 20 seconds after the first received lowest respective speed limit in the 4G condition.

There was no effect on more compliance observed by an IVI device indicating speed limits 
that repeat the speed limits on the gantries above the road. This result might one wonder 
whether IVI has any effect at all on drivers’ behaviour. The answer to this question is 
provided in the next section.

4.2.1.3.1.3.2 Are drivers compliant with the in-car signalling, in absence of any road signs along the 
road?

The research question in the title matters the two sites with two vertical black dashed lines in 
Figure 50, i.e. the sites where the gantries were blacked out. A virtual IVI speed limit is 
created and appeared on the display when passing the blacked-out gantries.

We compare the experimental condition 4G HMI against a baseline without any speed limit 
information. This evaluation is capable to provide the real and pure effect of IVI as it will not 
be masked by any salient speed limit signage like the gantries in the previous baseline. This 
evaluation can also be conceived as a control verification whether the IVI app is able to 
influence human behaviour sufficiently. In different words this evaluation allows us to verify 
whether the absence of any effect in the previous research question is the result of an 
ineffectual in-car application. The statistical procedure is similar to the previous one. Once 
again, we use a paired sampled Student t-test to verify this hypothesis. We expect to see no 
speed reduction in the baseline condition.
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Driver

Baseline
no IVI

 km/h

4G exp condition
effect 4G IVI

 km/h
1 -18 3
1 11 15
2 -8 9
2 0 8
3 -1 5
3 11 6
4 -1 7
4 -2 10
5 -1 14
5 0 1
6 -1 -1
6 1 10
7 -9 4
7 7 0
8 -5 23
8 - -
9 0 16
9 -3 26

Table 47 Speed reduction between the 10 seconds before the first and highest received 
speed limit and 10 seconds after the first and lowest received respective speed limit in the 
4G condition.
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Driver

Baseline
no IVI

 km/h

4G exp condition
effect 4G IVI

 km/h
1 -18 6.5
1 15 20.5
2 -8 13.5
2 1.5 12.5
3 -2 4.5
3 10.5 6.5
4 0.5 13
4 0 13.5
5 0 7.5
5 0 -0.5
6 -0.5 1.5
6 0.5 15
7 -4.5 4
7 7 0
8 -5.5 25.5
8
9 0 17
9 -3 28

Table 48 Speed reduction between the 20 seconds before the first and highest received 
speed limit and 20 seconds after the first and lowest received respective speed limit in the 
4G condition.

The speed reduction is shown in Table 47 and Table 48. There are two locations per driver 
for the respective evaluation of the research question. A positive number is a reduction of 
speed, a negative number is an increase. As can be seen, in the condition with IVI, drivers 
reduced their speed consistently. When comparing the second (baseline) with the third 
column (4G exp condition), we do find strong evidence for an in-car application with the 
ability to signal speed limits and influence drivers’ behaviour. The average improvement was 
10.29 km/h (se =2.56, t=4.01, d=16, p<0.001) for the 10 seconds-long timeframes and 11.47 
km/h (se = 2.78, t=4.13, d=16, p<0.001) for the 20 seconds-long timeframes. These 
improvements are both significant. It should be noted that the reduction of speed is the 
difference between the medians of the 10 or 20 second time window before the first IVI and 
after the first lowest received IVI speed limit. The effective speed reduction is considerably 
larger when one would compare the average speed before and the minimum speed after the 
IVI. We refer to the separate Annex document - Annex 2 [6] to verify visually the speed 
reductions by the gantries and the IVIs.

4.2.1.3.1.4 Comparison of speed trajectories with IVI reception for the ITS-G5 RSU network

Similarly, to the 4G setup, the ITS-G5 in-vehicle speed limits signage were sent by the RSU 
and took effect on the same locations as the IVS speed limits sent by the 4G broadband 
cellular network. There are two kinds of experimentally manipulated locations of interest. The 
first kind are blacked-out gantries with 4G/ITS-G5 IVI providing solely the legal speed 
signage. The second kind are active gantries that provide legal speed limits together with the 
4G/ITS-G5 IVI that reinforce the gantries as these IVI speed limits are displayed while 
passing the gantries, thus perceived much later than the gantries. We will first illustrate the 
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results by two examples involving two drivers, and then, we will carry out further analyses for 
all the drivers for which the OBU performed speed and IVI registrations.

When looking at the speed trajectories in Figure 51, the two uppermost panels hold 
trajectories (blue and red) from the same driver and the two lowermost panels hold 
trajectories from a second driver. The first kind of experimental manipulation is characterised 
by two speed limits: 110 km/h followed by 90 km/h (see the two black dashed lines). These 
locations can be found in the uppermost panel and the third panel at the left and in the 
second and the lowermost panel at the right side. We see in all four locations a substantial 
speed reduction for the two IVI guided drivers (red trajectories) while these drivers 
maintained their speed in the non-IVI guided condition (blue trajectories). However, the 
substantial reduction of speed did not fully decline to the speed limit of 90 km/h for these 
locations. Generally, this ITS-G5 IVI behavioural pattern is like the 4G IVI explained in 
4.2.1.3.1.3.

When looking at the speed trajectories in Figure 51, the second kind of experimental 
manipulation is characterised by multiple sequential speed limits: 100 km/h followed by 90 
km/h, followed by 70 km/h (see the three or four black dashed lines). The green vertical lines 
are received IVIs repeating the speed limits on the gantries to the driver. These locations 
can be found in the uppermost panel and the third panel at the right and the second and the 
lowermost panel at the left side. We see on all four locations a substantial speed reduction 
for the drivers in the ITS-G5 IVI guided drives (red trajectories) and in the baseline drives 
(blue trajectories). At some locations, drivers reduced their speed more in the ITS-G5 
experimental condition compared to the baseline condition. For instance, in the two 
uppermost panels in Figure 51, the red trajectory is lower than the blue trajectory at the 
respective experimental locations. In the second panel only the red trajectory (ITS-G5 IVI) 
reached the lowest speed limit of 70 km/h while this driver was speeding above 80 km/h at 
the same location in the baseline condition. However, the second driver (two lowermost 
panels) did not demonstrate any additional speed reduction in the ITS-G5 condition 
compared to the baseline condition for this respective kind of experimentally manipulated 
locations. These graphs indicate that the IVI guidance might lead to more in time, prolonged 
and compliant speed limit reductions for some drivers but not for others. These results are 
similar to the 4G analyses.
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Figure 51: Example speed trajectories with IVIs obtained from ITS-G5 RSU network.
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4.2.1.3.1.4.1 Is IVS increasing driver compliance towards road signs?

Driver

Baseline
effect gantries (no IVI)

 km/h

ITS-G5 exp condition
effect ITS-G5 IVI + 

gantries 
 km/h

1 21 32.7
1 18 -5.9
2 20 24.2
2 -11 -16.9
3 6 1.4
3 3 -1.1
6 24 33
6 3 0
8 36 25
8 18 4.4

Table 49. Speed reduction between the 10 seconds before the highest received speed limit 
and 10 seconds after the first received lowest respective speed limit in the ITS-G5 condition.

Driver

Baseline
effect gantries (no IVI)

 km/h

ITS-G5 exp condition
effect IVI ITS-G5 + 

gantries 
 km/h

1 31 32
1 25.5 -7.5
2 17.5 31.3
2 -8.5 -11.7
3 13 6.2
3 8 0.6
6 30.5 35.9
6 7 8.9
8 44.5 29.8
8 26 7.9

Table 50. Speed reduction between the 20 seconds before the first highest received speed 
limit and 20 seconds after the first received lowest respective speed limit in the ITS-G5 
condition.

We excluded all drivers without valid and complete OBU data registrations. The remained 
drivers are presented in Table 49 and Table 50. The trajectories are presented in the 
Appendix. Because of the low number of participants and the data loss, we decided to use a 
paired Student t-test to verify our hypotheses. We condense the statistical analysis to the 
essence with respect to the research question of interest.

There are two locations per driver for the respective evaluation of the research question. 
That is why each drive has two rows in each table. A positive number is a reduction of 
speed, a negative number is an increase. As can be seen, with or without ITS-G5 IVI, drivers 
reduced their speed consistently. However, when comparing the second (no IVI) with the 
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third column (ITS-G5 IVI + gantries), we did not find any improvement of IVI on top of the 
operational gantries. The average improvement was -4.12 km/h (se = 3.55, t = -1.15, d = 9) 
for the 10 seconds-long timeframes and -6.11 km/h (se = 4.44, t = -1.38, d = 9) for the 20 
seconds-long timeframes. These improvements are both non-significant.

4.2.1.3.1.4.2 Are drivers compliant with the in-car signalling, in absence of any road signs along the 
road?

The speed reduction is shown in Table 51 and Table 52. There are two locations per driver 
for the respective evaluation of the research question. A positive number is a reduction of 
speed, a negative number is an increase.

As can be seen, in the condition with IVI, drivers reduced their speed consistently. 
When comparing the second (baseline) with the third column (ITS-G5 exp condition), 
we do find strong evidence for an in-car application with the ability to signal speed 
limits and influence drivers’ behaviour.

The average improvement was 7.84 km/h (se = 2.10, t = 3.74, d = 9, p < 0.005) for the 10 
seconds-long timeframes and 12.44 km/h (se = 2.69, t = 4.62, d = 9, p < 0.001) for the 20 
seconds-long timeframes. These improvements are both significant. The results for the ITS-
G5 IVI confirm the results for the 4G IVI. We refer to the Appendix to verify visually the 
speed reductions by the gantries and the IVIs.

Driver

Baseline
no IVI

 km/h

ITS-G5 exp condition
effect ITS-G5 IVI

 km/h
1 -18 -8.2
1 11 18.9
2 -8 13.1
2 0 8.8
3 -1 7.5
3 11 19
6 -1 -0.2
6 1 4.6
8 -5 -2.9
8 - -25.6

Table 51. Speed reduction between the 10 seconds before the first and highest received 
speed limit and 10 seconds after the first and lowest received respective speed limit in the 
ITS-G5 condition.
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Driver

Baseline
no IVI

 km/h

4G exp condition
effect 4G IVI

 km/h
1 -18 4.2
1 15 26.8
2 -8 18.4
2 1.5 6.6
3 -2 10.1
3 10.5 22.8
6 -0.5 7.3
6 0.5 12.2
8 -5.5 -2.9
8 - -12.8

Table 52 Speed reduction between the 20 seconds before the first and highest received 
speed limit and 20 seconds after the first and lowest received respective speed limit in the 
ITS-G5 condition.

4.2.2 Use Case 2 – In-Vehicle Signage Embedded VMS

The desired behaviour depends on the message.

As a result, Technical evaluation and subjective impact /User Acceptance (via User 
Questionnaires) are expected to be the primary evaluation methods for this Use 
Case during the Pilot.

RWW is excluded from this User Case.

4.2.2.1 The UK

Detailed Subjective Analysis only – see Sections 5.1.3.1.14 and 5.1.3.2.1.14 and Sections 
5.2.2.1.1.1.2 and 5.2.2.1.1.2.2 and 5.2.2.1.1.3.2.

From interviewing all 58 drivers, the user acceptance team were able to establish a good 
subjective impact view of the service for the limited tests that were conducted with ‘day time’ 
only drivers.

4.2.3 Use Case 3 – Dynamic Lane Management Lane Status Information

 The service is to inform drivers of the status of any lane (open/closed, 
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normal or rush hour) of a road.

 It can also inform the user of a dynamic lane opening and its vehicle is 
allowed or not to use it.

For the Pilots, Technical evaluation and subjective impact /User Acceptance 
(via User Questionnaires) are expected to be the primary evaluation methods 
for this Use Case during the Pilot.

Given the intended outcome is compliance and driving in a particular lane, without 
CanBUS data, objective impact would be difficult to measure as the GPS sensors 
likely not to be sufficiently precise to pick this up.

Detailed Subjective Analysis was carried out for this service based on drivers from all MS 
who piloted this service which resulted in views from circa 120 drivers.

Refer to:

 Section 5.1.2.1.1.1.2 (Summary Quantitative analysis)
 Section 5.1.3.2 (Detailed Quantitative analysis)
 Section 5.2.1.2 (Summary Qualitative analysis)
 Section 5.2.2.1.1.2 (Detailed Qualitative analysis)
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4.3 Road Works Warning (RWW)

4.3.1 Use Case 1 – Closure of a lane

COMMON USE CASE: The objective is to alert a road user of a lane closure 
ahead.

Scenario for creating the event to trigger the Indicator:

 The driver receives information about the neutralization of part of a lane or a 
lane closure (but without road closure) due to, for example, a static road works 
site / accident etc.

 It is not expected that drivers can re-route after receiving guidance

 The objective is to allow drivers to anticipate the neutralization of lane and to 
adapt their speed and position on the road

 The objective is not to signal to the user that it is likely to have to stop, as in the 
case of an alternate.

Indicator Description

 Change in approach speed profile of a vehicle approaching the roadworks, 
measured at a number of time intervals with respect to notification.

Methodology for Calculating Indicator

The red line below indicates how we might expect a driver receiving a C-ITS 
notification would behave, and the blue how a driver triggering an equivalent 
notification, but not receiving any guidance might behave.

Profile of speed following point of notification.
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4.3.1.1 The Netherlands

Do drivers slow at an earlier point after receiving RWW?

InterCor DENM log data has been analysed to evaluate the RWW service. Contrary to the 
IVS service, in which a specific desired behaviour (e.g. speed limit) is communicated, DENM 
messages are meant to warn for (dangerous) traffic situations downstream. Although the 
specification of the DENM message allow the road operators and service providers to 
include a max speed the max speed value was not used for DENM messages. The RWW 
service depicts a pictogram with the traffic sign for roadworks on the HMI when the driver 
approaches a situation in which a DENM message was send out. For the impact analysis 
only true positive DENM warnings have been considered. This means that messages for 
traffic driving in the opposite direction, or messages that are not relevant were disregarded.

For every valid vehicle pass related to a DENM event, the start time and end time according 
the DENM activation time have been extracted from the database. Based on these 
timestamps, the corresponding time and speed values have been collected from the CAM 
messages. Also, the timestamps when there was a DENM awareness trigger request to the 
HMI have been collected. All timestamps have been scaled to the moment of the first 
awareness message for each DENM. As a result, a time value of 0 corresponds with the first 
instance in which the message was visible on the screen. Every speed trace has been 
normalised to a time interval of 30 seconds prior to this time instance, up to 30 seconds after 
this first awareness message.

The median speed plots are added below in the respective user group. The user groups that 
have been identified in this evaluation are almost equal to that of the evaluation of the IVS 
service however no analysis has been done on Flitsmeister data. Therefore, for the RWW 
service the following user groups were originally intended to be available:

 Controlled test drivers

 Controlled test drivers

 Without HMI (baseline)

 With HMI (treatment)

 Naturalistic test drivers

 With HMI (treatment)

 No baseline

Any additional 
comments or 
observations?

No base-line situation without HMI has been registered for the Controlled 
user group due to the fact that correct functioning of the RWW services 
became operational relatively late during the field tests.

Individual major 
deviations?

No major deviations were observed during the tests.
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During the InterCor project field test multiple technical issues and challenges arose that 
significantly hampered the correct functioning of the RWW service. During the project 
multiple improvements and updates were implemented, however this implied that the 
services only fully functioned relatively late in the project. Moreover, these issues impeded 
the datalogging, in comparison with the IVS service the number of DENM passes was 
substantially lower.

Most of the DENM vehicle passes for the Controlled group were collected in the final test 
evenings at the 16th,17th and 18th of July 2019. For the Controlled group 48 DENM valid 
passes have been logged and processed and for the Naturalistic 205 DENM passes.

4.3.1.1.1.1 Controlled test drivers

Within this section we discuss the impact assessment analysis to deduct the compliance of 
the Controlled test drivers to roadworks warnings that were shown in-car. Within Figure 54, 
the different median speed profiles are presented. This speed profile has been generated 
based on the raw speed trajectories that that have been deducted from the InterCor dataset. 
As mentioned earlier there are no observations for the Controlled test drivers in which the 
HMI was disabled.

Important to notice is that the dataset for the Controlled test drivers has been obtained 
during test evenings with low traffic volumes and roadworks. Due to the low traffic volume 
we assume that the other variables are equal and that, although the trips have been made 
on different timestamps, these trips are comparable.

Within the text below first some general remarks will be made concerning the geographic 
distribution of the DENM events and subsequently the compliance towards the RWW service 
is discussed.

Geographic distribution of events

An important observation is that the 
locations, in which DENM messages 
were sent out varied across the pilot 
site. The A16 trajectory, which provides 
a vital connection from and to Belgium, 
consists of multiple complex junctions 
between highways but also includes 
multiple bridges and tunnels. These 
physical aspects can significantly affect 
the existing speed variations of the 
traffic and can possibly hamper the 
comparability of events.

Figure 52 visualises the locations (with 
red circles) for the Controlled group 
where a DENM message was received. 
What becomes apparent is that these 
DENM warnings are spread across road sections with different traffic characteristics such as 
straight-ahead sections, weaving areas, onramps and offramps. As a result, comparing the 
drivers’ speed profiles to the RWW warnings at different traffic situations might not be ideal.

Figure 52: Locations in which DENM messages were sent 
out for the controlled group
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A possible recommendation for future tests is to apply clustering of events (similar traffic 
characteristics) and then conduct separate analysis to deduct a direct relation between the 
activation of an DENM warning and the behavioural response of the driver.

User behaviour after DENM awareness

A distribution of speeds has been deducted for each of the relevant timestamps before and 
after issuing DENM warning. Figure 53 visualises the result of this speed distribution in a 
boxplot.

Figure 53: Distribution of speeds of Controlled driver for relevant timestamps before and 
after DENM warning

When analysing the figure, it becomes apparent that initially the Controlled drivers were 
driving in relatively similar speed range (median < 100 km/h). Around 25 seconds before the 
DENM warning the speed range starts to deviate. This speed range deviation then fluctuates 
(both decreases and increases) irregularly and continues in the same manner to 30 seconds 
after DENM warning.

To verify whether the mean speeds before the issuing of a message were significantly 
different from the speeds after issuing the message, a statistical (paired) t-test has been 
conducted. Within this test a confidence level of 95% has been applied. Table 36 provides 
the results of this t-test. The mean speed did not change significantly before and after the 
DENM. Therefore, it cannot be concluded that the DENM was an influential factor in driver 
speed. However, it is visually notable that the mean speed of the drivers were generally 
decreasing even before the DENM. This could be caused by the RWW service but can also 
be caused by the fact that the drivers already saw the upcoming roadwork. Lastly the VMS 
gantries could already be signalling warnings or a temporary (lowered) speed limit.
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Table 53: Results paired t-test with 95% confidence interval to determine if the speeds 
before and after issuing the message are significantly different

Within Figure 54 below, the median speed plot has been depicted for Controlled drivers.

 

Figure 54: Median speed during Controlled driving tests with DENM

4.3.1.1.1.2 Naturalistic test drivers

Within this section the impact analysis is discussed that aims to deduct the compliance of 
the Naturalistic test drivers to the RWW warnings that were shown in-car. This dataset has 
been obtained from drivers that have been driving for several months under all traffic 
conditions. Furthermore, for the Naturalistic group no information is available for the baseline 
situation without HMI because these test participants were only driving with an activated 
HMI.

Within the data analysis for the Naturalistic group it seemed that (unintentionally) still some 
data is included in this dataset that was gathered in one of the Controlled tests. Since the 
vehicles of the Naturalistic group were returned for Controlled test drivers no data for the 
naturalistic group would be expected on these days.

HMI 
status

Mean 
speed 
before 
message

Mean 
speed 
after 
message

P-value Significant 
difference 
detected 

Controlled

Yes 91,4 89,7 0,24206 No
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Geographic distribution of events

An important observation is that the 
locations, in which DENM messages were 
sent out varied across the pilot site. The A16 
trajectory, which provides a vital connection 
from and to Belgium, consists of multiple 
complex junctions between highways but 
also includes multiple bridges and tunnels. 
These physical aspects can significantly 
affect the existing speed variations of the 
traffic and can possibly hamper the 
comparability of events.

Figure 55 (as an example) visualises the 
locations (with red circles) for the Naturalistic 
group where a DENM message was 
activated. Two things become apparent 
here: 1) the Naturalistic group picked up 
DENM messages outside the pilot area 
(which is logical since they were moving around in different areas); and 2) the DENM 
warning for the A16 are spread across road sections with different traffic characteristics such 
as straight-ahead sections, weaving areas, onramps and offramps. As a result, comparing 
the reaction of the drivers to DENM warnings at different traffic situations is not ideal.

A possible recommendation for future tests is to apply clustering of events (similar traffic 
characteristics) and then conduct separate analysis to deduct a direct relation between the 
activation of an DENM warning and the behavioural reasons of the driver.

User behaviour after DENM awareness

A distribution of speeds has been deducted for each of the relevant timestamps before and 
after issuing the RWW warning. Figure 56 shows the results of this speed distribution in 
boxplots.

Figure 55 The locations (with red circles) for 
the Naturalistic group receiving a DENM 
warning
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Figure 56:Distribution of speeds of Naturalistic drivers for relevant timestamps before and 
after DENM warning

Looking at the results, it becomes apparent that the Naturalities drivers were driving in 
relatively similar speed range before and after the DENM warning.

To verify whether the mean speeds before the issuing of a message were significantly 
different from the speeds after issuing the message, a statistical (paired) t-test has been 
executed. Within this test a confidence level of 95% has been applied. Table 54 below 
provides the results of this t-test. As can be seen in the table the mean speeds before and 
after the RWW warning are significantly different and the mean speed increases after the 
message was issued. However, since no baseline situation without HMI is recorded it cannot 
be determined whether it was solely the HMI or the existing VMS gantry system (or a 
combination of both) that were the influential factor in the driver speed.

The distributions of the speed of the drivers of the naturalistic group at t0 in which the 
messages were send out, this indicates that something caused these drivers to drive more 
uniformly. It could be that the DENM messages were influential, but it cannot be (statistically) 
tested.

Table 54:Results paired t-test with 95% confidence interval to determine if the speeds before 
and after issuing the message are significantly different

HMI 
status

Mean 
speed 
before 
message

Mean 
speed 
after 
message

Pvalue Significant 
difference 
detected 

Naturalistic

Yes 91,1 93,3 0,013382 Yes

Within the Figure 57 below, the median speed plots have been depicted for the Naturalistic 
drivers, indicating a very stable and flat median speed profile.
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Figure 57:Median speed for Naturalistic driving with DENM warning

Do drivers drive in a less erratic way after receiving RWW?

For the Controlled drivers the mean speed did not changed significantly, according to the T-
test, before and after the RWW message. However, it is visually notable that the diversity of 
the speed of the drivers after the DENM warning increases slightly. This could be caused by 
the RWW service but can also be caused by the fact that the drivers already saw the 
upcoming roadwork. Lastly also the VMS gantries could already be signalling warnings or a 
temporary (lowered) speed limit.

For the Naturalistic drivers, a significant change in the speeds before and after the 
messages were observed. However, in this case the mean speed actually increased which is 
not necessarily the intended effect of in-car information such as the RWS service. It does 
become apparent that the distribution of speeds became narrower which indicates a more 
stable traffic flow. However due to the lack of a baseline situation it is not possible to test 
whether the HMI was the significant factor in this.

Do the drivers comply with the advice given by the service?

Within the RWS no advice has been given, only a message to raise the awareness of drivers 
for the upcoming traffic circumstances. Thus, it cannot be determined whether the drivers 
comply with the messages.

4.3.1.2 The UK

See Section 5 for subjective impact analysis of RWW. Detailed Subjective Analysis only – 
see Sections 5.1.2.1.1.15, Section 5.1.3.3.1.14 and Section 5.2.1.2, 5.2.2.2.1.2.
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Although the RWW result discussed below is inconclusive, we have included it as a valid 
example where we can look at as specific driver at a specific time using the OBU data, but 
then believe the change in speed was due to other contextual factors.

Measuring an objective change in driver behaviour is complex and this example illustrates 
the value of access to contextual data to aid the ability to make the correct conclusions from 
the data and knowing wider contextual factors, thus avoiding coming to the wrong conclusion 
or a ‘false positive’.

In the example below, the first warning displayed a distance of 841m to the start of the 
roadworks. However, it is very clear that the queueing traffic was about 750m long to the 
event position. Therefore, the driver under test slowed down to join the queue immediately 
after the first RWW warning. So, it is difficult to suggest that they changed their behaviour as 
a result of the reaction to the RWW advice.

This is not to say drivers wouldn’t have an objective change we can measure, but during this 
limited RWW test, our data wasn’t able to definitively show the changes were all due to the 
HMI warning itself.

Figure 58 Comparison of Distance advice and average vehicle speed

4.3.1.3 Belgium

Evaluated as part of the IVS use case (IVS in the presence of roadworks). See Section 
4.2.1.3. 
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4.4 Green Light Optimised Speed Advice (GLOSA)

The objective is to improve efficiency of traffic through a junction by 
calculating speeds for vehicles that will enable a vehicle to pass through a 
signalised intersection in the most efficient manner, with minimal delay

Scenario for creating the event to trigger the Indicator:

 The driver approaching green signals receives time to red information and 
corresponding speed advice

 The driver approaching red signals receives time to green information and 
corresponding speed advice

 The driver stopped at red signals receives a countdown to green information (if 
permitted / implemented)

Indicator Descriptions

 Difference in speed profile between triggering the GLOSA notification and 
stopping or passing the stop-line [i.e. GLOSA Drivers adapt their speed 
approaching a red or green light]

 Change in speed profile moving off from a red light [i.e. GLOSA vehicles should 
be closer to their intended final speed in a shorter time]

4.4.1 Use Case 1 – Time to Green / Time to Red

THE UK

An objective impact of GLOSA was carried out, analysing objective data from individual 
driver data and guided by subjective impact data from Section 5.2.2.3.1.7, where specific 
drivers indicated a change in their driving behaviour due to the information provided on the 
HMI.

Although this is not statistically significant, a number of drivers in their interviews indicated a 
change in their behaviour (speed adaptation) either by following the speed advice or slowing 
earlier than they usually would. The evaluation team then looked at their test data from the 
dates and times from their controlled test events to see if a match could be found between 
their claimed subjective impact of the service and an objective change measured from the 
common log data; CAM data for speed/location, SPAT message data, and the HMI 
application log data to determine when the driver received the warnings and what their 
speed was at the point in time, and their distance to the stop line.
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4.4.1.1 Sub Use Case: Time to Green 1 (approach Green staying Red, then Green)

Figure 59 on the next page, shows the speed-time-distance profile of a driver (OBU23 
Experiment 9) in the Kent (Rural) GLOSA section with FTE4 data. For this section of the 
road the HMI was configured with a speed limit of 80 km/h, and the HMI only displayed time 
advice during this experiment.

There are three observations for this experiment in terms of behaviour change;

Observation 1:

The first notification was given at 232.48m from the stop line, when HMI displayed 8 seconds 
to turn to red. Then, it can be observed in the Figure 59 that the speed behaviour changed 
(10:05:55 – 10:06:01) after receiving a time advice during the green phase at 195m distance 
to the stop line. So, the approach to a red signal was smoothed during the countdown (8 
seconds - GLOSA Time to Red), since there was a smaller reduction in speed. This result 
matched with the participant’s feedback gathered during the interviews after the pilot sessions.

“Had 7 seconds to the red, my instinct was to slow down a bit and then catch the red.”

Observation 2:

From the transition of the phases until 7.6 seconds after the red phase started (10:06:02 - 
10:06:13), the driver was reducing speed until stop at 17.55m distance before approach to 
junction. It seems that there was a queue of traffic (approx. 3-4 cars) leading to this junction. 
Although, GLOSA Time to Green advice was less useful as the other vehicles were a 
constraint, the driver was decreasing speed gradually and preparing to stop.

Observation 3:

When the red phase finished (GLOSA Time to Green) after 24 seconds, there was a strong 
acceleration to regain speed after passing the junction. In addition, the participant mentioned 
during the interviews, that there was a possibility to accelerate to arrive at the intersection 
before the end of the green phase. However, this seems unlikely because the required 
speed to pass on green would had been 119km/h, which is beyond the legal speed limit.

“I could've put my foot down'. Chose to wait on the red- 'if I was in a hurry, I might have put 
my foot down”.

Table 55 Distance to stop line GLOSA

GLOSA Service Range distance to stop line (m)
Green phase 1 232.5 – 105.3

Red phase 92.8-17.4
Green phase 2 16.94 -10.6 (last message)
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Figure 59: Speed-time-distance profile of a driver (OBU23 Experiment 9) in the Kent (Rural) 
GLOSA section in FTE 4

4.4.1.2 Sub Use Case: Time to Red

Time to Red 1 (approach Green staying Green)

Figure 60 below, shows the speed-time-distance profile of a participant (OBU23 Experiment 
15) in the Kent (Rural) GLOSA section with FTE4 data. For this section of the road the HMI 
was configured with a speed limit of 80 km/h. During the whole experiment, GLOSA Time to 
Red, HMI displayed time advice and speed advice.

Figure 60: Speed-time-distance profile of a participant (OBU23 Experiment 15) in the Kent 
(Rural) GLOSA section in FTE 4

Observation 1:

As it can be seen the speed wasn’t maintained on approach to a green signal, so there was a 
change in the behaviour of this participant. The speed of the vehicle was gradually decreased, 
and the vehicle arrived at the intersection 9 seconds before the signal turned to red. So, 
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following the logic of the speed advice service (i.e. programmed system behaviour), it can be 
observed that the HMI was replicating the speed of the vehicle. Therefore, no speed advice 
was given, but the participant smoothed their passage through this junction, likely in response 
to a GLOSA time to Red countdown.

Time to Red 2 (approach Green staying Green)

Figure below, shows the speed-time-distance profile of a driver (OBU19 Experiment 6) in the 
Kent (Rural) GLOSA section with FTE4 data. For this section of the road the HMI was 
configured with a speed limit of 80 km/h. During the whole experiment, GLOSA time to Red, 
HMI displayed time advice and speed advice.

Figure 61: Speed-time-distance profile of a driver (OBU19 Experiment 6) in the Kent (Rural) 
GLOSA section in FTE 4

Observation 1:

It can be observed that the speed behaviour changed (09:57:40.7 – 09:57:41.9) after 
receiving a time advice during the green phase at 151m distance to the stop line. So, the 
vehicle slightly increased the current speed at its approach to a red signal during the 
countdown (20 secs).

In this case, speed advice was replicating the speed of the vehicle.

Figure 62 Speed profiles from experiment 10 and 14 in FTE 4
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This participant arrived at the intersection before the end of the green phase. In Figure 60: 
Speed-time-distance profile of a participant (OBU23 Experiment 15) in the Kent (Rural) 
GLOSA section in FTE 4, two other examples have been illustrated (Experiments 10 and 14) 
the same behaviour (speeding up) was observed, Figure 62. The participant followed the 
speed advice as it was indicated, but never beyond the legal speed limit.

This result matched with participant’s feedback gathered during the interviews after the pilot 
sessions.

“I would say it influenced it a little bit… 'when I knew it was on green, I did speed up to try 
and get there'- speed up a couple of times 'not manically...” 
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4.5 Probe Vehicle Data (PVD)

Technical evaluation and subjective impact /User Acceptance (via User and Stakeholder 
Questionnaires) were the primary evaluation methods for this Service.

Refer Sections 3.6.7 and 5.2.2.4 for these analyses.

4.6 Truck Parking (TP)

Technical evaluation and subjective impact /User Acceptance (via User Questionnaires) 
were the primary evaluation methods for this Service.

The TP evaluation focussed on a high-level technical evaluation as detailed in Section 3.6.8.1 
and 3.6.8.2 and User Acceptance evaluation detailed in Section 5.1.3.5.
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4.7 Multimodal Cargo Transport Optimisation (MCTO)

Technical evaluation and subjective impact / User Acceptance (via User Questionnaires) 
were expected to be the primary evaluation methods for this Service. However, some initial 
impact has been scoped in this section, although is more closely linked with subjective 
impact based on stakeholder feedback and a desktop study.

4.7.1 The Netherlands

4.7.1.1 Use Case 1 - Estimated Time of Arrival (ETA) for trucks

This Use Case has not been evaluated under Impact.

4.7.1.2 Use Case 2 -Truck ETA (Estimated Time of Arrival) for Terminal Operators

This Use Case has not been evaluated under Impact.

4.7.1.3 Use Case 3 – Dock reservation

Which actors are involved in the Pilot?

Project manager is TLN (Transport & Logistiek Nederland) in cooperation with Port of 
Rotterdam and Lambooij Logistiek.

Simacan is the developer of the Mainport Traffic Monitor. The status in August 2019 is that 4 
FMS systems are connected to the MTM: Transics, TomTom, Trimble and Astrata. Because 
of a transition to the Vehco platform the Van Groeneveld FMS is planned to be connected in 
Q4 2019.

Data from 17 logistic companies are available in the MTM. Den Hartogh, EKB, H.N. Post & 
Zn., Overmeer, Vepco and De Rijke are closely involved in the testing during the pilot and 
gave feedback.

What is the lead time of the service?

The aim is to implement the service, and not just to run the pilot. Therefore, participating 
truck companies are expected to be connected to the project and the Monitor, also after the 
InterCor project has finished.

The first step of the Mainport Traffic Monitor project started in October 2018 and takes until 
December 2019. After that the results will be evaluated as input for the decision to continue 
implementation.

In the beginning of 2018, the service was developed by Simacan and truck companies were 
asked to join the project and share the data. It was necessary to gather enough data to 
make accurate estimations. A version for end-users with accurate data was operational in 
July 2019. This was also in the middle of the summer holiday. This is a period with a lot of 
staff on holiday and introducing a new system in an operational environment is not desirable.

Based on the results until now further extensions of the services are foreseen. This may 
become a part of a next phase of the Rotterdam Mainport Traffic Monitor project.
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How many trucks took part in the pilot (per company)

Since the start of the MTM pilot TLN and Simacan, working on this part of the InterCor 
project, have undertaken many efforts to convince transport companies to join the Mainport 
Traffic Monitor. This resulted in a substantial increase of the number of vehicles that joined 
the project.
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Figure 63 Companies and trucks connected to the MTM

The MTM project defined two major milestones / goals for the first phase of the project:

 10% of the visits to the terminals monitored;
 Connection with 5 different FMS systems.

The ultimate goal (to have a reliable representation over all terminals) is to connect 40% of 
the daily number of (truck)visits to terminals and empty depots in the port of Rotterdam. 
There are around 19,000 journeys in, from or to the port every day on a working day. 
Approximately 4,000 of these are internal routes within the port. Based on this data, the aim 
in this project is to monitor data based on 10,000 daily visits to terminals and depots. With 
the 1000 trucks connected this goal should the reached.

Data ownership can be a future issue for the project. For now, Trimble is providing the 
location of the information from the trucks for free. Companies that use the Trimble FMS 
have received a letter that in the future they have to pay a fixed fee per truck per month to 
share the information. This offer was rejected by the transport companies. However, this will 
remain a possible legal (contractual) issue for the future. So unfortunately, there is no 
guarantee that all FMS suppliers will provide the information for free.
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How does the service influence the waiting times in the terminal?

In an article in the magazine “Transport & Logistiek, July 12th, 2019” three directors of 
transport companies who join the MTM project were interviewed. From their point of view, 
they provided information regarding the impact of the MTM on their service.

Marco Post (director Alliantie Zeecontainer Vervoerders (AZV) says: “Approximately 50 
percent of the transport that we provide is the transport of sea containers to and from the 
Port of Rotterdam. The fact that the current waiting and processing times are now available 
via the Mainport Traffic Monitor is an important step. We now no longer only have a good 
story, but a real showcase as well. That can attract fellow transport companies to also join 
the MTM. It is known that data sharing is an issue, but this project is well covered. I therefore 
call on colleagues to let go of their possible fear to participate. By participating, we help each 
other. If this succeeds, it opens the door for new extensions and links with which we can 
further improve our processes.”

Bas Sterrenburg (EKB Container Logistiek Nederland) says: “to support our planners, we 
pay a lot of attention to digitization and automation. The Mainport Traffic Monitor fits in well 
with that. We mainly provide one-way container transport to and from the ports of 
Rotterdam and Antwerp and the German hinterland. The waiting and processing times at 
the terminals and depots are therefore an issue for us, but not as large as for inland 
carriers. We benefit from a smoothly running port process. The waiting and lead time tool 
are a good first step, but with smart data sharing much more can be achieved. I see the 
Mainport Traffic Monitor as a Christmas tree where you add more and more balls. In our 
opinion, the next "ball" would be linking information from transport management systems. 
So that terminals can see in advance what time trucks will arrive at them and can respond 
to it”.

Jan Verlaan (De Jong-Grauss Transport) says: “with the waiting time tool, we expect to 
gain more insight into the current waiting and processing times. Until now, this was not the 
case at the Rotterdam terminals and depots. Based on that overall picture - what 
locations/terminals are currently busy and what locations/terminals are not? - the planners 
can make decisions. We can give feedback with the insight that the tool yields to 
customers, thus creating the possibility of moving transports to more favourable delivery 
times. Another big advantage is that the tool is an independent source of the actual waiting 
times. Now all parties still use their own information and that does not always match. Soon 
everyone can rely on the same data. This requires sufficient volume on the side of the 
transport companies. This now is priority number one for this project”.

4.7.2 France
Unlike for most other InterCor tested services, objective impact assessment based on one or 
more objectively measurable and pertinent factors (such as speed adaptation) is not possible 
for MCTO. Technical evaluation and subjective impact assessment therefore are primary 
evaluation methods for this service.

France decided to add a layer of evaluation to this via a study [13] of expected impact through 
thorough observation of a Transporter’s processes. This study was conducted by the IFSTTAR 



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 211 © InterCor Consortium

institute for transport research, by a transport economist. The study was mandated by the 
French ministry and conducted in coordination with the logistics specialist project partner i-
Trans. The conclusions remain partial as they treat only one specific transport company and 
the impact MCTO made during the albeit long Test phase was rather small. The results of this 
study are extracted within this report, and the whole restitution is available in

Annex 3 Section 10.7.2 of the separate Detailed Results Annex Document [6] that accompany 
this report.

French MCTO pilot participants

Created in 2001, Transport Bogaert is a road haulier SME 
owning 65 road tractors and 130 semi-trailers. The original 
offices are in the small village of Quaëdypres, between Dunkirk 
and Lille but for some time now the offices (with operations and 
administrative departments, together with a truck parking/depot 

for container chassis) are located in a logistics zone some 2km from the entrance to the 
Terminal des Flandres. Their activity is in three main areas: containers, tauliners and 
refrigerated goods transport; this study focused only on the container activity. Transport 
Bogaert provides road haulage of maritime containers on behalf of its customers, ship owners 
or freight forwarders.

The Terminal des Flandres is the container terminal of the 
seaport of Dunkirk on the North Sea coast on the North Sea-
Mediterranean corridor. Placed on the Western port wharf open to 

the sea (no locks), the draught here is deep enough to receive ultra large container ships. In 
2018 Terminal des Flandres processed 422 000 standard containers (TEUs or twenty feet 
units). Its capacity was increased to 1 million TEUs in June 2019 as the quay is now long 
enough to allow for ultra large container ships to dock at the same time.

Throughout the Test, the two testing companies were accompanied by the InterCor project 
partners MGI (Cargo Community System manager for the Terminal des Flandres) and 
NeoGLS (MCTO app manager). Project partner i-Trans provided logistical and communication 
assistance when needed. While regular telephone conferences between Transport Bogaert 
and NeoGLS were held throughout the Test, the implication of Terminal des Flandres was 
somewhat less direct. While certain pertinent information (especially on docks) were extracted 
from the Cargo Community System, the Terminal’s role remained a rather passive one and 
the MCTO information would not be integrated directly into their IT system. Due also to a 
management change, the MCTO dashboard prepared for the Terminal’s use was finally very 
little used.

Impact study context & organisation

For three days (Tuesday 8th to Thursday 10th of October 2019) Patrick NIERAT of IFSTTAR 
was at the Transport Bogaert offices in Loon-Plage/Dunkirk. The objectives of this stay were 
to reconstruct a full day of the work of each truck, to gather additional information to assess 
the company’s performance, and to identify the constraints that weigh on the exploitation. This 
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was achieved by the three-day-long immersion and with the cooperation of the staff in charge 
of truck management and planning, called the operators. Bear in mind that the Test was made 
by a Transporter that is organised in truck drivers, planners and support staff. It is this 
managerial level that seemed the most appropriate to examine, as the expected benefits were 
mostly on that tactical and operational level, and Transport Bogaert is fairly representative in 
the matter. 

Transport Bogaert planning

The planners organise all transports and optimise the drivers’ work, under the supervision by 
the head of exploitation & sales as well as the head of the maritime container division. Four 
people are in this department, two of which work on the container’s activity, covering weekdays 
from 7:30am to 6pm (sometimes longer). Planners have all the necessary information about 
transport orders and drivers on their two screens. Detailed information on individual orders are 
easily accessible. The planner assigns directly each mission to one driver, according to the 
general progress of the day’s work, emergencies, driver work pensum, where drivers are and 
where they live. The planning is done at day D-1, in late afternoon the detailed information 
(name & address, container number, booking, etc.) are sent via email to the drivers. The 
finishing of a mission is signalled to the planner by the driver via telephone and then get details 
about their next mission.

Transport Bogaeer drivers & driving performance

All Transport Bogaert drivers are equipped with smartphones for their work. The MCTO app 
was installed on their professional smartphones and a short instruction session given to 
explain how to use the app. Considering the general equipment of truck cabins this means 
that the MCTO HMI was an added screen within an already rather full cabin.

The study looked at the driving performance of Transport Bogaert which are fairly 
representative given their activity. The general loaded journey rate is just over 49%. This 
relatively low level is explained by the fact that maritime contracts provide that import 
containers are to be returned empty to the terminal (or nearby depot) and export containers to 
be picked up empty at the terminal (or depot) before loading. Transport Bogaert uses some 
optimisation strategies to limit the empty load transports and/or downtime (work division 
between long distance and short distance plus waiting time transports between drivers, 
coupling of two semi-trailers, container swapping if the same maritime company is used). It is 
important to bear this in mind as it shows that a) many trips are not simply client<->terminal, 
direct and with only one driver, and b) that Transport Bogaert is already, albeit in a manual 
and experience-based method, engaged in optimisation strategies which would explain their 
interest for MCTO in the first place. 

InterCor MCTO test set-up & realisation

Bogaert director Jérémie Bogart participated in one of the public InterCor presentations 
organised in the Dunkirk region and upon receiving more information on the Test decided to 
join InterCor for this pilot deployment. The participation of his drivers was based on a voluntary 
basis, no further selection (representative, trips, etc.) was operated. This is important insofar 
as the drivers in this Test are therefore most certainly relatively more technophile and open to 
innovation than maybe others. That being said, Transport Bogaert is a small family business 
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and implication of drivers in such organisational Tests might be more natural in such a context 
than in a big group. Given the rather small results the drivers directly experience through the 
MCTO utilisation, the final number of Test participant drivers finally stayed under the initially 
expected 20 drivers. The MCTO use was rolled out in a progressive manner from initially only 
three drivers to then more. Not all finally used the MCTO app in a regular way. The interviews 
and questionnaires were held with only those drivers who used the app sufficiently to give real 
feedback.

For the Terminal des Flandres, the set up was more passive. Relevant information about 
docks and availabilities were extracted from the Cargo Community System with their 
permission by InterCor partner MGI. A specific Terminal dashboard was installed in order to 
allow Terminal staff to have information about MCTO-enabled HGV coming to the Terminal. 
This however proved a rather unpractical way of doing things, and when in mid-Test a waver 
management change occurred, the Test participation went completely down. The interview 
showed however continued interest in C-ITS developments with regards to a better traffic 
management at their Terminal which can be taken as an encouraging sign for further 
developments here.

4.7.2.1 Use Case 1 - Estimated Time of Arrival (ETA) for trucks

Expected MCTO impact on operators (truck planning & management)

Transport Bogaert already exploits a geo-localisation system so that MCTO feature is doubling 
for them. The main unexpected limitation of potential MCTO impact with its current level of 
service is the practise of transport optimisation with several drivers. Specifically, the separation 
of long/er distance trips where the driver leaves the full or empty container at a spot (parking, 
depot, Bogaert parking, Terminal, customer’s) and the short distance trips where another 
driver does the (more numerous but much shorter) end of the trip to final destination. This 
strategy is part of Transport Bogaert’s operating logic and makes it possible to comply with 
legislation on driving and rest times. On the study day, 13 out of 38 drivers were in this 
situation; it is more than an anecdotal situation. The calculation of ETA was therefore not only 
of little added value but also very inaccurate as the final destination was reached only after an 
additional stop that was outside the MCTO service’s dimension. In the interviews the drivers 
stated that the ETA calculator was mostly correct, though on times (they specifically mentioned 
a period in November) they experienced incorrect ETAs. Given the low impact of the ETA this 
apparently did not make a pertinent impact on their appreciation of the MCTO tool, rather they 
were surprised at the few occurrences of wrong ETAs as generally the times were quite 
accurate.

Expected MCTO impact on drivers

As known before the beginning of the Test, the drivers are already well equipped on-board 
and have several ways of knowing their ETA fairly well (GPS and their experience included). 
The main expectation and benefit MCTO is planning to offer to drivers and planners alike is 
knowing in advance the waiting times at the Terminal, in order to potentially allow resource re-
allocation. This is already practiced at Transport Bogaert, albeit in a more manual human-
appreciation manner, to which MCTO in its current form provides limited added value.
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The MCTO service in its current app form has been designed to improve the vehicle/terminal 
dialogue. Transport Bogaert drivers don’t do their own planning which is done in a centralised 
manner for all the company’s trucks, so the MCTO use by the drivers yielded little positive 
impact to be expected. It could be argued that the current communication would be more 
interesting to be redirected into vehicle/operator communication, in addition or in lieu of other 
geo-localisation systems.

4.7.2.2 Use Case 2 -Truck ETA (Estimated Time of Arrival) for Terminal Operators

The expected impact of the ETA calculator for Terminal Operators were designed to help them 
optimise their preparations and reception of thus announced trucks. First of all, organisations 
such as the trips with intermediate stops between the longer distance and the short last 
kilometre to the Terminal (as seen from Transport Bogaert) need to be addressed in MCTO. 
Then for any real impact, the Terminal needs to integrate MCTO into its procedures. That has 
only partially been realised in this Test. Indeed, the Cargo Community System manager MGI 
had Terminal’s permission to extract the relevant information from their operations and use it 
for the MCTO Test, but on Terminal side the operators had to access the information on a 
dedicated dashboard, outside their normal procedures. That turned out to be too far from 
everyday operations to be relevant for the Test. The necessity of real integration into complex 
and time pressured procedures at the Terminal side and the need to have a certain critical 
mass in terms of equipped trucks explain why so little impact could be seen during this Test.

The project partners can provide an interesting element though from their campaign of 
InterCor presentations in the region (mainly Lille and Dunkirk) which was done for the 
recruitment of the Test participants. Throughout the presentations and contacts, Terminals 
were generally much quicker to see the expected impacts of MCTO for their various 
accessibility problems and were rather numerous to express interest in participating in the 
Test. The multimodal Delta 3 platform in Dourges even went so far as to declare their intention 
to participate in the test, which could not be realised as despite of the Terminal’s and i-Trans’ 
common efforts, no Transporter with sufficient level of trips to and from Dourges could be 
recruited to participate. Nevertheless, this potentially holds the key to future tests and 
deployments as it can be expected that Terminals as traffic nodes might be in a better position 
to trigger partners’ MCTO use if they themselves use it. That point was also stressed again 
during the interview with the Terminal des Flandres in December 2019, where they again said 
how more accurate information on land transport would be beneficial for them (their 
information on the maritime side being satisfyingly reliable and complete).

4.7.2.3 Use Case 3 - Dock reservation

Expected MCTO impact on planners (Transporter)

In the constellation as encountered at Transport Bogaert (which is fairly representative given 
its size, organisation and activities) where planners managing all the missions and vehicles in 
advance as well as in real time, the added value of MCTO is really in the link between 
operators and the Terminal/s, of which the information on docks is part. In the IFSTTAR study, 
interview and the regular exchanges with the project partners, the Transport Bogaert 
responsible stated that interoperability in this information would be useful and impactful 
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(correct information, lower human errors in retyping of mission details). They also stated the 
need for such a system to be secure, trustworthy and sufficiently widespread to attend critical 
mass (i.e. sufficient number of Terminals participating to represent well over 50% of the 
Transporter’s activity).

Expected MCTO impact on drivers (Transporter):

The planning and management of trucks at Transport Bogaert are centralised by the planners 
in the office. Individual drivers checking their dock reservation validity status was tried regularly 
in the Test but more to counter-check with the information the planners had, than for actual 
needs. This feature would yield positive impact for independent drivers that have no Backoffice 
operators.
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4.8 Tunnel Logistics (TL)

4.8.1 The Netherlands
The following examine the impact of applying route guidance and priority at traffic junctions 
to heavy goods vehicles in the areas around the tunnels of the Pilot site.

4.8.1.1 Use Case 1- Balanced Priority

Ability to make use of priority and benefit of priority

Trucks that have not requested priority have to stop on average at 16.7% of the A-TLC´s that 
they pass. For trucks that have been granted priority this is only 6.0% and for trucks that 
have been denied priority this is 31.3%. Apparently getting priority reduces the chance of 
having to stop significantly, although it does not reduce the chance to zero. Likewise, trucks 
that have been denied priority can still pass the A-TLC in almost 70% of the passages.

Table 56 Tunnel Logistics Performance

No stop
No SSM received 856 172 16.7%
SSM Granted (on time) 171 11 6.0%
SSM Granted (after stopline) 15 0.0%
SSM Rejected (on time) 11 5 31.3%
SSM Rejected (after stopline) 11 1 8.3%
Total 1064 189 15.1%

Stopped at iTLC

In total, from al trips where priority was requested (whether or not it was granted or rejected 
and whether or not the response was received on time) in 7.6% of the cases the vehicle had 
to stop for the A-TLC. Since this is less than half from the percentage of time vehicles had to 
stop when they didn’t request priority, we can conclude that the priority service reduces the 
number of times heavy traffic has to stop at a traffic light. Reducing the number of stops for 
heavy traffic will improve travel times and will reduce fuel consumption and noise and air 
pollution.

A-TLC information

Testing experience showed that the time to green and time to red were difficult to show as 
the A-TLCs in the Netherlands adapt their signalling to the traffic and therefore the signalling 
changes a lot. Therefore, showing seconds (as a countdown) on the HMI was not an option 
as also the seconds would both count down and add up, which makes no sense for the end 
user. This is why it was decided to show the colour of the traffic light and a ‘count down 
radar’ (clockwise). In this manner it was possible to speed up or slow down the count down a 
little without noticing.
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In the table and the graph below the variation in predicted time to green and time to red has 
been quantified based on the information received and logged by the app. For every active 
stage in the A-TLC the different predictions of the start of the next stage have been collected 
and the difference between the latest reported timestamp and the earliest reported 
timestamp has been calculated. This deviation is greater than 10 seconds in almost 30% of 
the stages, meaning that the predicted time until the next stage has a variation of more than 
10 seconds. In 10% of the stages the predicted time varies more than 30 seconds and in 
2.5% of the stages the variation is more than 60 seconds. This validates the conclusion that 
it is difficult to show the remaining time to red and time to green with a countdown timer.

Table 57 Variation in predicted time to green and red

Deviation (s) #Measurements %
0-10 2443 70.7%
10-20 458 13.3%
20-30 219 6.3%
30-40 131 3.8%
40-50 64 1.9%
50-60 51 1.5%
60-70 31 0.9%
70-80 17 0.5%
80-90 14 0.4%
90-100 7 0.2%
100-110 4 0.1%
110-120 3 0.1%
>120 13 0.4%
Total 3455 100.0%

Figure 64 variation in predicted time to green and red
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4.8.1.2 Use Case 2 - Route Advice

Optimal route advice with tunnel metering

Tunnel metering around the Leidsche Rijn tunnel can cause significant delays. A service that 
accurately predicts if tunnel metering will be active, can therefore have a significant impact 
on optimal route choices and can even help in lessening the demand on the congested area 
around the tunnel.

In Annex 1 Section 8.1.6.4 [6] it was shown that the tunnel metering prediction algorithm 
overestimated the number of times that tunnel metering is active, especially during the 
period 6:00 – 14:00 h. 35% of all predictions used in the FLUX-app predicted tunnel 
metering within the next hour. Only in 6% of these cases, was actually tunnel metering 
present in one of the four tunnel tubes (and this could still be a different tube than the one 
where the prediction was for). This means that truck traffic might have been rerouted to 
longer routes that would have been necessary. Further improving the prediction algorithm 
might improve the accuracy of the predictions. In 65% of all predictions no tunnel metering 
within the next hour was predicted, which was true in at least 93% of these predictions. 

Another recommendation to improve the service would be to change the output of the 
prediction service and the way the route advice service uses the prediction. Right now, the 
prediction only gives a prediction whether or not tunnel metering will be active or not. If the 
tunnel metering is predicted to be active around the time a user vehicle will pass the 
Leidsche Rijn tunnel, then the vehicle will be rerouted. Tunnel metering however does not 
mean that the tunnel cannot be used, only that the throughput capacity of the tunnel is 
(artificially) lowered for a certain time period. The actual delay that the tunnel metering 
causes can be high, but also relatively low (so low that the next optimal route might actually 
still be longer than passing the tunnel during tunnel metering). So, to improve the service, 
the prediction algorithm might also try to give an estimate of the predicted delay instead of 
just in tunnel metering will be active or not. The predicted delay can then be used in more 
accurately comparing different routes for the most optimal one.
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5 User Acceptance Evaluation

Starting from a basic and commonly agreed questionnaire, all pilot evaluation leads worked 
together to produce service specific questionnaires, appropriate for the services 
implemented and the ruling driving environment at the various pilot sites covered.

Results graphs were compiled and analysed against common sub criteria which were then 
compared and have been detailed in the Summary of Quantitative Results 5.1.2. However, 
some aspects of the results were not always fully in line for all pilot sites; as boundary 
conditions and other (background) elements affecting feed-back of the test drivers 
sometimes differed. These have still been included to ensure a full picture of the extensive 
User Acceptance evaluations can be appreciated.

All detailed graphs from the online surveys are contained in the InterCor M13 Evaluation 
Report – Detailed Results Annexes [6] which is provided alongside this report.

In addition to the Quantitative Evaluation detailed in Section 5.1, a large amount of 
Qualitative Evaluation was carried out across the services which comprised of interviews 
with users and stakeholders to gather more specific information that may not be able to be 
deduced from survey questionnaires on their own. This is detailed in Section 5.2.

Finally, an Attitudinal Survey was conducted in line with a previous study from one of the 
participating Member States. This was focussed on drivers’ attitudes to speed and is detailed 
in Section 5.3.

After the results of each service have been detailed, any common analyses are included in 
Section 5.1.2 and 5.2.1. These are then discussed in Section 6 - Conclusions.

5.1 Quantitative Test Results

The user acceptability and acceptance were assessed where possible with the use of two 
questionnaires. In the first questionnaire, which also included some general questions, the 
acceptability of the services was assessed before conducting the driving experiment. In the 
second questionnaire, the acceptance of the services was assessed after the driving 
experiment. For some test drivers in certain pilot sites, acceptability wasn’t feasible as they 
had already done some earlier tests with some of the services.

Where this was completed. this allowed for a comparison between the acceptability and 
acceptance of the tested services. Additionally, the general attitude of the group of users 
was also assessed by posing statements regarding their attitude towards speeding, their 
perception of the relation between speeding and other traffic-aspects (e.g. increased 
possibility of accidents), and how speeding influences their environment. The results of this 
are detailed in Section 5.3 Attitudinal Survey Results.

Section 5.1 starts with a short description of general characteristics of the test drivers (5.1.1 
Driver Profiling) and a summary of the results across the participating Member States for 
that service (5.1.2). After this the section contains the results from the questionnaires (5.1.3).

Each service is described in a separate sub section, consisting of the results from the 
acceptability questionnaire (pre) if available, followed by the acceptance questionnaire 
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(post). Then the pre and post results will be compared with each other. In describing the 
results, the following research questions were kept in mind:

Overview of research questions

A. Human behaviour
A.1. Do drivers perceive, understand and value the information presented?
A.2. How do drivers change their behaviour?
A.3. Does the behaviour differ from those without the services?
A.4. What demands does the current human machine interaction (HMI) place on drivers?

B. User acceptance
B.1. Do drivers report perceiving and using the information presented?
B.2. Do drivers feel like the services influence their behaviour? If so, how?
B.3. How do drivers value the services?
B.4. Do drivers believe the services improve their overall trip quality? If so, how?
B.5. How do drivers value the HMI, and could it be improved? (distracting / easy to use)
B.6. How would drivers rank the services on key indicators like reliability and confidence 

in the data presented?

Controlled Testing Approach

User tests involved participants driving through the test areas detailed in Section 2.3. There 
were often two testing sessions for each test day, one in the morning and one in the afternoon. 
The schedule of the test drives thus allowed participants to experience different services in 
the morning and in the afternoon.

Participants received a safety briefing and a detailed description of the test route for the 
morning session. Once familiarised with the test route and safety instructions, each participant 
was sent for their test drive by a member of the team. Participants were sent at 2-5 minutes 
intervals (for controlled testing), depending on road/weather conditions and the number of 
participants for the session. This procedure allowed participants to experience the technology 
in similar conditions (e.g. weather, traffic density) while at the same time ensuring that 
participants do not follow each other and are not influenced by each other’s behaviour.

After their test drive participants were invited to complete the sections of the post-test online 
questionnaire relevant to the services they have experienced. Attitudes about the services 
were collected before and after the participants experienced the technology. For each service, 
different questions were used to measure expectations and intentions for future adoption 
(before test drives) and different aspects of satisfaction with the quality of the information 
provided and the overall usefulness of the service (after test drives). For all attitudinal 
questions, participants were asked to mark on a 5-point Likert scale to what extent they agreed 
with the statements, where 1 corresponds to “strongly disagree” and 5 corresponds to 
“strongly agree”.

A number of identical items were proposed to participants within the before and after 
questionnaires, the scores of which were then compared using statistical tests as an additional 
evaluation aspect in one of the member state pilots due to having a user acceptance expert 
leading the evaluation5.

5 The Student’s paired t-test was used where the number of responses was higher than 20 and Wilcoxon 
sign rank test was used when the number of responses was smaller than 20. Both tests compare 
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Various other factors need to be considered to estimate the practical significance of the 
results. For instance, the results of this study are based on a relatively small number of 
participants not guaranteed to be representative of the larger population of drivers.

Furthermore, it is to be noted that differences in the technical performance of the systems 
between Controlled Test Events and hardware used, may have resulted in different 
experiences with the services for different participants, whereby differences in their scores.

Further testing of the service would be recommended at a more mature stage of technology 
development to allow for a more robust assessment of user satisfaction, particularly once 
improvements to the HMI have been made.

In some member state pilots, one service was sometimes based on cellular only, while the 
other one was delivered via ITS-G5. This is further detailed in Section 5.1.2.1 that details 
any specific pilot services for a member state pilot evaluating a particular service.

Lastly from the survey results it was observed that, although technical challenges emerged 
during the test nights, these challenges are not fully reflected in the responses that were 
provided. In addition, project members and experts also drove a number of trips during the 
pilot nights to collect some first-hand experiences with the services. These people expressed 
mixed feelings concerning the accuracy and punctuality of messages that were provided and 
the layout and positioning of the HMI. It was suspected that drivers who filled in the 
questionnaire could have been giving socially acceptable answers, but equally the project 
team were ‘tainted drivers’ who perhaps were more technically critical than the ‘average 
driver’.

differences in the before-after scores as reported by each individual. T-test calculates the difference 
between scores and determines the probability that this difference can be attributed to the experimental 
condition, in our case participants having experienced the technology, or to chance. Similarly, Wilcoxon 
sign rank test calculates differences between the scores and assigns ranks to them. This data is then 
analysed assuming that there is information in the magnitude and signs of the differences between 
scores. Wilcoxon sign rank test is more robust for small sample sizes where the number of participants 
does not exceed 20.

In the following sections, statistically significant differences are flagged using the probability value (p - 
value) resulting from the statistical test. By convention, social and natural sciences use a threshold of 
p < .05 as an indicator of statistical significance. When the p-value is lower than .05, this means that a 
maximum of 5% error is accepted when concluding that the difference between scores can be attributed 
to the experimental condition rather than chance or other factors. In this report, a p <.05 means that 
there is less than 1 in 20 chance that a difference as big as that can be observed if it had arisen by 
chance.

Respectively, a p < .01 means that there is less than 1 in 100 chance that a difference as big as that 
can be observed if it had arisen by chance. However, statistical significance does not mean practical 
significance.
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5.1.1 Driver Profiling
This section starts with a short description of general characteristics of the test drivers. The 
graphs pertaining to Driver Profiling can be found under the MS specific section within 10.1 – 
Annex 3 [6].

5.1.1.1 The Netherlands

For the IVS and RWW pilot for the Netherlands, a total of total 49 participants took part in the 
experiment, of these participants 63.3% were male and 36.7% were female, born between 
1950 and 1997. When considering the highest obtained educational level between the 
participants, 4% indicated secondary education, 38% secondary vocational education, 34% 
higher professional education and 24% university degree.

All participants were in the possession of a regular driver’s license (passenger vehicle), 
which were obtained between 1968 and 2013. 10.2% of the participants were also in the 
possession of driver’s license allowing them to drive a motor bike. Furthermore, 6.1% of the 
participants indicated that they were also in the possession of a commercial driver’s license 
(truck or bus). However, almost all participants (94%) indicated that they mainly used a car. 
Only a small percentage of the participants indicated to use other vehicle types more 
frequently; 2% trucks, 2% lorry van and 2% tram. Around 32% of the participants indicated 
travel less 15.000 km on a yearly basis, more than half of the participants (56%) indicated 
travelling between 15.000 and 35.000 km yearly, and only 12% of the participants indicated 
travelling between 35.000 and 100.000 km yearly.

Of all participants, 42.2% indicated using a car mainly for leisure purposes, while 37.5% 
indicated the use of a car mainly for commuting purposes (homework related). Additionally, 
17.2% of the participants indicated mainly using a car for work (in a commercial function). 
Only a small percentage of the participants indicated using a car for other purposes such as 
a combination of leisure and work (1.6%) or volunteer work (1.6%).

For GLOSA, most participants were daily car drivers, all of whom are used to using 
information systems whilst driving. The use of a smartphone app for traffic information and 
navigation purposes was the most common information system used among the participants.

For TP, 337 truck drivers were surveyed.

For MCTO, 16 Port planners were surveyed with 9 completing the survey.

For Tunnel Logistics: In April 2019 (before the trial) a first internet survey was send out to all 
the 35 drivers that were going to participate in the trial, with a response of 29. In July, after 
the trial, a second survey was sent out. A total of 20 drivers (male) filled in the second 
survey. Most drivers were born in the period 1960-1970 (55%) and obtained their driving 
license in 1980-1990 (45%). The drivers usually have secondary education as the highest 
level of education received (55%). With the driver's license, almost all respondents are 
allowed to drive a passenger car and truck. The respondents drive (almost) daily (95%) and 
cover 35,000 to 100,000 km per year (75%).
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5.1.1.2 The UK

In total 58 participants took part in the user trials during FTE 3 – 6th to 8th August 2019 (17 
participants), FTE 4 - 24th to 26th September 2019 (20 participants) and FTE 5 – 26th to 29th 

November 2019 (21 participants). Of them 54 participants (91%) experienced at least one of 
the services during their test drive. They were subsequently asked to provide their feedback 
about the service by completing a post-trial online questionnaire and/or during individual face-
to-face interviews. Fifty-one participants completed the online questionnaire before and after 
their test drive. The profile of the 51 participants who completed the online questionnaire is 
provided in the following paragraphs. Feedback during face-to-face interviews post-test drive 
was collected from 47 participants.

The table below details the number of participants who completed questionnaire sections for 
each of the services: GLOSA, IVS-Speed advice, IVS-Lane change and RWW. The largest 
number of participants experienced GLOSA and a smaller number saw notifications about 
road works and lane change.

Figure 65 Online questionnaire completion for each service.

GLOSA IVS-Speed advice IVS-Lane change RWW

Total: 49 Total: 34 Total: 16 Total: 17
Male: 31(63%) Male: 22 (65%) Male: 8 (50%) Male: 12 (70%)

Female: 18 Female: 12 Female: 8 Female: 5 

The large majority of participants were Kent County Council employees driving company 
vehicles and following company safety policies for driving for business. They were born 
between 1954-1998.

All participants had a valid car driver licence. Twenty-two percent, or 11 of them, also had a 
truck driver licence and another 18% had a motorcycle license. The large majority (86%) travel 
by car mainly, with 12% using a van as a main vehicle, and only 2% driving a truck most often.

More than half (63%) reported driving between 22k and 60k miles on average per year. Almost 
half of the participants (47%) have driven more than 300,000 miles since obtaining their driving 
licence.

The large majority of participants reported being on the road on a daily basis or almost every 
day, with only a couple of participants driving less frequently (only a few times per month).

Participants were asked about their familiarity and use of existing information systems whilst 
driving. Using the radio and built-in GPS (61%) to receive traffic information were the two most 
popular responses. Separate navigation devices and smartphone applications were also 
frequently used by at least half of the participants. Participants reported little experience of 
using information systems that provided warnings for speed cameras e.g. Cayote (14%).
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Participants were then asked to highlight the types of information they would like to receive 
when driving. Almost all participants desired to receive information relating to traffic jams 
(98%). Information relating to specific traffic and road conditions (86%), lane utilisation (78%) 
and regulatory speed limits (71%) were also popular responses.

5.1.1.3 France

7 truck drivers took part in the online questionnaire, details of which are in Section 
5.2.1.2.1.1.11 and Section 10.7.2 of Annex 3 [6].

For MCTO, the online questionnaire was not applied to the planners and the Terminal 
operators, as their number was insufficient to allow any comparison through a standardised 
questionnaire. Instead, three interviews were conducted by InterCor partner i-Trans:

 one with the Transporter responsible (head of company and head of exploitation 
department),

 one with three voluntary drivers

 one with the Terminal operator responsible (head of exploitation)

5.1.1.4 Belgium

A short questionnaire on a driver’s profile was administered to each test driver before the 
first test drive. The group counted 11 participants. They all men with an average age of 41 
years (standard deviation of 8.5 years). On average, the drivers held their driving licence for 
22 years (standard deviation of 8.8 years). All except one are highly educated.

Experience is rather diverse: while 7 drivers reported to drive between 10,000 and 22,000 
km per year, 3 drivers reported to have driven less than 10,000 km per year. One driver has 
driven more than 22,000 km in the last year. They use their car daily. Experience also 
depends on age: 7 drivers reported to have driven more than 300,000 km in their life. All 
drivers carry a driving licence for a car and 4 drivers have a driving licence for a truck or a 
bus. Except for two drivers, all drivers experienced one or more accidents in their lifetime. 7 
drivers were driving the vehicle when the accident happened. Only 3 drivers indicated that 
there was serious material damage and 1 driver indicated serious injuries or deaths.

A noteworthy observation for this group of test drivers is their answers on the question “If 
there were no speed limits on motorways in your country (such as on the German 
motorways, for example), what would be the maximum speed you would like to drive?” The 
average speed for driving a car on a highway with no speed limit is set on 146 km/h 
(standard deviation of 18.5 km/h) in this test group. 4 people indicated 160 km/h or more. 
This answering group profile is a first indication that the group is above average concerning 
their tolerant attitude towards fast driving.

In the profiling questionnaire a few experiences and attitudes towards IVS were inquired. 
These questions are presented in the two following graphs:

The answers demonstrate that the drivers have experience with navigation tools and are 
eager to receive more information in their vehicle, especially information on traffic jams and 
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speed limits. All the answers are graphically displayed in Annex 10. We will further elaborate 
on the drivers’ eagerness to receive more IVS information in their vehicle in the acceptability 
questionnaire. However, their experience with other information systems will have an 
influence on their judgement of the new IVS services in the acceptability and acceptance 
questionnaire.
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5.1.2 Summary of Quantitative Results

5.1.2.1 Summary of results from all MS for each Service.

In Vehicle Signage

5.1.2.1.1.1 Summary Tables

5.1.2.1.1.1.1 Speed Signage

POSITIVE NEGATIVE
Overall, positive opinion about the usefulness 

of the service
Perceived usefulness declined post-testing in 

some MS Pilots

More than half of the participants found the 
information to be accurate, timely and 

trustworthy

Decrease in opinions that the service can 
contribute to feeling more at ease and secure 

post-testing in some MS Pilots

5.1.2.1.1.1.2 Lane Signage

POSITIVE NEGATIVE
Not distracting

Overall, positive opinions about the usefulness 
of the service and its potential to improve road 

safety

Mixed opinions about the timeliness, accuracy 
and trustworthiness of the service

Overall positive opinions about the added value 
of the service compared to roadside signage

5.1.2.1.1.2 Controlled test driver feedback

When considering the provided services, IVS and RWW (see next sub section), the results 
of the surveys showed some differences between the two services.

Regarding the IVS of speed and lane information, most of the participants indicated to have 
seen, understood and used the information.

For all services, a large fraction of the participants that indicated to have seen the 
information, used this information in every ride or mostly during disruptions, while it was 
mentioned that they found it useful to have the information inside the vehicle. For all 
services, positive effects on behaviour (as indicated by the participants) as well as on trip 
quality were found.

A considerable number of participants indicated that they immediately reacted to the 
information presented on the HMI and that they felt more secure and at ease while driving 
with the service.

When analysing the objective impact for these services we observed that people were 
changing their behaviour when the messages were first displayed since the data indicated 
that the mean speed before and after the message significantly changed.
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However, since a similar change was noticeable when the HMI was disabled it was not 
possible to directly relate this to the information provisioning by the HMI, except for the MS 
that was able to disable the gantry signs and then successfully isolate that it was the HMI 
casing the driver to react, linking their subjective impact to the objective impact measured in 
their speed adaptation in a number of cases. Please refer to section 4.2.1 for details of 
the objective impact analysis conducted for IVS Speed Signage.

Most participants had some comments about improving the HMI, a common result from all 
MS Pilots.

Firstly, some participants commented that the position of the screen was not ideal; which 
could be improved by placing the HMI closer to the line of sight of the participant or 
integrated into the car HMI.

Secondly, some comments were made on the use of colours, signs and letters for the 
different services. Feedback that was collected contained that some participants found it 
difficult to interpret the information. Moreover, there were comments regarding the screen 
being too bright and causing distraction.

Thirdly, multiple comments were made about the HMI not displaying the correct information 
or not displaying it accurately (e.g. some participants indicated they would like to know what 
exactly was going on) or not displaying it in a timely manner (either too early or too late). 
Other comments from one MS Pilot were about the system not working in tunnels

Lastly, some participants also indicated the desire for audio feedback (in addition to visual 
feedback) in case new information was presented on the HMI. Some MS systems employed 
audio beeps as this was left to the developer of the HMI to decide how to implement certain 
aspects of the HMI.

5.1.2.1.1.3 Naturalistic test driver feedback

In the Netherlands, it is worth mentioning that five drivers from the Naturalistic tests were 
chosen to have a longer-term test period and they replied on the same survey questions as 
the other user groups. Their responses were similar to the majority of the rest of the 
participants, implying that their experience regarding the services was recorded as similar to 
the Controlled test drivers; acceptability and acceptance followed also the same pattern 
(mostly more negative or more neutral answers after testing than before the test period).

5.1.2.1.1.4 Perceiving and Using the Service

Of particular interest concerned the comments drivers had at the end, mostly related to the 
IVS and RWW service. In particular, someone mentioned that for both the old and the newer 
version HMI introduced in one MS pilot, the information arrived too late and that they would 
like to receive it 2 or 3 km in advance.

Interestingly, the systems in all MS are configured to provide IVS closer to the actual events 
as are in line with current gantry positions. RWW is usually configured to display in advance 
as existing signage would, giving the driver a countdown to and in roadworks.

Another comment was related to the display of the real number of lanes, because the HMI 
on some solutions showed a default number of lanes. Further, it was mentioned that the 
current maximum speed was not always correct and that, when a traffic queue warning on 
the overhead signs suddenly came in, the system took almost a minute to present the speed 
on the tablet. This is a good example of how minor technical issues can affect driver 
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acceptance, and the importance to re-validate the system prior to any controlled testing 
events.

5.1.2.1.1.4.1 Flitsmeister Application drivers (Netherlands)

Apart from the questionnaires that have been gathered within the Controlled and Naturalistic 
group additional questions have been sent to the Flitsmeister app users. This app displays 
the maximum speed alongside the road on a mobile phone. Still, almost half of all users did 
not see the speed limits on their display, even though the road side systems did show a 
speed limit. Whether this is due to technical issues or the user not looking on the screen, has 
not been researched. The majority of the other half of the users indicated to have seen the 
speed limits a couple of times. When seen, almost every user considered the displayed 
speed limits as useful. When seen, almost every user considered the displayed speed limits 
as useful.

Road Works Warning

5.1.2.1.1.5 Summary Table

POSITIVE NEGATIVE
Participants reported being less distracted of 

the service after testing compared to their 
expectations before

Some drivers indicated increasing the gap to the 
car in front on receiving the RWW warning

The countdown to and in particular in roadworks 
was deemed useful (see interview feedback 

5.2.1.2

RWW assistant did not help drivers feel more at 
ease during test drive compared to their 

expectations

RWW did not encourage actual speed 
reduction post-testing compared to 

expectations

Earlier warnings prior to start of roadworks 
desired

5.1.2.1.1.6 Controlled test driver feedback

Setting up controlled events for RWW proved more challenging than for IVS, due to the 
nature of roadworks (often at night) and the need to ensure the accuracy of the planned 
roadworks being implemented on the road in practice down to a few metres (for the user of 
the service to accept it as an accurate and useful service).

As a result, it was perhaps not surprising that some issues were experienced in initial testing 
of this service. In some MS pilots there was a considerable number of participants who 
indicated that they were actually not able to observe the information presented. This was 
supported by the number of DENMs sent out due to the technical challenges at the start of 
the pilot in that MS. Another contextual factor was that during the second series of tests with 
RWW in that MS pilot, much fewer roadworks were actually in progress than expected, thus 
there were not many relevant messages for the drivers. As a result, regarding the frequency, 
most of the participants indicated that they never or almost never saw or used the presented 
information.

A similar challenge affected the drivers testing RWW in another MS, where the daytime test 
was a ‘partial roadworks’ and although drivers saw and understood the information, their 
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perception of the service’s usefulness was diminished due to the limitations of the RWW 
controlled test conducted in the daytime. A night-time full RWW test was also conducted to 
mitigate this, but some technical issues beyond the control of the evaluation team limited the 
potential subjective impact of the service ( as the roadworks location was shifted upstream at 
the last minute).

However, valuable user feedback was still obtained as the drivers on the night-time test 
understood the intent of the services (as part of the wider project team) and highlighted the 
usefulness of the countdown when in roadworks to the end of them (giving them increased 
driver comfort).

Green Light Optimised Speed Advice

5.1.2.1.1.7 Summary Table

POSITIVE NEGATIVE
Participants felt more at ease while driving with 

GLOSA compared to before
GLOSA did not make participants feel more 

aware/alert of their speed

Participants had stronger, more positive 
opinions about the usefulness of the service 

after testing

GLOSA Time-to-red generated mixed opinions 
about the service and its potential to encourage 

safe behaviour

Participants were more willing to have GLOSA 
permanently in their vehicle after testing

GLOSA speed and countdown advice could 
jump when traffic signals were in fully adaptive 

mode, causing driver to question advice.

Participants were more willing to pay for the 
service after testing (in one MS pilot)

Some MS reported subjective impact of drivers 
adapting their speed according to advice

HMI display could distract drivers 

Refer to Section 5.1.3.4 for an in-depth analysis of the GLOSA service across the MS who 
piloted this service.

Also see Section 5.2.1.2 for further driver feedback gleaned through driver interviews.

Truck Parking

5.1.2.1.1.8 Summary Table

POSITIVE NEGATIVE
90% of drivers said after use, that they would 

like to have the information permanently

The survey showed users appreciate the real-
time feature as 81% were using it

Application could be developed / refined

Integration with existing applications in cab

Ability reserve whilst en-route
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5.1.2.1.1.9 Naturalist Testing Truck Driver Feedback

The survey (among 337 truckdrivers) was conducted by the service provider as they are the 
only one having access to their customers. From marketing point of view, they decided to 
combine the 12 truck parking survey questions into 6-9 questions answering the research 
topics identified. This survey shows the following results. Dynamic truck parking services are 
(very) important for drivers. Most free parking spaces are found while driving. Interoperability 
of services can be important for those drivers driving internationally and needing an 
overnight break. However, the total amount of those truckdrivers is not statistically significant 
from the Pilot. The possibility of making a reservation for a parking space is seen as a key 
improvement of the service

In another MS, Truck Parking was only tested by InterCor participants during a TESTFEST 
to prove technical operation and interoperability with limited feedback from actual end-users. 
Details can be found in section 3.6.8.2 of this testing.

Multimodal Cargo Transport Optimisation

5.1.2.1.1.10 Summary Table

POSITIVE NEGATIVE
Transportation planners found the service useful

Single source of information

Information beneficial to Transport company 
management

Application needs to be developed / refined

Information may have limited practical use due 
to the way current re-booking processes work

Less useful for Truck Drivers unless combined 
with TP service in app

The MCTO common questionnaire was co-developed by France and Netherlands, the two 
being the only Member States testing this service. On the French side, CEREMA researchers 
with traffic psychology background have helped in the development of the questions.

They suggested, and Dutch InterCor partners were of the same view, that the public of 
professional truck drivers would respond best to a limited set of clear questions and not too 
ask too many questions, which is mirrored in the relatively compact MCTO question set.

 In November 2019 a survey was sent to 16 planners who worked with the Mainport 
Traffic Monitor (MTM) and experienced service for over 12 months. A total of 9 
planners filled in the survey. The results of this are detailed in Section 5.1.3.6 and 
Annex 3 10.7.1 [6].

 The French MCTO Test set-up comprised of two companies. As questionnaire results 
from the Terminal responsible and the Transporter’s planners would not have been 
comparable (see driver profile section 5.1.1.3), the choice was made to only present 
the questionnaire to the truck drivers. The pilot evaluation started in April 2019 and 
progressively involved more drivers. The questionnaires were sent out to Transport 
Bogaert’s drivers in January 2020 and results can be found in Section 5.1.3.6. and 
Annex 3 Section 10.7.1 [6]
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Tunnel Logistics

5.1.2.1.1.11 Summary Table

POSITIVE NEGATIVE
Service was able to reduce stopping at red 
lights which a 55% of drivers agreed with

45% of drivers would like the Route Advice 
permanently in their vehicle

Drivers would like to receive earlier information 
about whether or not they are given priority at 

traffic lights so they can anticipate their actions

Jumps in information were seen with the A-
TLCs

Route advice was deemed similar to Waze or 
GoogleMaps

5.1.2.2 Summary of any ‘Before / After’ Results (comparing Acceptability with Acceptance)

The comparison between acceptability and acceptance is made using similar questions of 
the questionnaire posed before and after the driving experiment. An overview of this 
comparison, performed for each service, can be found in Annex 3 [6]. Some interesting 
differences between the acceptability and acceptance are provided below taken from one of 
the member state pilot reports.

Overall, this type of reaction and themes were common across the member states who also 
piloted the same services mentioned below. More detailed analysis of pre and post-test 
acceptability vs. acceptance can be found for the individual services evaluated in Section 
5.1.3.

IVS – Speed Signage Example

Some important shifts in results are found (mostly towards the negative). For example, 
feeling at ease or more secure while driving with the HMI before the test shows to be more 
positive than the responses participants gave within the questionnaire at the end of the test. 
Similar results are found when comparing statements regarding the feeling of alertness and 
perception of road safety. Furthermore, the majority appears to feel that they got distracted 
by the IVS service, in contrast to the initial expectations. Interestingly, the (perception of the) 
trustworthiness of the information presented on the HMI slightly increases after the test. 
Regarding the usefulness, even more people seem to agree with that statement after the 
end of the test. The willingness to pay is very low (neutral or below) in both before and after 
results.

IVS – lane signage Example

Also, for this service some shifts in results are found. For example, feeling secure and 
feeling at ease while driving with the HMI before the test shows to be more positive than 
after the test. Similar results are found when comparing statements regarding the potential 
improvement of road safety, with participants shifting mainly towards a neutral position and 
not negative necessarily. Furthermore, slightly more people had indicated before the test 
that they would use the information from Lane Assistant compared to those who replied 
positively in that statement after the test. Moreover, the results indicate that after driving with 
the HMI (displaying lane information) the opinion on the distraction arising from the HMI is 
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shifted towards being more negative, since before the test most participants indicated they 
would not be distracted by such a system, but afterwards more of them indicated otherwise. 
However, after the test, more participants indicated they would like to have the Lane 
Assistant permanently in their vehicle after the test. Additionally, it appears participants are 
slightly more willing to share their position data after the test. The same applies for the 
willingness to pay for the service.

RWW Example:

As for the RWW service and regarding the feeling of concern about unexpected delays, less 
participants seem to be sensitive after the test. Furthermore, more participants indicated 
they felt the service was less useful after the test than before, although many kept a neutral 
position towards this statement after the test. The same holds for feeling more secure with 
the Road Works Assistant while driving. Similar results were found when assessing the 
potential effect on road safety as well as their change in behaviour, implying that they 
indicated being more likely to adapt their speed before the test than after. The opinions on 
getting distracted shifted towards being more negative as well. The same applies for the 
willingness to pay for the service since less people appear positive towards this after the 
test. Additionally, it appears that participants are a bit less willing to share their position data 
after the test. Conversely, after the test, participants indicated a slight increase in the 
trustworthiness of the information presented.
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5.1.3 Summary of Survey results by Service
The following sections detail the results from all attitudinal questions asked before (where 
applicable) and after test drive for each service. The percentage of responses for each point 
on the scales are presented in graphics using a colour for responses that were collected 
prior to test drive and a different colour for responses collected post test drive which are 
contained in the InterCor M13 Evaluation Report – Detailed Results Annexes [6] document 
that accompanies this report.

Where the same question was asked before and after test drive, the scores are collated 
together and represented within the same graphic using the same colours for before and 
after test drive responses. These combined graphics provide a visual indication of the 
magnitude and direction of change in scores. However, an increase or decrease in scores 
after experiencing the technology should be interpreted with caution, taking into account the 
reported statistically significant result (if one was found), but also considering other factors 
that may have influenced the change in score. For instance, it is unrealistic to expect a 
behaviour change from all participants and in all testing conditions given that user trials were 
conducted in real world environment and traffic conditions did not always allow participants 
to change their behaviour in response to the notifications displayed by the HMI e.g. stuck in 
heavy traffic.

For each service, the results are generally reported under four main topics, each having a 
separate sub-section:

- Perceiving and using the information: collates the results from questions examining 
any reported issues with understanding the messages

- Influence of the service on behaviour and trip quality: collates the results from 
questions measuring expectations about the potential influence of the service on the 
driving performance (e.g. distraction), driving behaviour (e.g. speed management, lane 
management) and overall trip quality (e.g. feeling more secure, more at ease); these 
are compared with reported perceptions about behaviour change and trip quality as 
collected after testing the technology.

- Perceived value of the service: collates the results from questions measuring 
expectations about the value and effectiveness of the service and about different 
aspects of the quality of information (e.g. timeliness, accuracy, trustworthiness); these 
are compared with reported perceptions after testing the technology.

- Attitudes towards future adoption: collates the results from questions measuring 
intentions to use and pay for the service prior to testing it and after.
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5.1.3.1 In Vehicle Signage – Speed Signage

Provision of graphs: Refer to separate Annex document - Annex 3: Section 10.2 [6].

During user testing undertaken during the pilot activities, dynamic speed limit information 
notifications most often reflected the speed limits and on rarer occasions were issued when 
there were changes in the mandatory or advisory speed limits due to congestion, accidents 
ahead or in case of lane merge at road works or slip roads. It is to be noted that for the majority 
of participants IVS – Speed Signage notifications did not require an actual speed reduction.

Acceptability

The acceptability of the speed signage IVS was assessed before the controlled driving tests, 
and thus, before the participants’ vehicles were equipped with the HMI. This aspect is further 
elaborated on in the answers in the comparison between acceptance and acceptability and 
in the four main topics for the service.

Acceptance

The acceptance of the speed signage IVS was assessed after the controlled driving tests 
where the participants’ vehicles were equipped with the HMI. The important topics 
concerning the acceptance are addressed in the following sub sections below. Graphs can 
be found in [6] Annex 3 – Section 10.2.2.

IVS-Speed Limits (over Cellular)

In Belgium, when considering the provided services IVS speed and lane information 
provided over cellular, most of the participants indicated to have seen differences between 
the HMI in the car and the gantries. More information concerning this ambiguity can be found 
in Section 5.2. However, in other MS pilots this aspect was deemed to be generally 
accurate.

The acceptance survey on IVS speed signage revealed that the participants frequently saw 
the speed limits which held true for all MS who piloted this service. Drivers understood the 
information and still thought that IVS speed limit signage was a useful service after testing 
albeit this declined slightly during some MS testing (as they didn’t offer anything over and 
above what the gantry signs were displaying). However, participants did not feel more 
secure or more at ease while driving with the assistant in some MS pilots and indicated a 
neutral view on that aspect.

The relatively short test drives in the controlled tests might have been too short to induce a 
feeling of augmented security on the road. Drivers were also still getting used to the new 
system in their car. Though, they indicated that they were more aware of the speed limits on 
the road and a considerable number of participants indicated that they immediately reacted 
to the information presented on the HMI in at least two of the MS pilots. A positive aspect of 
the HMI was that a good proportion of drivers indicated that they did not find the speed 
assistant in the car too distracting.

However, there were some concerns and divisive reactions on the statements whether the 
speed assistant displayed the information accurately and in a timely manner in some of the 
MS pilot tests. Half of the participants for this particular MS did not find the speed assistant 
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trustworthy. These answers indicated that there were some issues with the precision of the 
displayed information in some cases.

The views on satisfaction of the provided information were divided across different MS as 
well and, on the question, whether they would like to have it or recommend it to others, 
drivers in some MS responded rather negatively, although this was for a relatively small 
driver sample. The willingness to pay was also rather low but something all MS agreed on.

Half of the participants in one MS disagreed with the statement: “Showing speed limits in the 
vehicle has more value than showing this information along the road.” And only a few agreed 
with this statement. This question is further analysed by other MS in the subsequent 
sections.

Overall, IVS-speed signage is a promising service lacked some precision based on its 
current roll-out in the one of the MS Pilots, at least when compared to other Pilots who 
implemented the same service. This is not a surprise as all MS have different back office 
systems generating the origin data that ultimately gets converted into a C-ITS compliant 
message. In general, there are no obvious signs that the drivers who filled in the 
questionnaire were giving socially acceptable answers, further backed up by driver 
interviews in some MS. The test group in some MS were limited in size but seems to provide 
honest output and in general agreed with the views of larger sample driver sizes in other MS.

This final point is a real positive as it means all MS created a set of controlled tests where 
drivers felt they could behave in a more naturalist way and not feel they were being 
‘examined’.

IVS-Speed Limits (over ITS-G5)

The provided answers were similar to the cellular delivered service, where one MS made 
this specific delineation of analysis. The acceptance survey on IVS speed signage for this 
MS revealed that the participants frequently saw the speed limits over ITS-G5. They 
understood the information and they thought that IVS speed limit signage was useful. 
Participants indicated a rather neutral view on feeling more secure or more at ease and 
some participants rather disagreed on that aspect. There were a few participants that 
indicated that the speed assistant in the car was a distraction. Some of this may have been 
due to the controlled testing and receiving a lot of warnings in a short space of time 
compared to naturalistic driving.

Similarly, to the cellular based app, there were some concerns and divisive reactions on the 
statements whether the speed assistant displayed the information accurately and in a timely 
manner. For this MS with a small sample size, half of the participants did not find the speed 
assistant trustworthy. This was not something that came across as strongly in the overall 
results when looking across all MS who piloted this service. As stated above, these answers 
indicated that there were some issues with the precision of the displayed information or that 
the environmental context of the experimental setup was too complex, and not connected 
with whether the service was delivered over Cellular or ITS-G5. This illustrates the perhaps 
obvious conclusion that the service must perform to a high level for drivers to accept these 
new services, where the bar set by in car systems and third-party SatNav applications is 
already quite high, so expectations of new services is naturally higher.

Comparing Acceptability and Acceptance
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The comparison between acceptability and acceptance was made using similar questions of 
the questionnaire posed before and after the driving experiment. A graphical representation 
of this comparison can be found in Section 10 of Annex 3 [6]. The most interesting 
differences between the acceptability and acceptance are provided below.

In the Netherlands, when comparing the differences in the results of the acceptability and 
acceptance, some shifts in results were found (mostly towards the negative). For example, 
feeling at ease or more secure while driving with the HMI before the test showed generally to 
be more positive than after the end of the test. Similar results were found when comparing 
statements regarding the feeling of alertness and perception of road safety. Furthermore, a 
larger proportion appear to feel that they got distracted by the Speed Assistant provided by 
the IVS Service, in contrast to the initial expectations.

Interestingly, the (perception of the) trustworthiness of the information presented on the HMI 
slightly increased after the test for some drivers. Regarding the usefulness, even more 
people seemed to agree with that statement after the end of the test. Additionally, after the 
test, it appears participants would like to have the Speed Assistant permanently in their 
vehicle, are slightly less negative towards being willing to pay for the service after the test. 
Although it should be noted that the willingness to pay is still very low (neutral or below).

This not dissimilar to other MS findings. For the UK this aspect is analysed in detail in sub 
topics that follow this section with statistical analysis given the larger driver sample available 
to analyse.

In Belgium, the results were similar between drivers receiving the service either from ITS-G5 
or the Cellular application. The most interesting differences between the acceptability and 
acceptance from the Belgium pilot are provided below.

When comparing the differences in the results of the acceptability and acceptance, some 
shifts in results were also found slightly towards the negative. This is a normal phenomenon 
in acceptability-acceptance testing. For example, being more aware of the speed limits while 
driving with the HMI shows to be more positive before the test than after the test. 
Participants seemed to have overestimated that effect. Similar results were found when 
comparing statements regarding being trustworthy and the desire to have the assistant 
permanently in the car. This was also seen as trend across other MS who evaluated this 
service.

In Belgium, all other statements provided similar tendencies and answers towards 
agreement and disagreement in the acceptance and acceptability surveys. This meant that 
the tested services had the same quality of acceptance for these particular questioned 
attributes (see Annex 3 in [6]) than the envisaged service imagined before the IVS 
experience. Remarkably, the willingness to pay was still very low before and after the test 
(as seen by all MS). All MS results further elaborate on these differences between 
acceptance and acceptability in light of the previous list of research questions in the topic 
areas that follow.

Perceiving and using the information
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5.1.3.1.1.1 The Netherlands

Most of the participants (77.9%) indicated to have noticed and also understood the 
maximum speed indication on the HMI, while around 16.8% of the participants indicated that 
they have not seen the information on the screen at all. The rest 5.3% indicated to have 
seen the information but not having paid attention to this information or not knowing what it 
was about.

Almost 53% of the participants indicated seeing the information 2-3 times during the test, 
14.7% only saw the information once, while 11.6% did not recall how many times they saw 
the information. 17.9% of the participants indicated to never having seen the information on 
the maximum speed. Considering the use of the presented information, 36.8% indicated 
using the information (almost) always, 16.8% indicated to use it frequently, 15.8% 
sometimes, while 24.2% indicated that they have not used the information. Lastly, 6.3% did 
not recall using the information.

Of all participants indicating using the information during the test (69.5%), the use of the 
information differed (where multiple answers were possible). Around 27% indicated to have 
used the information during the entire test drive, 29.5% indicated to have used the 
information mostly during disruptions, 6.3% mostly during unknown routes, while the rest did 
not know when they used it. Few claimed that they followed only the advice on the matrix 
boards.

Of all participants indicating not using the information during the test (24.2%), where 
multiple answers were possible), 12.6% indicated not having seen the information on the 
HMI and 9.5% claimed that they did not know that there was this information in the car. 
Around 8% indicated that they did not require the information presented, 2.1% claimed that 
the information was not correct, while 1.1% preferred other information sources.

5.1.3.1.1.2 The UK

In total 34 participants experienced IVS – Speed signage during their test drive. Only one of 
them suggested that they never paid attention to it. No issues were reported with 
understanding the provided information. Almost half of the participants (45%) saw IVS – Speed 
Signage more than three times during their test drive; 33% percent saw it about 2-3 times and 
the least number of participants (18%) saw it only once.

Thirty-nine percent of the participants used the information provided by the IVS – Speed 
Signage always or regularly, one third used it occasionally and about a quarter (24%) reported 
having hardly used it.

When asked about the reasons why participants did not use Speed Assistant, the large 
majority did not provide a specific reason; an equal number of participants suggested the 
provided information was not necessary for their trip and that the information was already 
provided by other sources. This finding is in line with feedback from face-to-face interviews 
suggesting that Speed Signage would be more useful if it provided variable speed limits 
instead of showing the mandatory speed limit (as it is already indicated on roadside signage, 
see Section 5.1.3.1.1.17).

5.1.3.1.1.3 Belgium

IVS-speed limits 4G
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91% of the participants indicated to have noticed the maximum speed indication on the HMI 
on multiple occasions. While 64% of the participants indicated that they used the information 
during the test drive, 27% indicated not to use the information and the provided reason for 
not using the information was that the displayed information is not correct.
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IVS-speed limits ITS-G5

A similar pattern was observed for the ITS-G5 application. All participants indicated to have 
noticed the maximum speed indication on the HMI on multiple occasions and 18% indicated 
to have seen the messages but did not pay attention to it because the provided information 
was not correct.
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Influence of the service on behaviour and trip quality

5.1.3.1.1.4 The Netherlands

The influence of the speed signage on the behaviour and trip quality of the participants was 
measured using five statements, which the participants were asked to rank between ‘totally 
disagree’ and ‘totally agree’.

When considering the trip quality, the majority of the participants indicated feeling more at 
ease while driving with the HMI showing the maximum speed, while several of them were 
neutral towards this. A large part of the participants was also neutral to statements regarding 
feeling more secure while driving with the HMI, while an equal part indicated (strong) 
agreement to wards this statement. The rest of them indicated disagreement towards this. 
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Furthermore, around one third of the participants indicated that they were not distracted by 
the HMI, while some of them agreed and the rest remained neutral.

For the changes in behaviour, the majority of the participants indicated being more aware to 
exceeding the speed limit as a result of displaying the speed on the HMI. Additionally, the 
large majority of the participants also indicated that they immediately reduced their speed 
after receiving a notification from the speed assistant.

5.1.3.1.1.5 The UK

The influence of IVS – Speed Signage on behaviour and trip quality was measured through 
five items. All five of the items compared participants’ expectations about the technology prior 
to trials with their perceptions after experiencing IVS – Speed Signage.

The majority of participants did not think that IVS – Speed Signage would distract their 
attention from traffic prior to test drive. Their opinions did not change post-trials, the difference 
between scores on the question before and after test drives being non-significant.

Prior to test drive, 47% participants agreed that IVS – Speed Signage would contribute to 
feeling more at ease while driving. This number dropped post-testing; however, the difference 
was not statistically significant suggesting that further testing is recommended to examine how 
drivers feel about the technology. The decrease in positive responses may be associated with 
expectations that Speed Signage messages would appear to notify of a necessary change in 
speed, which was not always if not rarely the case, during trials (see Section 5.2.2.1.1.1.2). 
Notifications about mandatory speed limits may have affected participants’ opinions about the 
potential of the technology to improve journey experience. Further research is recommended 
to examine whether drivers would perceive notifications about variable speed limits differently.

Participants felt less secure than expected after having experienced IVS – Speed Signage, 
the difference in the scores pre and post-testing being significant at p < .05. This result may 
be associated with participants commenting that due to a lot of the messages replicating 
national speed limit, they chose more often than not to ignore this repetitive information (as it 
did not provide much real added value). Further testing is recommended to examine whether 
participants would feel more secure if the system was providing information about variable 
speed limits.

Similarly, participants reported significantly less awareness of driving over the speed limit post-
test drive compared to their expectations that the technology would contribute to making them 
more aware of speed limits before test drive, p < .001. This result is to be regarded with caution 
as the post-trial question may have implied an illegal behaviour (i.e. driving over the speed 
limit) in which case it is understandable that a large number of participants disagreed with the 
statement or have chosen to respond with a neutral opinion.

The last question compared participants’ intentions to reduce their speed immediately after 
receiving IVS – Speed Signage notifications with their reported behaviour during test drive. 
Participants reported significantly less speed reduction behaviour compared to their 
expectations, p < .01. This again could be attributed to the context in which IVS – Speed 
Signage was tested (i.e. no real need for speed reduction). Nonetheless, the large number of 
participants who intended to reduce their speed in response to the technology prior to testing 
it (62%) suggests that IVS – Speed Signage has the potential to influence behaviour change 
if it provided drivers with more accurate and relevant information.
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5.1.3.1.1.6 Belgium

IVS-speed limits 4G

The influence of the speed signage on the behaviour and trip quality of the participants was 
measured using five statements, which the participants were asked to rank between ‘totally 
disagree’ and ‘totally agree’.

When considering the trip quality, most of the participants indicated a neutral position for the 
statement feeling more at ease while driving with the HMI showing the maximum speed, with 
two more disagreeing and two agreeing or totally agreeing positions to that statement. A 
large part of the participants was also neutral to statements regarding feeling more secure 
while driving with the HMI. These answers are more negative than the answers to the same 
question in the acceptability questionnaire. Furthermore, 91% of the participants indicated a 
neutral or disagreeing position on being distracted by the HMI. This is a positive result.

For the changes in behaviour, 64% of the participants indicated being more aware to 
exceeding the speed limit as a result of displayed speed limits on the HMI. However, only 
36% of the participants indicated that they immediately reduced their speed after receiving a 
notification from the speed assistant.

IVS-speed limits ITS-G5

When considering the trip quality, the participants indicated divisive positions on the 
statement feeling more at ease while driving with the HMI showing the maximum speed, with 
four disagreeing or totally disagreeing positions and only three agreeing positions. Three 
participants indicated a neutral position. 40% of the participants were also neutral to 
statements regarding feeling more secure while driving with the HMI. Though, 30% of the 
participants totally disagree with this statement. Furthermore, 4 out of 10 participants 
indicated that the HMI was distracting.

For the changes in behaviour, 80% of the participants indicated being more aware to 
exceeding the speed limit as a result of displaying the speed on the HMI. However, only 30% 
of the participants indicated that they immediately reduced their speed after receiving a 
notification from the speed assistant. Because of the limited size of the participating group, 
these results are not significantly different from the 4G dependent service.

From these results we can conclude that the ITS-G5 application is slightly more obtrusive 
than the 4G application. However, the feeling of trip quality did not largely improve for the 
specific group of test drivers when the IVS service was guiding the drivers. A possible 
explanation to this lack of comfort is that the test drives were too short to experience a 
relaxed trip feeling. Participants were still getting used to their new equipment.

Perceived value of the service

5.1.3.1.1.7 The Netherlands

When considering the perceived value of the service, the majority of the participants 
indicated that they found the speed signage service both useful, clear to understand, 
trustworthy, and indicated that they were satisfied with the provided information. When 
considering the accurateness of the displayed information, again, most participants were 
positive. However, quite a few participants were neutral towards this statement or had no 
opinion, while also a few found that the information was not accurate in displaying the 
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information. When considering the timelines of presenting the information, the opinions were 
divided, but still the majority found that the information was provided in a timely manner. For 
the effect on the road safety, most of the participants agreed to the statement of the Speed 
Assistant being an improvement to the road safety but a big part kept a neutral position 
towards this. A less positive effect was found when assessing whether the information 
presented on the HMI provided more value than roadside information, where the opinions 
were divided and the majority did not agree to this, with many participants remaining neutral. 
Finally, most of the participants indicated that they would recommend the service to others.

5.1.3.1.1.8 The UK

Perceived value of the service was measured through nine items. Three items compared 
participants’ expectations about the quality of the service before experiencing it with their 
perceptions post-testing. One question measured opinions about the potential of the 
technology to improve road safety prior to testing it and the remaining five items evaluated 
participants’ overall opinions about different aspects of the service post-trials.

Participants thought that IVS – Speed Signage would be more useful prior to their test drive 
than after they experienced it; the comparison of the scores revealed a significant difference 
at p < .05. Despite this significant decline in positive opinions following on-road testing, the 
overall scores suggest that IVS – Speed Signage has the potential to be appreciated by 
drivers.

In line with the above, before on-road testing the majority of participants were of the opinion 
that IVS – Speed Signage could improve road safety. This question was not repeated post-
testing. When asked about the value and effectiveness of the service in providing in-vehicle 
information compared to roadside signage, almost half of the participants expressed positive 
opinions after having tested the technology. Similarly, a bit over half of the participants were 
satisfied with the information provided by IVS – Speed Signage).

More specific feedback about different aspects of the quality of information provided by IVS – 
Speed Signage was measured with the next three questions. 65% were satisfied with the 
accuracy of the information. Sixty-two percent found that information was provided in a timely 
manner.

There was no significant change in participants’ perception of the trustworthiness of the 
service before and after on-road testing, with about 62% having reported positive opinions 
after they experienced the technology.

Finally, participants reported feeling comfortable sharing their location data as part of the IVS 
– Speed Signage service, with no change in the score before and after testing.

5.1.3.1.1.9 Belgium

IVS-speed limits 4G

When considering the perceived value of the service, participants had different opinions. 
They agreed positively on usefulness and clarity to understand the display. However, 54% of 
the participants indicated that the application was not trustworthy (they disagreed or totally 
disagreed), and 50% of the participants indicated that they were not satisfied with the 
provided information (they disagreed or totally disagreed). When considering the 
accurateness of the displayed information, again, 40% of the participants were negative 
(disagreeing or totally disagreeing). However, 40% of the participants were not neutral but 
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positive towards this statement. When considering the timelines of presenting the 
information, the opinions were divided, 3 out of 10 found that the information was provided in 
a timely manner while 6 out of 10 did not. In the current test case, a timely manner means 
that the speed limits are prompted at the moment that the driver passes the respective 
gantry. Also, a neutral to negative outcome was found when assessing whether the 
information presented on the HMI provided more value than roadside information: 40% 
disagreed and 40% was neutral. Finally, 50% of the participants indicated that they would 
recommend the service to others and 50% would not recommend the service or was neutral 
to this item. The 50% of recommenders implies that the service has some useful and 
satisfactory aspects, while the other 50% implies that still an effort towards more accuracy is 
required.

IVS-speed limits ITS-G5

Similarly, to the 4G application, when considering the perceived value of the service, 
participants had different opinions. They agreed positively on usefulness and clarity to 
understand. 20% of the participants indicated that the application was not trustworthy and 
indicated that they were not satisfied with the provided information. When considering the 
accurateness of the displayed information, 20% of the participants were negative. However, 
half of the participants were positive towards this statement. When considering the timelines 
of presenting the information, the opinions were divided, 4 out of 10 found that the 
information was provided in a timely manner while 3 out 10 did not. These results on 
accuracy and timing are slightly better than the 4G application. Once again, the majority 
disagreed when assessing whether the information presented on the HMI provided more 
value than roadside information: 60% disagreed and 30% was neutral. Only 40% of the 
participants indicated that they would recommend the service to others and 50% would not 
recommend the service at all. Although a within-group design has much more power in 
comparing differences, these latter results are not significantly different from the 4G group in 
light of the limited number of participants.

Improvements to the service

5.1.3.1.1.10 The Netherlands

From the comments made by the participants, several improvements to the service are 
provided below. First, several participants claimed that information was missing or not 
displayed on their screens or did not match with the information on the matrix (VMS) signs 
above the road. Secondly, some participants indicated that the presented information was 
difficult to read, while it was recommended that it would have been clearer to display it in the 
form of road signs, using e.g. red border and white background with black letters. Thirdly, in 
case of different speed limits for different lanes (in case of disturbances), some participants 
also indicated the desire for the HMI to also display the vehicle’s current lane position. 
Another participant expressed the preference to constantly have the information over the 
maximum speed on the screen and not only during disturbances. A further recommendation 
for the display was to present the highway like in a normal GPS and not just with straight 
lines. Another indication was that during the test, the information from the HMI was not 
always correct and that the system needed about one minute to show the information on the 
screen while they would prefer it at least 2-3 km in advance. Some of the drivers also 
noticed that it was distracting to look at the screen inside the vehicle especially due to the 
high brightness of the screen. Some of them also claimed that the information displayed as 
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traffic signs on the road was enough. Apparently for one participant it was not clear that the 
information from outside would be available in the car, so they did not pay attention at all.

According to the comments above, the service could be improved by providing the 
information displayed in a timely manner and by ensuring synchronization with the matrix 
(VMS) signs at all times in order to improve the reliability of the presented information. 
Moreover, to avoid confusion and distraction, the design of the interface as well as the 
display of the information could be improved and tested again in the future.

5.1.3.1.1.11 The UK

For improvements suggested during face-to-face interviews, please see Section 
5.2.2.1.1.1.5.

5.1.3.1.1.12 Belgium

From the comments made by the participants, several improvements to the service are 
provided below. Some participants indicated that sometimes the information presented on 
the HMI did not match with the information from the variable matrix signs or that it was not 
displayed on the screen. More information on this subject is presented exhaustively in 
Section 5.2.

General Remarks

5.1.3.1.1.13 The Netherlands

Other remarks regarding the service are as follows. The majority of the participants indicated 
the desire for the HMI (with the speed signage service) to be available permanently in their 
vehicle. When considering providing the participants’ position data during the use of the 
service, the opinions were mainly positive towards agreeing to share this information while 
there were also many participants disagreeing or remaining neutral. Lastly, the clear majority 
of the participants indicated not being willing to pay for the service.

5.1.3.1.1.14 The UK

Attitudes towards future adoption

Attitudes towards future adoption were measured using four items, two of which compared 
participants attitudes before and after experiencing the service. One question measured their 
willingness to use the service before on-road testing and another one their intentions to 
recommend it to others post-trials.

Before on-road testing, 70% of the participants agreed that they would always like to be 
informed about local speed limit.

There was no statistically significant change in participants’ willingness to have IVS – Speed 
Signage permanently in their vehicle after on-road testing. Slightly more than half of them were 
in favour. There was no statistically significant change in participants’ willingness to pay for 
the service after they experienced it. Overall participants were not keen on paying to have 
access to IVS – Speed Signage.
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Finally, 62% of the participants said they would recommend the service to others once they 
have experienced it.

5.1.3.1.1.15 Belgium

Most of the participants indicated not being willing to pay for the service, but this is not due 
to the quality of the services as the participants displayed the same attitude before the test 
drive.

The answers provided by the test group indicated that the participants were rather critical to 
the provided services. One possible explanation could be that all drivers are professionally 
involved in the mobility and road safety sector. Their professional attitude might lead to more 
criticism. The ITS-G5 app tends to have a slight advantage in accuracy and timing of the 
displayed information but has a slight disadvantage in HMI experience by the drivers. 
However, the differences are subtle and not significant given the limited size of the test 
group containing 11 persons. More information on the remarks made by the drivers can be 
found in Section 5.2.

Overall the surveys indicated that there is a lack of accuracy for both applications and that 
there is an up-side potential by improving the overall accuracy and timing leading to a higher 
quality of acceptance of the services involved.

5.1.3.2 In Vehicle Signage – Lane Signage

Provision of graphs; Refer to separate Annex document - Annex 3: Section 10.3 [6].

IVS - Lane Signage informed drivers of the need to change lane due to closed lanes, 
obstructions ahead and road works (separate RWW service). Only a small number of 
participants had to change lane after receiving the notification either because they were 
already in the correct lane or there was no actual closed lane (see Section 5.2.2.1.1.2.2).

Acceptability

The acceptability of the lane signage IVS was assessed before the driving test where the 
participants’ vehicles are equipped with the HMI.

See Section 10.3 in [6] for detailed graphs.

Acceptance

The acceptance of the lane signage IVS was assessed after the driving test where the 
participants’ vehicles are equipped with the HMI.

See Section 10.3 in [6] for detailed graphs.

Comparing Acceptability and Acceptance

The comparison between acceptability and acceptance was made using similar questions of 
the questionnaire posed before and after the driving experiment. An overview of this 
comparison can be found in Section 10 – Annex 3 [6]. The most interesting differences 
between the acceptability and acceptance are provided below.
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When comparing the differences in the results of the acceptability and acceptance, some 
shifts in results were again found (mostly towards the negative). For example, feeling secure 
and feeling at ease while driving with the HMI before the test showed to be more positive 
than after the test. Similar results were found when comparing statements regarding the 
potential improvement of road safety, with participants shifting mainly towards a neutral 
position and not negative necessarily. Furthermore, slightly more people had indicated 
before the test that they would use the information from Lane Assistant compared to those 
who replied positively in that statement after the test. In some MS tests, this was influenced 
by the less instances of drivers experiencing the lane assistant. Moreover, the results 
indicated that after driving with the HMI (displaying lane information) the opinion on the 
distraction arising from the HMI has shifted towards being more negative, since before the 
test most participants indicated they would not be distracted by such a system, but 
afterwards more of them indicated otherwise. The fact drivers are in a controlled test can be 
argued to contribute to this feeling of distraction as well as using a new external HMI fitted 
into the vehicle drivers are not used to using.

However, after the test, more participants indicated they would like to have the Lane 
Assistant permanently in their vehicle after the test. Additionally, it appeared participants 
were slightly more willing to share their position data after the test. The same applied for 
their willingness to pay for the service for one MS evaluation. Although it should be noted 
that the willingness to pay was still quite low (neutral or below).

For the UK this aspect is analysed in detail in sub topics that follow this section with 
statistical analysis given the larger driver sample available to analyse.

IVS-lane advise (over Cellular)

For the Belgium Pilot, the most interesting differences between the acceptability and 
acceptance are provided below for the cellular application.

When comparing the differences in the results of the acceptability and acceptance, 
infrequent shifts in results were found. Answers were very similar before and after the test. 
The statement “feeling secure while driving with the HMI” before the test showed to be more 
positive than after the test. A similar result was found when comparing statements regarding 
readiness to follow lane change advice. All other responses on respective statements before 
and after the test did not show a shift in the answer profiles before compared to those after 
the test.

However, after the test, slightly more participants indicated they would like to have the Lane 
Assistant permanently in their vehicle after the test. Additionally, it appeared that participants 
were slightly less unwilling to pay. Although it should be noted that the willingness to pay 
was still quite low.

IVS-lane advice (over ITS-G5)

Similar results were found for the ITS-G5 application during the Belgium Pilot. When 
comparing the differences in the results of the acceptability and acceptance, some shifts in 
results were again found. For example, feeling at ease while driving with the HMI before the 
test showed to be more positive than after the test. Similar results were found when 
comparing statements regarding readiness to follow lane change advice, distracting attention 
from traffic and the desire to have the assistant permanently in the car. All other responses 
on respective statements before and after the test did not show a noteworthy shift in the 
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answer profiles before compared to those after the test. However, similar to the IVS speed 
service, it was deemed surprising that the willingness to pay is quite low before and after the 
test.

Perceiving and using the information

5.1.3.2.1.1 The Netherlands

Among all the participants, almost 78% indicated to have seen and understood the 
information, while 5.4% and 1.5% of all participants indicated to have seen but not paying 
attention and have seen but not having understood the information presented respectively. 
The rest 12% of the drivers indicated to not have seen the lane signalling on the HMI.

10% of the participants indicated that they never saw the lane information, while half of them 
(50%) indicated to have seen the information 2-3 times during the test. Around 15% only 
saw the information once while 11.5% did not recall how many times they saw the 
information. Considering the use of the presented information, 35.7% indicated using the 
information (almost) always, 18.3% indicated to use it regularly, 10.3% to use it sometimes, 
while 31% indicated to not have used the information. Lastly, 4.8% did not recall using the 
information.

Of all participants indicating using the information during the test (64.3%), the use of the 
information differed (multiple answers were possible). 51.7% indicated to have used the 
information during the entire test drive, 27% indicated to have used the information mostly 
during disruptions, 3.4% mostly during unknown routes and 1.1% used it as much as 
possible. Around 10% of the participants indicated not recalling how they used the 
information and 1.1% claimed that they followed the information shown on the matrix boards 
above the highway.

Of all participants indicating not using the information during the test (31%), 17.9% 
indicated that they did not see the information presented. Moreover, 61.5% indicated that 
they did not require the information and 7.7% indicated not knowing that this information was 
provided in the car. 10.3% claimed that the information presented was not clear, while 2.6% 
claimed that they prefer other sources of information.

5.1.3.2.1.2 The UK

In total 16 participants saw the IVS - Lane Signage icon during their test drive. Two of them 
(13%) reported they did not understand what the icon stood for. The majority of participants 
saw the assistant between one and three times during their test drive and only 25% saw it 
more than three times.

5.1.3.2.1.3 Belgium

IVS-lane advice 4G

Participants all indicated to have seen the information regularly except for one driver. A 
possible explanation for this is that the app was not activated for this driver. 20% of the 
drivers saw the information but did not pay any attention to it. While all participants indicated 
to have seen the information, only 60% reported to use the service. The others did not use 
the service for various reasons: 2 drivers reported that they did not need the information 
while 3 drivers stated that the information was not correct.
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IVS-lane advice ITS-G5

Participants all indicated to have seen the information regularly. While all participants 
indicated to have seen the information, 20% reported not to pay attention to the service. 40% 
of the participants used the lane assistant all the time, 20% of the participants regularly, and 
40% claimed not or hardly ever to use the assistant. The other half did not use the service 
because they did not need it and one driver claimed that the information was not correct.

Influence of the service on behaviour and trip quality

5.1.3.2.1.4 The Netherlands

The influence of the lane signage on the behaviour and trip quality of the participants was 
measured using four statements, which the participants were asked to rank between ‘totally 
disagree’ and ‘totally agree’.

When considering the trip quality, most of the participants indicated feeling more at ease 
while driving with the HMI showing the lane restrictions, but also quite a few stated to be 
neutral. Similarly, the majority of the participants indicated to be neutral towards feeling more 
secure while driving with the HMI, but many of them were positive towards this statement. 
Furthermore, the responses to the statement related to the HMI being a distraction were 
mostly divided between either ‘disagree’ or ‘agree’, indicating that, excluding the adoption of 
a neutral position, half of the participants were distracted by the HMI while the other half 
were not.

For the changes in behaviour, only their lane change behaviour was considered. The 
majority of the participants indicated that they immediately followed advice from the HMI 
regarding a lane change.

5.1.3.2.1.5  The UK

The influence of the service on trip quality and behaviour was measured using four items. All 
of them compared participants’ expectations about the service with reported opinions post-
testing.

The large majority of participants disagreed that IVS - Lane Signage would distract their 
attention from traffic. Their opinions did not change following on-road testing.

More than half of the participants expected that IVS - Lane Signage would contribute to feeling 
more at ease while driving. A slightly smaller number reported feeling more at ease after their 
test drive. There was no statistically significant change in opinions, suggesting that further 
testing is necessary to examine drivers’ perceptions of the IVS - Lane Signage service.

Less than half of the participants agreed that IVS - Lane Signage could help drivers feel more 
secure. On-road testing did not influence their opinions, with no statistically significant changes 
detected between responses before and after testing.

In terms of reported behaviour change, a smaller number of participants reported 
immediately following IVS - Lane Signage advice compared to those who reported intending 
to do so. There was no significant difference between before and after responses. The lack 
of difference in the scores is not surprising provided that on multiple occasions, Lane 
Signage did not require an actual lane change, which may explain the absence of effect 
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following on-road testing. Further testing is recommended to investigate whether IVS - Lane 
Signage could be effective in improving lane and traffic management.

5.1.3.2.1.6 Belgium

IVS-lane advice 4G

The influence of the lane signage on the behaviour and trip quality of the participants was 
measured using four statements, in which the participants were asked to rank between 
‘totally disagree’ and ‘totally agree’.

When considering the trip quality, provided answers are very neutral or divided between 
either ‘disagree’ or ‘agree’ towards the statements feeling more at ease and feeling more 
secure while driving with the HMI showing the lane restrictions. Only two participants 
responded that the HMI is a distraction from traffic.

For the changes in behaviour, only lane change behaviour was considered. Only two 
participants indicated that they immediately followed advice from the HMI regarding a lane 
change. Three drivers were neutral, and five drivers did not immediately follow any lane 
change advice.

 IVS-lane advice ITS-G5

Answers were very similar to the answers of the 4G application. When considering the trip 
quality, the provided answers are very neutral or divided between either ‘disagree’ or ‘agree’ 
towards the statement feeling more secure while driving with the HMI showing the lane 
restrictions. Two answers were radically negative about this statement. Concerning feeling 
more at ease, 5 drivers provided a positive or affirmative answer, while 3 drivers disagree, 
and 1 totally disagreed. Half of the drivers had an issue with the distraction of the HMI. Four 
drivers agreed and 1 driver totally agreed on the statement that the HMI distracted attention 
from traffic.

For the changes in behaviour, only two participants totally agreed, and one participant 
agreed that they immediately followed advice from the HMI regarding a lane change. Four 
drivers were neutral, and three drivers did not immediately follow any lane change advice. 
These results showed a mixed experience of trip quality. Once again, the trip might have 
been too short to induce a positive experience of quality.

Perceived value of the service

5.1.3.2.1.7 The Netherlands

When considering the perceived value of the service, the majority of the participants 
indicated that they found the lane signage service useful, clear to understand and 
trustworthy. In addition, they were satisfied with the provided information and found the 
displayed information accurate. Notably, for the accurateness, most of the participants were 
positive. When considering the timelines of presenting the information, the majority was 
positive, but also a large fraction was neutral or had no opinion, while a small fraction was 
negative. For the effect on the road safety, the majority of the participants were mostly 
neutral or agreed to the statement of an improvement to the road safety. A less positive 
effect was found when assessing whether the information presented on the HMI provided 
more value than roadside information, where the opinions were divided, and the majority did 
not agree to that or was neutral. Lastly, a large fraction of the participants indicated that they 
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would recommend the service to others, but the opinions were found to be divided with 
staying neutral or disagreeing.

5.1.3.2.1.8 The UK

Different aspects of the perceived value of IVS - Lane Signage were measured through 10 
items. Three of them compared participants’ expectations about the technology prior to testing 
with their reported opinions post-trials.

Participants found IVS - Lane Signage less useful after their test drive compared to before. 
However, the difference was not statistically significant. Further testing is recommended to 
evaluate participants’ views on the usefulness of the service.

A slightly larger percentage of participants agreed that the technology would improve road 
safety post trials compared to the recorded opinions before. Again, the difference was not 
statistically significant.

 In terms of the added value of the in-vehicle service compared to roadside signage, more 
than half of the participants agreed that it is more valuable and more effective.

Overall, participants expressed mixed opinions about their satisfaction with the IVS - Lane 
Signage service. After testing, about half of them had a positive opinion (57%), 25% were not 
satisfied with the service and 19% had a neutral opinion. Only 57% of the participants agreed 
that IVS - Lane Signage provided timely information. Opinions about the trustworthiness and 
accuracy of the service were even more divided. Fifty-one percent only found Lane Signage 
information trustworthy. Less than half agreed that the information was accurate. A large 
percentage of the participants (82%) agreed that IVS - Lane Signage information was 
sufficiently clear to understand. As for the other tested services, participants reported feeling 
comfortable with sharing their location data as part of IVS - Lane Signage. There was not a 
significant change in their opinions post testing.

5.1.3.2.1.9 Belgium

IVS-lane advice 4G

When considering the perceived value of the service, most of the participants indicated that 
they found the lane signage service both useful and clear to understand. Only one 
participant disagreed on that aspect. Four participants disagreed that the service was 
trustworthy, while three participants agreed on that aspect. A similar trend is visible in the 
satisfaction. One person and three persons totally disagreed or disagreed, respectively, with 
the statement that they were satisfied with the provided information. However, five people 
indicated that they were satisfied with the provided information and found the displayed 
information accurate. When considering the timelines of presenting the information, six 
persons were positive or neutral. For the effect on the road safety, most of the participants 
were neutral. A less positive effect was found when assessing whether the information 
presented on the HMI provided more value than roadside presented information. The 
opinions were divided, and the majority did not agree to that item or was neutral. Lastly, a 
large fraction (five subjects) of the participants indicated that they would recommend the 
service to others while three drivers would not.

IVS-lane advice ITS-G5
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When considering the perceived value of the service, most of the participants indicated that 
they found the lane signage service both useful and clear to understand. Only one 
participant disagreed. Concerning the item that the service was trustworthy, while two 
participants agreed on that aspect and seven participants remained neutral, nobody 
disagreed. A similar trend is visible on the satisfaction item. One person disagreed with the 
statement that they were satisfied with the provided information. However, three people were 
satisfied and five were neural to this statement. 6 out of 10 agreed that the provided 
information was accurate. When considering the timelines of presenting the information, 
eight persons were positive or neutral. This particular part of the service seemed to work 
more accurately than the in-car speed signage.

For the effect on road safety, most of the participants were neutral, nevertheless three 
participants disagreed. This is a strange result and suggests that the service did not improve 
the experienced safety. However, this might be explained by the short duration of the test 
drive and the fact that the ITS-G5 HMI was more obtrusive than the 4G HMI. A less positive 
effect was found when assessing whether the information presented on the HMI provided 
more value than roadside information. The opinions were divided, and the majority of the 
participants did not agree to that item or was neutral. Lastly, four participants indicated that 
they would recommend the service to others while four drivers would not.

Improvements to the service

5.1.3.2.1.10 The Netherlands

From the comments made by the participants, a number of improvements to the service are 
provided below. First of all, some participants indicated that sometimes the information 
presented on the HMI did not match with the information from the matrix signs or that it was 
not displayed on the screen. Secondly, some participants indicated the desire for the HMI to 
display the vehicle’s current lane location, which could be a significant improvement due to 
the difficulty in assessing the presented information during lane disruptions. Thirdly, similarly 
to the speed signage, another comment was about how soon the system showed the 
relevant information. One driver mentioned also a confusion when guardrail was on the 
highway resulting in the system not showing the correct lane. The issue of distraction due to 
the brightness of the screen was mentioned again, while also some participants indicated 
that showing multiple images simultaneously on the screen of the HMI was confusing at 
times. Lastly, some participants indicated the desire for feedback (visual/audio) in case new 
information was presented on the HMI. Therefore, the service could be improved by 
ensuring that both the information is correct and available at the required times and, as 
mentioned previously, re-designing the interface could offer a better experience for the 
drivers.

5.1.3.2.1.11 The UK

For improvements suggested during face-to-face interviews, please see Section 
5.2.2.1.1.2.5.

5.1.3.2.1.12 Belgium

From the comments made by the participants, several improvements to the service are 
provided below. Some participants indicated that sometimes the information presented on 
the HMI did not match with the information from the variable matrix signs or that it was not 
displayed on the screen. More information on this subject is presented in Section 5.2.
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General Remarks

5.1.3.2.1.13 The Netherlands

Other remarks regarding the service are as follows. The majority of the participants indicated 
the desire for the HMI (with the lane signage service) to be available permanently in their 
vehicle. When considering providing the participants’ position data during the use of the 
service, most of the participants either agreed to share their position or were neutral to the 
idea, but also a large fraction was negative towards this. Lastly, the large majority of the 
participants indicated not being willing to pay for the service (either totally disagreed or 
disagreed), but there was also a considerable fraction that agreed or was neutral.

5.1.3.2.1.14 The UK

Attitudes towards adoption

Attitudes towards future adoption were measured using four items, two of them comparing 
participants’ intentions before and after testing the technology and the other two asking 
participants about their willingness to recommend the service and to have it permanently in 
their vehicle based on their experience.

Prior to test drives, more than half of the participants (63%) suggested they would like to 
receive Lane Signage information in the vehicle.

Half of the participants (50%) expressed willingness to have Lane Signage permanently in the 
vehicle before having experienced the technology. Slightly more wanted Lane Signage 
permanently in their vehicle after experiencing the technology. The difference was not 
statistically significant.

As for other services, participants did not express an interest in paying for IVS - Lane Signage 
before or after on-road testing. It is to be noted that they had more neutral rather than negative 
opinions after having used the service.

Overall, the large majority of participants were willing to recommend the service to others after 
having experienced it.

5.1.3.2.1.15 Belgium

All participants indicated a low willingness to pay for the service at hand. However, they also 
indicated a low willingness to pay before their experiences of the services in the acceptability 
survey. Moreover, the majority of the participants were neutral or indicated their desire to 
have the HMI (with the lane signage service) permanently available in their vehicle. This can 
be interpreted as a good sign and a utile application with some upwards potential if the signs 
of speed limits are well-timed when presented in the car.

Once again, the answers provided by the test group indicate that the participants are rather 
critical to the provided services. One possible explanation could be that all drivers are 
professionally involved in the domain of mobility and road safety. Their professional attitude 
might lead to more criticism.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 254 © InterCor Consortium

5.1.3.3 Road Works Warning

Provision of graphs. Refer to separate Annex document - Annex 3 section 10.4 for detailed 
graphs [6].

Acceptability

The acceptability of the Road Works Warning assistant was assessed before the driving test 
where the participants’ vehicles were equipped with the HMI.

Acceptance

The acceptance of the Road Works Warning assistant was assessed after the driving test 
where the participants’ vehicles are equipped with the HMI.

In the UK, RWW was tested with real drivers during FTE5 (November 2019) within daytime 
testing sessions and a night-time testing session. During day-time testing, RWW notified 
drivers of a stationary service vehicle on the hard shoulder. This was done to allow for 
testing of the technology given that no real road works were planned during the day in the 
area and to allow a large number of Kent drivers to experience and comment on the service.

Night-time testing on the contrary allowed the evaluation team to test the service on the 
approach of a true road works site, facilitating thus a more robust testing of user acceptance. 
However, the number of participants during night-time testing was limited and therefore there 
were limitations to the statistical validity of the user acceptance data for this night time test.

Comparing Acceptability and Acceptance

The comparison between acceptability and acceptance was made using similar questions of 
the questionnaire posed before and after the driving experiment. An overview of this 
comparison can be found in Section 10, Annex 3 in [6]. The most interesting differences 
between the acceptability and acceptance gleaned from the Netherlands results are 
provided below.

When comparing the differences in the results of the acceptability and acceptance, some 
shifts in results are found. For instance, regarding the feeling of concern about unexpected 
delays, less participants seem to be sensitive after the test. Further, more participants 
indicated they felt the service was less useful after the test than before, although many kept 
a neutral position towards this statement after the test. The same holds for feeling more 
secure with the Road Works Assistant while driving. Similar results were found when 
assessing the potential effect on road safety as well as their change in behaviour, implying 
that they indicated being more likely to adapt their speed before the test than after. The 
opinions on getting distracted shifted towards being more negative as well. The same 
applies for the willingness to pay for the service since less people appear positive towards 
this after the test. Additionally, it appears that participants are a bit less willing to share their 
position data after the test.

Conversely, after the test, participants indicated a slight increase in the trustworthiness of 
the information presented.

The UK experienced similar results and details of comparing acceptability and acceptance 
for RWW are analysed in detail in each of the topic areas that follow.
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Perceiving and using the information

5.1.3.3.1.1 The Netherlands

Among all participants, remarkably, 68.5% indicated to not have seen road works warnings 
on the HMI, while 30.6% indicated having actively perceived the information. The rest 
claimed that they saw the information, but they did not pay attention to it.

When considering how many times the participants saw the information on the HMI, 50.8% 
indicated not having seen the information during the test, 21.8% indicated seeing the 
information 2-3 times during the test, 16.1% only saw the information once during the test 
and 5.6% did not recall exactly how many times. Considering the use of the presented 
information, 25% indicated using the information (almost) always, 10.5% indicated to use it 
sometimes, 9.7% used it regularly, while 12.9% did not recall using the information. Lastly, 
41.9% indicated to not have used the information.

Of all participants indicating using the information during the test (45.2%), the use of the 
information differed (multiple answers were possible). 20% indicated to have used the 
information during the entire test drive, 18.8% indicated to have used the information mostly 
during disruptions, and 2.4% mostly during unknown routes. Around 8% of the participants 
indicated not recalling how they used the information.

Of all participants indicating not using the information during the test (41.9%), 65.4% 
indicated that they did not see the information presented. Moreover, 28.8% indicated that 
they did not require the information and 5.8% indicated not knowing that this information was 
provided in the car, while 3.8% claimed that they prefer other sources of information or that 
they felt uncomfortable.

5.1.3.3.1.2 The UK

In total 17 participants saw the RWW notification during their test drive. Three participants 
from night-time testing saw the RWW notification as it was associated with a real road works 
site.

None of the 17 participants reported not paying attention or not understanding what the icon 
stood for. Almost half of the participants (47%) saw RWW about 2-3 times during their test 
drive; 35% saw it only once and 18% saw it more than three times.

Influence of the service on behaviour and trip quality

5.1.3.3.1.3 The Netherlands

The influence of the RWW on the behaviour and trip quality of the participants was 
measured using seven statements, which the participants were asked to rank between 
‘totally disagree’ and ‘totally agree’.

When considering the trip quality, the majority of the participants indicated feeling more at 
ease while driving with the HMI showing the road works warnings, a considerable amount of 
people remained neutral towards this, while only a small fraction of the participants indicated 
not feeling so. Similarly, when considering how the RWW affected the feeling of ease when 
negotiating road works situations, the opinions were more in favour of being positive, 
however many indicated being neutral, having no pinion or disagreeing. When asked 
whether driving with the RWW made the participant feel more secure, the opinions were 
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more divided; still the majority indicated feeling more secure, but many participants indicated 
feeling neither positive nor negative effects. Lastly, the majority of the participants indicated 
that the RWW made them more alert in road works situations.

For the changes in behaviour, the effect of the RWW on the participants vehicle speed and 
distance to their predecessor was considered. Although the majority of the participants 
indicated that they immediately increased the distance to the car in front of them after 
receiving information from the RWW, still a big fraction claimed to be neutral or having no 
opinion on this. Lastly, the effect on their speed adaptational was almost evenly divided 
between ‘neutral’ and ‘agree’.

5.1.3.3.1.4 The UK

The influence of RWW service on behaviour and trip quality was measured through seven 
items. All of them compared participants’ views before and after on-road testing. There was a 
statistically significant difference between participants’ expectations and actual observations 
about the extent to which RWW distracted their attention from traffic, p < .05. Participants 
reported less distraction compared to their expectations after experiencing the service.

The next two items measured the extent to which RWW helped participants feel more at ease 
while driving and when negotiating road works situations. Participants felt less at ease while 
driving after experiencing the assistant compared to their expectations before on-road testing. 
This difference was significant at p < .01. This suggests that participants had higher 
expectations about the potential of the technology to improve their trip quality before actually 
experiencing it. Feedback from the interviews can help understand participants’ expectations 
and suggestions of what improvements are needed to make the service worthwhile.

In terms of feeling more at ease while negotiating road works situations, no statistically 
significant difference was found between participants’ expectations prior to experiencing the 
service and after, with the majority of the participants expressing neutral opinions once having 
tested the technology. This is not surprising considering that participants did not actually 
experience real road works situations during test drives.

No statistically significant changes were found in the way participants felt about security before 
and after they tested the technology. After on-road testing the opinions were divided, with less 
participants agreeing that the RWW service has the potential to help drivers feel more secure 
while driving compared to the recorded expectations before testing.

Similarly, no significant difference was found between participants’ opinions about the 
potential of the technology to make drivers more alert before and after testing. Even though 
there was a decline in positive opinions after testing, still almost half the participants agreed 
that RWW service can contribute to improving driver alertness in road works situations.

In terms of the influence of the RWW service on behaviour, there was a significant difference 
between intentions to reduce speed prior to testing and reported speed reduction after on-
road testing, p < .05. Participants reported significantly less speed reduction compared to 
intentions. This is not surprising as the design of the user trials did not require them to reduce 
speed after receiving RWW notification. Nevertheless, 29% of the participants reported 
having reduced their speed after seeing RWW, which may suggest that the technology 
has the potential to be effective in encouraging speed management if it provided more 
accurate information.
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No difference was found between participants intention to increase distance to vehicle in 
front before experiencing the technology and their reported behaviour after on-road testing. 
Additionally, more than half of them had a neutral opinion post-testing, which again could be 
attributed to RWW notifications not being associated with actual road works situations. The 
29% of participants who agreed with this statement suggests that the technology may be 
effective. Further testing is recommended to examine the extent to which drivers are likely to 
change their behaviour after receiving RWW notifications.

Perceived value of the service

5.1.3.3.1.5 The Netherlands

When considering the perceived value of the service, the majority of the participants 
indicated that they found the road works warning assistant service both useful, clear to 
understand, trustworthy, and that they were satisfied with the provided information. When 
considering the timeliness of presenting the information, the opinions were mainly positive, 
while a relatively big fraction of participants claimed to have no opinion on this. Regarding 
having an effect on the improvement on road safety, the majority of the participants agreed 
with the statement. A less positive effect was found when assessing whether the information 
presented on the HMI provided more value than roadside information, where the opinions 
were divided, and the majority did not agree to that or was neutral. Lastly, when considering 
recommending the service to others, most of the participants were positive but also a big 
fraction remained neutral or expressed no opinion while some less disagreed to that.

5.1.3.3.1.6 The UK

The perceived value of the RWW was measured with eight items, two of which evaluated 
participants’ attitudes before and after on-road testing; the remaining questions examined user 
satisfaction with service post testing.

There was no significant change in participants’ views about unexpected road works situations 
before and after on-road testing. Further testing with a larger number of participants is 
recommended to evaluate whether RWW service has the potential to make drivers less 
concerned about the unexpected situations caused by road works.

Participants did not consider the RWW service more useful once they have experienced it 
compared to before. Nevertheless, more than half of the participants expressed positive 
opinions about the potential usefulness of the service after testing. As suggested during 
interviews, participants could see the benefit of RWW. Further testing is recommended to 
evaluate user acceptance. A controlled trial would be more appropriate as it could replicate 
real road works conditions in a simulated environment.

More than half of the participants agreed that road works information has more value when 
presented in the vehicle than if provided alongside the road. This is further supported by 
feedback from the face-to-face interviews (see Section 5.2.2.2.1.3). Similarly, more than half 
of the participants also thought that road works information will be more effective if provided 
in-vehicle.

When assessing the quality of the information provided by the RWW service post testing, only 
a small number of participants agreed that the information was provided in a timely manner 
(30%) and that the service was trustworthy (36%). This is consistent with feedback from the 
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face-to-face interviews suggesting that RWW information can be provided more in advance 
for it to be useful for the driver.

A large number of participants agreed that the information conveyed through the icon was 
clear to understand (70%). Additionally, about half of the participants reported being satisfied 
with the provided information. Both of these findings suggest that the RWW service could be 
a well-perceived service among drivers, provided its timeliness and trustworthiness are 
improved.

Furthermore, before experiencing the service a large number of participants agreed that they 
are generally concerned about the unexpected delays caused by road works (77%) and that 
they would appreciate receiving en-route information about upcoming road works (88%). This 
strengthens the assumption that in-vehicle the RWW service could be highly relevant and 
useful service for drivers if it provides relevant and timely information.

Overall, participants felt equally comfortable providing their position data as part of RWW 
before as well as after experiencing the service.

Improvements to the service

5.1.3.3.1.7 The Netherlands

For this service, several participants claimed that there was no information displayed on their 
screens. An interesting comment given by one participant was that they would prefer to 
listen to the information than to read it. Another comment was that they would prefer the 
position of the screen to be on their eyes level so that it is easier to look at it. Some 
participants indicated the desire for more realism in the provided information on the HMI; 
where the displayed information was too abstract.

As before, it was also mentioned that the information from the VMS signs above the 
highways did not match the information on the HMI. Someone also expressed the 
preference to have simultaneously both three aspects of information on the HMI (i.e. 
maximum speed, lanes and roadworks.) Some participants also found the differences in the 
provided information regarding the speed limit, lane restrictions and road works unclear.

As such, it is recommended to make a clear distinction between the three aspects. Once 
more it was mentioned that the information should be presented earlier so that there is time 
for reaction, e.g. to choose an alternative route. Thus, it is clear from the comments made by 
the participants that a number of improvements to the service are needed in order to make it 
more useful and attractive.

5.1.3.3.1.8 The UK

For improvements suggested during face-to-face interviews, please see Section 5.2.2.2.1.5.

General Remarks

5.1.3.3.1.9 The Netherlands

Other remarks regarding the service are as follows. The majority of the participants indicated 
the desire for the HMI (with the RWW service) to be available permanently in their vehicle. 
When considering the provision of the participants’ position data during the use of the 
service, the opinions were mostly positive, with the largest share agreeing to share this 
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information (followed by a neutral and a negative opinion). Lastly, the large majority of the 
participants indicated that they would not be willing to pay for the service.

5.1.3.3.1.10 The UK

Attitudes towards adoption

Attitudes towards adoption were measured using three items. Two of them compared 
participants views before and after having experienced the technology and the last one asked 
about their willingness to recommend the service once they have tested it.

No significant change was found in participants’ willingness to have permanent access to road 
works information through the in-vehicle service after testing compared to before they had 
experienced the technology. More than half of them were willing to use the service.

 Similarly, on-road testing did not influence participants’ willingness to pay for the service. 
The large majority remained unwilling to pay or expressed neutral opinions.

5.1.3.4 Green Light Optimised Speed Advice

Provision of graphs; Refer to separate Annex document – Annex 3: Section 10.5 for detailed 
graphs [6].

This section assesses the acceptance of the green light optimized speed advisory assistant 
for the InterCor GLOSA Brabant pilot site in the city of Helmond based on quantitative 
results.

In the UK, GLOSA was tested as part of Kent Rural section and the TfL Urban section. The 
latter cellular only service was tested during FTE5 (Nov 2019), while Kent GLOSA was tested 
during all FTEs (May to Nov 2019). Participants expressed different opinions during face-to-
face interviews about the quality of the service between different focussed test events and 
testing sessions (testing of rural vs. urban GLOSA). Therefore, the reported results are to be 
interpreted with this in mind. Further testing in the UK after InterCor is recommended to discern 
user acceptance of the service in an urban vs. rural context where the adaptive nature of the 
traffic signals and back end server performance were key factors in influencing user 
acceptance.

Acceptability

This was evaluated in the UK as drivers had not seen GLOSA before the InterCor pilot. In 
the Netherlands, drivers had already experienced an earlier version of the service, so 
acceptability was not able to be evaluated as part of the InterCor compliant evaluation in 
Helmond.

Details of the UK acceptability comparison follow in the topic areas covered later in this 
section.

Acceptance

The acceptance of the GLOSA service was assessed after the driving test where the 
participants’ vehicles are equipped with the GLOSA system. The important topics concerning 
the acceptance are addressed below. See Section 10.5 in Annex 3 [6] for detailed graphs.
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Comparing Acceptability with Acceptance

For the Netherlands and UK results see Annex 3, Section 10.5.3 [6] which compares 
acceptability and acceptance for the GLOSA service.

Perceiving and using the information

5.1.3.4.1.1 The Netherlands

Of all participants, 92.8% indicated to have seen the icons of the GLOSA user service during 
the test period. However, only 85.7% of the participants indicated not to only have noticed 
but also comprehend the information presented. One single participant indicated to have 
seen the information and not to understand what this information represented.

28.6% of the participants reported having received information (time-to-green, time-to-red or 
a speed advisory) at a traffic light on multiple occasions during a single day or trip. The 
participants who received information from the GLOSA assistant multiple times a week 
account for 35.7%. A single participant received information once a week, 14.3% only saw 
information once and another 14.3% indicated to have never received information on time-
to-green, time-to-red or speed advisory from the GLOSA assistant.

Of all participants indicating using the information during the test, the experience of receiving 
information differed. 57.1% indicated to have seen a ‘jump’ in the advised signal phase 
timing or advised speed. For example, first the advice provided to the car-drivers showed 20 
seconds as expected time-interval before red light. Then a new advice for the same 
intersections provided to this car-driver showed a 5 seconds time-interval before red light. 
30% of all participants indicate that this lack of predictability/stability of the advice is not a 
problem. 20% indicated that they do not understand how to interpret this varying/unstable 
advice. However, the majority (50%) of participants with this experience considered the 
varying/unstable advice to be confusing.

5.1.3.4.1.2 The UK

In total 51 participants saw the GLOSA icon during their test drive. All of them understood 
what it stood for. The large majority saw GLOSA more than three times during their test drive.

Influence of the service on behaviour and trip quality

5.1.3.4.1.3 The Netherlands

The influence of the green light optimized speed advisory on the behaviour and trip quality of 
participants whilst driving was measured using 14 statements, which the participants were 
asked to rank between “totally disagree” and “totally agree”. These statements also offer 
insight in the perceived value and desired improvements to the service according to the 
participants.

When considering the changes in behaviour, the majority of the participants indicated being 
more aware of their own speed. 35.7% indicated that they reduced their speed upon 
receiving information from the GLOSA assistant, 42.9% however was not likely to reduce 
their speed. When asked if information about time-to-red would cause the driver to speed up 
sooner than normal a majority of the participants (64.3%) disagreed with the statement.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 261 © InterCor Consortium

For the changes in trip quality, only a single participant indicated feeling more at ease while 
driving with the GLOSA assistant. Furthermore, the responses to the statement relating to 
the GLOSA assistant being a distraction were mostly centrally divided between ‘disagree’ 
and ‘agree’, indicating some participants were distracted by the GLOSA assistant and some 
were not.

5.1.3.4.1.4 The UK

The influence of the service on behaviour and trip quality was measured by five items, the 
scores on which were compared before and after exposure to the system.

As per below, participants expressed feeling more at ease while using the GLOSA service 
compared to their expectations prior to testing the service. The result was statistically 
significant at p < .01.

No significant change was found between participants’ expectations about distraction before 
test drive and their opinions once having used GLOSA. More than half of the participants 
disagreed that GLOSA is a distraction before and after on-road testing. Only a small proportion 
of participants tend to have neutral opinions about the potential of the technology to distract 
drivers’ attention away from traffic. In line with feedback from the interviews, this supports that 
participants tended to have divided, either positive or negative opinions about the potential for 
GLOSA to cause distraction. In fact, on multiple occasions, the same participants have 
reported having different experiences and impressions of GLOSA throughout the test drive. 
The validity of the results from the online survey, especially relating to distraction, are therefore 
questionable and it is recommended that a greater consideration is given to feedback from the 
face-to-face interviews.

A statistically significant decline was found in participants’ expectations about the potential of 
the service to help make them feel more aware/alert of their speed after on road testing. 
Comparing the scores from the completed surveys before and after testing participants were 
significantly less in agreement that GLOSA enhances speed awareness after testing, p < .05. 
There was also an increase in neutral responses which may suggest participants require more 
exposure to GLOSA before they can conclusively form an opinion regarding this design 
feature. It is also possible that the increase in neutral responses reflects the opinions of 
participants who chose more often than not to ignore the GLOSA service, as per their feedback 
during face-to-face interviews.

The impact of the service on behaviour was measured through two items asking participants 
about: their intentions to increase or decrease speed after receiving respectively Time-to-
green information and Time-to-red information via GLOSA (online questionnaire before on 
road testing); their actual change in speed after on-road testing of GLOSA. Neither of the two 
comparisons showed a statistically significant difference in participants’ responses before and 
after testing. Overall, more than half of the participants expressed intentions to reduce speed, 
and actual speed reduction after receiving Time-to-green information. On the contrary, more 
differences are observed in the reported intentions to increase speed, and actual behaviour 
after receiving Time-to-red information. These findings are consistent with feedback from the 
face-to-face interviews suggesting that a larger number of participants expressed positive 
opinions of Time-to-green information and some concerns around safety risks that Time-to-
red information may pose.

Perceived value of the service
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5.1.3.4.1.5 The Netherlands

When considering the perceived value of the service, the participants were asked about the 
usefulness of having a GLOSA assistant in their vehicle. 28.6% of the participants indicated 
to feel neutral towards it. A slight majority indicated that they did not find the GLOSA 
assistant to be useful. With regard to these indications it is understandable that a large 
majority would not be willing to pay for the information service and would not recommend the 
GLOSA assistant to others.

5.1.3.4.1.6 The UK

The perceived value of GLOSA was measured using six items. Two of them measured the 
perceived overall usefulness and opinions about (data) security before and after on-road 
testing. The remaining four items measured participants opinions about the quality of the 
information presented by the service and were proposed only after on-road experience.

There was a statistically significant increase in participants’ views that GLOSA is useful after 
testing of the service, p < .01.

After testing, more than half of the participants were pleased with how information is presented 
in GLOSA, with only 20% reporting issues and another 20% having a neutral opinion.

In terms of quality of the Time-to-green and Time-to-red information, again about 60-70% of 
the participants found it to be accurate and only 14% did not agree with the statement. This 
discrepancy in responses may be related to various factors such as OBU performance, density 
of traffic around during testing, rural vs. urban testing environment.

The timing of GLOSA generated more divided opinions between participants. Thirty-eight 
percent of the participants found it to be impeccable and 27% disagreed with this statement. 
This discrepancy between opinions could be explained by the differences between the 
performance of urban vs. rural GLOSA.

Overall, participants did not express any concerns about providing their position data as part 
of GLOSA neither before nor after on-road testing. There was a small increase in positive 
opinions after testing, however no significant differences were found. Further research is 
recommended to look at the perceived security while at the same time providing drivers with 
more detailed information about risks and opportunities.

Improvements to the service

5.1.3.4.1.7 The Netherlands

None of the participants found the GLOSA assistant to be flawless. For both time-to-green 
and time-to-red information a large majority of the participants did not find the information to 
be accurately displayed in the vehicle. A large majority did also not find the timing of the 
information to be good. The participants have very different perceptions with respect to the 
user interface and the manner the information is presented to the user.

5.1.3.4.1.8 The UK

For improvements suggested during face-to-face interviews, please see Section 
5.2.2.3.1.10.

General Remarks
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5.1.3.4.1.9 The Netherlands

Other remarks regarding the service are as follows. The majority of the participants indicated 
interest in having the GLOSA assistant as continuous assistance-service available. 
Participants were asked about providing their position during use of the service. Their 
answers were mostly positive, with the largest share agreeing to share their position.

5.1.3.4.1.10 The UK

Attitudes towards adoption

Attitudes towards future adoption were measured with three items. Two of them compared 
attitudes before and after exposure and the last item asked participants about their willingness 
to recommend the service after having tested it.

Participants were more willing to have the technology in their vehicle after on-road testing than 
before. This change in attitude was significant at p < .05.

 Additionally, more than half of the participants agreed that they would recommend GLOSA 
to others.

There was a positive and statistically significant increase in participants who stated that they 
would be willing to pay for the service after experiencing the technology, p <.01. Still, the 
majority of participants either had a neutral opinion or did not express willingness to pay 
additional cost for the service. Participants expectations are discussed in more detail based 
on feedback from the face-to-face interviews.
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5.1.3.5 Truck Parking

The Netherlands / France

5.1.3.5.1.1 Acceptability

Drivers were only asked about the service following the testing with the Truck Parking 
application.

5.1.3.5.1.2 Acceptance

The service provider selected a representative group of users of the Truck Parking 
Service for the evaluation. These users were given the questionnaire as defined within 
InterCor for the TP Service. Their input was used to answer the research questions for 
the pilot

For NL they answered the following research questions in the user acceptance evaluation of 
the InterCor Truck Parking Service.

4. What is the added value of dynamic data for the availability of truck parking 
spaces?

The evaluation will be based on the answers on the Survey Questions 140, 142, 143, 
144, 152, 154, 155, 156, 163, 165, 166, 167

5. Is it important to have cross border continuity for this service?

The evaluation will be based on the answers on the Survey Questions 146, 158, 168

6. Is it easy to use this service on the way?

The evaluation will be based on the answers on the Survey Questions 141, 145, 147, 
148, 149, 153, 157, 159, 160, 161, 164, 169

7. Will the use case for reservations of an available place at a Truck Parking be an 
interesting next step for the development of the Truck Parking Service?

The evaluation was based on the answers to the Survey Questions 150a, 161a and 169a

The NL service provider (TPE) has conducted the user acceptance evaluation with a survey 
among their users in the early summer of 2019. A total of 337 truckdrivers have responded 
on the survey. These drivers were reached with a specific campaign on parking availability 
using newsletter and push channels for a random selected audience within the target group 
drivers.

Provision of graphs; Refer to separate Annex document – Annex 3: Section 10.7 for detailed 
graphs [6].
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The survey was conducted with the survey questions as a starting point and gives answer on 
the following research questions.

1. What is the added value of dynamic data for the availability of truck parking spaces?
2. Is it important to have cross border continuity for this service?
3. Is it easy to use this service on the way?
4. Will the use case for reservations of an available place at a Truck Parking be an 

interesting next step for the development of the Truck Parking Service?

Based on the survey we see that 61% of the TPE users is aware of the possibility to inform 
drivers about the availability of a parking location via the app. Of those drivers 81% uses the 
parking availability service.

Ad. 1 What is the added value of dynamic data for the availability of truck parking spaces?

Dynamic data delivers the input to show drivers and other stakeholders’ availability of truck 
parking spaces across parking areas in Europe.

Drivers indicate in large numbers that real-time availability of parking spaces very (58%) or 
even extremely (34%) important. Only 6 drivers don’t see dynamic data as important.

Most of the drivers search for a parking spot during their driving time. The survey shows that 
only 10% of the drivers search for a parking spot prior to their trip. 86% search for a parking 
spot while driving (44%) or when they are near the end-time of their maximum driving time 
(42%). Therefore, getting accurate data is a crucial part of their informational needs to find 
the next spot.

Drivers also have a specific preference to see the number of available space vs a “scale”. 
Which only increase the need and added value of dynamic data for truck parking spaces. A 
total of 57% of the respondents prefer the exact number of parking spots over a scale that 
says (Full, crowded, quiet or free).

Among the respondents we see that 54% needs parking information upfront or while driving. 
For those driver’s cross border continuity can be important. However, we have to take into 
account that most TPE drivers are driving international and according to Eurostat 2017 Road 
Freight Transport research international road freight transport only counts for 24% of the 
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TKM in road freight transport. And a study on Safe and Secure Truck Parking areas by the 
EC shows that 27% of EU28 road freight tonne kilometres require an overnight break 
covering long distance.

So, for those truck drivers driving international and needing an overnight break cross border 
continuity can be important.

A total of 84% of the respondents pick their parking place while driving or near the end of the 
max. driving time. This percentage presumes that the service is easy to use the service on 
the way. We also see that the app gets an overall rating of 4.6/5 in 2019 (N=1500). This also 
is an indication that the service is easy to use on the way.

Finally, we see that truckdrivers like to get the service while driving. When asked how they 
would like to have access to the service on board services and/or apps are favourite. This is 
also an indication that services on the way are important for them.

The service provider already launched a reservation platform end-2018. Since the launch, 
the platform has been well received within the Transport & Logistic sector, from both supply 
1 as well as demand. Hence 86% of the drivers (totally) agree that the possibility to directly 
reserve a parking spot would improve the service

5.1.3.5.1.3 General Remarks

 We have seen that 81% of drivers knowing that truck parking availability exists is using 
these services. The conclusion of this is that the acceptance of such a service is good.

5.1.3.6 Multimodal Cargo Transport Optimisation

Provision of graphs; Refer to separate Annex document – Annex 3: Section 10.8 for detailed 
graphs [6].

The Netherlands

The interface of the MTM that was suitable for a larger group of (new) users was operational 
in July 2019.

In November 2019 a survey was then sent to 16 planners who worked with the Mainport 
Traffic Monitor (MTM). A total of 9 planners filled in the survey.

Most of the planners also use other sources of information to take account the waiting time 
at the terminals. Almost all sources are used by all the planners (multiple answers were 
possible). Other sources that are mentioned are TLN emails and information from other 
companies.

The information is used to optimize the planning (3), to avoid the terminal (1) or avoid the 
peak hours (1). It is also used to discuss options with the client (1). One planner said that 
little can be done with the information.

When asked how many times they used the MTM we see a group of people that never or 
once used the tool (5) and a group of people that used it more often. Only 2 planners use it 
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regular (once a week). This means that the planners do not have a lot of experience with the 
MTM.

The information from the MTM is mostly used for insight in the waiting times on the actual 
day and to inform the client. Is not yet used a lot to plan in advance or to make actual 
changes in the trip.

When asked about the quality of the information the planners are slightly positive, although a 
lot of planners gave a neutral answer (possibly because they did not use the MTM only a few 
times). Some improvements can be made with the correctness and credibility of the 
information and presentation of the information. The information is presented on time.

When asked about the information they receive and what the added value of this information 
is we see some mixes results. The planners say that the MTM gives them new information, 
and they would use it also for other terminals. But the new information does not benefit them 
in the planning of the trips with less delay on the road and faster access at the terminal.

There is a potential for the MTM. Although some planners disagree that the service can be 
used well in the office and they would use it also for other European ports if this is available, 
most of them are neutral or positive. All planners are neutral or positive about the added 
value for the company and they would use it permanently. But they don’t think it will save 
them money.

When asked how the MTM affect the business process and their planning, planners gave 
various comments and improvements. Some say that the service is not reliable enough and 
hope additional data will be available. It’s not on a level yet that it will help them in the 
planning process. Some other planners say that even with the information they cannot do a 
lot with it, because the client will still choose the terminals and they can only come back at a 
later time at the terminal. An integration with the TMS is welcome and a better overview of 
the performance at the terminals can help them with the cost calculation. It will also give 
information about delays at the terminal to the clients, which helps them in the negotiation.

France

The online questionnaire was sent out in a French version for the Transport Bogaert’s drivers 
to be filled out at the end of the testing period, with 5 profile and 20 MCTO related questions. 
With responses provided by 7 drivers, only tendential feedbacks can be provided for the 
evaluation. Only one reportedly had used the app only once, all other have used it between 
several times a week (1), once a week (3), several times a week (2) or even daily (1).

5 out of 7 indicate they also use other sources of information about routes and ETA. From the 
interviews we know that those are mainly the vehicle’s GPS and the Waze app. Consistently, 
they were 6 to say the app did not provide them with any new information and 4 to negatively 
evaluate consistency and timeliness of the MCTO information provided.

The responses were very clear on the app’s impact on the drivers’ behaviour, routes taken, 
waiting times, Terminal access (seven questions) : here all 7 drivers declared to disagree or 
totally disagree. Then again, this answer must be interpreted in the context of Transport 
Bogaert’s internal organisation as discussed in the Impact Assessment chapters, i.e. that most 
deliveries were not made directly to the Terminal but to a company depot close to the Terminal.
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Feedback was rather neutral on how user friendly the app (6 of 7) and the map assistance (4 
of 7) is, which is consistent with the drivers considering the app to be probably still at a very 
early stage of development, as they had been aware of this being a Test.

The important factor of distraction for road safety was addressed and judged rather well (4 of 
7 judged the app not or not at all distracting, with 2 being neutral, and only one judged it very 
distracting). However, this aspect must have priority in further developments.

An important social factor for acceptability of logistics app had been the reluctance of sharing 
position data through the app, and as expected that answer was quite clearly answered too, 
with 4 feeling not at all at ease, and 2 neutral, on this.

Overall evaluation of the app and whether the drivers would like to have it permanently on 
board were negative too, with respectively 6 and 5 « no’s ». The conclusion from the IFSTTAR 
study on organisation and potential impact of MCTO at Transport Bogaert’s must be cited 
here, in that the overall response from the drivers’ questionnaires show that the overall logic 
of MCTO has to be adjusted, e.g. with a more prominent implication of the dispatchers (i.e. 
planners) rather than the on-board information.

The online questionnaire was not applied to the planners and the Terminal operators, as their 
number was insufficient to allow any comparison through a standardised questionnaire. 
Instead, three interviews were conducted by InterCor partner i-Trans:

 one with the Transporter responsible (head of company and head of exploitation 
department),

 one with three voluntary drivers

 one with the Terminal operator responsible (head of exploitation)

The results have been enriched with feedback gained by the regular conf calls with InterCor 
partners NeoGLS, MGI, i-Trans and Transport Bogaert, as well as the feedback presented in 
a public workshop on the Test held in Dunkirk in June 2019.

See Section 5.2.2.6 for detailed qualitative analysis from the drivers who piloted the 
service.

5.1.3.7 Tunnel Logistics

Provision of graphs; Refer to separate Annex document – Annex 3: Section 10.9 for detailed 
graphs [6].

The Netherlands

5.1.3.7.1.1 Summary of User Profile

In April 2019 (before the trial) a first internet survey was send out to all the 35 drivers that 
were going to participate in the trial, with a response of 29. In July, after the trial, a second 
survey was sent out. A total of 20 drivers (male) filled in the second survey.
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Most drivers were born in the period 1960-1970 (55%) and obtained their driving license in 
1980-1990 (45%). The drivers usually have secondary education as the highest level of 
education received (55%). With the driver's license, almost all respondents are allowed to 
drive a passenger car and truck. The respondents drive (almost) daily (95%) and cover 
35,000 to 100,000 km per year (75%).

5.1.3.7.1.2 Summary of any ‘Before / After’ Results (comparing Acceptability with Acceptance), use 
case ”Optimal Route Advice”

The majority of respondents are used to having a built-in navigation system in the car in 
addition to the Route Advise service (75%). In addition, many respondents use traffic 
information via the radio (50%), a separate device for navigation (40%) and an app with 
navigation and / or traffic information (30%).

When we look at the kind of information that the truck drivers mostly desire in their vehicle, 
the top 3 is information about how long it will take for the traffic signal to go to green or red 
(90%), traffic jams (80%), a speed recommendation for approaching the traffic light and 
warnings for special situations, such as bad weather, road works and emergency vehicles 
(65%). We see an increase of this type of information after the trial.

Respondents experienced more distraction during the test period (35%) than they had 
expected before the study (21%). They also think that with the route advice they drive a little 
less comfortable than before the test period (25% compared to 34%).

In terms of follow-up behaviour, we see a clear difference before and after using the service: 
15% of drivers indicate that they always follow the route advice during the test period; before 
the test period this percentage was considerably higher at 55%.

More than a third of the respondents (35%) think the route advice is not trustworthy, 15% are 
satisfied and half of the respondents do not have an opinion about this. In addition, quite a 
lot of respondents (60%) make use of other sources for route and travel time information.

About half of the drivers want the route advice permanently in the truck (45%); this 
percentage was identical before the use of the service. Approximately one third of the drivers 
(30%) do not need permanent availability of the route advice in the truck.

Most drivers (59%) indicated before the start of the study that they had no problem sharing 
their location as part of the route advice service (10% did).

Finally, respondents indicated in the comments field that the Route Advice service was not 
working properly (4 out of 20 respondents), that they did not have the app (1 respondent) or 
that they did not understand how to work with it (1 respondent). One respondent also noted 
that the route advice during the night shift is too fierce and does not dim like other route 
planners and that the service causes too much distraction (due to lack of auditory 
information).

5.1.3.7.1.3 Summary of any ‘Before / After’ Results (comparing Acceptability with Acceptance), use 
case ”Priority at Intersections”

Before the start of the test period, many drivers rated the "Priority at traffic lights" service as 
a useful service (69%). After the test phase, 45% were of the same opinion, while a quarter 
of the respondents did not consider the service useful.
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The "Priority at traffic lights" service was considered more distractive in the test period (30%) 
than the respondents had estimated in advance (10%).

Almost half of the respondents (45%) do not feel more comfortable while driving with this 
service in their vehicle; 30% have this experience. The expectations in advance were high: 
at that time 49% thought they would feel more comfortable using the service, while 7% did 
not think so.

When drivers are given priority at a traffic signal, 55% can pass the traffic light without 
stopping; 25% of the respondents cannot do this. The respondents had higher expectations 
about this beforehand: 83% thought it was possible to pass the traffic light without stopping.

 Around 55% of respondents have no problem sharing data about their position as part of the 
"Priority at traffic lights" service; a quarter have difficulty with this. The proportion of 
respondents who had no problem with this was higher in advance (65%).

5.1.3.7.1.4 Summary of Survey results use case ‘Optimal Route Advice’

Most drivers saw the route information on the app in the vehicle during the test phase (75%): 
35% of the drivers also found the route information clear, 25% of the drivers saw the screen, 
but the route information was not used and 15% has seen the screen but does not know how 
it works.

Notable is that 35% of the respondents did not use the Route Advice service during the test 
period. If the respondents used the service, this was often a few times a week (40%).

For most drivers (60%), the route advice during the test period did not deviate from the usual 
route. A relatively small proportion of the respondents (30%) find the route advice useful. 
This percentage was remarkably higher before the start of the study (69%).

Almost half of the drivers (45%) did not change the route during the test phase due to the 
route advice. Only 10% said they had changed their route.

5.1.3.7.1.5 Summary of Survey results use case ‘Priority at intersections’

To use the "Priority at intersections" service, this service must be activated. This also applies 
to the sound. This condition is not met in all cases. The service was switched on for 60% of 
all respondents. The other respondents (40%) had sometimes forgotten to turn on the app or 
had not turned the app on at all. For more than half of the respondents the sound was on for 
more than half of the respondents (55%). About a third of the drivers (30%) did not switch on 
the noise; 15% of the drivers sometimes forgot to turn on the sound. Half of the drivers did 
not see the information "Priority granted" on the screen. A little less than half (45%) saw this 
information and found it clear; a small group (5%) saw the information but did not pay 
attention to it.

During the test period, drivers often received information (priority, time-to-green / red) daily / 
several times a day (30%) or a few times a week (20%) at traffic lights. 25% of the drivers 
never received this information.

The provision of information during the test period was not always smooth: 40% of the 
respondents experienced a jump in the provision of information. A third found this shifting of 
the information confusing; a quarter were not bothered by it.
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A fifth of the respondents perceived priority at traffic lights if they were driving on the N201 
during the test phase; the majority (40%) did not perceive priority.

The way in which information about priority is presented seems to be capable of 
improvement: 40% of the respondents found the method of information provision unclear; a 
quarter found this clear.

According to most drivers (60%), the priority information is not displayed correctly in the 
vehicle; at only 15% this was the case. We see the same trend in the information about a 
rejection of a priority request: for half of the drivers it was not shown correctly in the vehicle; 
at 15% yes.

Respondents who participated in the test phase are not so likely to recommend the "Priority 
at traffic lights" service to others: 30% would do this, while 45% would not.

Finally, the respondents indicated in the comments field that they would like to receive 
earlier information about whether or not they are given priority at traffic lights at the "Priority 
at traffic lights" service. This allows them to better anticipate the traffic situation. 
Respondents also appreciate more explanation about how this service works.
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5.2 Qualitative Test Results

In addition to the Quantitative Common Evaluation detailed in Section 5.1, a large amount of 
Qualitative Evaluation was carried out across the services by some MS, which comprised of 
interviews or focus groups with users and stakeholders to gather more specific information 
that may not be able to be deduced from survey questionnaires on their own.

As more interaction with the audience occurred, the outcome was often different or covered 
additional elements arising during the discussions which can meant that such results 
couldn’t always be directly compared with the Quantitative results from the online surveys; 
but did nevertheless provide a very useful alternative form of analysis.

Interviews or focus groups were conducted based on the commonly agreed ‘basic 
questionnaire’ guidance which is included in the InterCor Detailed Evaluation Methodology 
Guidance document [3].

5.2.1 Summary of Qualitative Results

5.2.1.1 General Summary from Qualitative Evaluation

This additional area of evaluation might cover a particular service where the on-line 
questionnaire wasn’t deemed suitable or a desire to record follow up to specific responses 
gleaned from the initial Qualitative evaluation.

For example, PVD was at the Stakeholder level only and a work shop-based topic guide 
designed by Dutch partners was used to record views from the MS Pilot road operator(s) on 
the potential benefits of PVD. In addition, a draft interview topic guide was provided in the 
Detailed Methodology [3] as an Annex produced by a user acceptance expert from the 
Department of Transport in the UK.

In terms of driver feedback, in the UK, almost all participants (47 drivers) agreed to share their 
feedback during semi-structured face-to-face interviews. Interviews were conducted by an 
experienced researcher, in a quiet room soon after completion of the test drive and took 
between 15 and 30 minutes. The interviews were recorded to facilitate data analysis. Thematic 
analysis was applied to the extracted data to identify key emerging themes in line with the 
main research questions (see Section 5.2.1.1).

During Controlled Testing (equivalent to Focussed Test Events in the UK), some participants 
interviews took place after the morning session, for others after the afternoon session; some 
participants were interviewed after both the morning and afternoon sessions, if they were to 
experience different services between the two. For seven participants, the interviews were 
conducted over the phone in the days following the FTEs due to various issues with availability 
and time constraints. All interviews with participants who took part in night-time testing were 
conducted over the phone in the following days due to late hour of the testing session.

The interviews conducted by a UK User Acceptance expert, followed an interview guide 
consistent with the research questions in detailed in [3]. The guide listed broad topics to be 
covered during the interview and ‘probes’ rather than specific questions. Probing questions 
typically used the ‘5-W’ questions (Why, When, What, Who, Where) to guide the discussion 
rather than collect specific answers. This a follow-up questioning technique that helps collect 
more detailed and in-depth explanations based on respondents’ answers. Specific probing 
questions cannot be planned as they are entirely based on what participants share. In our 
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case, broad probes were included in the interview guide to help the interviewer in focussing 
the discussion (e.g. “What about the service made you dis/like it?”, “What did you do/think 
when you first saw the message” etc.).

The interview guides used by the UK user acceptance specialist team comprised of three main 
sections corresponding to each one of the broad topics to be covered:

 Section 1: Habitual driving behaviour – asking about usual driving patterns such as 
driving on motorways vs rural/interurban roads, familiarity with local roads and the 
Strategic Road Network (SRN), mileage and journey purposes, use of technology to 
plan journeys or for live traffic updates during journeys

 Section 2: Perception of services after exposure – asking about overall perception 
of the service, perception of the quality of the information and the usefulness of the 
service in general and in more specific contexts, perceptions about the influence of the 
technology on behaviour and trip quality

 Section 3: Comparison across technologies and future adoption – asking about 
the most and least useful services (for participants who experienced more than one 
service during the test drive) and opinions about usefulness for other drivers in general 
or considering specific groups of road users (e.g. professional drivers, HGV drivers, 
novice drivers etc.), willingness to use such technology in the future

All interviews were recorded upon consent being given from the participants. No personal 
information was recorded for GDPR purposes. The recordings then served to extract relevant 
sections of the discussion (corresponding to the broad topics to be covered). All extracted data 
was then analysed using codes. Taking a bottom-up inductive approach for data analysis, 
initial codes were assigned to specific data extracts; all codes were then reviewed and 
combined in a meaningful way into broader themes. Two researchers analysed data to ensure 
consistency and inter-rater reliability (i.e. the extent to which two or more coders agree on a 
systematic way of data analysis).

The detailed feedback from the interviews for each service is provided in the next sections. 
For consistency, feedback was collated using a similar structure to the one used to present 
findings from the online questionnaire.

The next section 5.2.1.2 details common themes that emerged during any interviews and that 
are not applicable to a specific service, followed by the summaries of key results per service 
presented in the following sections.

5.2.1.2 Summary of Qualitative Results from each MS Pilot per Service

Summary of Common Themes across Services

The following themes that are not necessarily specific to a given service emerged during the 
interviews:

 Opportunity to sync with Sat Nav: Many participants expressed that the HMI was 
too big, and if the system was integrated into a Sat Nav this would be much more 
beneficial. Additionally, an integrated service could improve drivers’ understanding of 
the exact location of road features (e.g. traffic lights) of events (e.g. road works, road 
closure) or traffic conditions (e.g. congestion, accidents, obstructions).
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 Customisability as an important feature: To improve the value of the service, it was 
suggested to make it customisable, to meet the needs of different profiles of road users 
and journey purposes. Being able to change text size would be particularly important 
for older drivers. More importantly, participants suggested that it would be useful to 
have the option to use different services in different contexts. For example, some 
participants found that GLOSA would only be useful in urban environment while others 
were not convinced of the value of the service in busy urban environments with a large 
number of intersections equipped with traffic lights. Other services, such as IVS - 
Speed signage could be particularly useful on unfamiliar roads, however participants 
suggested that novice and unexperienced drivers could find it useful to have 
permanently on their dashboard. It was also suggested to customise the information 
to reduce repetitiveness of the messages, especially when these were not relevant to 
drivers’ journeys. The perceived usefulness of the service would be much improved if 
the system was to show only journey relevant information such as time to next junction, 
lane/road closures, possible diversion routes, accidents and congestion ahead of the 
planned route.

 Influence of the HMI messages: A few participants commented that they felt they 
paid more attention to the messages they saw on the HMI than they would if it was 
displayed on the overhead gantry. They felt they could trust this information and that 
is was more applicable to them because it was in their vehicle and more personal to 
them. This suggests that there is a great potential for the technology to increase 
compliance with signage when the information is presented in a more personal way in 
the vehicle.

 Potential for distraction in heavy traffic: Some participants found that when the road 
was heavily congested, it was difficult to read and follow the HMI messages. They 
found there was too much information at times, and if the road was busy, they decided 
to make sure they were driving safely and felt they could not do this if they followed 
the HMI. Careful consideration needs to be attributed to the amount of information 
available to drivers. One way of mitigating for the potential negative effects of the 
technology is indeed to make the service customisable. It may also be beneficial to 
define thresholds for the number of notifications to be presented within a given period 
of time or develop algorithms allowing to overwrite some messages over others (i.e. 
‘emergency messages’ such as safety vehicle should overwrite any other information 
presented).

 Position of the HMI: Additionally, some participants suggested that the position of the 
HMI was intrusive to their drive. It is important to note that even though strict standards 
for the fitting of the HMI screen were followed, the type of vehicle used for the test drive 
varied between participants, so this may have resulted in differing opinions about the 
HMI position.

 Audible notifications (beeps): There were divided opinions about the audible sound 
alert that came with in-vehicle notifications. Some participants did not find them 
intrusive at all while others commented that they caused a distraction and frustration 
when notifications were repetitive or not relevant to the specific journey (e.g. 
countdown minutes to next junction when the participant wasn’t meant to take the next 
junction).
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Summary of results for IVS - Speed Signage 

POSITIVE NEGATIVE IMPROVEMENTS
The icon was easy to 

understand
Messages were repetitive 

unless there was a change in 
the speed limit

Participants thought it is useful 
to display speed limits for 

unfamiliar routes

Some confusion in 
interpreting the message when 
the speed limit is displayed in 

one lane only on the HMI

Participants suggested it would 
be useful to receive a 

notification if/ when the speed 
limit is exceeded

It would also be useful to know 
how long the variable speed 

limit would last for
Would be useful to have 

countdown to when speed 
limit will change for high 

mileage journeys

Summary of results for IVS - Lane Signage 

POSITIVE NEGATIVE IMPROVEMENTS
Participants saw a benefit in a 

lane change message to 
encourage lane discipline

Could have an added value for 
older drivers

Confusion in the interpretation 
of the lane change message 
due to a blank lanes image 

appeared on some HMIs

Improve the presentation of 
the lane change message

Summary of results for RWW

POSITIVE NEGATIVE IMPROVEMENTS
Most participants found it 

useful to have this information, 
especially the countdown until 

the roadworks began
This message may ease driver 

frustration

Some participants said they 
needed more advance warning

Many participants expressed 
they would only want to receive 
this message if it would impact 

their journey

The roadworks message needs 
to appear with enough warning 
for any action to be taken e.g. 

take a diversion route

Summary of results for GLOSA 

POSITIVE NEGATIVE IMPROVEMENTS
It could improve traffic flow at 

junctions
Useful for HGV drivers in 

maintaining a steady speed
Especially useful while waiting 

at red lights
Useful for decreasing fuel 

consumption

Increased workload due to the 
large amount of information, 
and interpreting this before 
deciding on an appropriate 

action
The amount of information 

may be inappropriate for busy 
environments

Speed advise could take other 
traffic or congestion into 

account
The advised speed needs to be 

accurate for it to be useful

Potential Risks Associated with GLOSA Service:

 Speeding - GLOSA could encourage risky driving behaviour by speeding up to get 
through the traffic lights, specifically in the case of Time-to-red notification.
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 GLOSA could create risky conditions, if not all drivers have access to the technology 
as other drivers may get confused by people ‘suddenly’ slowing down on the approach 
to green lights.

Summary of results for IVS - Embedded VMS 

POSITIVE NEGATIVE IMPROVEMENTS
Message stays on the HMI for 
enough time as opposed to 

seeing the gantry for a second 
or two which is easy to miss
The display was clear and 

easy to understand
The time to junction messages 

are reassuring
Particularly useful in bad 

weather conditions

Some participants found 
repetitive or irrelevant 
messages irritating

Option to only receive 
messages which are relevant 
to their route- combined with 

Sat Nav
Possibility to have audible 

notifications to avoid distraction 
and for people with visual 

impairments 

 Risks:

 A potential near miss was reported in the UK while a driver was looking at the HMI for 
the first time.

5.2.2 Summary of Qualitative Research by Service

5.2.2.1 In Vehicle Signage

Although not all MS conducted qualitative analysis for IVS, the findings from the UK 
interviews and Belgium qualitative analysis were consistent with the driver feedback gleaned 
during all MS controlled test events.

UK IVS Interview Analysis

5.2.2.1.1.1 IVS – Speed Signage

5.2.2.1.1.1.1 Interaction with the HMI

This section collates feedback about how participants perceived and used the information from 
the Human Machine Interface (HMI) during test drives. Two main themes emerged, relating to 
the amount and quality of information in the HMI display:

 Size and clarity of the text and icon

The majority of participants said they found the IVS - Speed Signage clear and easy to 
understand. This may be due to the standardised speed limit sign being replicated on the HMI.

 Amount of information and its interpretation

A few participants found the IVS - Speed Signage messages confusing as a 50mph speed 
limit appeared to be displayed in just one lane. Although technically during a specific test this 
may have been ‘correct’, more thought needs to go into what to show drivers and that often 
‘less is more’.
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“You should never have a discrepancy between the lanes, which is why I have to say I find 
this display slightly confusing.”

A few participants found the speed signage messages to be repetitive as they appeared too 
often without indication of a change in the speed limit.

5.2.2.1.1.1.2 Influence of the service on behaviour

This section provides details about how participants felt that the technology influenced their 
driving performance and behaviour. In terms of driving performance, distraction and 
attention/preparedness were the main themes that emerged.

 Impact on the driving task

Some participants reported that they paid more attention to the IVS - Speed Signage in the 
car than they would when it is displayed on the gantry. There is a potential for the technology 
to draw drivers’ attention to the HMI messages more than the gantry messages, which may 
have a positive impact on driving behaviour. As per the quotes below, participants felt more 
aware of the speed limits at all times, which may improve overall journey satisfaction.

“Makes you more aware of the speed you should be doing.”

“Perhaps I would’ve gone over 50 if it wasn't flashing in my face.”

Participants reported that IVS – Speed Signage improved their preparedness when entering 
a different speed limit zone and this made them check their speed: "probably more than I 
would have done”, according to one participant. It is worth noting that a few participants said 
they may have checked their speed subconsciously, without realising. Therefore, whilst they 
may not have said themselves that these messages impacted their behaviour, they might have 
done.

"It makes you check whether you're doing the right speed."

 Impact on driver behaviour

The majority of participants did not have to change their speed in response to receiving the 
IVS speed message. This may have been because most of the participants were familiar with 
the route so already knew the speed limits. Most participants said that these messages would 
be useful if you did not know the area or the speed limit or if they notified of changes in the 
speed limit.

On a very few occasions, participants received a notification about changes in speed limits 
(advisory speed limits) due to obstruction/congestion ahead. In these cases, they disregarded 
the message as there was seemingly no need to slow down and the road ahead was clear. A 
few, familiar with the road participants commented, that such messages tend to remain on 
gantries over an extended period of time following the actual (morning) congestion. This may 
result in drivers commonly disregarding signage and in a general mistrust in the system. It was 
suggested that IVS - Speed Signage could be a particularly valuable service if it provided more 
accurate information based on live traffic information, that would not always be available or 
provided in a timely manner on gantries.

One participant commented that even when the message was accurate, it would continue to 
appear for too long making it irrelevant and irritating for the driver. In this use case, a reduction 
to 60mph was recommended due to a stationary vehicle in one lane. The advice was accurate 
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and came on time, however messages quickly became unnecessary as the road ahead was 
clear. Others were pleased with the length of time IVS – Speed signage remained displayed 
in the vehicle.

 Impact on others’ behaviour

Whilst most participants noted that they are always speed conscious when driving, they 
recognised that some drivers would benefit from being reminded to check their speed. 
Participants commented that IVS - Speed Signage would be a useful reminder in case of 
missing the gantry information.

5.2.2.1.1.1.3 Perceived usefulness of the service

 Usefulness

A few participants found the IVS - Speed Signage frustrating if they were showing the legal or 
national speed limit rather than a variable speed limit. This resulted in participants paying less 
attention to these messages.

However, a couple of participants found it extremely useful in situations where the speed limit 
changed from variable to national, especially if they were unfamiliar with the route.

Participants who described themselves as being ‘speed conscious’ reported that as a result 
of this, they did not benefit much from the IVS - Speed signage; still some commented that it 
was an added confirmation.

"It's a good reminder."

 Timeliness

Participants reported that the IVS - Speed Signage message generally appeared before the 
gantry, with some of them reporting them appearing at the same time as the vehicle passed 
the gantry which was not considered useful. There were also instances where IVS – Speed 
Signage was showing messages when corresponding gantries were blank. This created some 
confusion for participants as they wondered whether to trust the provided information. 
Additionally, on a number of occasions participants reported seeing an “END” of speed limit 
sign, however they never saw an information about speed limit before, which was also a cause 
for confusion.

 Accuracy

Most participants found that the speed displayed was accurate, noting that in most cases the 
Speed Signage only displayed the speed limit. In situations where there was a change in the 
speed limit, a lot more concerns about the accuracy of the service were raised. A large number 
of participants shared concerns about the display of speed limits separately for each lane:

"You should never have a discrepancy between the lanes, which is why I have to say I find 
this display slightly confusing"

Although technically during a specific test this may have been ‘correct’, more thought needs 
to go into what to show drivers and that often ‘less is more’.

Furthermore, it became clear that on a number of occasions speed limits were displayed for 
slip roads, which may have created additional confusion for non-familiar with the area drivers. 
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As per the quote below, this may cause driver error due to the system implying a potential for 
not keeping to the inner most lane on a motorway which is good UK driving practice:

There were certain situations when you get into London, it's three lanes and it's 50 on all four 
lanes technically but it doesn’t feel like it's 4 lanes but it's actually a slip road or a local traffic 
lane. It wasn’t confusing for me because I know the area however if you didn’t know the area 
you would think I don't want to middle lane hog, I'll move into this lane over here. Whereas on 
your screen if it says local traffic lane or slip road or something similar...'

As per the suggestion of the participant, clear distinction between road type would improve 
the quality of the service, especially for non-familiar users. The same participant suggested 
that a speed advise based on real traffic information would be more useful for slip roads or 
congested areas.

 Trip quality

Furthermore, participants commented that most Sat Nav systems have already speed limits 
permanently displayed for each type of road, whereby the real added value of IVS - Speed 
Signage would be to provide the driver with speed advise based on live traffic information.

5.2.2.1.1.1.4 Future adoption

Further testing is recommended to estimate user perceptions about the accuracy, timeliness 
and trustworthiness of the service. Due to the naturalistic nature of the user trials, it was 
impossible to predict when and how often IVS - Speed Signage requiring behavioural 
response, would be experienced by participants. Therefore, testing in a more controlled 
environment is recommended to collected in-depth feedback about the quality of the service 
in specific scenarios (e.g. congestion, accident ahead etc.).

5.2.2.1.1.1.5 Improvements to the service

 Provide speed advice based on live traffic information and national speed advice 
separately

 Improve the timeliness of the service and consistency between new speed advice and 
end of speed advice

5.2.2.1.1.2 IVS – Lane Signage

5.2.2.1.1.2.1 Interaction with the HMI

The majority of participants had no issues with understanding the display. However, a few 
participants commented that the first time they saw the IVS - Lane Signage message they did 
not fully understand it. After seeing it again they had no difficulties understanding what it stood 
for.

5.2.2.1.1.2.2 Influence of the service on behaviour

This section collates feedback on the impact of the technology on driver behaviour. None of 
the participants reported IVS - Lane Signage to have disrupted the driving task causing 
distraction or increased workload.

 Impact on driver behaviour

It is important to note that the majority of participants noted that they did not need to change 
lanes after receiving the IVS lane change message. Many participants said they were already 
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in the correct lane. However, for one participant there was a situation where there was a filter 
lane and they had to change lanes:

"I was on the left-hand side, I had to move across, so it was quite handy as a little reminder to 
say to move over."

Participants received lane information associated with an obstruction, however there was no 
actual obstruction and thus no need to change lane. When the provided information was 
relevant, participants found the service to be useful with potential to improve trip quality.

 Impact on others’ behaviour

Participants commented that a lane change message is useful to encourage lane discipline.

5.2.2.1.1.2.3 Perceived usefulness of the service

 Usefulness

Whilst many participants did not find IVS - Lane Signage useful in their test drive, they said 
that they can see when it would be beneficial. Those that did have to change lane said they 
found the message to be useful, especially if a lane is closed on the motorway and a red ‘X’ 
is displayed.

“I can see that the lane closures will be useful.”

 Timeliness

A few participants said that the IVS - Lane Signage notifications came sufficiently early and 
they received the message in advance.

5.2.2.1.1.2.4 Future adoption

A few participants expressed an interest in having IVS – Lane Signage if it was available. They 
also suggested this message may be useful for older people, giving them additional time to 
ensure they are in the correct lane. The service may potentially have an added value for older 
drivers.

5.2.2.1.1.2.5 Improvements to the service

Due to the limited number of encounters involving Lane Signage, no specific improvements to 
this service were discussed other than improving the accuracy and reliability of the messages.

5.2.2.1.1.3 IVS – Embedded

Participants experienced a broad range of IVS - Embedded VMS. All of them saw “Time to 
Junction” notifications, providing a countdown time to junction. Other notifications included: 
“QUEUE AHEAD”, “CONGESTION”, “OBSTRUCTIONS”, “ACCIDENT AHEAD”, “ROAD 
CLOSED”.

5.2.2.1.1.3.1 Interaction with the HMI

 Size and clarity of the text and icon

Most participants reported that the IVS - Embedded VMS messages were easy to understand, 
and that the icons were clear and presented similarly as they are on the gantry. There were 
no comments of issues with the interpretation of the messages; this may be due to the choice 
of standard icons.
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However, some participants said that the text could be bigger, there could be less text and 
some of the information could be more presentable. It should be noted that the text should be 
reviewed for those with vision loss or impairment. One participant explained that because they 
are short sighted and wear glasses for distance when driving, they then found it difficult to 
read the text on the HMI.

 Amount of information and its interpretation

Overall, participants found that an adequate amount of information was displayed. Still, many 
participants said it would be more appropriate to have messages only as a notification of new 
events/ road conditions (e.g. accident ahead) or changes in road rules (e.g. variable speed 
limits). Participants felt “a bit annoyed” when they received the same messages or irrelevant 
messages (to them and their trip) multiple times. For instance, a large number of participants 
commented that it is not necessary to have multiple messages about the time to a junction, 
especially when it was not relevant to them:

“Once you've been told about the time to junction unless it changes you probably don’t need 
to be reminded again!”

“Junction messages were relevant only because I was taking those junctions, but I think I'd be 
annoyed if it was telling me every junction and I wasn't going that way.”

Frustration with repetitive and irrelevant messages for some participants was exacerbated by 
the accompanying audible beeps. At least a few participants commented that having 
messages in the car makes them “more personal” and thus more frustrating if they are 
irrelevant. For others, the audible beeps drew their attention and had an added value 
compared to gantry signs.

It should be noted that the experimental design might have contributed to participants feeling 
“annoyed” with the repetitive messages. The experimental design included the participant 
driving through the test area at least three times, whereby seeing the same message on 
multiple occasions. Arguably, during a ‘real-life’ journey, drivers would be less likely to drive 
through the same area multiple times on the same trip. In line with this, it was suggested that 
IVS - Embedded VMS would be particularly useful for unfamiliar journeys.

5.2.2.1.1.3.2 Influence of the service on behaviour

 Impact on the driving task

Compared to GLOSA, the Embedded VMS signage was less associated with increased 
workload due to the amount of information. Even though most participants did not find the 
Embedded VMS messages distracting, some concerns around distraction were raised. 
According to participants, the following encounters caused distraction:

o The in-vehicle messages were irrelevant for the driver/their trip

“If it wasn't relevant to me, I still had to spend a second or two working out what the message 
said, that takes your eye off the road.”

o The in-vehicle messages were repetitive and appeared too late

For some participants distraction occurred due to inappropriate timing of the in-vehicle 
message. One participant suggested that messages appeared in the vehicle “10-15 seconds” 
after they saw them on the gantry, which diverted their attention away from the road. Another 
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participant encountered a potential near-miss the first time they received an in-vehicle 
message as another car cut in front of the them when they were looking at the HMI.

“At one point someone actually cut in front of me and because I looked at that, I realised it did 
take away my attention."

These moments of distraction may be attributed to the lack of familiarity with the system and 
the HMI. Further research is necessary to determine the extent to which the HMI is likely to 
influence the driving task and drivers’ situational awareness at different levels of fatigue and 
in the case of more or less monotonous drives. Greater consideration needs to be given to the 
way information is presented (i.e. inclusion of countdowns, inclusion of audible message etc.)

 Impact on driver behaviour

Most participants reported that they found the IVS - Embedded VMS messages to be helpful 
as they gave the driver more time to think and increased awareness of the road conditions. 
Specifically, VMS messages notifying of hazards ahead have the potential to influence driver 
behaviour as it would be easier to anticipate changing lane or queuing ahead in case of 
obstructions or congested roads. For example, when participants knew the time to a junction, 
this made them feel more aware and then had more time to change lanes, move across in 
better time than usual and better manage their speed through congestion. In contrast, usually 
drivers would wait until the road signs showed them which lane to be in. Participants felt more 
at ease because the messages appeared early and remained on the screen for a while, 
compared to the three stripes countdown marker signs on the road.

Messages such as ‘QUEUE AHEAD’, ‘CONGESTION AHEAD’, ‘OBSTRUCTION/ACCIDENT 
AHEAD’ were perceived as having the potential to be very useful to the driver, provided they 
reflected accurate live updates. Participants confirmed that such messages had an immediate 
impact on their reactions and behaviour unless it was obvious that the information was 
inaccurate:

“When I saw queue ahead, I felt like I slowed down slightly, and I was looking ahead.

According to drivers, accuracy of the in-vehicle messages can also help improving drivers’ 
trust in the system as currently outdated information can be seen on gantries. For example, 
according to participants, drivers have learnt that ‘CONGESTION AHEAD’ messages often 
appear on gantries long after the congestion was cleared. If in-vehicle messages provided 
accurate live updates on traffic ahead, this could increase drivers’ overall compliance with 
speed restrictions and contribute to improving traffic flow. A few participants commented that 
having these messages appear in the vehicle made them more likely to trust and pay attention 
to them than if they saw them on the gantry.

“To be honest when you see a gantry 'queue ahead', you don't slow down, no-one does until 
you can actually see the queue. It gives you a bit of an idea, sometimes you increase your 
distance to the car in front.”

However, some participants reported that the Embedded VMS messages did not change their 
behaviour, as they would not believe a message more because it is in the vehicle, when it was 
obvious the message wasn’t providing relevant information.

“I ignored some of them because I knew there was no queue there.”

 Impact on others’ behaviour
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Overall, participants had opinions that the influence of the technology on the general public’s 
behaviour will depend on the relevance of the messages. The majority of participants thought 
that Embedded VMS messages would be useful for HGV drivers, especially if there was also 
information about road width and height restrictions. Messages which would help them plan 
their route or breaks (e.g. take an earlier/longer break if road is congested) or help them avoid 
stopping or harsh braking may be a lot more relevant than other messages. It was also 
suggested that Embedded VMS messages can be particularly useful for novice drivers as they 
could provide additional guidance for people who do not have much experience driving on 
different roads or driving in ‘exceptional’ circumstances (e.g. road works, road closures, etc.).

5.2.2.1.1.3.3 Perceived usefulness of the service

 Usefulness

Many participants commented that IVS - Embedded VMS would be useful for novice drivers, 
commuters and foreign drivers. The messages could also be useful in peak times and rural 
areas where there is limited signage. It would be an added value for the service to provide the 
information that is usually on gantries at local and rural roads. For peak times, these messages 
could help commuters in better managing their behaviour when there is congestion. 
Additionally, one participant commented that Embedded VMS messages would have an 
added value on motorways where there are stretches with no gantries. In line with this, a few 
participants thought that messages which are replicated from the overhead gantries were 
unnecessary and they did not find that this information was useful for their journey.

A few participants reported that Embedded VMS messages would be useful for familiar 
journeys; if the driver has more local knowledge, they may make a better decision about 
staying in the queue or take a different route.

The most useful information concerned traffic and road conditions ahead such as approach to 
junctions and information about closures, where there is a need to slow down. Some 
participants said it could be useful to have more information about merging lanes, which would 
help drivers be more prepared especially when there is a lot of traffic. Many participants said 
that the ‘time to junction’ messages are useful on motorways so you can take action if there is 
congestion.

One participant found the Embedded VMS messages particularly useful because it was 
raining, so they felt they were more likely to miss the messages on the gantry and wanted to 
concentrate on driving safely. Furthermore, a few participants found it useful when they 
received in vehicle messages while the gantry signs were blank.

 Timeliness

The majority of participants reported that the Embedded VMS messages appeared in the 
vehicle before they did on the gantry. Additionally, the messages remained on the HMI for a 
significant length of time, thus giving the driver more time to make a decision while the gantry 
signs are not visible anymore. Most people found this extremely helpful as sometimes you 
may miss the gantry message. However, a number of participants reported significant delays 
in the messages appearing in the car. A few participants reported messages appearing at the 
same time as the gantry notifications, which did not add much value to the service.

“Don’t know if it makes any difference (for behaviour change) as you are still able to see the 
messages on the road (gantry), pretty much at the same time as they arrived in the car.”
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 Accuracy

Many participants found the Embedded VMS messages to be accurate, especially when 
replicating information from the overhead gantries. However, concerns were expressed where 
gantry messages did not appear in the car or when in-vehicle messages were not replicated 
on the gantries. This may have resulted in mistrust in the system. Similarly, almost all 
participants reported inaccurate Embedded VMS message – ‘queue ahead’ where there was 
no queue. At the same time, where there was actual queue or congestion, this was not always 
reflected by the system. Because of this, participants felt that the service did not sufficiently 
reflect the current traffic conditions, based on live updates which would have made the service 
more valuable. 

When the information was accurate, the IVS - Embedded VMS was found very useful. One 
participant reported seeing a 40mph speed limit message and a message to slow down due 
to queuing; the participant was pleased with this information as it was accurate and allowed 
to adjust speed on time.

 Trip quality

In terms of trip quality, participants thought that the Embedded VMS messages made them 
more prepared and would find this useful when they need to take a junction for example. The 
“time to junction” messages provide regular updates, thus only drawing driver’s attention when 
needed. However, participants also reported being frustrated by the number of beeps when 
they did not need to take the next junction and thus the countdown time to junction was 
irrelevant to them. Some participants felt that receiving messages that aren’t relevant to you 
is more acceptable on a gantry as you can choose to ignore them. However, in the car, the 
messages feel more personal to you; they are therefore more frustrating if they are irrelevant 
to your journey. If the messages could be customised, this would according to some 
participants, relieve the frustration of having to look at irrelevant messages on the gantries.

“On a long journey if messages come up that aren’t relevant to you, you might start to get a 
bit annoyed.”

“Junction messages were relevant only because I was taking those junctions, but I think I'd be 
annoyed if it was telling me every junction and I wasn't going that way.”

Participants commented IVS – Embedded VMS helps could help drivers feel more aware of 
their surroundings:

“It makes you more aware of what's going on around you, you're already planning ahead of 
what you need to do”.

5.2.2.1.1.3.4 Future adoption

Participants would be willing to use the service if it provided:

 live updates of traffic conditions
 timely notifications of change in speed limits
 relevant to the journey information (i.e. road closures ahead of the planned route)

5.2.2.1.1.3.5 Improvements to the service

 It was suggested that queue ahead and congestion messages would be particularly 
useful if they provided a countdown/distance to the congested area or approximate 
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length of the queue. One participant noted that such information would help drivers to 
make a decision on whether to stay in the queue or take an alternative route to their 
destination, especially for familiar with the area drivers.

 Customisability of the services would be a key to the successful roll out of in-vehicle 
signage systems. Drivers should be given the opportunity to select the most relevant 
to them messages for the specific trip, road (familiar/unfamiliar area, urban/rural) and 
other conditions (time of the day, weather conditions).

Belgium IVS Qualitative Analysis

5.2.2.1.1.4 Perceiving and using the information

Many participants indicated that there was a mismatch between the external signage and the 
IVS signage for both systems. One person claimed that the IVS 4G app did not display all 
speed limits in the car that were presented on the gantries. Another test driver thought that 
the gantry information in the opposite direction was once projected on the HMI. In one 
occasion, there was a mismatch in that while the HMI displayed lane closure for about 500 
meters, the gantry did not show any lane closure. One person claimed that he received 
speed limits of 90 km/h while the gantry indicated 70 km/h. Two persons claimed that the in-
car speed information was lagging behind with respect to the gantries and one person told 
said that the ITS-G5 HMI was lagging slightly more behind than the 4G HMI. Clearly, based 
on self-reports, the IVS HMI was not always synchronised with the gantries.

One participant made the interesting reflection that if the gantries and IVI signage are 
displaying different messages, it will ultimately lead to ignorance to road signs by road users. 
Although many drivers made remarks on the mismatch between the external and internal 
signage for both systems, these observations should be put into perspective. The 
experiment was set up to deliberately make a mismatch between the gantries and the IVI on 
two locations along the track. The gantries were blacked out on these locations while the 
HMI was displaying the relevant information. However, this manipulation should rather be 
conceived as a gantry fall out instead of a mismatch.

5.2.2.1.1.5 Influence of the service on behaviour and trip quality

Direct questions were put forward to probe the participants’ attitude and general behaviour 
immediately following the three test drives. One question was pertaining to being in 
compliance with speed limits. Compliance with speed limits is a necessary conditional 
attitude in order to allow for IVS to exert any influence on the participants driven speed. The 
graph below depicts a self-reported positive attitude concerning compliance with speed 
limits. Clearly, participants reported that they respect speed limits.
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The first direct question pertains to participants’ self-reports on being more compliant with 
the lane and speed signage when guided by the IVS on top of the external signage. Self-
reported answers are displayed below. Clearly most users of the IVS claimed that the IVS 
augmented their compliance to speed limits.

 

An open question leading to introspection was inquired. Participants were asked to report 
why they think that the sum of internal and external signage would improve their own 
compliance. Despite the open nature of the question, participants were very consistent in 
their answers. Five participants indicated that the double signage leads to confirmation of the 
message and as a result there is less doubt on the correct speeds to follow. The internal 
signage is a notification of speed limits and make this information longer available to the 
driver. Four answers could be categorised as an indication that the internal signage leads to 
a stronger signal on top of the external signage and this stronger signal leads to more 
obedience. Contrary to most reported answers, one person answered that the IVI is not 
useful as it is redundant information.

With respect to the second research question of interest, the graph below shows the self-
reported results of the associated survey question. Opinions were divisive. The answers 
indicate that some participants would ignore the in-vehicle signage, while others would not. 
These results were also observed in the speed tracks of the participants. Some participants 
slowed down when the gantries were blacked out and the IVS was showing speed limits 
while others did not. However, if the IVS would become a legal way to enforce speed limits, 
more participants would comply with IVS.
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5.2.2.1.1.6 Improvements to the service

There were some HMI issues for which suggestions were proposed:

 One person noticed that while gantry signage applies to the next gantry or the next 
ramp-off, it is not clear how long the in-vehicle signage is applicable.

 A test driver made the remark that larger icons would make an even stronger signal, 
and as a result, would induce more obedience.

 Another person claimed that lane signage would make more sense if it was depending 
on personal route information, e.g., advising the best lane for taking the off-ramp “en 
route”.

 Someone finds the flickering of massages or icons annoying. Also, the dynamic 
alteration of messages was disturbing. In line with this remark, somebody noticed that 
there was already a lot of external signage which requires a person’s full attention, and 
therefore, the app distracted attention from the road.

Three experienced users for both IVS services made a few recommendations. The first one 
wrote that while he is stuck in traffic jams, the IVS services are repeating the traffic jam 
warning again and again. Secondly, the distance to the traffic jam is indicated with a high 
precision number while the estimated distance is lacking that precision. He also made some 
more remarks on the HMI. He wrote that speed limits or arrows sometimes disappear 
offscreen. Moreover, the meaning of the green arrows on the gantries is generally not well 
known by road users. He suggested that the app could remedy this lack of knowledge by 
using the HMI to indicate that that the green arrows imply a continuation of former speed 
limits. Finally, he said that he would be better served if the IVS would display the next speed 
limit instead of actual speed limit. These constructive comments can be helpful to improve 
the application. With respect to the ITS-G5 IVI, the second experienced user wrote:” I find 
the application not really an added value. Most road users drive instinctively and do not pay 
attention to the speed that is shown on the gantries. I see added value when it comes to 
road works, but this would especially be the case if it would be integrated into existing 
applications such as Waze, Google Maps, TomTom, ... . It is rather pointless to have to open 
several apps while driving.” The third experience user said: “The application works well for 
most of the time and the information is real-time. That are positive values. A negative value 
is that the application does not provide additional info on top of the road signage. The 
application would be even better if it is enriched with other useful information such as the 
current travel time.”
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5.2.2.2 Road Works Warning

Optional qualitative research for RWW was carried out by the UK User Acceptance expert 
lead.

The UK

5.2.2.2.1.1 Interaction with the HMI

 Size and clarity of the text and icon

The majority of participants said that the roadworks information was easy to understand, and 
it was clear that the symbol represented roadworks.

 Amount of information and its interpretation

A few participants expressed that the roadworks messages needed to provide more 
information such as details about the type of roadworks, what the roadworks are for and how 
long they will go on for.

5.2.2.2.1.2 Influence of the service on behaviour

 Impact on the driving task

In terms of workload, one participant had difficulty concentrating on the roadworks information 
when the traffic was congested:

 “If it had been spoken to me, I might have listened to it.”

This difficulty in concentration could have arisen from receiving too much information, for 
example receiving the information about roadworks and a countdown to the start of roadworks, 
in addition to driving in the traffic may have been overwhelming. However, most participants 
did not find it distracting; they looked at the message ‘for a second’ and then looked back to 
the road.

Additionally, participants commented that the countdown to start of road works was a bit of a 
distraction as it pinged too often. One way of improving the service for drivers would be to 
provide earlier and less frequent notifications.

 Impact on driver behaviour

Most participants reported that it was beneficial to receive the roadworks message, so they 
could be aware that there may be people and vehicles ahead.

“It gives you that anticipation and then you can change your behaviour appropriately to slow 
down, maybe if you need to change lane, you have that perception of what's out there that 
could impact your journey.”

The majority of participants slowed down the first time they saw the roadworks message.

“I probably slowed down a little, in terms of anticipating the result of it giving me that message. 
I expected to do something or slow down - is there a lane closure ahead, and is the traffic 
slowing down.”

“It made me aware that I would have to slow my speed.”
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One participant reported increasing the distance to the car in front of them:

“I backed off a bit from the car in front and reduced my speed to wait and see what happens.”

 Impact on others’ behaviour

One participant said that a roadworks message could be distracting in London as this message 
would be extremely frequent, but it could work well in Kent for example where there are fewer 
roadworks. The majority of participants were of opinion that most drivers would benefit from 
RWW.

5.2.2.2.1.3 Perceived usefulness of the service

 Usefulness

Overall, most participants found it useful to know that they were approaching roadworks. In 
one situation, a participant said that a gantry message about roadworks was replicated on the 
HMI which was accurate and useful. They also noted that it is useful that the information stays 
on the screen for some time and that the countdown until start of the roadworks is particularly 
useful to have. Another participant found that knowing the time until the end of the roadworks 
was useful in easing driver frustration. This would be particularly useful on high speed roads 
and in poor visibility conditions.

However, the use of a roadworks message appears to depend on the situation. For this 
instance, the roadworks was on the hard shoulder, so the message was not particularly 
relevant as the traffic was not impacted much.

"It came up and gave me a distance to roadworks, warned me when I was getting a bit close 
to it. In reality it made no use at all, as I was approaching a roundabout and it didn't tell me 
what road or what direction it was on and if you combine it with a map or Sat Nav it would be 
more useful or on a straight road, because it didn't know what route I was taking."

A few participants expressed that there would be an added value of roadworks messages in 
a Sat Nav as Google Maps is not up to date for roadworks.

 Timeliness

The responses were mixed about whether the roadworks message appeared with enough 
time to react. Three participants said they had enough warning before the roadworks started 
and others found that it appeared too late. Four participants commented that the roadworks 
warning message did not appear early enough for them to react if there had been roadworks 
there.

“The message came up well in advance of those roadworks so that's a positive.”

 Accuracy

In terms of accuracy of the roadworks, the responses from participants were mixed. Two 
participants reported they were happy with the accuracy of the message in terms of the 
countdown until the start of roadworks and when they ended. However, a few participants 
found that the roadworks message was inaccurate, particularly in the night time testing where 
both participants who were interviewed reported that the countdown to the start of the 
roadworks was inaccurate but the countdown until the end of the roadworks was accurate.

 Trip quality
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One participant felt that receiving the roadworks message would improve the safety of their 
driving. When there are roadworks, people may drive slower than usual, be more cautious or 
change lanes suddenly, so it is useful to have some warning that there are roadworks and that 
other people may be driving differently. More importantly, RWW was perceived to have a real 
potential for improving trip quality providing an early notice for drivers to take diversion routes, 
change lanes or adapt speed. Further testing is recommended to confirm this due to the nature 
of the user trials. A control environment may be a better set up for testing due to the difficulties 
associated with testing in real road works conditions.

5.2.2.2.1.4 Future adoption

The following statements summarise participants’ views about their intention to use the service 
in the future:

 Most participants expressed they would be willing to receive roadworks messages if 
they were integrated into a Sat Nav

 A couple of participants expressed a desire to have roadworks messages in their 
vehicle over GLOSA

 Many participants who did not receive the roadworks messages expressed that these 
are messages they would have liked to have seen

5.2.2.2.1.5 Improvements to the service

For the daytime testing, a 'dummy’ roadworks site was used for the purposes of testing. The 
majority of participants were confused by the roadworks message as they did not think that 
seeing a lorry parked in the hard shoulder required a roadworks message. Therefore, they 
may not have thought the roadworks message was accurate. Testing in controlled simulated 
environment or during real road works is recommended in the future.

“When the roadworks came up and there weren't any roadworks, as long as was reliable in 
the future and there were roadworks when it says there're roadworks, then I can see it being 
useful.”

 Participants expressed that the roadworks messages need to be accurate and reflect 
real roadworks that may affect their journey

 Information could be provided about how long the roadworks will be there for
 Information could be provided about the type of roadworks that are taking place (e.g. 

carriageway restriction, local network, temporary etc.)

5.2.2.3 Green Light Optimised Speed Advice

The Netherlands

This section assesses the acceptance of the green light optimized speed advisory assistant 
for the InterCor GLOSA Brabant pilot site in the city of Helmond based on qualitative results.
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Figure 66 GLOSA HMI at Brabant pilot site

5.2.2.3.1.1 Test approach

The designed test approach for the GLOSA User Acceptance study consisted of two 
participant groups for a combination of short-term high-intensive testing during a special test 
day and long-term testing during a more naturalistic driving setting.

5.2.2.3.1.2 Short term testing qualitative results

In May 2019, 10 instructed users participated in a test of the GLOSA assistant during a 
special test day. Upon completing the set of driving instructions participants were requested 
to fill out the evaluation questionnaire. In addition to the user questionnaires the participants 
were interviewed afterwards. These interviews were focused on the driver’s perception of the 
system. The most notable remarks during these interviews are summarized below.

Most participants indicated feeling insecure about whether the system was functioning 
correctly during the test. When asked about this experience it became clear that the system 
did function correctly, however a majority of users was not able to interpret the very differing 
information levels presented by the GLOSA assistant at each traffic light. On certain 
occasions, when approaching a traffic light, the service would offer time-to-red or time-to-
green information without any speed advisory or vice versa. At other times it would offer 
neither one of this information. This was also the cause for most participants to indicate not 
feeling at ease whilst driving due to the instability of the presented advice. The users 
perceived sudden significant modifications in the advice presented to them when 
approaching an intersection. The consistency and predictability of the information delivery 
from the GLOSA assistant was found to be lacking according to the participants.

When the information presented by the GLOSA assistant did match the expectations of the 
participants, they were not always able to act on the information. In part this is the result of 
participants experiencing a delay in time-to-green and time-to-red information on the GLOSA 
assistant in comparison with the outdoors situation. Additionally, participants indicated not 
being able to follow up on a speed advisory due to a variety of reasons. In most cases other 
traffic impeded the participants in following the advised speed. The GLOSA assistant does 
not seem to take other traffic into account when presenting information about the traffic light. 
According to a few participants this was the cause for the GLOSA assistant to have no 
added value at busy intersections.
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The unpredictability of the information delivery in conjunction with the limited usability of the 
information eventually led to a few participants ignoring the GLOSA assistant when 
approaching an intersection.

5.2.2.3.1.3 Long term testing qualitative results

In addition to the user questionnaires that were being completed, several of the 10 long term 
test-drivers drafted a log, further facilitating the evaluation-analysis.

Based on the log annotations the driver’s perception of the GLOSA service was established. 
The most recurring annotations of the participants indicated the information delivery to be 
slow and unresponsive. Often describing situations in which the traffic light had turned to red 
only to be followed by the GLOSA Assistant a few seconds later.

In a single case from the log a participant had received a speed advisory of 45 km/h when 
approaching a traffic light. However, due to traffic still being halted at the stop line the 
participant had to slow down to a full stop. The participant regarded this to be potentially 
dangerous as the presented speed advice by the GLOSA assistant did not correlate with the 
necessity to slow down.

Whenever the GLOSA assistant was correct there were no further remarks made by the 
participants.

5.2.2.3.1.4 Technical performance

The InterCor GLOSA TESTFESTs have proven that the technology used by the participants 
is also serviceable in other member states and vice versa. The cross-border integration of 
infrastructure allows for more immersive and appealing services. A majority of the 
participants noted the experience of technical malfunctions or failures whilst driving with the 
GLOSA assistant. This reduced the enthusiasm for the service among the participants.

5.2.2.3.1.5 Experience from relatable GLOSA projects

In addition to the InterCor Grant Agreement tasks on GLOSA, the province of Noord Brabant 
also undertook early 2018 extensive testing with a European car manufacturer. The following 
lessons were learned:

1. The technical interoperability is high. Important aspect is the availability of the 
definition of the intersection topology. Although this is outside the scope of the 
InterCor GLOSA standard, the province of Noord Brabant contributed with the Dutch 
national Ministry of Transport to the EU standardization of these Intersection 
Topology Files via C-Roads. Brabant also tested these in practice with an EU car 
manufacturer as such facilitating the coordination between InterCor, C-Roads and 
Car2car.

2. The intersections in the Netherlands are very intelligent. They adapt the signal phase 
timing to the traffic conditions in real time. Although this increase the efficiency of the 
traffic management, it reduces the potential GLOSA has as in-car driver assistance 
service.

3. Excellent standards exist for the communication of data V2I, however in practice, the 
penetration of connected vehicles contributing to the traffic awareness is 0%. As a 
consequence, car drivers that intend to turn right or left do not receive an appropriate 
and timely GLOSA advice from intersection controllers that are intelligent.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 293 © InterCor Consortium

The UK

5.2.2.3.1.6 Interaction with HMI

 Size and clarity of the text and icon

Participants’ opinions were divided. Despite more than half of the participants finding the size 
of the text and icon to be appropriate and easy to understand, about one third of them pointed 
out that text could be bigger, especially for advised speed:

“Had all the info you needed, but recommended speed could have been bigger”.

A couple of participants commented on the importance and usefulness of the traffic light icon 
as it facilitates understanding and minimises the use of text:

“Traffic light icon is definitely useful - need to make sure that's included, means you don't need 
as much text”.

One participant suggested that traffic light symbol could be bigger.

 Amount of information and its interpretation

A large number of the participants reported difficulties in understanding the information, 
especially when they first saw the message. They found it “difficult to understand” and 
“confusing”. Participants found that having both a countdown to the lights and an advised 
speed made it difficult to know what the required action was. Specifically, participants found it 
hard to understand what the current state of the traffic light was and whether the speed limit 
reflected their current speed or advised speed. It was also mentioned that the message could 
be quite confusing when approaching a junction as it does not inform on the exact location of 
the traffic light:

“First time used traffic lights they were distracting because was trying to work out what they 
meant. Traffic light display didn’t feel intuitive, took a while to understand what it was saying.”

“I probably got a bit distracted by trying to understand the picture and what the message was 
saying, but each time it got easier.”

The amount of information on the HMI was associated with some drivers failing to consciously 
notice some of the information (e.g. advised speed). This was found to be especially 
inappropriate for busy environments and it may be an overload of information. A few 
participants actively chose to ignore the HMI messages as they felt it negatively impacted their 
driving:

“Depended on how much traffic there was around - if it was quieter then I could pay more 
attention to messages.”

“I think the traffic lights is a bit unnecessary.”

It should be noted that there were participants who found it easy to understand the information, 
but as pointed out by some of them, it may have been because they were familiarised with the 
display during training and while answering the quantitative survey and so they knew what to 
expect before the test drive. Still, more work on the HMI is recommended to avoid any potential 
of the service to cause driver overload of information and distraction.
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5.2.2.3.1.7 Influence of the service on behaviour

 Impact on the driving task Impact on the driving task

Opinions about the impact of the technology on the driving task were divided. As noted above, 
for some participants it was easy to follow the instructions when driving (after the first few 
times):

“I enjoyed it so much, I did it four times, I couldn't wait to get back to it. Each time I tried not to 
use the brake at all and was successful every time”.

Others reported that the messages were distracting and intrusive to the driving task which was 
mainly associated with:

o The amount of the information and the timeliness of the message:

A large number of participants preferred to trust roadside traffic lights as the technology was 
taking their attention away from the driving task. Some found that there was not enough time 
to respond to the message. This is supported by responses on the questionnaire where one 
third of the respondents agree that GLOSA caused distraction:

"Because of the limited time, I chose more often than not to ignore it".

 “When it would come up on your screen my eyes would flick to the message to try and read 
it, and often that meant that I was coming up to a queue of traffic, and I had to readjust quickly 
so didn't drive into cars in front.”

o Constantly changing advised speed:

Most participants found it difficult to follow the advised speed as it changed frequently, 
sometimes appeared too late, and there was not enough time to work it out.

“The speed limit came up/jumped but it was a bit too late, couldn’t figure out what it was 
supposed to do.”

"The suggested speed seemed to jump around all over the place as well, as I was already 
anticipating the lights and braking, it was trying to jump me down lower than the speed I was 
going to give me a suggested speed… I didn't actually get a chance to actually sit and look at 
it. "

o Suggested 0 mph advised speed when approaching red light:

“A lot of the time had a 0mph speed limit - doubt if it was 40mph or supposed to be 0mph.”

Suggested 0 mph speed caused confusion and doubts about the trustworthiness of the 
service. The inclusion of such advise should be reconsidered before further testing.

  Impact on driver behaviour

With regards to the perceived influence on behaviour, participants had divided opinions for 
GLOSA Time-to-green and GLOSA Time-to-red. While both services had the potential to 
influence behaviour, participants consistently found that there is a high likelihood for GLOSA 
Time-to-red to encourage risky behaviours (i.e. speeding).

The majority of participants found that GLOSA had an effect on their preparedness/ 
awareness, especially when they were stationary and waiting at red lights (GLOSA Time-to -



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 295 © InterCor Consortium

green). Additionally, participants reported that GLOSA would help them make a decision to let 
someone out of a junction in cases when they had sufficient time before the lights change; 
and thus, the service could improve the flow of traffic.

“It made me aware that the lights were changing so I could reduce speed from an earlier point.”

About half of the participants reported that GLOSA had a positive effect on their behaviour as 
they adjusted their speed after receiving the message. This was mainly true for Time-to-green 
messages where often participants would slow down on approach to a red light.

"Yes, it did change my driving behaviour, because I was trying to slow down to see if I could 
not need to stop."

“Liked time to green - in a real-life scenario, I think I would try and alter my speed so don’t 
have to stop and start a lot.”

“I did slow down earlier because I knew I was going to hit a red light.”

On the other hand, about one third of the participants who saw the GLOSA messages reported 
increasing their speed to catch the green light after receiving a GLOSA Time-to-red message. 
This was identified by the majority of participants as an important risk factor for encouraging 
speeding. The quotes below support that GLOSA may enhance speeding as an automatic 
behavioural response without consideration of the consequences. Also, this may not 
necessarily be dependent on other contextual factors such as being in a hurry, as one 
participant mentioned they had no reason to speed up. GLOSA may also encourage risky 
behaviour as people may view beating the traffic lights as a ‘game’ and not evaluate the risk. 
In other words, GLOSA may encourage more competitive behaviour by encouraging drivers 
to try to ‘beat the lights’ for the sake of beating the lights.

"It did encourage me to speed up. Before I even know what, I was doing, I just saw 6 seconds, 
I am going to need to speed up a bit because I can do that calculation, so I sped a bit - no idea 
why, because I wasn't in a rush for anywhere."

 “It was like a game for me. The second time I had to speed up to catch the green and caught 
it.”

For one participant, there was a situation where they decreased their distance to the car in 
front of them:

“I might have followed closer than I would have otherwise done.”

 Impact on others’ behaviour

As already mentioned, participants expressed concerns that GLOSA may have negative 
impact on others’ behaviour in that it may encourage speeding:

“It will encourage people to speed up and drive recklessly.”

Participants also expressed concerns that the technology may create additional risks and 
confusion among other drivers if they are not to have access to the service:

“Slowed down a bit more than I would when it was a Time-to-green - the person behind me 
was a bit confused as to what I was doing."

However, it was also suggested that the service may be particularly well accepted by drivers 
who are environmentally conscious:
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“A lot of people would use the traffic light signal, so they don't have to stop, especially people 
that are conscious of fuel consumption and driving efficiently.”

“Probably would influence a careful and considerate driver.”

A few participants expected that GLOSA will be particularly helpful in case of failures with 
traffic lights and may prevent drivers from taking unnecessary risk when unsure whether there 
is a problem with the system, or the lights are taking longer than expected to change:

“If people know if the traffic lights are working, they might not jump the lights.”

Furthermore, the majority of participants agreed that GLOSA would be particularly useful and 
readily accepted by HGV drivers as it would help them avoid stopping at junctions and allow 
for more stopping distance.

5.2.2.3.1.8 Perceived usefulness of the service

 Usefulness

The majority of participants found that GLOSA can be ‘really useful’ and provides a real added 
value compared to existing services (e.g. Sat Nav, Google Maps etc). The main themes that 
came out of discussion on usefulness and added value are as follows:

o Improving traffic flow:

The majority of participants suggested that GLOSA can be useful in improving traffic flow and 
junction capacity as it keeps the momentum of the traffic and prevents the chance of tailbacks. 
One participant found it useful because they could behave more cooperatively by letting 
people out of junctions.

“It could slightly improve capacity at junctions and also minimise instances of people 
daydreaming and missing the light.”

o Increased knowledge/ preparedness:

Many participants found it useful to have the knowledge about when the light will change, 
especially when you are joining a queue. This prepares you more as a driver and you are more 
prepared to go when the light changes (i.e. having your foot on the pedal at the right time).

“To get it in gear and be ready to go that few seconds earlier and not being surprised when it 
changes - I can see that being useful.”

o Usefulness in certain situations:

Participants thought that GLOSA could be useful at peak times, on busy and quiet roads, and 
at signal-controlled roundabouts

Again, there were comments on the consideration that the service needs to be adopted by the 
larger population for it to have a positive effect on traffic flow. Additionally, participants 
expressed confusion with only some traffic lights being equipped with the technology. For the 
service to be useful, GLOSA will need to be synchronised with all existing traffic lights.

However, some participants did not find GLOSA useful as it cannot account for the impact of 
heavy traffic, so you cannot always follow the advised speed.

 Timeliness
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For some of the participants the GLOSA messages came on time so they could make a 
decision and adjust their speed.

“Traffic light countdown was useful; the message came before could see the traffic light. If you 
didn't have that knowledge, you don't know whether you have a red or green light when you 
join a queue.”

For others, the message appeared in the vehicle after the lights were visible and thus did not 
have much of an added value.

“GLOSA came up when almost at the light…I did start looking and it as it wasn't showing yet 
so it could have been a bit earlier, could have a message saying when you're approaching a 
light.”

 Accuracy

In terms of accuracy, participants noted that the countdown and advised speed were accurate 
most of the time. During FTE5, a large number of participants shared that the service lacked 
accuracy; both the countdown and the advised speed were not perceived as accurate. 
Additionally, it was pointed out that because the technology does not account for queueing 
ahead and current speed, the countdown and advised speed can quickly become irrelevant 
for the driver and may cause confusion and mistrust in the system:

"Suggested speed was much higher than what is realistically possible.”

“Sometimes recommended speed doesn't take into consideration current speed - going from 
50-18mph is not safe or realistic.”

There were also concerns about advised 0 mph speed and some brusque changes in advised 
speed that may result in risky driving (e.g. harsh braking):

"0mph suggested speed was silly because I was a good 50 yards from that light and 0mph is 
not something you want to be doing that far from the lights."

Similarly, concerns were expressed about countdown showing 120 seconds when impossible 
to make it through the green light. It was suggested that instead of providing the upper limits, 
countdown would be more useful if it reflected more accurately the actual time to traffic light, 
or if it suggested “Time-to-green more than 2 minutes”, to avoid giving drivers inaccurate 
information:

“Would be better if it said, 'more than 2 minutes' instead the 120 seconds which wasn't correct.”

“Time to red stayed on 120 seconds so not necessarily accurate.”

It was suggested that time to next green might be more useful than time to red:

“Time to red could be useful if it was way ahead and you clearly couldn't make it or if instead 
it gave you time to next green… that would be useful because then you'd know you have to 
wait a minute for the next green"

Furthermore, participants felt that a rough approximate of the advised speed would be more 
efficient as it may reduce driver distraction and confusion while the system re-calculates the 
advised speed.

 Trip quality
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A large number of participants reported that GLOSA could reduce frustration and enhance 
drivers’ peace of mind especially when stationary and waiting at red lights. When participants 
know exactly when it's going to go green, they could use their waiting time wisely and “do 
something productive”. It was noted that time to green can help people who are impatient and 
will be particularly useful with auto stop option.

 “It was useful in the way that you knew how long you'd have to wait for - everyone experiences 
that frustration sometimes.”

“You can see when the lights are going to change - if you need to get a drink out of your bag 
etc. But if you know when it's going to change you can have your foot on the pedal, so it saves 
a second or two.”

5.2.2.3.1.9 Future adoption

The following statements summarise participants’ views about their intention to use the service 
in the future:

 Participants expressed they would want to have it if it was accurate: “If it was accurate 
and included in the Sat Nav then yes.”

 Almost all participants expressed they would want GLOSA if it was built into their Sat 
Nav and this would add value: “If it was built in then I would definitely be happy to have 
that.” “If google maps wasn't free - would pay for something similar that included this - 
then that would add value.”

 However, most participants noted that if they had GLOSA in their vehicle they would 
use it but wouldn't go out of their way to pay for it. In contrast, some participants 
expressed they would be willing to pay for it.

5.2.2.3.1.10 Improvements to the service

Noting that there have been a range of opinions on the accuracy of the GLOSA service due 
to the accuracy of the GLOSA service varying between tests. Some participants reported 
experiencing an extremely accurate GLOSA service where the traffic light countdown and 
advised speed was accurate, whilst some participants saw a lot less accurate GLOSA service.

 GLOSA would be more useful if all drivers had it: “I felt more ready to go when the light 
changed, and others were not. If everyone had it, we'd be more ready.”

 The Time-to-red/ green countdown needs to be accurate
 The advised speed may cause an overload of information; a lot of participants 

suggested the provided countdown was more than sufficient for them to take a decision 
about whether to slow down or continue at the current speed

 It would be more useful if the icon displayed the current status of the traffic light ahead 
(red or green)

 It can be useful if it is implemented consistently across junctions

5.2.2.4 Probe Vehicle Data

The Netherlands
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For the Dutch part regarding Probe Vehicle Data (PVD), a workshop has been organized to 
discuss the user acceptance of PVD. A group of 16 experts on traffic management, 
communication networks and representatives from the car industry discussed topics 
regarding the usefulness, requirements and the impact of PVD in the organisation they work 
in. Also challenges, conditions and solutions to make PVD a success have been discussed. 
The majority of the attendants to the workshop work in governmental organisations, like 
Rijkswaterstaat or the ministry of Transport. This section contains an overview of the 
outcomes of this workshop.

5.2.2.4.1.1 Using PVD within the organisation

The first topic discussed within the workshop was about which use cases could be identified 
within each other’s organisation. Sending safety related messages to drivers were found to 
be the most relevant use case for PVD. For example, used within incident management in 
case of slippery roads, too high vehicles in front of tunnels, stationary vehicles on the road or 
trucks that have been overloaded. The advantage of PVD over Floating Car Data (FCD) was 
mentioned as well, in the sense that PVD offers more accurate positioning. Also use cases 
were found possible related to asset management. PVD was also found to enable V2V 
communication and implement this in the traffic management centres. PVD could also help 
improving inconsistencies in road design. Finally, PVD was found to be useful for predicting 
traffic conditions.

5.2.2.4.1.2 The importance of reliability and accuracy of PVD

Regarding the requirements for PVD on reliability and accuracy, the workshop attendants 
agreed that a lot of measurements are needed. Also, the severity of a PVD message should 
be included, because PVD could include live saving services, like calls for ambulances in 
case of accidents. It was also agreed that PVD should be accurate enough in order to 
prevent false warnings. In order to ensure this, data has to be validated, map matched, and 
information has to be shared among road authorities and other organisations. However, 
reliable and accurate data should not impose issues on storage capacity.

5.2.2.4.1.3 Impact of PVD in the organisation

Since there were a lot of members from road authorities present in the workshop, most 
outcomes are aimed at these organisations. One of the impacts is that PVD could be seen 
as a service from (private) service providers, that could be paid for by the road authorities. At 
the moment most traffic data is coming from the road authorities themselves. Also, legal 
issues can be foreseen, when every vehicle sends out its position and vehicle data. When 
using more and more PVD, traffic management centres have to be organised different, 
because the data source is coming from vehicles instead of road side systems, owned by 
the road authorities. A completely other issue that has been identified, is the need for more 
data scientist who can work with and analyse the PVD. Another important issue is the 
responsibility of car manufacturers and privacy issues, as mentioned before. Regarding 
processing the PVD, a data overflow has to be avoided and existing data architectures have 
to be made flexible, in order to cope with both road side data and increasing amounts of 
PVD.

5.2.2.4.1.4 Challenges and conditions to make PVD a success

One of the challenges of using PVD is to determine what relevance can be assigned to 
different data sources (vehicles). From an organisational point of view, a concern is how to 
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keep the data provisioning not for profit. Currently in the Netherlands, the National Data 
Warehouse is responsible for collecting, aggregating and storing traffic data, but in case 
more commercial data providers will be available, this might be a problem. Again, one of the 
challenges is the need to hire data scientists within traffic organisations, as this field of work 
is substantially different than working with existing data sources. Some steps regarding data 
efficiency and validation have to be made too. Conditions on robustness, coverage and 
availability of data were found to be relevant as well. Then there are legal issues that have to 
be solved, for example liability in case of data errors or inconsistencies. Especially with a 
hybrid situation with vehicles delivering data and those that do not deliver data.

5.2.2.4.1.5 Solution directions for PVD

Solutions for the abovementioned challenges could be found in standardising formats. In 
case of PVD containing video data, more effort has to be made in automating analysis of 
video footage. Also new validation processes have to be implemented, that can cope with 
different sources. Another option is to process PVD in car, instead of sending all data to a 
central hub to be processed. Regarding the issue about the need for data scientist, the 
Dutch education system could use stimulation of beta courses and programming. Special 
teams for PVD may be set up, following the example of earlier teams that have been set up 
to improve traffic signals. The conclusion was made that a lot of time is needed for research 
and development on this topic. Speeding up car fleet renewal could be an option to help 
PVD making more successful.

The UK

A PVD stakeholder workshop session was held with the A2-M2 partners (road 
operators) on 20 December 2019.

5.2.2.4.1.6 Using PVD within the organisation

UK concur with the Dutch workshop findings above regarding the potential uses of PVD. 
PVD has the potential to be a useful source of data to enhance existing sources.

5.2.2.4.1.7 The importance of reliability and accuracy of PVD

UK concur with the Dutch workshop findings above. We would also highlight the need for 
fast data (as well as accurate and reliable) – considering any form of incident detection 
seconds really do matter. There would need to be additional end-to-end trials of the 
technology (each specific service) to fully understand the likely benefits from, and 
requirements for, a wider roll out – this would need to include process and 
organisational/resource requirements as well as technology.

5.2.2.4.1.8 Impact of PVD in the organisation

Highways England contracts INRIX to process data from fixed traffic sensor infrastructure 
(MIDAS, ANPR, etc) in combination with Floating Vehicle Data – fusing the data to provide a 
richer traffic flow data presented to users on the Traffic England website. Extending this to 
the additional features of the PVD use cases will depend on the commercial arrangements 
that service providers seek and the services they can offer.

It may be that regulation/legislation will minimise this issue or put in place frameworks that 
allow the relevant data to be acquired by road authorities to help manage the network (see 
the work of the Data Task Force relating to Delegated Regulation (EU) 886/2013 



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 301 © InterCor Consortium

(supplementing Directive 2010/40/EU) – provision of road safety-related minimum universal 
traffic information free of charge).

The UK concur with the Dutch concerns regarding the data management challenge and also 
highlight that the route of PVD data flow (i.e. from vehicles into road authorities) may open 
up road authorities to potential new cyber security vulnerabilities.

In addition, before the potential benefits of reducing roadside technology (MIDAS, ANPR, 
etc) can be realised, there is likely to be a period of ‘mixed’ solutions which may actually see 
costs to road authorities increase.

Challenges and conditions to make PVD a success

See earlier answer for some of the challenges we foresee.

Solution directions for PVD

UK agree with the Dutch workshop findings above, and in particular the need to continue 
research and find scalable standard-based solutions.
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5.2.2.5 Truck Parking

All evaluation was conducted using online surveys detailed in Section 5.1.

5.2.2.6 Multimodal Cargo Transport Optimisation

The Netherlands

5.2.2.6.1.1 Summary of qualitative results

On the 11th of June a meeting took place with all the parties involved: TLN, Port of 
Rotterdam, Lambooij Logistiek, Simacan, and the participating logistic companies Den 
Hartogh, EKB, H.N. Post & Zn., Overmeer, Vepco and De Rijke.

In this meeting the parties discussed the system and the users gave feedback.

5.2.2.6.1.2 Do the planners find the service useful?

The feedback from the companies was positive.

For the impact of the service the companies mentioned that most trips are fixed, and that the 
driver has to go to the terminal (it cannot change the destination). But the planners can 
advise to take a rest before going to the terminal. Some logistic companies have an own 
depot at the terminal. They have more added value for the Terminal Monitor. They can make 
last minute decision to unload the container at their own depot and give the driver a new trip 
(instead of waiting at the gate). The same as with the queues on the highway, a small 
decrease of trucks can make a big difference on the waiting times.

5.2.2.6.1.3 Do planners like the way information presented to them?

Because of the limited amount of real-time truck positions, no actual waiting time is 
measured over the last hour. Simacan choose to display the waiting- and turnover times in 
the Terminal screen based on the average profile. The last actual waiting time is displayed if 
you select the detailed view of a terminal.

This version of the MTM shows the delay and turnover times as numbers in a table, or graph 
(circle). A whish of the Havenbedrijf Rotterdam is to show this on the map that shows all 
terminals with a colour.

For some users, like planners, it’s a wish to also show the average waiting and turnover 
times on the Terminal Monitor (next to the actual times).

The Port of Rotterdam likes to see a distinction between waiting times on the public road and 
in the waiting area at the (pre)gate.

The Terminal Monitor shows a (+) sign. This is not clear for all users. It is also useful to show 
(-) times, when the waiting time is less than average.

A critical note from one company is that the planners already have to use a lot of portals for 
their work. They state that the added value of the MTM becomes clearer in the data that is 
gathered. This can provide useful information for the planning routes in the TMS. There are 
also opportunities to use the data for reporting to clients.
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5.2.2.6.1.4 Do planners use other sources of information for the same information

Nowadays the planners base their information on phone calls from drivers and messages 
from the on-board computer (free text messages). Information is not available centralized.

The ECT terminal just launched an app showing detailed information about the queues and 
turnover time at their own terminals (average time spent in the terminal in the last 30 
minutes). Also, the license plates of the trucks in the queue are visible. In the discussion that 
followed the conclusion was that the information about the turnaround time was more or less 
the same. Simacan wants to discuss the possibility to include this information in the MTM. 
The advantage of the MTM is that there is a total overview of all terminals. It’s not desirable 
that all terminals develop their own portal and the planners have to use a variety of sources 
of information.

5.2.2.6.1.5 Lessons learned

The meeting provided some lessons learned:

 The first set of geofences was reviewed by a focus group with drivers with local 
knowledge about the areas. The configuration of the geofences is critical. Some 
locations were missing, and others were not big enough. To make sure the waiting 
time is calculated correctly (and the information is reliable) the area must be big 
enough to cover the whole queue. It is important that the configuration of the 
geofences is accepted by all stakeholders. Feedback from users can improve the 
quality of the geofences.

 All logistic companies have no problem sharing the data from their fleet (vehicle ID, 
position and direction). They are open to the next phase where also information 
about origin, destination and information about the load is shared. The key to 
success is the return of the tool they receive in return with useful information for the 
planning process.

 In the first phase, with the existing information, the value for the terminals is limited. 
They are actually critical about sharing the information public (and compare 
information about different terminals). But conversations with ECT were positive. 
They are open to this development, and they also acknowledge the fact that enough 
data has to be collected first to continue to the next phase of prediction of waiting 
times and Estimated Time of Arrivals (ETA).

 The first of the project took longer than expected. The project definition, design and 
funding takes a lot of time and is complex because of many parties involved. Enough 
data is necessary before reliable information can be shown about the actual situation 
and engage new users. If you cannot show something it is hard to convince them.

 Software development took more time. The supplier works in sprints of two months. It 
was not possible to use these slots efficiently and fully use of the software 
development capacity available. Even with all the meetings it was hard to fully 
understand the things that had to be developed and the amount of time this would 
take.

 Feedback from other meetings was not properly recorded, and therefore not 
completely included in the next version. Expectations were that these should be in 
this version.

 The FMS suppliers provide existing webservices for sharing data. This made the 
connection to the data easy. But if additional information is wanted these suppliers 
have to make changes to the application or webservice. The have limited 
development capacity (and sprints are planned far ahead). So, it can take a long time 
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before this information can be available. The priority is also higher on their own 
roadmap then on innovation projects.

 It is not a guaranty that the planners will start to work with tis tool by themselves. 
Working on the acceptation on the work floor is necessary. This is a task for the 
management of the companies. They have to convince that it is essential to work 
with the tool.

France

Drivers

During visits to drivers to gain their qualitative feedback on using the service, the HMI (app 
on the driver’s smartphone) was received specific feedback on areas of improvement they 
would like to see. The feedback concerned:

 the ergonomics (“not practical”, “not intuitive enough”),
 the presentation (“half-screen mood would have been useful to also use other 

functions such as music, calls, etc.”)
 as well as technical elements (“did not always work correctly”, “difficult to shut down, 

sometimes impossible to shut down”, “uses much too much battery power”).

The drivers said that at several occasions they cross-checked expected ETAs and dock 
validities with either other tools (e.g. GPS) or with the planners. Some mistakes were thus 
found for the docks. That did not really have an impact on their acceptability though as they 
saw MCTO as still at a very early development status. For the ETA calculator the results 
were mostly correct, with some periods of apparent problems with the calculator, but those 
were short and rare which is a positive result.

Terminal

The Terminal did very little use of the dashboard as its integration in their process was so 
limited. In the evaluation interview, the exploitation director stated that all information about 
timed arrivals and departures on roads would be welcome for them, as they generally have 
good information from the maritime side but much less from the land side. Especially for 
imports they judge useful to get a more detailed ETA.

5.2.2.6.1.6 Do planners like the way information presented to them?

Transporter’s planners

The main feedback from the planners’ side was MCTO was expected to be very useful if better 
integrated (more Terminals, direct interaction of their system with outside partners’ details). 
The user acceptance could not really be measured as Backoffice use of the app was not so 
interesting for the planners (a dashboard view is more suitable) but the user acceptability was 
very positive at Transport Bogaert, which is after all a small but rather proactive SME in full 
development and open to innovation.

5.2.2.6.1.7 Influence of the service on behaviour and trip quality

The drivers all concluded that the use of the MCTO smartphone app was a distraction while 
driving. It must be said though that the tested UC did not really require them to actively use 
the app while driving (e.g. even audible alerts would make no sense), so this result must be 
relativized.
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The influence on behaviour was difficult to judge, as the app did not well take into account the 
truck deliveries to depots before final delivery (by another driver normally) to the Terminal (or 
the other way around for imports). But generally speaking, Transport Bogaert could not give 
feedback on much influence of the app on behaviour.

5.2.2.6.1.8 Perceived value of the service

5.2.2.6.1.8.1 Do the planners find the service useful?

Yes, from a planners’ point of view the MCTO approach was judged interesting. It must be 
remarked though that the exchange they most express need for would be between Terminal 
and planner, not Terminal and vehicle. That is an interesting feedback as it puts useful C-ITS 
design for logistics in a broader context where real-time information especially from different 
companies are exchanged, and not just from the users within a company. It also proposes are 
more complex approach which would be potentially more difficult to market.

5.2.2.6.1.9 Improvements to the service

Most improvements suggested by Transport Bogaert concern the shift of focus: from 
vehicle/Terminal to planner/Terminal communication.

The most expected feature concern waiting times (at the Terminal, and later if possible, at 
customers’ sites) which in the current version are not available. This would be a feature that 
they hardly get elsewhere (except on public roads with commercial apps such as Waze).

Improvements to the drivers’ OBU’s HMI concern easier readability, better ergonomic design, 
better use of screen space & battery power.

The drivers’ improvements ideas mainly concern information about traffic, obstacles, routing, 
altogether information they, at several occasions, stated they get much better from existing 
services (e.g. Waze, Coyote). These comments also show though that the differentiating 
added value from a logistics service such as MCTO has not been fully understood by them, 
and indeed are not so very much tailored for their immediate and even medium-term needs 
on the road, in a constellation where planning is done by someone else than the actual drivers.

Interestingly, they seemed much more interested in HGV specific information about parking 
(such as TP), filling stations open to HGV, etc.

5.2.2.6.1.10 General Remarks

5.2.2.6.1.10.1 Do planners use other sources of information for the same information?

For ETAs the main other sources are experience, GPS ETAs calculators and telephone 
updates with the drivers. Transport Bogaert already uses a geo-localisation system so had 
little extra use of the ETA calculator on either planners’ or drivers’ side.

For the dock reservation, this act is performed by the planners in the office on their dashboards 
/ screens and not by the drivers on a smartphone HMI. The direct and real-time integration of 
the dock information has generally been deemed interesting if the integration is pushed further, 
i.e. if this information is extracted from the Terminal’s IT system directly into the Transporter’s 
IT system.
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5.2.2.7 Tunnel Logistics

The Netherlands

During the pilot period it turned out that not all of the users used the app as was intended. It 
turned out that they often either didn’t enter a destination at all, or that they entered their final 
destination, without entering other stops in between.

Entering a (correct) destination in the app is necessary to get a route advice with the tunnel 
metering prediction but is also necessary for the balanced priority. Without a route advice 
over the N201, no priority is requested at the A-TLC (time-to-green and time-to-red will still 
be visible). By not using the app as intended (and instructed), the services for balanced 
priority and optimal route advice both did not work as intended. This firstly resulted in a lower 
number of priority requests and tunnel metering predictions than anticipated but will also 
have had an impact on the user acceptance.

Users described that entering their next destination at each stop costed too much time. The 
developer of the service made this a bit easier by storing recent destinations. But this was 
only implemented late in the pilot period. If a connection between the back-office planning 
system and the on-board apps could have been implemented, then this would probably also 
have made in easier for the truck drivers by automatically updating the service to their next 
planned destination. This was however not feasible in the available development period 
before the start of the pilot.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 307 © InterCor Consortium

5.3 Attitudinal Test Results

The optional Attitudinal Survey pertains to the attitude of drivers (before they had 
experienced the C-ITS Services), around speed which was assessed by posing a number of 
statements and asking the participants to rank these on a 5-point scale ranging between 
‘totally disagree’, ‘disagree’, ‘neutral’, ‘agree’ and ‘totally agree’. Additionally, it was also 
possible for participants to answer, ‘no opinion’.

The questionnaire was based on a standardised instrument that was calibrated on a 
representative sample of the Flemish population in an antecedent study6. The instrument 
was built on the framework of the theory of planned behaviour7. The purpose of this study 
was to measures the underlying factors of behavioural intention with respect to fast driving or 
respecting speed limits, and to link this attitude to (reported) behaviour. Principal component 
analysis, confirmatory factor analysis, and item analysis were performed in order to calibrate 
the dimensional scales. A solution with 8 dimensions emerged. These dimensions are:

 positive attitude to fast driving (attitude)
 negative attitude to fast driving (attitude)
 negative attitude towards adhering to prescribed speeds (attitude)
 positive attitude towards adhering to prescribed speeds (attitude)
 implicit social norm (social norm)
 explicit social norm (social norm)
 internal locus of control (self-effectiveness)
 external locus of control (self-effectiveness)

According to the Theory of Planned Behaviour7, conscious behavioural change is influenced 
by the interaction of:

1) (Positive and negative) attitudes with regard to the behaviour in question. An attitude is 
based on the subjectively estimated expectations of a subject against the positive and 
negative results of a certain behaviour (for example: driving fast increases the chance that 
you will get faster to the destination, but also that you can receive a fine for excessive 
speed).

2) The perceived social norms refer to the subjective expectation of an individual about 
how a certain behaviour will be judged by others (e.g., by adhering to speed limits one 
makes oneself ridiculous).

3) Self-effectiveness refers to an individual's subjective assessment of the extent to which 
he or she is able to make a planned behaviour effective (e.g., “I‘m able to adjust my speed 
going downhill”).

The combination of attitudes, social influence, and self-effectiveness ensures that an 
intention is formed to perform a certain behaviour.

6 Paris, H., & Broucke, S.V.d (2007) Onderzoek naar de Psychologische determinanten van snelheidsgedrag bij 
een representatieve steekproef van Vlaamse automobilisten.
7 Ajzen, I. (1991): The theory of planned behaviour. Organizational Behaviour and Human Decision Processes 
50, 179-211.
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Netherlands summary statement

The statements presented to the drivers were mainly focused on capturing their attitudes 
towards driving fast and respecting the maximum speed limits and the contribution of this to 
time saving, positive and negative feelings while driving, unexpected events etc. In 
summary, we recognise a disagreement by the drivers to statements related to getting 
confidence, feeling free and independent, dealing better with the traffic flow and getting to 
their destination faster when driving fast. Regarding saving time, the main tendency was 
towards disagreeing. The majority agreed when asked about respecting or having the 
tendency to respect the maximum speed limit. The responses were mixed when people were 
asked about their adaptation to speed limits, when having to take into account specific 
circumstances or the other drivers. Most of them disagreed on losing time or being less likely 
to be on time when respecting the speed limits. The answers were also mixed regarding 
people’s view on decreased chance of getting involved to an accident when respecting a 
speed limit. Most of the people tend to agree that they feel more relaxed when driving under 
the recommended speed limit and that driving fast is stressful. They also agree on being 
better able to take into account unforeseen traffic situations when respecting the maximum 
speed limit.

Belgium Summary of Findings

Within the light of the limited size of the driver’s group, the use of the instrument was rather 
restricted. First, we compared the test group of drivers with the representative sample of the 
Flemish population in the antecedent study. Then, we tried to cluster the group in two 
subgroups. These subgroups were expected to exert different behaviours with respect to fast 
driving and respecting speed limits. Finally, we investigated the effect of the underlying 
measured dimensions of behaviour to the self-reported answers of the additional questions 
that were directed to the influence of IVS on respecting speed limits.

When comparing test results of the current sample with the sample in the original study, we 
found a similar response profile on average. The results of the original study and the results 
of the current test group are displayed in the following table.

Reference study: Paris, H., & Broucke, S.V.d, (2007)
IVS test group, 
(2019)

Scales Items
N 

items Average SD 
Cronbach 

alfa Average SD
External locus of 
control B2,B12,C4,D2,D4 5 2.84 0.90 0.75 2.85 0.60
Positive attitude with 
respect to maximum 
permitted speeds B3, B4, B7, B9, B10 5 3.73 0.93 0.82 3.80 0.64
Expected rational 
outcome with respect 
to fast driving A1, A11, B1, B8 4 2.84 1.00 0.85 2.93 0.81
Negative attitude with 
respect to fast driving A2, A5, A8, A9, A10 5 3.78 0.88 0.78 3.71 0.54
Explicit social standard C2, C7, C8, C9, C10 5 3.78 0.76 0.77 3.43 0.59
Expected emotional 
outcome with respect 
to fast driving A3, A4, A7, A12 4 2.13 0.90 0.78 2.48 0.64
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Table 58 Average scores on scales in the attitude survey

As can be seen in the table, some average scores are slightly higher or lower, but these 
differences are smaller than one standard deviation. The current test group has a smaller 
standard deviation on the scales. This can be explained by the fact that all participants were 
males and most of them were colleagues. It is noteworthy to mention that some dimensions, 
especially the dimensions concerning social norms, are susceptible to change over time.

When trying to distillate two clusters in the group of participants by using k-means clustering 
on the respective factors, we found 2 clusters (see Table).

Average CL1 Average CL2
External locus of control 3.03 2.58
Positive attitude with respect to maximum permitted 
speeds 

3.46 4.45

Expected rational outcome with respect to fast driving 2.54 3.06
Negative attitude with respect to fast driving 3.5 4.25
Explicit social standard 3.29 3.81
Expected emotional outcome with respect to fast driving 2.42 2.88
Internal locus of control 3.5 3.6
Implicit social norm 2.16 2.5

Table 59 Clusters of participants

However, when we took a close look to each cluster, we realised that the clusters arise from 
the tendency of one subgroup of the participants to indicate a more extreme value on the 
Likert scale than the other subgroup. All averages scores on the factors are slightly more to 
the positive for the second cluster. Overall, both subgroups were providing similar answers. 
Therefore, we could assume that there was no underlying cluster structure in the group of 
participants from which we can expect different behaviours.

In order to investigate how underlying factors could explain self-reported behaviour, we 
performed multiple regression analyses on the participants' self-reported behaviour. It would 
make no sense to perform a regression analysis on the first two additional questions (see 
5.2) as all participants provided a positive answer expect for one. A regression model with a 
simple intercept would be able to explain the participants’ answers. Concerning the question 
“When you perceive IVS speed limits and no road signs, do you follow the speed limit?”, a 
regression did make sense as the answers were divided over more alternatives on an 
ordinal scale. We assigned the value 0 to the alternative “usually”, 1 to “sometimes”, and 2 to 
“not at all”.

Internal locus of control D1, D3 2 4.24 0.81 0.72 3.68 0.64
Implicit social norm C1, C3, C5, C6 4 2.9 0.74 0.62 2.41 0.42
Full questionnaire - -  34   0.76   
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Using the backward elimination method, the following regression model was attained:

       Estimate Std. Error t value Pr(>|t|)

(Intercept)         -20.9224 5.8057 -3.604  0.0367 *

External_locus_of_control   2.6996 0.6711  4.023  0.0276 *

Positive_att         3.2064   1.0376  3.090  0.0537 .

Negativ_att         -2.7671   1.1862 -2.333  0.1019

Expected_emotional_outcome  2.6486   0.9738  2.720  0.0726 .

Internal_locus_control    3.4957   0.8614  4.058  0.0270 *

Implicit_social_norm     -2.8507   0.7426 -3.839  0.0312 *

(Residual standard error: 0.5204 on 3 degrees of freedom, Multiple R-squared: 0.8823,  
Adjusted R-squared: 0.6468, F-statistic: 3.747 on 6 and 3 DF, p-value: 0.1528)

In the forward selection method, we ended up with a slightly better model:

             Estimate Std. Error t value Pr(>|t|)

(Intercept)        -4.3641  2.7266 -1.601 0.1606

Expected_rational_outcome -1.0983   0.3842 -2.858  0.0289 *

External_locus_of_control  1.3781   0.5164  2.669  0.0371 *

Internal_locus_control   1.1972  0.5722  2.092 0.0813 .

(Residual standard error: 0.6571 on 6 degrees of freedom, Multiple R-squared: 0.6245,  
Adjusted R-squared: 0.4368, F-statistic: 3.327 on 3 and 6 DF, p-value<0.1)

The external and internal locus of control was the dimension that prevailed in both analyses. 
The higher the score on these two dimensions, the less compliant with IVS when no road 
signs are present. Participants who answered “not at all” needed to see the legitimate road 
signs in order to obey to the speed limits. This made sense because these participants 
answered positively on items such as “you cannot obey speed limits if others are not obeying 
speed limits” and “you cannot decide on your own to obey speed limits, you must adapt the 
speed to other road users”.

Although that the current group of drivers is not a fully representative sample of the Flemish 
population, the scores on the factors obtained from the current group of test drivers were in 
line with those of the average driver in the Flemish population. Some drivers tended to 
response more to the extremes while others did not. Besides this tendency, the individual 
drivers were not too much different from each other on the measured scales. Standard 
deviations on the scales were rather low and we were unsuccessful in finding subgroups.

It made no sense to analyse answers on self-reported behaviour when all respondents 
provided the same answer. For example, on the item “If you notice a speed limit in daily 
traffic, do you limit your speed?”, 9 out of 10 participants replied positively. It is not possible 
to evaluate how underlying dimensions led to different self-reported behaviour when all 
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reported behaviours are the same. The only self-reported behaviour with a driver’s outcome 
was the item “When you receive speed limits on your device in the car, but not along the 
road, do you follow the speed limits?“. The negative responses were largely depending on 
the locus of control. People tended not to follow the speed limits when other road users 
around them are driving faster. However, this clarification provides promising insights that 
drivers will be compliant as the locus of control is modifiable. If IVS would become a 
legislative channel for speed limits, road users will then more likely become more obedient to 
speed limits when the limits are legally enforced via an ‘IVS’ type service.

The UK

UK findings are detailed in the sub sections 5.3.1 to 5.3.4 below.

A breakdown of the areas this survey addressed is shown below with results from each of 
these survey sections shown within The Detailed Results Annexes, Section 10, Annex 3 
(see graphs in 10.10) in [6].

5.3.1 My Opinion About Driving Fast

5.3.1.1 The Netherlands

Please see summary above and graphs in Annex 3 that is part of the Detailed Results 
Annexes document that accompany this report [6].

5.3.1.2 The UK

More than half of the participants (58%) disagreed that fast driving ensures that you get to 
your destination faster. Over half of participants (55%) agreed that driving fast is annoying for 
other drivers. 74% of drivers did not think that driving fast makes you feel independent, free 
or confident. The majority of participants thought that driving fast is stressful and expensive. 
72% of participants disagreed that by driving fast you can better deal with the traffic flow. 
Similarly, 82% of participants disagreed that driving fast gives you a feeling of control over 
your car. Over half (66%) of participants thought that driving fast is expensive. A large number 
of participants (88%) of participants thought that driving fast increases the risk of serious 
accidents, with 57% of participants strongly agreeing with the statement. Similarly, 72% of 
participants agreed that driving fast is harmful to the environment. Approximately half (54%) 
of participants did not think that driving fast will save you time and just over half (53%) did not 
think that driving fast is exciting.

Please see Annex 3, Section 10.10.1 [6] for graphs of participant responses for each 
question.

5.3.1.3 Belgium

Please see Annex 3, Section 10.10.1. [6].

5.3.2 My Opinion on Respect for Ruling Speed Limits

5.3.2.1 The Netherlands
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Please see Annex 3, Section 10.10.2. [6]

5.3.2.2 The UK

Over half (67%) of participants disagreed that respecting the maximum allowed speed ensures 
that you are less likely to reach your destination on time. Just under half (45%) of participants 
did not think that respecting the maximum allowed speed is annoying for other car drivers. 
Over half (68%) of participants agreed that respecting the maximum allowed speed decreases 
the chance of being involved in an accident. The majority of participants agreed that respecting 
the maximum allowed speed limit ensures that you drive more relaxed, and 36% of participants 
disagreed that respecting the maximum speed is monotonous. The vast majority (84%) agreed 
that respecting the maximum allowed speed decreases the chance of a fine. Over half (61%) 
of participants agreed that respecting the maximum allowed speed gives you more of a feeling 
of control over your car. Similarly, 63% of participants did not think that respecting the 
maximum allowed speed causes time loss. The majority (78%) of participants thought that 
respecting the maximum allowed speed limit allows us to take better account of unforeseen 
traffic situations, while 2% of participants disagreed with this. 59% of participants agreed that 
respecting the maximum allowed speed is better for the environment. Around half (51%) of 
participants disagreed that respecting the maximum permissible speed means that you cannot 
go along with the traffic flow as easily. 66% of participants did not think that respecting the 
maximum permitted speed limits your freedom.

Please see Annex 3, Section 10.10.2 [6] for graphs of participant responses for each question.

5.3.2.3 Belgium

Please see Annex 3, Section 10.10.2. [6]]

5.3.3 What Others Do or Think

5.3.3.1 The Netherlands

Please see Annex 3, Section 10.10.3. [6]

5.3.3.2 The UK

Over half (64%) of participants think that most car drivers do not respect the maximum 
permissible speeds and 47% thought that most people from their circle of friends think they 
should respect the speed limits. The majority (76%) of participants disagreed that whoever 
keeps to the given speed makes himself ridiculous. 35% of participants agreed that driving 
faster than is permitted is acceptable at times. Around a quarter (26%) of participants thought 
that vehicle drivers that respect speed limits are exceptional. 22% of participants thought that 
most people in their circle of friends do not stick to the maximum allowed speed. 65% of 
participants thought that drivers who respect the speed limits are an example for others. For 
those who had partners, 40% of them agreed that their partner think they should stick to the 
speed limits, and 50% of those who had children agreed that their children think they should 
stick to the speed limits. 63% of participants agreed that most people consider it desirable for 
car drivers to respect the speed limits.
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Please see Annex 3, Section 10.10.3 [6] for graphs of participant responses for each 
question.

5.3.3.3 Belgium

Please see Annex 3, Section 10.10.3. [6]

5.3.4 My Driving Behaviour

5.3.4.1 The Netherlands

Please see Annex 3, Section 10.10.4. [6]

5.3.4.2 The UK

64% of participants agreed that if they choose to keep themselves at the maximum allowed 
speed then they can do that. Just under half (40%) of participants agreed that in current traffic, 
you do not decide for yourself whether you can keep to the speed limits, but you have to adapt 
to others. 61% of participants agreed that they can keep to the speed limit even if all other 
drivers drive faster than allowed. Around half (51%) of participants disagreed that whether 
they can keep to the speed limits depends on the circumstances and not themselves. 78% of 
participants disagreed that they often tried to drive less quickly but cannot, and 76% agreed 
that safe driving is a matter of character and those who choose can do it. 84% of participants 
agreed that they do respect the maximum speed limit and 74% agreed that in the future they 
intent on respecting ruling speed limits.

Please see Annex 3, Section 10.10.4 [6]for graphs of participant responses for each 
question.

5.3.4.3 Belgium

Please see Annex 3, Section 10.10.4. [6]
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6 Conclusions

6.1 Summary of Key Findings

The headline for the InterCor project was that it worked. The common specifications created 
early in the project lifecycle achieved interoperability of services and across borders.

Hybrid communications, using both ITS-G5 and Cellular communication channels was very 
effective but more complex to implement.

Users liked the services offered and indicated they would use them! There was encouraging 
potential indicated to positively influence their behaviour as outlined in our User Acceptance 
and Impact analyses headlined below in Sections 1.2 and 1.3 and further detailed in Section 
4 and 5 of this report.

Users don't generally want to directly pay for discrete services (which is perhaps to be 
expected); this attitude didn’t change from the acceptability survey taken before the pilots 
began.

Impact Assessment was difficult due to the scale and duration of the projects. We feel that to 
obtain more significant results they should ideally be longer, larger pilots planned on ‘naked 
roads’ where there isn’t existing ITS gantry or roadside mounted message signs. This will 
make getting a true driver reaction to the services easier using the control/treatment method 
outlined in the InterCor Detailed Evaluation Methodology [3].

Data logging (common or not) is key to good evaluation results but data processing & 
analysis overhead was onerous so should be carefully considered and scope allowed to be 
refined at the data validation and verification stage. Also, the sharing of best practice across 
project partners with respect to data storage structures, data processing and development 
and use of common analysis tools is recommended.

The Human Machine Interface (HMI) had a significant impact on the user acceptance of 
services and participants expressed that if the system was integrated into a Sat Nav this 
would be much more beneficial. Driver distraction is a key issue and full integration could 
mitigate this problem. This is also an important safety concern for road operators to support 
the mass roll of out of these new services.

The ability to customise the HMI could improve the value of the service, as it would help to 
meet the needs of different profiles of road users and their journey purposes. Design 
considerations and learning for HMI to be further explored and shared under C-Roads e.g. 
more use of icons rather than a number for the countdown for GLOSA.

Existing traffic control systems will need to be modified to enable the creation of nationally 
deployable C-ITS services. Legacy systems and processes will need to be adapted to meet 
the real time, high granularity requirements the C-ITS services require to operate at optimum 
performance levels.

Data Quality KPIs will be necessary to develop sustainable services so that road operators 
can ensure that new services provided to drivers are safe and consistent across regions and 
countries.
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6.2 Technical Evaluation

Technical evaluation during the pilot operations focused on the evaluations of 
communication performance including PKI security on ITS-G5, hybrid systems, application 
performance and any remaining interoperability issues for the services, as a filter for impact 
and user assessments.

6.2.1 Interoperability
In-Vehicle Signage, Road Works Warning and Green Light Optimised Speed Advice, 
roadside and in-vehicle systems proved to be interoperable between Member States during 
all TESTFESTs.

Multi Modal Cargo Transport Optimisation (MCTO) was piloted using the Mainport Traffic 
Monitor which gathered data from Transics, Trimble, TomTom and Astrata, this system could 
readily be extended to any country.

As part of the Tunnel Logistics (TL) Pilot, communication with the A-TLC (Adaptive Traffic 
Light Controller) was based on ETSI standards. If A-TLCs in other countries are equipped 
with the Priority Request Service and can receive SRM messages, it is possible that similar 
equipment could request priority at intersections cross border. Other Service Providers in 
other countries could request priority at the intersections.

Data from the Tunnel Metering Prediction System also implemented as part of the TL pilot 
was available via an API, so other Service Providers could receive the information. The 
system is highly scalable and could include other country locations if equipped with an API.

6.2.1.1 Cross-border interoperability

Cross-border interoperability has been tested, refined and improved during the InterCor 
TESTFESTs. Any issues with other member states have been adequately resolved. 
Problems that were encountered were mainly programming issues and not directly related to 
interoperability. Through the adoption of standards, interoperability with other pilots and 
projects, allowed for the collection of data from 'foreign' OBUs. The roadside and in-vehicle 
systems proved to be interoperable with all pilot sites and across other member states 
during the TESTFESTs.

In-vehicle applications continued to work as expected via Cellular and ITS-G5, with PKI 
security, and the IF2 services on all pilot sites including all Member States.

For MCTO, although service continuation across borders was not explicitly tested ‘On-road’ 
but a desktop evaluation of the system was carried out it is expected that it would work 
uninterrupted.

More detailed information has been reported in the InterCor Milestone M7 [4]. As a main 
conclusion, based on the findings of several participants during the Cross-border 
interoperability TESTFEST were:

 ITS-G5 and cellular data are consistent: the information received through both 
channels is consistent and generally received synchronously.

 PKI: generally worked well.
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Tunnel Logistics data gathered from BeMobile showed that trips between the Netherlands, 
Germany and Belgium were recorded, this provided good empirical evidence that cross 
border interoperability functioned well.

The cellular communications performed sufficiently well for all the applications evaluated, but 
there were interruptions of between one and six minutes when crossing borders which is a 
factor to consider if deploying cellular only services. All logistics services (TP, MCTO and 
TL) were successfully delivered over the cellular communication channel.

6.2.2 Communication Performance (TE-RQ 1 – 3)

6.2.2.1 ITS G5 vs Cellular Communication Paths

Technical evaluations proved the technical maturity of the roadside units and in-vehicle 
systems to provide the service to drivers using ITS-G5 and Cellular communication. The 
data quality and communication ranges proved to be sufficient for the applications tested. No 
issues with ITS-G5 communication were observed during any of the TESTFESTs or Pilot 
Operations as overlap of Road Side Unit (RSU) coverage was well planned at the Pilot Roll 
Out Stage; refer to Milestone 10 [5] on best practice, and the successful outcomes of all Pilot 
Operations described in Milestone 11 [8].

Due to limitations in the ability to measure end-to-end delay, some Member States were only 
able to record the delay between the RSU and the On board unit (OBU) for ITS-G5 
implementations.

The average communications delay (TE RQ1) for ITS-G5 (5-81ms) is typically four times 
less than cellular (150ms), and in the worst-case scenario cellular (over 1sec) could be as 
much as twenty times slower. However, both technologies easily supported the piloted 
services without delaying the information to the HMI. (TE RQ4,5)

The effective communications range for ITS-G5 was at least 200m and existing cellular was 
near ubiquitous for the pilot regions. Although signals degraded significantly around tunnels 
and urban canyon areas, they were strong enough to provide a continuous service.

Further, the hybrid model (where the OBU receives messages via both communications 
paths and chooses the optimum) was proven to work well and provided continuity of service 
in areas where the RSUs range may be limited or do not overlap. In this way it enabled 
seamless transition to cellular-only or ITS-G5-only services from a single OBU (proven 
during Dutch and UK Pilot testing).

The performance of I2V communication for ITS-G5, Cellular and Hybrid communication 
varied within the Member States but supported the same services on both communication 
channels:

 Within the MS Pilots, the average communications delay ranged between 5ms and 
81ms for ITS-G5 and from 150ms to 1 second for 4G Cellular communication, with a 
spread of 50ms for ITS-G5 and up to 3s for Cellular. (Where it was possible to 
measure, the ITS-G5 Communication full end to end delay was typically in the range 
of a few hundred milliseconds when measured from the UIN / Central C-ITS Station 
to the OBU).

The I2V effective communication range (ECR) for ITS-G5 varied depending on location and 
mounting height but ranged from 200m to 500m and on higher elevations this range 
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extended as far as 1.7km. Communication inside tunnels degraded significantly for both 
communication standards.

PKI Security was enabled on all OBUs and RSUs and nearly all messages could be signed 
and validated successfully.

6.2.3 Applications and services (TE-RQ 4 – 5)

6.2.3.1 RQ4: Application Functionality and Performance:

In-vehicle systems inform the user correctly in more than 92% of the Road Works Warning 
(RWW) events and in 95% of the dynamic speed limits and lane (IVS) events on the E313 
motorway. Speed Advice and Lane advice was respectively shown for 96% and 94% in the 
relevance zone to users.

End to End Delay of Warnings and Information provided to drivers

The average end-to-end delays described above for both communication paths were 
typically in the range 25-150ms, and this latency in the system was not a dominant factor in 
the reliability of warnings described below.

Geographical Coverage of Warnings and Information provided to drivers

The Netherlands stated that ITS-G5,4G and Hybrid was fully covered except within tunnels. 
For the UK, all IVS first warning messages were displayed on the HMI before entering the 
relevance zones. In Belgium testing, IVS and DENM events are fully covered in the 
relevance zones.

It was found during testing around the borders in France, the connection was lost for over a 
minute due to cellular roaming. As a consequence, all events happening within this period 
could not be received by vehicles. This issue has not been expected since it was thought 
that the telecom service was continuous. As a countermeasure, it would be possible to 
collect the events in an area of around 5km around the border of the next country before 
reaching crossing.

Reliability of Warnings and Information provided to drivers

Reliability of the warnings was generally very good; for instance, in-vehicle systems informed 
the user correctly in more than 94% of cases, this dropped to as low as 57% for GLOSA. 
This is because the SPAT information was either unavailable or legal speed advice could not 
be given. Where GLOSA advice could be given it was very reliable and was typically 
generated early on the ingress to the relevance zone.

Tunnel Logistics alternative route advice was based on the prediction that tunnel metering 
would be activated in the next hour. The prediction algorithm generally overestimated the 
times that tunnel metering will be present. The detailed analysis of this service is in the 
accompanying document [6] Detailed Results Annexes, Section 8.1.6.4.

Accuracy of Warnings and Information provided to drivers
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Warning messages were presented when vehicles were less than one hundred meters from 
detection zones or the event locations. The warnings were not presented outside of these 
areas, for example when on a parallel road.

Warnings were revoked either when passing the event location or within a few seconds of 
leaving the location.

The accuracy of the GLOSA advice varied depending on the intersection and turn direction. 
This was mostly due to fluctuations of the SPAT timing information which was generated by 
the Adaptive Traffic Light Controllers. In 26-43% of intersection passes, no advice could be 
given. Because the countdown to green could not always be accurately determined, (due to 
the variations in timings presented by the A-TLCs) a radar style clock icon was used on the 
HMI. This allowed the rate of the countdown to be modified as and when the A-TLC data 
changed.

Both the RWW and GLOSA services, at times provided, what was perceived to be 
inaccurate information. The accuracy of this information is key to getting better acceptance 
of these services; if users don’t trust the information, they will ignore it.

More than half of the participants found the information to be accurate, timely and 
trustworthy. Overall, there were positive opinions about the added value of the service 
compared to roadside signage.

6.2.3.2 RQ5: Service Implementation

Are Applications and Services Interoperable?

Interoperability was demonstrated for OBUs providing IVS services on all pilot sites using 
ITS-G5. A single HMI was able to provide multiple services, but separate devices were 
needed for TL and MCTO.

OBUs provided RWW, IVS and GLOSA services on pilot sites using hybrid services.

Are Services Continued when Crossing Borders?

Continuation across borders was demonstrated and with two Member states proving this 
with in vehicle services such as RWW, IVS, GLOSA and PVD when crossing borders. The 
cloud service of the Service Provider connects to IF2 services from all Member States.

Interoperability issues with other member states have been adequately resolved during the 
TESTFESTs. OBUs can communicate with RSUs from other member states and pilots via 
ITS-G5.

PKI security enabled successful signing and validation of messages between OBUs and 
RSUs from the different member states.

The UK suffered some issues related to the changes from left carriageway driving to right 
carriageway driving; also, they had some issues in early testing due to immature equipment.

Are applications and Services developed for Hybrid Communication?
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All applications and services were able to use hybrid communication. This was 
demonstrated on the A16 motorway and Helmond pilot sites, the rural test area in the UK, 
the E313 – E34 Motorway in Flanders and peri-urban roads in France.

In-vehicle applications were piloted mostly in hybrid mode and presented the RWW IVS and 
GLOSA events well in-time and on-location as intended.

A consistent approach when delivering hybrid is essential. Service providers that make use 
of the cellular chain should provide data on moving vehicles in a similar manner as vehicles 
that communicate over ITS-G5 with the intersection controllers.

Service Success / Failure Rates

Service specific evaluation results are included in the Services Summary sub section 6.5 
below.

6.3 User Acceptance Evaluation

The user acceptance evaluation comprising an acceptability-check (drivers’ sentiment before 
consuming the services) was approached using a common set of views based on the 
InterCor Detailed Evaluation Methodology [Ref: 3] and the InterCor Milestone 12 Evaluation 
Framework [Ref: 2]. These two documents provided the core guidance for the testing across 
all Member States. A dedicated web-based application was developed and operated by BE, 
to support survey-taking and exploitation of responses.

Overall, a conclusion that can be drawn is that the drivers still need some time to get 
adjusted to the new systems and adapt them smoothly. However, the reactions were mainly 
positive, and people seemed too willing to try the services across all the pilots.

The main user requirement to take out from the user acceptance is to make the service as 
clear, trustworthy and useful as possible, since much of the feedback was related to the sub 
optimal interface, to the variable timeliness of the information presented and to the amount 
and quality of information shown in the HMI.

Another important aspect to take into consideration is whether the comments by the drivers 
were related to the quality of the service or the quality of the application (HMI). It was also 
been observed people in some pilots appeared to give socially acceptable answers. When 
comparing speed profiles with answers from the surveys, the data didn’t always show 
changes in behaviour. However, some objective changes were observed as detailed in the 
IVS (6.5.1.3) and GLOSA (6.5.3.3) service summaries below, which successfully matched 
qualitative feedback where drivers strongly indicated they had adapted their behaviour.

6.3.1 Quantitative

Driver profiling

Across the member states there was a good mix of drivers: ranging from 60% to 84% were 
car licence holders only, 6% to 12% held a truck driver licence and 10% to 27% a motorcycle 
licence. 86% to 94% mostly travel by car, and in the UK only 12% a van, with 2% driving a 
truck. Annual driving distance varied between in the UK 63% reported driving between 22k 
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and 60k miles, 64% of Belgians drove between 10k – 22k miles, and 56% of the Dutch 
indicated travelling between 15.000 and 35.000 km) on average per year. Almost half of the 
participants have driven more than 300,000 miles since obtaining their driving licence.

61% said they used the radio and built-in GPS to receive traffic information. Separate 
navigation devices and smartphone applications were also frequently used by at least half of 
the participants. Only about 15% currently use information systems that provided warnings 
for speed cameras.

Almost all drivers wanted to receive information relating to traffic jams. Over three quarters 
of participants wanted information relating to specific traffic and road conditions, lane 
utilisation and slightly fewer wanted regulatory speed limit displayed.

In order to further understand users’ behaviour in Belgium, we conducted an acceptability 
survey beforehand, combined with an acceptance survey afterwards. Examples of 
observations indicated that 91% of the participants noticed the maximum speed indication on 
the HMI on multiple occasions. While 64% of the participants indicated that they used the 
information during the test drive, 27% indicated not to use the information and the provided 
reason for not using the information was that the displayed information is not correct. For the 
changes in behaviour, 64% of the participants indicated being more aware to exceeding the 
speed limit as a result of displayed speed limits on the HMI. However, only 36% of the 
participants indicated that they immediately reduced their speed after receiving a notification 
from the speed assistant.

The answers demonstrate that the drivers have experience with navigation tools and are 
eager to receive more information in their vehicle, especially information on traffic jams and 
speed limits.

In the UK participants were then asked to highlight the types of information they would like to 
receive when driving. Almost all participants desired to receive information relating to traffic 
jams (98%). Information relating to specific traffic and road conditions (86%), lane utilisation 
(78%) and regulatory speed limits (71%) were also popular responses.

6.3.2 Qualitative
Many users stated that if the system was integrated into a Sat Nav this would be much more 
beneficial. To improve the value of the service, it was suggested to make it customisable, to 
meet the needs of different profiles of road users and journey purposes.

A few participants commented that they felt they paid more attention to the messages they 
saw on the HMI because they felt they could trust this information more than the external 
signage.

For all services, most participants indicated they had seen the information or used the 
information in every ride. Users found it useful to have the information inside the vehicle. For 
all services, positive effects on behaviour (as indicated by the participants) as well as on trip 
quality were found. A considerable number of participants indicated that they immediately 
reacted to the information presented on the HMI and that they felt more secure and at ease 
while driving with the service. When analysing the impact for these services we observed 
that people were changing the behaviour at t0 when the messages were shown since some 
t-tests indicated that the mean speed before and after the message significantly changed. 
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However, since a similar change was noticeable when the HMI was disabled it has not been 
possible to directly relate this to the information provisioning by the HMI.

Still, almost half of all users did not see the speed limits on their display, even though the
roadside systems did show a speed limit. Whether this is due to technical issues or the user
not looking on the screen, has not been researched. The majority of the other half of the
users indicated to have seen the speed limits a couple of times. When seen, almost every
user considered the displayed speed limits as useful.

Overall, a conclusion that can be drawn is that the drivers still need some time to get 
adjusted to the new system and adopt it smoothly, however the reactions were mainly 
positive, and people seemed too willing to try it. The main issue is to make the service as 
clear, trustworthy and useful as possible, since much of the feedback was related to the 
inconvenient interface, to the not so good timeliness of the information presented and to the 
amount and quality of information shown in the HMI.

Another important issue to take into consideration is whether the comments by the drivers 
were related to the quality of the service in terms of the information presented or the quality 
of the application in terms of the way it presented the information on the HMI. Finally, what 
could be seen from the results is that people in some member state pilots had a tendency to 
give socially acceptable answers8. When comparing speed profiles with answers from the 
surveys, the data shows no changes in behaviour, while survey results indicate that drivers 
would adapt their behaviour.

Most of the participants indicated a low willingness to pay for the service, but this is not due 
to the quality of the services since participants displayed the same attitude before the test 
drive.

Overall the surveys indicated that there is a lack of accuracy for both applications and that 
there is an up-side potential by improving the overall accuracy and timing leading to a higher 
quality of the services. Considering the answers of a few open questions provided by 
experienced drivers, acceptance would be higher if the app would be enriched by a 
navigation service and if more information, like for example actual traveling time, would be 
included.

The answers provided by the test group indicated that the participants were rather critical to 
the provided services. The G5 app, using road sign units, tends to have a slight advantage in 
accuracy and timing of the displayed information, but has a slight disadvantage in HMI 
experience by the drivers. However, the differences are small.

Usefulness of the service would be much improved if the system was to show only journey 
relevant information such as time to next junction, lane/road closures, possible diversion 
routes, accidents and congestion ahead of the planned route.

8 Section 5.1: “Lastly from the survey results it was observed that, although technical challenges 
emerged during the test nights, these challenges are not fully reflected in the responses that were 
provided. In addition, project members and experts also drove a number of trips during the pilot nights 
to collect some first-hand experiences with the services. These people expressed mixed feelings 
concerning the accuracy and punctuality of messages that were provided and the layout and 
positioning of the HMI. It was suspected that drivers who filled in the questionnaire could have been 
giving socially acceptable answers, but equally the project team were ‘tainted drivers’ who perhaps 
were more technically critical than the ‘average driver’.”
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A few participants commented that they felt they paid more attention to the messages they 
saw on the HMI than they would if it was displayed on the overhead gantry. They felt they 
could trust this information and that is was more applicable to them because it was in their 
vehicle and more personal to them. This suggests that there is a great potential for the 
technology to increase compliance with signage when the information is presented in a more 
personal way in the vehicle.

Some participants found that when the road was heavily congested, it was difficult to read 
and follow the HMI messages. They found there was too much information at times, and if 
the road was busy, they decided to make sure they were driving safely and felt they could 
not do this if they followed the HMI. Careful consideration needs to be attributed to the 
amount of information available to drivers. One way of mitigating for the potential negative 
effects of the technology is indeed to make the service customisable. It may also be 
beneficial to define thresholds for the number of notifications to be presented within a given 
period of time or develop algorithms allowing to overwrite some messages over others (i.e. 
‘emergency messages’ such as safety vehicle should overwrite any other information 
presented).

Additionally, some participants suggested that the position of the HMI was intrusive to their 
drive. It is important to note that even though strict standards for the fitting of the HMI screen 
were followed, the type of vehicle used for the test drive varied between participants, so this 
may have resulted in differing opinions about the HMI position.

There were divided opinions about the audible sound alert that came with in-vehicle 
notifications. Some participants did not find them intrusive at all while others commented that 
they caused a distraction and frustration when notifications were repetitive or not relevant to 
the specific journey (e.g. countdown minutes to next junction when the participant wasn’t 
meant to take the next junction).

Impact on driver behaviour
The majority of participants did not have to change their speed in response to receiving the 
IVS speed message. This may have been because most of the participants were familiar 
with the route so already knew the speed limits. Most participants said that these messages 
would be useful if you did not know the area or the speed limit or if they notified of changes 
in the speed limit. On a very few occasions, participants received a notification about 
changes in speed limits (advisory speed limits) due to obstruction/congestion ahead. In 
these cases, they disregarded the message as there was seemingly no need to slow down 
and the road ahead was clear.

A few, familiar with the road participants commented, that such messages tend to remain on 
gantries over an extended period of time following the actual (morning) congestion. This may 
result in drivers commonly disregarding signage and in a general mistrust in the system. It 
was suggested that IVS - Speed Signage could be a particularly valuable service if it 
provided more accurate information based on live traffic information, that would not always 
be available or provided in a timely manner on gantries.

One participant commented that even when the message was accurate, it would continue to 
appear for too long making it irrelevant and irritating for the driver. In this use case, a 
reduction to 60mph was recommended due to a stationary vehicle in one lane. The advice 
was accurate and came on time, however messages quickly became unnecessary as the 
road ahead was clear.
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Others were pleased with the length of time IVS – Speed signage remained displayed in the 
vehicle A few participants found the IVS - Speed Signage frustrating if they were showing 
the legal or national speed limit rather than a variable speed limit. This resulted in 
participants paying less attention to these messages. Furthermore, participants commented 
that most Sat Nav systems have already speed limits permanently displayed for each type of 
road, whereby the real added value of IVS - Speed Signage would be to provide the driver 
with speed advise based on live traffic information Overall, participants found that an 
adequate amount of information was displayed.

Still, many participants said it would be more appropriate to have messages only as a 
notification of new events/ road conditions (e.g. accident ahead) or changes in road rules 
(e.g. variable speed limits). Participants felt “a bit annoyed” when they received the same 
messages or irrelevant messages (to them and their trip) multiple times. For instance, a 
large number of participants commented that it is not necessary to have multiple messages 
about the time to a junction, especially when it was not relevant to them: It should be noted 
that the experimental design might have contributed to participants feeling “annoyed” with 
the repetitive messages. The experimental design included the participant driving through 
the test area at least three times, whereby seeing the same message on multiple occasions. 
Arguably, during a ‘real-life’ journey, drivers would be less likely to drive through the same 
area multiple times on the same trip. In line with this, it was suggested that IVS - Embedded 
VMS would be particularly useful for unfamiliar journeys.

It would be an added value for the service to provide the information that is usually on 
gantries at local and rural roads. For peak times, these messages could help commuters in 
better managing their behaviour when there is congestion. It was suggested that queue 
ahead and congestion messages would be particularly useful if they provided a 
countdown/distance to the congested area or approximate length of the queue. One 
participant noted that such information would help drivers decide on whether to stay in the 
queue or take an alternative route to their destination, especially for familiar with the area 
drivers. A test driver made the remark that larger icons would make an even stronger signal, 
and as a result, would induce more obedience.

Another person claimed that lane signage would make more sense if it was depending on 
personal route information, e.g., advising the best lane for taking the off-ramp “en route”.

“If it had been spoken to me, I might have listened to it.”

Some key interview feedback is captured in the service specific sections 1.5.1-1.5.7 below 
(see Section 5.2.1.2 for more details).

6.4 Impact Evaluation

Within section 6.5 detailed service specific impact evaluation findings and recommendations 
will be presented. This section will first discuss some broader aspects with respect to the 
InterCor Impact Evaluation.

Measurable and statistically significant benefit was always going to be difficult to derive at the 
early stage of development of services and technology. This was particularly due to the 
relatively small sample size of Pilot drivers compared to the total traffic volume. When the 
system worked it gave valuable information that complimented the real-world services. For 
example, a countdown to the next phase at a traffic signal junction was a welcomed service 
even when the driver was stopped waiting for green at a stop signal. In this evaluation the 
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potential benefits of the services tested, and the potential benefits of future more complex and 
innovative services, were derived from the positive results of the User Acceptance evaluation.

The pilot evaluation teams were set up so drivers’ behaviour could be observed with and 
without C-ITS warnings, with the intention of comparing the difference between drivers in 
control (no C-ITS) and drivers in treatment (with notifications). However, with low driver 
numbers and the influence of existing ITS signage (IVS service) this was additionally 
supplemented by the following:

 Use of subjective impact from user surveys and interviews;
 Individual driver objective measurements based on subjective feedback to observe if 

following a notification, the driver showed any speed adaptation
o Plot vehicle speed before and after receiving the HMI warning
o Monitor vehicle speed within a roadworks section to see if overall speed was 

lower as result of the HMI guidance (countdown to and in roadworks).

The IVS speed limits have no effect on driver’s behaviour when the speed limits were also 
presented on the matrix signs above the road. Where there fewer matrix signs displaying the 
advice the IVS app could be more effective in compliance to speed limits. We did find a 
strong behavioural influence of the app when it was the sole source of speed limit signage. 
Although IVS speed limits in addition to operational gantries did not increase behavioural 
compliance, drivers seemed to accept IVS technology, similarly to how they follow speed 
limits displayed by gantries.

One of the key issues found in the impact evaluation is to include the traffic conditions when 
analysing the speed profiles. At the moment, we do not know whether a speed profile 
showed low speeds because the driver complied with the speed limit, or drivers could not 
drive faster because of congestion. Another important finding is that the Dutch roadside 
systems already provide dynamic speed limits, because of the motorway traffic management 
system, using VMS panels above each lane every 600 meters on average. When testing, 
drivers could always fall back to the roadside systems. To exclude the impact of the existing 
roadside systems on user behaviour, it would be better to test on road sections without 
motorway traffic management systems. Also, it would be better to perform tests with more 
people, and especially a mix of different types of drivers representing the whole population. 
For example, even the relatively large evaluated group of Flitsmeister app users in The 
Netherlands might have a biased attitude towards speeding.

Due to knowledge from early Dutch results showing no discernible change between control 
and treatment in the presence of external ITS signage, it was decided by the InterCor 
Evaluation Co-ordination Team (ECT) leads in the UK to maximise the data collected by 
users with the C-ITS services activated rather than to pursue the programmed tests. By 
maximising the experiments with active services, it maximised the User Perception data 
detailed extensively in Section 5 of this report. It was also still possible for some carefully 
targeted User Impact analysis to be derived from individual data sets where HMI notifications 
were known to be encountered at a different location to the real-world location (physical 
sign) and matched to the user stories gleaned during the driver interviews.

In one GLOSA pilot (on a controlled test run), a number of drivers indicated they had 
followed the GLOSA advice when interviewed after their test runs. We carried out a detailed 
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analysis of a sample of these drivers and it was possible to match their technical data with 
their subjective driver behaviour.

The first notification was given 230m from the stop line, when the HMI displayed 8 seconds 
to turn to red. Then, it can be observed in Figure 67 that the speed behaviour changed 
(10:05:55 – 10:06:01) after receiving a time advice during the green phase at 195m distance 
to the stop line. So, the approach to a red signal was smoothed during the countdown (8 
seconds - GLOSA Time to Red), since there was a smaller reduction in speed. This result 
matched with the participant’s feedback gathered during the interviews after the pilot 
sessions.

“Had 7 seconds to the red, my instinct was to slow down a bit and then catch the red.”

Figure 67 Speed-time-distance profile of a driver (OBU23 Experiment 9) in the Kent (Rural) 
GLOSA section in FTE 4

When the red phase finished (GLOSA Time to Green) after 24 seconds, there was a strong 
acceleration to regain speed after stopping at the junction, perhaps influenced by the time to 
green countdown the driver received. This may help junction throughput but could also have 
a negative impact on emissions with non-electric or hybrid vehicles. In addition, the 
participant mentioned during the interviews, that there was a possibility to accelerate to 
arrive at the intersection before the end of the green phase. However, this seems unlikely 
because the required speed to pass on green would had been 119km/h, which is beyond the 
legal speed limit. This example demonstrates the advice positively influencing driver 
behaviour.

“I could've put my foot down'. Chose to wait on the red- 'if I was in a hurry, I might have put
my foot down”.

Further examples of drivers complying with GLOSA advice by comparing their subjective 
feedback to the objective data is given in 4.4.1.

This individual driver measured impact is in contrast to when several pilots examined 
combined data from control and treatment groups for IVS Dynamic Speed Limit Information, 
where the overall impact seemed to be more limited with some drivers appearing to hesitate 
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while complying with the speed limits. Moreover, drivers seemed to increase their speed 
shortly after the presentation of the speed limits on the HMI in some cases.

Most IVS or RWW service testing was carried out on information rich sites with Matrix signs 
and VMS where the users tended to rely on this information more than the HMI output. The 
InterCor ECT agreed that the use of roads naked of variable speed signs would allow for 
greater impact from the HMI. This key aspect was able to be evaluated in Belgium where the 
matrix signs were blanked for some controlled testing to isolate the effect of the HMI.

When the HMI was active, the speed limits were visible in the car (red trajectory in Figure 
68.below). Clearly, there is an impact of the 4G IVS demonstrated by the downhill descend 
of the red speed samples towards 90 km/h when the respective IVS message was received 
and appeared on the in-car display (green vertical lines). The blue speed line (control 
condition) in Figure 68 is not showing this deceleration.

Figure 68 Example of speed trajectories in the presence of IVIs obtained from ITS-G5 RSU network.

The fact that the speed limits were not shown on the gantries might have raised hesitancy 
for some drivers during another specific controlled test where the HMI advised them to 
reduce their speed from 100km/h to 70km/h. Although the driver did not slow down to the 
extent of 70 km/h, we did see a similar pattern as in the 90km/h test, that is, more 
compliance when drivers received warnings than with not. However, some drivers 
demonstrated opposite behaviour although the differences amongst drivers indicated that 
the driver and the circumstances were the main source of variability.

After conducting an extensive set of behavioural experiments, it was concluded that IVS 
speed limits have no discernible effect on driver’s behaviour when the speed limits are also 
presented on the salient matrix signs above the road.

However, we did find a strong behavioural influence of the IVS speed assistant application 
when it was the sole source of speed limit signalling. Drivers did follow the speed limits 
displayed by the app, but they equally well followed the speed limits displayed by the 
gantries. Using both sources did not intensify the compliance to speed limits. Furthermore, 
IVS seemed to be redundant when the same information was presented on the salient 
gantries. So although IVS speed limits in addition to operational gantries did not add to 
behavioural compliance, drivers seemed to accept IVS technology as they obeyed the speed 
limits on the in-car devices. This helps start to build an evidence base that IVS is as good as 
delivering the same speed advice on an external gantry / matrix sign.

The average improvement was 7.84 km/h for the 10 seconds-long timeframes and 12.44 
km/h for the 20 seconds-long timeframes. These improvements are both significant. The 
results for the ITS-G5 IVS confirm the results for the 4G IVS i.e. both were equally effective.



Milestone 13 - Pilot Evaluation Report 1.0

29-02-2020 328 © InterCor Consortium

While the tests without VMS are not conclusive that users en masse of the service will 
reduce their speed, it is a strong indication that the service will influence behaviour. See 
section 4.2.1.3.1.3 and 4.2.1.3.1.4 for more details of this comprehensive set of experiments 
conducted.

6.5 Services Summary

6.5.1 In Vehicle Signage (IVS)
Three IVS services were evaluated across the member states: Use Case 1: Dynamic speed 
limit information (Common Use Case), Use Case 2: Embedded VMS and, Use Case 3: 
Dynamic Lane Management Lane Status information (Common Use Case).

The two common scenarios where these were evaluated related to the following:

 where speed limits and lane deviations on the matrix signs were replicated in In-
Vehicle Information (IVS) messages during road works,

 for incident detection during congestion and traffic jams.

More than 95% of the IVS events were presented correctly throughout the relevance zones 
of the matrix signs. Communication and positioning issues around the tunnel sections 
caused most of the omissions in the information presented to drivers.

In one MS, Use Case 2: Embedded VMS, was also evaluated. See Section 5.2.2.1.1.3 for 
details of the Qualitative evaluation that was carried out.

6.5.1.1 Technical Evaluation

Technical evaluations proved the technical maturity of the roadside units and in-vehicle 
systems to provide the service to drivers using ITS-G5 and cellular communication. The 
Packet Delivery Ratio and communication ranges proved to be sufficient for the application. 
No issues with ITS-G5 communication are observed during any of the TESTFESTS or pilot 
operations.

The 4G communications performed sufficiently well for the applications but there were 
interruptions of between 4 to 6 minutes when crossing borders.

The Effective Communication Range varied from 250m to 550m across the member states 
but in some areas the ECR was over 900m.
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6.5.1.2 User Acceptance Evaluation

Speed Signage

POSITIVE NEGATIVE
Overall, positive opinion about the usefulness 

of the service
Perceived usefulness declined post-testing in 

some MS Pilots

More than half of the participants found the 
information to be accurate, timely and 

trustworthy

Decrease in opinions that the service can 
contribute to feeling more at ease and secure 

post-testing in some MS Pilots

Driver interviews

POSITIVE NEGATIVE IMPROVEMENTS
The icon was easy to 

understand
Messages were repetitive 

unless there was a change in 
the speed limit

Participants thought it is useful 
to display speed limits for 

unfamiliar routes

Some confusion in 
interpreting the message when 
the speed limit is displayed in 

one lane only on the HMI

Participants suggested it would 
be useful to receive a 

notification if/ when the speed 
limit is exceeded

It would also be useful to know 
how long the variable speed 

limit would last for
Would be useful to have 

countdown to when speed 
limit will change for high 

mileage journeys

Lane Signage

POSITIVE NEGATIVE
Not distracting

Overall, positive opinions about the usefulness 
of the service and its potential to improve road 

safety

Mixed opinions about the timeliness, accuracy 
and trustworthiness of the service

Overall positive opinions about the added value 
of the service compared to roadside signage

Driver interviews

POSITIVE NEGATIVE IMPROVEMENTS
Participants saw a benefit in a 

lane change message to 
encourage lane discipline

Could have an added value for 
older drivers

Confusion in the interpretation 
of the lane change message 
due to a blank lanes image 

appeared on some HMIs

Improve the presentation of 
the lane change message
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Based on the answers from the questionnaires for IVS services that were deployed most 
participants have seen, understood and used the information. Furthermore, users found it 
useful to have in-car information, especially for emergency warnings. Users also indicated 
feeling more secure and at ease while driving using the service. The questionnaire results 
indicated that users have responded to the information by altering their behaviour. However, 
this statement is not statistically supported by the (data driven) impact assessment that 
indicated that the speed did not change significantly before and after the message. Visually 
from the graph it seems that the distributions of speed after the message seem to increase 
but the impact of the HMI cannot be established.

Drivers found it useful to have in-car information, especially for emergency warnings about 
lane closures etc. Users also indicated feeling more secure and at ease driving while using 
the service. The response to the information is supported by the data driven impact 
assessment. Although the impact of the HMI cannot be fully established; the data analysis 
did show speed before and after IVS messages was significantly different.

Nearly all drivers paid attention to the information presented and three quarters stated that 
they heeded the speed advice presented on the HMI at some point during testing. Of those 
that knew why they had ignored the HMI, stated that the same information was being 
provided from other sources.

Less than 30% thought that speed assist would distract attention from driving.

Over 70% of all drivers said that IVS was useful and nearly half said they would adapt their 
speed, Whilst the drivers maintained their position on its usefulness after testing only around 
a half said they adapted their speed after receiving advice. Fewer than a third thought that 
speed assist would distract attention from driving.

Feedback from users for both speed assistance and lane guidance were similarly positive 
about the effects on their driving and how they felt about sharing their data with the services. 
Most users stated that they would like to have IVS permanently in their vehicles, but most 
were not prepared to pay for the service.

Overall, there were positive opinions about the usefulness of the service. Where more than 
half of the participants found the information to be accurate, timely, and trustworthy. They 
didn’t find it distracting and engaged with it more than existing road signs.

In order to further understand users’ behaviour, we analysed their acceptance of the 
technology. 89% of the participants noticed the maximum speed indication on the HMI on 
multiple occasions.

For the changes in behaviour, 57% of the participants indicated being more aware to 
exceeding the speed limit as a result of displayed speed limits on the HMI.

44% of the participants indicated that they immediately reduced their speed after receiving a 
notification from the speed assistant.

The HMI did cause more distraction than people expected. The reasons for this can be 
found in:

 The absence of an audio signal,
 the placement of the HMI too far from the driver,
 the layout of information on the screen.
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On the technical side, drivers indicated that the information was not always displayed in 
time.

The display was clear and easy to understand, and participants commented that IVS speed 
signage would be useful if you miss the gantry information, however there was some 
confusion as speed advice was only displayed in one lane.

"It makes you check whether you're doing the right speed. It’s a good 
reminder."

Embedded VMS, which the UK tested also, revealed some positive user comments:

POSITIVE NEGATIVE IMPROVEMENTS
Message stays on the HMI for 
enough time as opposed to 

seeing the gantry for a second 
or two which is easy to miss
The display was clear and 

easy to understand
The time to junction messages 

are reassuring
Particularly useful in bad 

weather conditions

Some participants found 
repetitive or irrelevant 
messages irritating

Option to only receive 
messages which are relevant 
to their route- combined with 

Sat Nav
Possibility to have audible 

notifications to avoid distraction 
and for people with visual 

impairments 

There is a benefit that the message stays on the HMI for some time as opposed to seeing 
the gantry for a second or two which is easy to miss:

The time to junction messages are reassuring. For example, when participants knew the 
time to a junction, this made them feel more aware and had more time to change lanes.

“Time to junction” messages allow you to not constantly look at the screen 
and you can anticipate your journey, relieving stress

“Junction messages were relevant only because I was taking those 
junctions, but I think I'd be annoyed if it was telling me every junction and I 

wasn't going that way.”

Participants felt more at ease because the messages appeared early and remained on the 
screen for a while, compared to the three stripes countdown marker signs on the road.

"I was on the left-hand side, I had to move across, so it was quite handy as 
a little reminder to say to move over."

Most participants reported that they found the in-vehicle messages to be helpful as they 
gave the driver more time to think and increased awareness of the road conditions.

“When I saw queue ahead, I felt like I slowed down slightly, and I was 
looking ahead.”

“To be honest when you see a gantry 'queue ahead', you don't slow down, 
no-one does until you can actually see the queue. It gives you a bit of an 

idea, sometimes you increase your distance to the car in front.”
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6.5.1.3 Impact Evaluation

Within the impact assessment a data analysis has been executed to derive the effect of the 
IVS service on user speed. Based on the data of three different user groups (Controlled user 
group, Naturalistic user group and users of the smartphone app) speed profiles have been 
analysed, providing input for both median speed plots and statistical t-tests.

The data analysis of one-member state with the largest sample of controlled test drivers 
showed that the behaviour of users towards the speed limit of 50 km/h and 70 km/h is 
different than their reaction towards a 90 or 100 km/h speed limit. For the first group, the 
50km/h and 70 km/h cases, the data analysis showed that in general the users from all test 
groups were exceeding the speed limits. For the 50 km/h the difference between the limit 
and the observed speeds were particularly high. It might have been the case that the 
existing and active VMS gantries were providing conflicting information i.e. the external VMS 
were displaying a higher speed limit than the IVS speed limit information displayed on the 
HMI. In the present context of the InterCor project this could not be confirmed or ruled out.

For the 90 and 100 km/h speed limit the data analysis shows that the Controlled and 
Naturalistic drivers were adhering to the speed limits. When comparing the mean speeds 
from the different HMI settings it became apparent that with the HMI the mean speed is 
actually higher than without the HMI. This finding is striking because the opposite would be 
expected given the nature and aim of the IVS service. The data analysis showed that these 
users were exceeding the speed limit9.

By performing statistical tests, it became apparent that the speed behaviour for the majority 
of the speed limits significantly changed before and after the IVS event. This indicated that 
the messages were sent out at the point and time where the traffic situation significantly 
changed. This is discussed in detail in Section 4.2.1.1.

For future research it is recommended to include the VMS as a controlled variable so that 
the individual effects from VMS and in-car information can be distinguished. Moreover, it is 
advisable to cluster the data sample in similar road configurations to be able to do accurate 
comparisons. Initial testing in this way with low driver numbers (up to 10) was performed by 
the Belgium pilot evaluation team which was detailed earlier in the Impact conclusions 6.4.

Controlled driver tests were performed. After conducting an extensive behavioural 
experiment, we concluded that in-vehicle communicated speed limits have no discernible 
effect on driver’s behaviour when the speed limits are also presented on the salient matrix 
signs above the road. Although IVS speed limits in addition to operational gantries did not 
add to behavioural compliance, drivers seemed to accept IVS technology as they obeyed the 
speed limits on the in-car devices.

For the subjective impact changes in behaviour, nearly 60% of the participants indicated 
being more aware to exceeding the speed limit as a result of displayed speed limits on the 
HMI. However, of this 44% of the participants indicated that they immediately reduced their 
speed after receiving a notification from the speed assistant.

9 This same effect of speed increase was observed in the COBRA project for several C-ITS applications. If an 
application makes a driver feel more comfortable, they may increase speed.  Strictly, an increase in speed 
means a decrease in safety and it’s then problematic for BCAs to show the disbenefit of a C-ITS application!
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In the one of the Member State pilot-controlled tests, they were able to run with IVS only 
displayed on the HMI with no overhead gantry signs turned on, and this resulted in being 
able to prove that drivers reducing their speed consistently. They found strong evidence for 
an in-car application with the ability to signal speed limits and influence drivers’ behaviour. 
The average improvement was over 10 km/h. for speed limits in the range 100km/h down to 
70km/h, when measuring the speed reduction 20 seconds in the period after the lowest 
speed limit was displayed.

6.5.1.4 Benefits Realisation

Users stated that the service increased awareness and that in some cases it increased 
comfort and speed reduction. In one of the IVS HMI user control group tests with gantry 
signs blanked, an overall speed reduction was observed amongst this small sample of 
drivers. Although not statistically significant, if scaled up this could have a positive impact on 
safety and emissions. However, we would need to build more scientific rigour into these low 
volume results using future C-Roads pilot evaluations and future planned larger 
deployments.

For truck drivers the existing VMS infrastructure is often activated only 250m in front of the 
stopped traffic. Which for HGV drivers is too late to allow them to make alternative 
arrangements, with IVS they could identify the problems much sooner and change plans. 
This implied that the main advantages for the IVS service could be the fact that the 
messages can be adjusted for the target group.

In addition, the IVS service has the capability to display embedded VMS signs, including but 
not limited to “obstacle in road”, “accident ahead”, pedestrian in road”, “queuing ahead” etc 
which could have a safety benefit for drivers as these can be sent to the vehicle at any point 
on the road (a virtual message sign).

IVS could reduce the installation and operating costs of roadside infrastructure, if IVS 
penetration is sufficient, then some expensive roadside message signs and related 
infrastructure could be removed or replaced with cheaper signs for basic safety messages. 
This could also have the additional safety benefit that VMS maintainers and installers will not 
have to work at height installing and maintaining such signage.

6.5.2 Road Works Warning (RWW)

There were three Use Cases proposed for this service:

 Use Case 1 – Lane closure and other Restriction
 Use Case 2 – Alert planned closure of a road or carriageway;
 Use Case 3 – Mobile Roadworks

The evaluation focussed on the InterCor Common Use Case - Lane Closure or other 
restriction.

Drivers were generally positive about the usefulness and trustworthiness of the service. 
Although in some cases warnings were presented but not observed, this could have been 
because in the Dutch tests, the HMI was mounted out of direct eyeline and had no audible 
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warning to draw the driver’s attention. This conclusion was supported by the UK testing, 
where the HMI was mounted in a better position and had an audible warning; all drivers 
reported observing the RWW warning (when present).

6.5.2.1 Technical Evaluation

In-vehicle systems informed the user correctly in more than 97% of RWW events. There 
were early technical issues but once these were corrected, the RWW service performed 
well. This was helped by the simple communications network with no central station 
connection for one MS implementation. In this case, the single RSU had an effective range 
of 800 meters which more than covered the ingress to the junction.

RWW was also technically evaluated on both ITS-G5 and Cellular communication paths in 
another MS, with the service evaluated by real drivers for the cellular delivered service which 
performed well.

Most OBUs operated in hybrid mode during the pilots. At least 94% of DENM warnings 
received from the roadside are presented to the driver on time and throughout the area in 
front of the crash barrier / start of roadworks.

6.5.2.2 User Acceptance Evaluation

POSITIVE NEGATIVE
Participants reported being less distracted of 

the service after testing compared to their 
expectations before

Some drivers indicated increasing the gap to the 
car in front on receiving the RWW warning

The countdown to and in particular in roadworks 
was deemed useful (see interview feedback 

5.2.1.2

RWW assistant did not help drivers feel more at 
ease during test drive compared to their 

expectations

RWW did not encourage actual speed 
reduction post-testing compared to 

expectations

Earlier warnings prior to start of roadworks 
desired

Driver interviews

POSITIVE NEGATIVE IMPROVEMENTS
Most participants found it 

useful to have this information, 
especially the countdown until 

the roadworks began
This message may ease driver 

frustration

Some participants said they 
needed more advance warning

Many participants expressed 
they would only want to receive 
this message if it would impact 

their journey

The roadworks message needs 
to appear with enough warning 
for any action to be taken e.g. 

take a diversion route

Most participants have seen, understood and used the information. In the case of RWW 
there were a number of participants who said they did not see the road works warning 
message. Furthermore, users found it useful to have in-car information, especially for 
emergency warnings. Users also indicated feeling more secure and at ease while driving 
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using the service. The questionnaire results indicated that users have responded to the 
information by altering their behaviour. However, this statement is not statistically supported 
by the (data driven) impact assessment that indicated that the speed did not change 
significantly before and after the message. Visually from the graph it seems that the 
distributions of speed after the message seem to increase but the impact of the HMI cannot 
be established The HMI did cause more distraction than people expected. The reasons for 
this can be found in:

 The absence of an audio signal,
 the placement of the HMI too far from the driver,
 the layout of information on the screen.

On the technical side, drivers indicated that the information was not always displayed in 
time.

Participants reported being less distracted of the service after testing compared to their 
expectations before.

RWW did not encourage actual speed reduction post-testing compared to expectations.

Overall, most participants found it useful to know that they were approaching roadworks. In 
one situation:

“It made me more aware. Let's double check and look out for them.”

“It made me aware that I would have to slow my speed.”

“I backed off a bit from the car in front and reduced my speed to wait and 
see what happens.”

They also noted that it is useful that the information stays on the screen for some time and 
that the countdown until start of the roadworks is particularly useful to have:

“The message came up well in advance of those roadworks so that's a 
positive.”

A few participants expressed that there would be an added value of roadworks messages in 
a Sat Nav as Google Maps is not up to date for roadworks:

"It's nice to have an up to date and timely notification.”

6.5.2.3 Impact Evaluation

The Roadworks Warning Service (RWW) became operational only at the last stage of the 
pilots due to technical challenges. Due to this delay, it was decided that the services would 
not be tested in baseline mode (without HMI) to retrieve as much data with the HMI as 
possible.

The impact assessment of the RWW service has been conducted in a similar methodology 
as the IVS service. Speed distribution graphs have been generated which were summarised 
in median speed plots and statistical t-tests. For both the Controlled and Naturalistic user 
group the mean speeds before and after the RWW message did not change significantly. 
When analysing the median speed plots (visually) it appears that the distribution of speeds 
increases after the message. This could be an indication that these users reacted on the 
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RWW message but can also be caused by users slowing down because they see the 
roadworks downstream and/or the messages on the VMS gantries.

Although the speed distributions increases, based on the analysis it cannot be concluded 
whether the awareness message influenced the drivers speed. Therefore it can neither be 
confirmed nor denied that drivers are changing their speed behaviour after receiving an 
RWW message.

For future research it is advisable to include the corresponding baseline test, possibly in 
combination with a pilot setup in which the VMS is a controlled variable. Moreover, it could 
be beneficial for the analysis to cluster different speed limits within this analysis.

6.5.2.4 Benefits Realisation

The impact analysis on RWW service showed no direct quantitative effect on the speed 
behaviour; the analysis did not indicate significant effect between the mean speed before 
and after the message. However, it should be emphasised that the correct functioning 
service only became operational at the last stage of the pilot in which only a limited dataset 
could be gathered and moreover no baseline measurements were performed.

From the user acceptance analysis, it became apparent that the users valued the service, 
the participants indicated in their responses that the service increased their comfort and 
situational awareness.

With an audible warning, drivers will be well prepared to encounter roadworks, and this 
should improve safety for other drivers and roadworkers alike.

Early presentation of RWW to truck drivers in particular should also see an increase in safety 
and reduced fuel consumption and emissions.

Safety improvements could result from an RWW service if a significant proportion of the 32% 
of drivers surveyed who said they would increase the distance between themselves and the 
vehicle in front and the 37% who claimed they reduced their speed actually did this in 
practice10.

The earlier points regarding specific user groups, the potential substitution of road-side 
infrastructure and concerns about workload are also applicable for the RWW service. These 
have been discussed above in section regarding the Benefit Realisation for the IVS service 
(section 6.5.1.4).

10 The objective impact tests were limited for RWW due to the limited runs when roadworks were active the 
and system / test scenario were able to be fully validated.
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6.5.3 Green Light Optimised Speed Advice (GLOSA)

The GLOSA service was evaluated as a single Use Case but essentially consisted of the 
following:

 Time to Green (TTG); Time to Red (TTR)
 Speed Advice to go through on a green signal

The GLOSA system worked but the performance of GLOSA across the Member States was 
mixed, in both the Netherlands and the UK, Adaptive Traffic Light Controllers (ATLC) 
affected timings causing the TTG/TTR and speed advice to jump

Technical evaluations proved that the communication and applications were capable to 
provide the GLOSA service on all approaches of the intersections in participating member 
states, both via ITS-G5 and through cellular communication. In one Member State GLOSA 
was implemented at a ramp metering site controlling entry to the freeway, this was to 
analyse the feasibility and the benefits of GLOSA for ramp metering.

There was positive feedback from drivers regarding GLOSA with many stating they would 
recommend the service to others which is further detailed in the User Acceptance sub 
section below and Section 5.1.3.4 and Section 5.2.2.3.

Overall, the delivery and the reliability of the information to drivers are arguably not yet at a 
desired level for a commercial service. Based on the results from both the quantitative and 
qualitative User Acceptance evaluations it seems apparent that highly adaptive traffic control 
systems interfere with the reliability of the information presented to drivers through the 
GLOSA assistant. It is therefore highly recommended that further development is carried out 
to address the issues caused by adaptive light controllers, some of which could be solved by 
use of slightly different HMI11.

In addition, the InterCor experience in conjunction with the GLOSA service providers learned 
that there is a large interest for a European approach on the standardisation of the 
presentation of traffic management information (such as GLOSA) in-car. It is noted that this 
standardisation should respect the commercial interest for innovation and differentiation of 
how services appear to end-users.

The value of the GLOSA service can further benefit from information from the vehicle (V2I), 
which can be fed into the data-ecosystem accessed by the intersection controllers. In other 
words, a GLOSA service that is aware of traffic turning left or right and that is aware of traffic 
queues before the lights, is much more relevant to a car driver than one that is not. 
Standardisation of the CAM message is insufficient for this, also standardisation of how such 
data is fed into the different national data-ecosystems is crucial. It is noted that a hybrid 
approach is beneficial. Service providers that make use of the cellular chain should provide 
data on moving vehicles in a similar manner as vehicles that communicate over ITS-G5 with 
the intersection controllers. And all data would come consistently together in near real-time. 
This ethos equally applies to other services.

11 A refinement of this HMI was implemented during the Tunnel Logistics pilot the Netherlands used a radar 
countdown which could be slowed or speeded up as the timing changed. reducing any noticeable timing 
changes to the driver.
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6.5.3.1 Technical Evaluation

Adaptive Traffic Light Controllers (A-TLCs) present two difficulties for the GLOSA service:

o Time and signal information may only be included in the SPAT when a vehicle is 
detected on the approach. Which means that no speed and timing information will 
be available for the relevant direction of travel for an approaching OBU.

o The timings to the next phase change may change frequently (tens of seconds) 
and is unpredictable, thus making it difficult to provide accurate information for 
the user.

Because of the unpredictability of timings in A-TLCs this made things confusing for users 
when absolute numbers were displayed on the HMI. Improvements to the HMI were piloted 
during the Dutch TL pilot using an animated ‘radar’ icon to represent the time to green and 
an up/down arrow to represent speed advice (Section 6.5.7).

The GLOSA implementation for ramp metering proved to be more difficult than planned 
since the implementation needed both a control at the central level (computation of cycle 
periods) and at the local level (override of the central system if the queue on the ramp is too 
long). This underlines the difficulty of linking actual traffic management measures with C-ITS 
information.

Initial results from the UK Pilot were from a GLOSA traffic junction (via ITS-G5), which was 
triggered by drivers re-joining the main carriageway from a service station. The test route 
allowed drivers on the main carriageway and the on-slip to receive appropriate GLOSA 
information. The timing of this site was variable but more predictable.

In addition, a set of traffic signals on the A2 in London were also evaluated, using Cellular 
only and linked to ATLCs which had bus priority, ghosting12 and the adaptive algorithms 
present. These sites required careful set up of the adaptive aspects, turning off the bus 
priority and ghosting as well as testing out of peak traffic hours (and at night) to obtain more 
reliable performance as baseline for GLOSA in an urban environment.

6.5.3.2 User Acceptance Evaluation

POSITIVE NEGATIVE
Participants felt more at ease while driving with 

GLOSA compared to before
GLOSA did not make participants feel more 

aware/alert of their speed

Participants had stronger, more positive 
opinions about the usefulness of the service 

after testing

GLOSA Time-to-red generated mixed opinions 
about the service and its potential to encourage 

safe behaviour

Participants were more willing to have GLOSA 
permanently in their vehicle after testing

GLOSA speed and countdown advice could 
jump when traffic signals were in fully adaptive 

mode, causing driver to question advice.

12 ‘Ghost islands’ take the form of a dedicated traffic lane for vehicles turning right from the major road, at 
junctions under priority control, with non-physical separation provided by road markings to allocate road 
space.
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Participants were more willing to pay for the 
service after testing (in one MS pilot)

Some MS reported subjective impact of drivers 
adapting their speed according to advice

HMI display could distract drivers 

Driver Interviews

POSITIVE NEGATIVE IMPROVEMENTS
It could improve traffic flow at 

junctions
Useful for HGV drivers in 

maintaining a steady speed
Especially useful while waiting 

at red lights
Useful for decreasing fuel 

consumption

Increased workload due to the 
large amount of information, 
and interpreting this before 
deciding on an appropriate 

action
The amount of information 

may be inappropriate for busy 
environments

Speed advise could take other 
traffic or congestion into 

account
The advised speed needs to be 

accurate for it to be useful

A third of drivers felt more at ease driving with the GLOSA information in the vehicle when 
experiencing an optimised service, but this was significantly less (down to less than 10%) 
when junctions using Adaptive Traffic Light Controllers caused jumps in the countdowns (to 
red or green) and the associated speed advice given.

Nearly 50% of drivers said they reduced their speed earlier on receiving a time to green 
notification; however, 22% said they increased their speed. A detailed impact analysis of a 
sample of drivers who did speed up (Section 4.4.1), it was ascertained that they appeared to 
be following the speed advice which resulted in only a modest increase in speed, with the 
benefit of increasing junction throughput.

Over two thirds thought the information was accurate. Less than 15% of users were 
uncomfortable providing position data as part of the GLOSA assistant.

Over 50% of users said they thought that GLOSA in their vehicle was useful (as high as 76% 
in one MS Pilot) and would like to have it permanently on their dashboard. However, as with 
most of the services piloted, the willingness to pay was relatively low and less than a fifth of 
users.

In one MS, participants were particularly positive about the service and overall, they 
expressed POSITIVE opinions; these included:

 Feeling at ease while driving with GLOSA
 The usefulness of GLOSA
 Willingness to have GLOSA permanently on dashboard
 GLOSA’s accuracy
 Willingness to recommend GLOSA to others

Positive increases in acceptance of the service especially on TRIP QUALITY and on their 
own DRIVING BEHAVIOUR (subjective impact). There was a noticeable increase in feeling 
more at ease when driving. But there was an increase in the drivers concerns that the 
GLOSA information could be distracting. This was also seen during another MS pilot GLOSA 
user acceptance and maybe partially due to the temporary nature and evolving development 
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of the HMI design for the Pilots. Better integration into car systems or existing apps would 
improve this.

We also saw positive increases in the PERCEIVED VALUE of the service and in drivers 
wanting to have the service (ATTITUDE TOWARDS ADOPTION).

Most participants agreed that GLOSA would be particularly useful and readily accepted by 
HGV drivers as it would help them avoid stopping at junctions and allow for greater stopping 
distances.

Further detailed results can be found the GLOSA results Section 5.1.3.4 and Section 5.2.2.3.

6.5.3.3 Impact Evaluation

It was difficult to obtain significant statistical data from the TESTFESTs and pilots due mostly 
to limited vehicle fleets and the presence of existing ITS signage. However, feedback taken 
from user acceptance, particularly from the UK and Netherlands as summarised above 
provided subjective evidence of positive driver behaviour changes.

This was cross checked with technical data during controlled testing to see if speed 
adaptation was evident in certain test scenarios. As such, an objective impact of GLOSA 
was carried out, analysing objective data from individual driver data and guided by subjective 
impact data from Section 5.2.2.3.1.7, where specific drivers indicated a change in their 
driving behaviour due to the information provided on the HMI.

The evaluation team then looked at their test data from the dates and times from their 
controlled test events to see if a match could be found between their claimed subjective 
impact of the service and an objective change measured from the common log data; CAM 
data for speed/location, SPAT message data, and the HMI application log data to determine 
when the driver received the warnings and what their speed was at the point in time, and 
their distance to the stop line.

An example of matching subjective to objective impact was discussed in the Impact 
conclusions above in 6.4. Further worked examples of matching driver feedback to their 
actual on road behaviour strongly indicated them following the speed advice, the countdown 
to red and to green are given in the main impact results in 4.4.1. Although this was only a 
small sample of drivers, it is however a first step in the analysis of GLOSA that provides 
evidence that drivers could be influenced by such as service and matches to their increased 
comfort, trust and perceived usefulness of the service.

6.5.3.4 Benefits Realisation

Based on the preliminary survey findings, a significant percentage of drivers armed with 
advanced information about traffics lights will adjust their speed accordingly; feel more at 
ease driving and be more likely to take a smoother passage through the junction. This is 
especially true for HGV drivers who will be keen to reduce gear changes. Smoother driving 
is known to reduce congestion, which should provide better junction throughput.

The cost benefits could be significant, for instance reduced infrastructure to roll out and 
maintain, reduced fuel consumption and a possible reduction in accidents gained by less 
agitated drivers.
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A reduction in roadside furniture and infrastructure may see an improvement in safety. 
Drivers armed with advance information regarding traffic light status and lane guidance, will 
be encouraged to adopt appropriate speed choices and early lane selection therefore 
reducing the risk of collision with pedestrians and other road users.

Environmental gains can be achieved via multiple paths; for instance, a reduction in roadside 
infrastructure will result in less concrete, and in turn C02 gas which is by-product. Other 
gains can be made from smoother driving and calmer drivers; both helping to reduce the 
production of harmful gases.

6.5.4 Probe Vehicle Data (PVD)
The Cooperative Awareness Messages (CAM) data from passing vehicles’ OBUs was 
collected on the RSUs. The penetration rate of OBUs was too low for traffic control 
application, (i.e. replacing external infrastructure supplied information with data from the 
OBUs) although the pilot site has proven interoperability with OBUs in vehicles from across 
all MS.

6.5.4.1 Technical Evaluation

6.5.4.2 User Acceptance Evaluation

During a stakeholder session with data and traffic experts from road authorities some topics 
concerning PVD have been discussed. The topics covered were:

 The importance and usefulness of PVD for the organisation,
 the challenges and conditions they see to make PVD a success,
 what solution directions they expect for the future.

The conclusions from these meetings were that PVD could be used for incident 
management and V2V communication. However in order to use it as effectively as possible 
some aspects should be considered:

 Incident management and V2V communication are dependent on a (near) real-time 
data flow and this will require a robust system, and accurate and valid messages.

 GDPR (privacy) related concerns and challenges.
 Keeping the data provisioning not for profit.
 Creating standardised message protocols is one of the solutions that should help 

create a level playing field.
 The overall opinion is that more time is needed to do research and there will be more 

need for data scientists.

6.5.4.3 Benefits Realisation

The main benefit or value for PVD can be approached by three perspectives; the road 
operator, the service providers and the end-user.
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If the data format and the content of the PVD information is standardized, and data is 
provided via APIs this will allow many more service providers to enter the market. This would 
allow road operators to easily exchange data with third party application suppliers resulting 
in up-to-date and more data-intense information. Moreover, the shared architecture could 
potentially accelerate innovations and public-private cooperation.

The aim of introducing PVD based services for the end-user would be so they could benefit 
from better quality information in the form of ‘instant on road data’ beamed into their vehicles 
which when coupled with services including route diversion, junction priority, instantaneous 
warnings about dynamic changes in traffic or road hazards, could help contribute to 
improved travel time, travel time reliability and safety.

6.5.5 Truck Parking (TP)
Truck parking availability was displayed to the driver in real time to provide useful 
information on the parking areas; Is it open or closed; The number of free spaces.

It provided real time truck parking slot information directly to truck drivers vehicles using 
Cellular communication.

The truck parking evaluation was focussed on technical and user acceptance evaluations. 
The technical evaluation was aiming at exchange of data on a back-office level. This was 
done in the existing TPE application from which an interface was made available to InterCor 
in order to exchange data on real-time parking lot availability. This interface was working as 
it should be and, on a back-office level data was exchanged. Regarding the user-acceptance 
survey, the survey was conducted among 337 truckdrivers using the application from the 
service provider.

6.5.5.1 Technical Evaluation

In one pilot a total 27,553 trucks were measured in two weeks.

The TPE app showed real-time availability for some truck parking. The amount of available 
truck parking spaces was updated in real-time. The survey showed that users appreciated 
the real-time functionality as 81% were using the real-time truck parking availability feature.

The application piloted covered over 34,000 truck parking spaces across Europe. Dynamic 
data was not available for all truck parking facilities across Europe. As there were no Dutch 
truck parking facilities with real-time availability the survey focussed on the highways of the 
A63 in France, the A9 in Germany and Hamburg port.

See Section 3.6.8 for a more detailed appraisal of the Truck Parking technical 
evaluation.

6.5.5.2 User Acceptance Evaluation

POSITIVE NEGATIVE
90% of drivers said after use, that they would 

like to have the information permanently
Application could be developed / refined

Integration with existing applications in cabin
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The survey showed users appreciate the real-
time feature as 81% were using it Ability reserve whilst en-route

Of the 337 drivers surveyed nearly all of those that were aware of the Truck Parking service 
were using it. According to the survey used in the user acceptance evaluation we can 
conclude that, based on 61% of truck drivers knowing that real-time truck parking availability 
exists and 81% of them were using these services, that the acceptance of truck parking 
services is good. The feedback for the service is very positive with the majority rating the 
service excellent. This we conclude is provides good evidence that the availability and 
reliability is very high. Based on the appreciation rate by users (4.6/5 with N=1.500 in the 
first 6 months of 2019) we see the satisfaction rate is quite high meaning user friendliness 
and available information was deemed to be quite good.

See Section 5.1.3.5 for a more detailed appraisal of the Truck Parking user acceptance 
evaluation.

6.5.6 Multi Modal Cargo Transport Optimisation (MCTO)

POSITIVE NEGATIVE
Transportation planners found the service useful

Single source of information

Information beneficial to Transport company 
management

Application needs to be developed / refined

Information may have limited practical use due 
to the way current re-booking processes work

Less useful for Truck Drivers unless combined 
with TP service in app

Information about waiting and handling times at the terminal and depots (without C-ITS) is 
currently either unavailable or limited. The Traffic Monitor changed this and showed the real-
time and historical waiting times and handling times of depots and terminals based on on-
board computer data from truck companies operating in the Port of Rotterdam.

A fully operational MCTO system was also implemented in France for HGV / trucks 
transporting containers to and from the Dunkirk seaport container terminal, which included 
Integration with existing logistics IT systems, specifically the Port of Dunkirk’s Cargo 
Community System.

This additional information allowed companies to make last minute decisions to unload the 
container at their own depot and give the driver a new trip (instead of waiting at the gate). 
The same benefit applies with the stacking trucks on the highway, a small decrease of trucks 
can make a big difference on waiting times. The advantage of the Mainport Traffic Monitor 
(MTM) is that it has a total overview of all terminals, so planners don’t have to use a variety 
of sources of information.

As these tests worked well, it is expected that MCTO would work uninterrupted across 
borders.
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6.5.6.1 Technical Evaluation

The Dutch node has implemented both static and dynamic data for truck parking lots 
according the DATEX-II specifications and provides the mandatory data according the 
InterCor translation table.

6.5.6.2 User Acceptance Evaluation

POSITIVE NEGATIVE
Transportation planners found the service useful

Single source of information

Information beneficial to Transport company 
management

Application needs to be developed / refined

Information may have limited practical use due 
to the way current re-booking processes work

Less useful for Truck Drivers unless combined 
with TP service in app

Transportation planners find the service useful and they liked how the information was 
presented. The planners also made some improvement suggestions:

 The current version of the MTM shows the delay and turnover times as numbers in a 
table, or graph (circle), it would be good to show this on the map and show all 
terminals with a colour.

 Show the average waiting and turnover times on the Terminal Monitor (next to the 
actual times).

 Like to see a distinction between waiting times on the public road and in the waiting 
area at the (pre)gate.

Stakeholders stated that if their freight logistic planners were armed with the information 
provided by MTCO they could make real time decisions to optimise arrivals at ports. This 
tool would allow them to plan deliveries to more favourable times. They also felt that the tool 
could be trusted as an independent source for waiting times and as a result it would have a 
bigger impact on port traffic.

In contrast, the overall evaluation of the app from a truck driver’s perspective and whether the 
drivers would like to have it permanently on board were more negative. The conclusion from 
the IFSTTAR study on organisation and potential impact of MCTO at Transport Bogaert’s must 
be cited here again, in that the overall response from the drivers’ questionnaires show that the 
overall logic of MCTO has to be adjusted, e.g. with a more prominent implication of the 
dispatchers rather than the on-board information in its current format given to truck drivers 
directly.

6.5.6.3 Impact Evaluation

Impact assessment based on one or more objectively measurable and pertinent factors 
(such as speed adaptation) was not possible for MCTO. Technical evaluation and subjective 
impact assessment therefore are primary evaluation methods for this service.
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France decided to add a layer of evaluation to this via a study of expected impact through 
thorough observation of a transporter’s processes. This study was conducted by the 
IFSTTAR institute for transport research, by a transport economist. The study was mandated 
by the French ministry and conducted in coordination with the logistics specialist project 
partner i-Trans. The conclusions remain partial as they treat only one specific transport 
company and the impact MCTO made during the long Test phase was small.

6.5.6.4 Benefits Realisation

Planners could advise drivers to take a ‘Tacho break’ before going to the terminal. Some 
logistic companies have their own depot at the terminal, which means that a decision could 
be made to unload the container at their own depot. This would free the driver for a new trip 
instead of waiting at the gate.

A result of many trucking companies using MCTO could mean a small decrease in truck 
traffic on the highway, which would have a major impact on waiting times at the port.

All of this could help increase safety by reducing driver tiredness through more efficient 
journeys, lower emissions due to constant speed and less stop/start of truck engines, 
increased traffic efficiency due to the presence of fewer trucks queuing near ports and 
reduce lost time due to waiting.

There could be a boost to the economy through greater efficiencies gained by reduced 
waiting times at ports.

The main expectation and benefit MCTO, is to offer to drivers and planners alike is knowing 
in advance the waiting times at the Terminal, in order to potentially allow resource re-
allocation. Combining with the Truck Parking app, giving truck river specific information could 
then yield benefits for both ends of the delivery chain.

6.5.7 Tunnel Logistics (TL)

A total of 35 trucks (from two transport companies) were equipped with the FLUX-app from 
BeMobile.

The A-TLCs were integrated into the app with the following functions:

 Priority;
 Time to green / time to red;
 Speed advice (later decided not to show this as explained below).

In addition, optimal route advice was also provided to truck drivers.

This feature worked in practice, although the logging proved insufficient to analyse the entire 
process in detail. Every minute the backend requests a prediction from the Traffic system 
from MAPtm for the state of the four tunnel tubes using an API service. This service then 
gives a prediction when tunnel metering will be active. When the FLUX-app requests a new 
route, the tunnel metering predictions are used to determine the new route.
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The main conclusion of the use case balanced priority was that it is possible to make the 
principle work in practice. During the pilot all systems within the architecture have been able 
to communicate with each other in the way that was intended. Trucks using the FLUX-app 
were tracked by the Be-Mobile backend and the backend requests priority for these trucks 
based on their position and advised route. This priority request reached the A-TLC via the 
TLEX and the A-TLC sends a confirmation message and later either grants or denies the 
priority request. The backend reports this back to the FLUX-app.

An important aspect within the use case balanced priority was timing; when should priority 
be requested and when should priority be granted. During the pilot a lot of SSM-messages 
either granting or denying priority reached the truck drivers slightly too late (on a short 
distance or even after the stop line). It was impossible to determine the latency of the entire 
chain of systems but based on analysing part of the communication chain latency definitely 
appeared to be a factor of importance. Additionally, some messages were lost during 
transmission. Determining the right distance from the A-TLC for requesting and granting 
priority is essential, as well as investigation more in-depth which systems cause latency and 
unreliability.

Speed advice was indicated with an arrow on the HMI as ‘speed up’ or ‘slow down’. The 
countdown

As mentioned in section 0 above A-TLCs made it potentially confusing for drivers if they 
experienced sudden and large jumps in the time to green countdown. Therefore, showing 
seconds (as a countdown) on the HMI was not an option. It was decided to show the colour 
of the traffic light and a ‘count down radar’. In this manner it was possible to speed up or 
slow down the count without users noticing.

90% of drivers said after use, that they would like to have the information permanently.

6.5.7.1 Technical Evaluation

What is the reliability of the (mobile) communication network (TE_RQ 1)?
During the operational phase of the pilot no major outages were reported by Be-Mobile.

What is the end-to-end latency of the information (TE_RQ 4)?
The average latency between sending and receiving a Signal Request Message (SRM) was 
1180ms. An SRM message requesting a new priority takes 1380ms and requesting an 
update takes 1090ms.

The average time between sending the SRM message until the confirmation Signal Status 
Message (SSM) message:

o Request: 1,37 seconds;
o Processing: 2,83 seconds;
o Granted: 12,09 seconds;
o Rejected: 6,92 seconds.

A big variation between the A-TLCs was seen. A-TLCs PRU-K0123 and PRU-K0124 took 
between 17 and 20 seconds to grant the request, for the other TLCs this is 8 to 9 seconds. 
This is being further investigated by the system provider.

What is the reliability of the predictions of the tunnel metering prediction (TE_RQ 4)?
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A comparison between the given predictions and actual tunnel metering data shows that 
tunnel metering is frequently predicted when there is in fact no tunnel metering active. 35% 
of all predictions used in the FLUX-app predicted tunnel metering within the next hour but 
only in 6% of these cases there was tunnel metering present in one of the four tunnel tubes. 
In 65% of all predictions no tunnel metering within the next hour was predicted, which was 
true in at least 93% of these predictions.

The current implementation of the optimal routing advice also discards all routes with tunnel 
metering: trucks are advised to avoid the tunnel in these cases. In practice this method 
seems to inflexible and it seems more realistic to use predicted delay to determine the 
optimal route.

In 33% of the predictions, tunnel metering was predicted but there was no tunnel metering 
active in any of the four tunnel tubes (False Positive).

6% of the predictions where tunnel metering was predicted tunnel metering was active.

In 60% percent of the situations, no tunnel metering was predicted within an hour and there 
was no tunnel metering in any of the four tunnel tubes within that hour.

Prediction accuracy is currently being researched by MAPtm, but it is thought that more time 
is needed when training the fine tune algorithm.

6.5.7.2 User Acceptance Evaluation

POSITIVE NEGATIVE
Service was able to reduce stopping at red 
lights which a 55% of drivers agreed with

45% of drivers would like the Route Advice 
permanently in their vehicle

Drivers would like to receive earlier information 
about whether or not they are given priority at 

traffic lights so they can anticipate their actions

Jumps in information were seen with the A-
TLCs

Route advice was deemed similar to Waze or 
GoogleMaps

 A third of drivers did not use the Route Advice service during the test period.
 The route advice was the same as the usual route for just over half of drivers.
 A third found the advice useful
 A third found the service distracting at times.

Main conclusions for the use case "Priority at intersections":

 20% of the respondents perceived priority at traffic.
 Nearly half rated the service as useful.
 A third of drivers felt more at ease driving with the service.
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Some users were not using the service as intended, they either didn’t enter a route or didn’t 
enter their waypoints. This means that they did not get route advice or priority at traffic lights, 
although the system will still provide time-to-green and time-to-red alerts.

6.5.7.3 Impact Evaluation

Ability to make use of priority and benefit of priority

In total, from all trips where priority was requested 92.4% of trucks did not have to stop for 
the A-TLC. The priority service reduced the number of times heavy traffic must stop at a 
traffic light by more than half.

A-TLC information

A-TLCs in the Netherlands are adaptive to traffic conditions which means that a countdown 
in seconds could increase or decrease significantly on approach to the lights. In 10% of the 
stages the predicted time varied more than 30 seconds and in 2.5% of the stages the 
variation was more than 60 seconds.

6.5.7.4 Benefits Realisation

The Route Advice for heavy vehicles aims to provide optimal routes with the least delays to 
drivers of heavy vehicles, resulting in a reduction of lost time and reduces driving hours.

With Balanced Priority heavy vehicles, the service reduces the number of times heavy traffic 
must stop at a traffic light by 10%. This reduces both congestion and pollution.
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6.6 Benefits Realisation

Users felt they had an increased situational awareness and of the current road information 
which increased a feeling of comfort. This should see a reduction in stress and possibly road 
rage, and therefore an increase in the safety of other road users.

Whilst all drivers armed with advance information regarding traffic light status and lane 
guidance, will be encouraged to adopt appropriate speed choices and early lane selection 
therefore reducing the risk of collision with pedestrians and other road users. A further 
increase in safety should be seen with a reduction in roadside furniture and infrastructure.

Based on the preliminary survey findings, a significant percentage of drivers armed with 
advanced information about traffics lights say they will adjust their speed accordingly; feel 
more at ease driving and be more likely to take a smoother passage through the junction. 
This is especially true for HGV drivers who will be keen to reduce gear changes. Smoother 
driving is known to reduce congestion, which should provide better junction throughput.

C-ITS could see a reduction in the installation and operating costs of roadside infrastructure, 
if IVS and PVD penetration is sufficient then expensive roadside message signs and related 
infrastructure could be removed. This could also have the additional safety benefit that VMS 
maintainers and installers will not have to work at height.

Cost benefits would also be significant, for instance reduced infrastructure to roll out and 
maintain, reduced fuel consumption and a possible reduction in accidents gained by less 
agitated drivers.

IVS has the capability of providing other information besides speed and lane advice, such as 
“Salting in Progress” and “Obstruction in Road”.

Environmental gains can be achieved via multiple paths; for instance, a reduction in roadside 
infrastructure will result in less concrete, and in turn C02 gas which is by-product. Other 
gains can be made from smoother driving and calmer drivers; both helping to reduce the 
production of harmful gases. Early presentation of RWW and IVS information to truck drivers 
in particular should see an increase in safety and reduced fuel consumption and emissions.

If the data format and the content of the information is standardized, and data is made 
accessible via APIs more service providers will enter the market allowing road operators to 
easily exchange data with third party application suppliers. Resulting in up-to-date and more 
data-intense information. Moreover, the shared architecture could potentially accelerate 
innovations and public-private cooperation. The end-user will benefit from better quality 
information which will result in improved the travel time, travel time reliability and safety.

By using MCTO, haulage planners could advise drivers to take a ‘Tacho break’ before going 
to the terminal. Logistic companies that have their own depot at the terminal, which means 
that a decision could be made to unload the container at their own depot. This could free up 
resources for a new trip. If many trucking companies used MCTO it could mean a small 
decrease in truck traffic on the highway, which would have a major impact on waiting times 
at the port. There should be a small boost to the economy through greater efficiencies 
gained by reduced waiting times.

C-ITS has the ability to provide all of this information in one app as opposed to several. 
Integration into existing app such as Waze, TomTom or Here Wego. As such, some of the 
services e.g. IVS, RWW and TL, in combination with route-navigation and with a higher level 
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of service quality, would have a higher potential for commercial roll out. In contrast, services 
such as GLOSA (when optimised), can more easily be used ‘standalone’ and as a result this 
application often raised highest interest with drivers, as is very distinct from existing ITS 
matrix messages seen on the road.

All of the services tested in the milestone have capability to impact the environment, drivers 
and other road users for the better, whether it is through reduced: travel time, accidents, 
stress and congestion. Other positive benefits include; cleaner air, cost reductions to both 
drivers and road operators. Finally, softer societal benefits could include, improved mental 
health, a reduction in hours associated with work, reduced road noise.

Projects under C-Roads can take the learning from InterCor and build on these for even 
more successful future C-ITS Pilots.

Further detail on service specific benefits are discussed in the service summaries 6.5 given 
above.

6.7 Recommendations

6.7.1 HMI implementation observations
It is highly recommended that further development is carried out to address the issues 
caused by adaptive light controllers, some of which could be solved by use of slightly 
different HMI e.g. the Dutch Tunnel Logistics Pilot used a ‘radar’ representation of the time to 
green/red countdown rather than a specific number to reduce any noticeable timing changes 
to the driver.

Many participants expressed that the HMI was too big, and if the system was integrated into 
a Sat Nav this would be much more beneficial. Additionally, an integrated service could 
improve drivers’ understanding of the exact location of road features (e.g. traffic lights) of 
events (e.g. road works, road closure) or traffic conditions (e.g. congestion, accidents, 
obstructions).

The perceived usefulness of the service would be much improved if the system was to show 
only journey relevant information such as time to next junction, lane/road closures, possible 
diversion routes, accidents and congestion ahead of the planned route.

Customisability as an important feature: To improve the value of the service, it was 
suggested to make it customisable, to meet the needs of different profiles of road users and 
journey purposes.

A few participants commented that they felt they paid more attention to the messages they 
saw on the HMI than they would if it was displayed on the overhead gantry.

Some participants found that when the road was heavily congested, it was difficult to read 
and follow the HMI messages. They found there was too much information at times, and if 
the road was busy, they decided to make sure they were driving safely and felt they could 
not do this if they followed the HMI.

Some participants suggested that the position of the HMI was intrusive to their drive, but this 
is thought to be because the HMI was overly large. Some users were not aware of warnings 
and this could be improved by placing the HMI closer to the line of sight of the participant.
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There were divided opinions about the audible sound alert that came with in-vehicle 
notifications. Some participants did not find them intrusive at all while others commented that 
they caused a distraction and frustration when notifications were repetitive.

Though, they indicated that they are more aware of the speed limits on the road and a 
considerable number of participants indicated that they immediately reacted to the 
information presented on the HMI.

A good aspect of the HMI is that most drivers indicated that they did not find the speed 
assistant in the car too disturbing.

Overall the feedback showed that there is a great potential for the technology to increase 
compliance with signage when the information is presented in a more personal way in the 
vehicle. This will require taking on board and implementing all the feedback and learning 
above to produce a better integrated system; working with leading car manufacturers and 
service providers to ensure the road operator perspectives, particularly around safety and 
driver distraction, are maintained as services move towards larger scale, commercial roll out.

6.7.2 Lessons Learned
The aim of this section is to say what a future project might now do differently based on the 
experience gained within the InterCor project.

From these tests we have learned: that the technology works; common specifications are 
possible and can achieve interoperability of services across borders; Hybrid communications 
is very effective, and the cellular system performs adequately. However, the service 
specifications / descriptions could be improved to ensure no less scope for natural developer 
variance. The TESTFEST report findings in this respect [7] are an excellent reference for 
future projects.

In terms of overall system architectures deployed, in general the communications latency 
between back-end servers was low and had no impact on ITS services. Interoperable 
communication using PKI security was successfully demonstrated. However, for national roll 
out, both of these require further development.

Users liked the services offered and indicated they would use them. The HMI has a massive 
impact on the user acceptance of services. As such the recommendations above should be 
taken into account in any future C-ITS pilot evaluations.

GLOSA is problematic when used in conjunction with existing highly optimised and adaptive 
traffic signals. The existing traffic control systems will need to be modified to enable the 
creation of C-ITS services. Simulation can assist in this which wasn’t part of the InterCor 
project scope but is planned as follow on work within some Member States to better 
understand this further. Learning from C-Roads pilots piloting GLOSA can also be used.

Impact assessments are difficult due to the scale and duration of the project, larger fleets 
and naked roads would allow for a clearer result. Data logging (common or not) is key to 
good evaluation results and can take much more work than anticipated.

The InterCor IF2 operated properly and guaranteed interoperability of ITS services through 
cellular networks. This learning can be used by Pilots who adopt the latest version of the C-
Roads interface that is now defined for this same purpose. The cellular performances were 
very promising when compared ITS-G5 performances even when using current 4G 
technology. The cellular roaming process is problematic for service continuity. During 
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roaming when crossing country borders, the coverage was not available for more than one 
minute. Fill in using other technologies would be advised e.g. ITS-G5 to provide continuity 
when crossing borders.

It would be useful to have some form of supplier technical team on site during testing to 
quickly resolve issues (especially in early stages of testing). This is something that needs to 
be considered during procurement budgets and ‘ring fenced’ accordingly.

GLOSA with SCOOT (or other A-TLCs) and bus priority is difficult to implement, but the 
interaction also caused countdown timers to jump back up, etc. For their tunnel logistics 
service, the Dutch implemented a slightly different approach for their HMI – rather than a 
countdown clock, they implemented a circular graphic that slowly filled as the end of the 
timer approaches; this allowed fluctuations to be masked (see image below).

Other C-Road pilots should consider using something similar if piloting GLOSA in a non-
fixed time environment.

With respect to MCTO, the logistic companies taking part in the study generally had no 
problem sharing the data from their fleet (vehicle ID, position and direction). They were open 
to the next phase where also information about origin, destination and information about the 
load is shared. The key to success of a further pilot is the provision of the tool providing 
useful information for their planning processes; further stakeholder engagement is 
recommended. Truck drivers need consulting also; The truck drivers did not quite share this 
enthusiasm. While their feedback was limited to few drivers from Bogaert, this reluctance 
has been expected as a possible difficulty in deploying C-ITS onboard trucks by logistics 
experts and is worthy of mention. 

It is also not a guarantee that the planners will start to work with the MTCO tool by 
themselves, they will require encouragement and support from road operators.

The first few stages of the project took longer than expected. The project definition, design 
and funding took a lot of time and was complex because of the many parties involved. This 
needs to be agreed and instigated as a collective programme board, taking into account 
what approval processes specific MS partners may have with respect to their own national 
policies and procedures, to enable the programme board to plan in any critical path 
procurement items as part of an overall high-level project programme.
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6.7.3 Future Work
When implementing the technology, it should also be investigated, if the additional 
information is increasing the mental workload of drivers. Where possible, adding extra 
physical screens should be avoided and (where possible) an integration within existing in-car 
technology is favourable.

Further testing is recommended to estimate user perceptions about the accuracy, timeliness 
and trustworthiness of the service. Due to the naturalistic nature of the user trials, it was 
impossible to predict when and how often IVS - Speed Signage requiring behavioural 
response, would be experienced by participants. Therefore, testing in a more controlled 
environment is recommended to collected in-depth feedback about the quality of the service 
in specific scenarios (e.g. congestion, accident ahead etc.).

For future research it is recommended to see whether an evaluation plan can be formulated 
in which the VMS roadside system is a controlled variable so that the individual effects from 
VMS and in-car information can be distinguished. Moreover, it could be beneficial to validate 
whether the IVS service is providing the correct information at the correct time since both the 
data collected for the impact assessment and the results from the user questionnaires 
indicated that the information was not always correct.

Connected vehicles can share their position and intentions with intelligent road 
infrastructure. As such, it is highly plausible that the need for more intelligent intersections 
will increase and more EU member states will apply this principle in the future.

The delivery and the reliability of the GLOSA information to drivers are arguably not yet at a 
desired level for a commercial service. Based on the results from both the quantitative and 
qualitative User Acceptance evaluations it seems apparent that the choice for highly 
adaptive regulations interferes with the reliability of the information presented to drivers 
through the GLOSA assistant. It is therefore highly recommended that further development 
is carried out to address the issues caused by adaptive light controllers, some of which could 
be solved by use of slightly different HMI.

Another recommendation for future research is to apply clustering of events (on e.g. similar 
traffic characteristics) and then conduct separate analyses of the IVS service on different 
road configuration and the behavioural response of the driver (e.g. the behavioural response 
can be different on straight road sections compared to weaving areas). Especially because 
the latter group often already increases the distribution of speeds.

For future research it is advisable that further effort is being put in the corresponding 
baseline test, possibly in combination with a pilot setup in which the VMS is a controlled 
variable. Furthermore, it can also be worthwhile to investigate whether the RWW events can 
be clustered based on road characteristics so that similar road configurations are compared. 
Moreover, it could be beneficial for the analysis to cluster different speed limits within this 
analysis. A recommendation for future work is therefore to include the VMS as a controlled 
variable within the evaluation plan.

A common HMI should be developed and used for C-Roads.

The testing should be scaled up to ensure impact studies have greater statistical 
significance. Look for reliable methods to measure improvements in safety, throughput and 
emissions.
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In conjunction with this, national rollout models should ensure interfaces with existing traffic 
control systems are further optimised / developed and end to end security considerations 
fully investigated and tested (including penetration testing).

Finally, a network digitisation gap analysis of the national network should be undertaken to 
meet the granularity requirements of the identified services, with shared common procedures 
and tools to produce the necessary C-ITS messages sets e.g. MAPs, IVI message traces 
etc.
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8 Annex 1: Additional Detailed Results – Technical Evaluation

Annex 1 can be found within the accompanying document titled ‘InterCor M13 Pilot 
Evaluation Report – Detailed Results Annexes’ [6].
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9 Annex 2 Additional Detailed Results – Impact Evaluation

Annex 2 can be found within the accompanying document titled ‘InterCor M13 Pilot 
Evaluation Report – Detailed Results Annexes’ [6].
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10 Annex 3: Additional Detailed Results – User Acceptance

Annex 3 can be found within the accompanying document titled ‘InterCor M13 Pilot 
Evaluation Report – Detailed Results Annexes’ [6].
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