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VRU Vulnerable Road User 

VSL Variable Speed Limit 

WP Work Package 

WTH Willingness-to-Have 

WTP Willingness-to-Pay 

WWD  Wrong Way Driving 
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Executive Summary  
SAFE STRIP aims to introduce a disruptive technology that will achieve to embed C-

ITS applications in existing road infrastructure, including novel I2V and V2I, as well 

as VMS/VSL functions into low-cost, integrated strips markers on the road; to make 

roads self-explanatory and forgiving for all road users (trucks, cars and vulnerable 

road users, such as PTWs riders) and all vehicle generations (non-equipped, C-ITS 

equipped, autonomous), with reduced maintenance cost, full recyclability and added 

value services, as well as supporting real-time predictive road maintenance functions.  

 

The vast potential of SAFE STRIP will be demonstrated through 9 Use Cases 

reflecting specific applications (or applications clusters) as follows:  

1. Virtual Cooperative safety function 

2. Enhanced Cooperative safety function 

3. Road wear level and predictive road maintenance  

4. Rail crossing and road works safety functions 

5. Merging and Intersection Support: e2Call 

6. Personalised VMS/VDS and Traffic Centre Information 

7. Autonomous vehicles support 

8. Virtual Toll Collection - for non-autonomous vehicles 

9. Parking booking and charging 

 

The upper goal of the current Deliverable is to present the Use Cases of the project 

that will constitute the reference for all future implementation and demonstration 

activities that will take place in the project. All of the aforementioned Use Cases are c 

considered Essential for the project Consortium, apart from the added value ones, 

namely the “Virtual Toll Collection for non-autonomous vehicles” and the “Parking 

booking and charging” (last in the ranking) that will be Secondary, in the sense that 

will be also implemented and demonstrated, but, with some flexibility in the QoS 

indicators thresholds set.   

   

The Use Cases of the project have been resulted in the context of WP1: 

“Benchmarking and Use Cases”, upon a defined user-centered methodological 

approach and are reflecting all the relevant stakeholders’ needs as well as the SAB 

and Consortium experts’ views and filtering. The most relevant stakeholders to SAFE 

STRIP are namely the drivers and riders, the OEM’s, the road infrastructure 

operators, the road infrastructure integrators/constructors, the authorities, the Tier 1 

(mostly) but also Tier 2 suppliers and the research/academia world.    

 

To complement the stakeholders’ needs and according to the methodology defined, 

the accidents/incidents statistics related to SAFE STRIP have been reviewed (and 

taken into account in the prioritisation of the Use Cases). Also, the Directives and 

regulations that are relevant to road pavement implementations have been reviewed in 

order to allow the recognition of all relevant restrictions that should be taken into 

account in the specification and implementation phases.  

 

Chapter 1 introduces this document purpose, intended audience and interrelations, 

Chapter 2 reminds the project aim and objectives and Chapter 3 presents the 

iterative methodological approach followed for the development of the project Use 
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Cases. Chapter 4 reports on the need leading initially to SAFE STRIP, which is 

justified through a targeted accident/incident analysis and the recognition of current 

gaps and needs in infrastructure world as being revealed through facts (operational 

costs and problems, etc.). Chapter 5 summarises the relevant restrictions as imposed 

by standards and Directives from the infrastructure point of view, whereas Chapter 6 

presents the stakeholders’ needs, as those have been captured through on-line and in-

depth surveys. 326 respondents participated in the online survey and 67 in-depth 

interviews took place (overall 431 respondents from 10 countries). Next to the needs 

and views of the interviewed stakeholders, the additional feedback provided by the 

experts who attended the 1
st
 Pan-European workshop of SAFE STRIP (on the 27

th
 

September 2017 in Thessaloniki, Greece), the SAFE STRIP Consortium view and the 

feedback provided by the Scientific Advisory Board in the first (virtual) meeting 

convened with its members, have been taken into consideration for the final 

aggregated outcomes that have been reflected in the project Use Cases.  Chapter 7 

provides the updated status of the living benchmarking database of the project, that 

has been previously described in D1.1 and is also available on-line 

(http://safestrip.eu/benchmarking-database/) and which is going to support the 

specifications work of WP2. The database is currently encompassing 147 individual 

fields, spread between 14 different tables and has 32 distinct entries. It has 158 

distinct records that are spread among various technological clusters of the project 

(batteries, C-ITS applications/technologies, communication module products, 

encapsulation materials, energy harvesting and energy management modules, 

infrastructure materials and solutions, microcontrollers, sensors and RTD projects). 

Chapter 8 describes in a concise manner the 9 project Use Cases, presenting for each 

the main goals, functions, technologies, restrictions and prerequisites, initial 

specifications to be taken into consideration in WP2, their starting point and 

anticipated added value as well as the most indicative application scenarios that will 

be transformed to evaluation scenarios in both WP5 technical validation and WP6 

user pilots. Chapter 9 concludes the document and lists the key next steps following 

the issue of project Use Cases. Annex A provides the survey forms used in the on-line 

and in-depth surveys, Annex B provides the agenda and registration list of the 1
st
 Pan-

European workshop, Annex C provides the template used for the description of each 

Use Case, Annex D provides the statistical analysis of the stakeholders’ and experts’ 

surveys, Annex E provides the 1
st
 SAB virtual meeting agenda that focused on the 

project Use Cases and Annex F provides details on the content of the database.  

 

The first near future iterations of Use Cases – according to the iterative process 

defined in the current document – will take place in WP2, whereas the current 

document will internally be a “living” document reflecting all changes emerging from 

upcoming iterations. Next to that, the Use Cases Guide that will be published in the 

project web site, as a simpler version of the current document Use Cases, will be 

respectively updated following the progress of the project.  
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1 Introduction  

1.1 Purpose of the Document 
This document aims to present the project target Use Cases, which are reflecting the 

priority applications of the project. Use Cases have been developed upon a concise 

manner, serving also as a compliance checklist for the implementation phase to 

follow, whereas they reflect the current relevant need as this is recognised through 

accidents/incidents and road authorities factual reports and, also, as captured through 

stakeholders’ surveys and the 1
st
 Pan-European workshop. Next to them, they also 

reflect the SAB and Consortium experts’ views. The process followed for the 

emergence of the project Use Cases has been based upon an iterative user-centered 

methodological approach that has been defined early in the project. The project Use 

Cases – in their current format and future iterations – aim to provide the basis for all 

the specifications, development and demonstration/pilot activities to follow in the 

project and that should be fully respecting them.    

1.2 Intended audience 
This Deliverable is public and as such, it will be made available through the project 

web site Library. All its future in internal iterations – together with the separately 

provided Use Case Guide – will be also uploaded/replaced in the project web site 

Library. The SAFE STRIP Use Cases, apart from setting up the concise context of the 

project work, can prove to be of interest of relevant projects/private initiatives dealing 

with C-ITS or infrastructure operations.  

1.3 Interrelations  
The Use Cases will constitute across the whole project lifespan the reference point for 

all development and demonstration/pilot activities. The first interrelation to take place 

in the project is in the definition of the system architecture and specifications of WP2 

that have to fulfil the context of each Use Case but also undergo (and revise if needed) 

the technical specifications set in each of them. Also, the application scenarios which 

are part of the Use Cases will be the starting point for the definition of the evaluation 

scenarios for technical and user validation in WP5 and WP6 respectively, whereas, 

the Quality of Service indicators in specific will be the starting point for the definition 

of Key Performance Indicators (KPI’s) in the context of WP6. According to the 

iterative methodology defined, they might undergo revisions. Future updates of the 

Use Cases will be reflected in internal updates of the document and in the public 

“living” Use Cases Guide of the project (Annex D) as well as the system architecture, 

application and pilot plans Deliverables (D2.1, WP4 Deliverables & D6.1, D6.2 

respectively). 
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2 SAFE STRIP Project aim and objectives 
SAFE STRIP aims to introduce a disruptive technology that will achieve to embed 

C-ITS applications in existing road infrastructure, including novel I2V and V2I, 

as well as VMS/VSL functions into low-cost, integrated strips markers on the 

road; to make roads self-explanatory (with personalised in-vehicle messages) and 

forgiving (due to advanced cooperative functions) for all road users (trucks, cars and 

vulnerable road users, such as PTWs riders) and all vehicle generations (non-

equipped, C-ITS equipped, autonomous), with reduced maintenance cost, full 

recyclability and added value services, as well as supporting real-time predictive road 

maintenance functions. 

 

The project’s aim will be realised through the following objectives:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Objective 1: To develop a novel micro/nano sensorial system – called SAFE 

STRIP – integrated in road pavement tapes/ markers; that will provide advanced 

safety functions to all road users at a fraction of the cost of current I2V/V2I nodes 

and roadside equipment (VMS, VDS, etc.). 

Objective 2: To support predictive infrastructure maintenance, through dynamic 

road embedded sensors input. 

 

Objective 3: To make road infrastructure (mainly for highways and interurban 

roads but also for city rings and selected rural roads) self-explanatory (through 

personalised info in own language and preferred format provided by the system to 

each driver/rider) and forgiving (through key I2V/V2I info provided to the 

cooperative system of the vehicle; such as dynamic speed limit and friction 

coefficient factor); for all vehicle types. 

Objective 4: To extend this notion to parking depots, key intermodal nodes, such as 

railway crossings, harbor loading/uploading areas and logistic depots and –above all 

– work zone areas.    

 

Objective 5: To reduce the infrastructure operational (including VMS/VSL info and 

toll collection functions), installation and maintenance costs by orders of magnitude, 

make it nearly energy autonomous and its modules fully recyclable. 

Objective 6: To provide key info to C-ITS equipped and autonomous vehicles 

about road, weather and traffic conditions ahead, to support dynamic trajectory 

estimation and optimisation.   

 Objective 7: To support a wide range of added value services (through “pushed” 

info to the driver/rider) and facilitate the SAFE STRIP rapid market deployment and 

sustainability through efficient business models. 
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The WPs those objectives will be addressed, the specific steps that will be followed 

and the associated validation criteria as well as the implementation approach that will 

be followed (and will be revised in WP2, WP3 and WP4 in the coming months) are 

described in D8.1 [23] and, thus, are not repeated herein.  

3 Methodology  

3.1 Overall approach  
For the extraction of the Use Cases, an iterative user-centred methodology has been 

defined. The starting point has been the original goals of the project as those are set 

in the DoA. That reference point, and specifically that part encompassing the target 

applications that will serve as proof of concept of the implementation approach 

towards the integrated solution as well as the need that led to the emergence of SAFE 

STRIP overall have been investigated revisited and analysed in the context of WP1. 

More particularly, the revisiting groundwork relied on the consolidation of all 

relevant stakeholders needs, views and priorities, as those have been captured through 

on-line and in-depth surveys, the investigation of relevant accidents/incidents and 

gaps/priorities from the infrastructure point of view based on literature, the 

investigation on the legal/operational limitations on infrastructure end (as SAFE 

STRIP is mostly an infrastructure related solution) based on study of relevant 

Directives and the Consortium experts’ views.  

 

The next step was the critical review and prioritisation of them in the Pan-European 

workshop with external experts and during the first SAB (virtual) meeting with the 

respective experts.  

 

The output has been an aggregated collection of gaps, restrictions, needs, views and 

priorities that has led to the extraction of the Use Cases. The Use Cases are described 

in detail and following such a format that will later serve as compliance checklists and 

key feedback pool for the system architecture and specifications work (WP2), the 

implementation work of the applications (WP4) and the issue of pilot plans (A6.1). In 

the context of planned validation activities of the project (technical validation and 

user trials), that will be conducted in 4 rounds, each iteration round will lead to an 

optimisation period (see [23] for more) that will, in turn, may lead to use cases 

revisions according to the feedback collected. In this way, the Use Cases will take 

their final form before the final 4
th

 round of the project that will basically consist of 

trials with users trying the final solution through the applications delivered to them. 

However, the key functions and goals of each Use Case, will be undoubtedly 

maintained as they are presented in this document. Revisions and iterations will 

concern proven user needs during validation as well as adjustments of the technical 

details/specifications/QoS indicators thresholds given in the current document. Still, 

Objective 8: To evaluate the system in a controlled environment (test bed in Spain, 

in France and 2 closed test tracks in Italy) and real life conditions in 2 sites 

(highways in Greece and Italy) with 4 car and 3 PTW demonstrators, validate its 

performance, evaluate user interface and acceptance aspects and, finally, assess its 

impacts to safety, mobility, the environment and European industrial 

competitiveness. 
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through the iterative process followed, SAFE STRIP will ensure that its goals, as 

those are reflected through its Use Cases, are fully respecting user needs and 

priorities.  

 

 
 
Figure 1: Iterative user-centered approach followed for the development of Use Cases in 

SAFE STRIP. 

3.2 Stakeholders’ surveys  
All aforementioned are extensively reported in the current document. This section is 

focusing mostly on the stakeholders’ surveys which constitute a core part of the 

groundwork mentioned above. As mentioned in [23], SAFE STRIP relevant 

stakeholder clusters are namely the drivers and riders, the OEM’s, the road 

infrastructure operators, the road infrastructure integrators/constructors, the 

authorities, the Tier 1 (mostly) but also Tier 2 suppliers and the research/academia 

world.    

 

As such, both the on-line and in-depth surveys addressed all of them. The objective of 

the surveys (as it can be seen from the forms provided in Annex A) were to collect the 

views, concerns, needs and priorities of all stakeholders clusters. Focus was the 

originally intended applications (reflected through the project Use Cases); still, 

questions regarding the implementation approach and several aspects of it as well as 

about the future penetration and business cases of the project have been included to 

support the corresponding activities of the project later.  

 

The on-line survey was conducted through soscisurvey (https://www.soscisurvey.de). 

It was anonymised and promoted through SAFE STRIP social media, web site, 

Partners and User Forum members. The in-depth survey, which is superset of the on-

line survey (meaning that it includes all parts of the on-line survey plus additional 

1 
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more targeted questions), was conducted with the contribution of all A1.1 participants 

- upon a specific allocation plan defined by the WP leader – that identified experts 

from each cluster and conducted interviews with them.    

 

Both surveys, as it can be seen in Annex A, encompass a General Section and 

Clusters specific sections targeting each stakeholder group. In both surveys, no 

personal information was collected and, hence, this report does not include gender, 

age, Socio-Economic Status (SES) and background information apart from the ones 

that are essential for clustering the users.  

 

As an outcome, 326 respondents participated in the online survey and 67 

interviews took place for the in-depth survey. Thus, overall, 431 respondents 

participated from 10 countries. The following chart shows the overall 

representation from targeted user clusters in the countries.   

 

 
Figure 2: Overall country representation (%) per user cluster (online and in-depth survey). 

 

Overall 174 drivers and riders participated in all conducted surveys (i.e., online and 

in-depth) apart from the workshop, where all participants were considered as experts 

towards the total sample calculations. Over 90% of respondents came from Italy and 

Greece (Figure 3).  
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Figure 3: Overall drivers/ riders’ country representation OEMs.  

 

31 OEMs participated in the surveys (i.e., online and in-depth). Over 85% of 

respondents came from Italy and France (see figure below).  

 

 
Figure 4: Overall OEMs’ country representation/ 

 

40 road infrastructure operators participated in the surveys.  Over 70% of 

respondents came from Italy and Greece. 

 

 
Figure 5: Overall road infrastructure operators’ country representation. 

 

23 road infrastructure operators participated in the surveys. Over 65% of 

respondents came from Austria and Greece. 
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Figure 6: Overall road infrastructure integrators/ constructors’ country representation.  

 

8 authority representatives participated in both the on-line (6) and in-depth surveys 

(2) from Italy, Greece and Germany. 

 

 
Figure 7: Authorities representatives representation.  

 

12 suppliers participated only in the online and in-depth survey, coming from France 

and Italy.  

 

 
Figure 8: Tier 1 & Tier 2 suppliers’ country representation. 

 

99 researchers participated in all conducted surveys (i.e. online and in-depth) from 9 

countries. Over 65% of respondents came from Italy, Greece and France.  
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Figure 9: Researchers’ country representation. 

 

Finally, there were 6 respondents from France that selected the other category, 

meaning that their background does not correspond to any of the existing user 

clusters, but did not explain in which other cluster they belong to. 

3.3 Data analysis’ steps 
Data collected from the online and in-depth surveys are presented separately per user 

cluster addressed in the project, within section 6 and Annex D, where descriptive 

statistics (i.e. percentages, numbers and frequencies) are provided for the quantitative 

results. Average rankings were calculated for question items that respondents were 

asked to rank certain aspects and then based on average ranking, the relevant priorities 

were derived (this is applicable i.e., for impacts, applications, etc. where ranking was 

requested). In specific for the context of use priorities analysis, priority (first to show) 

scenarios have been selected, when collecting at least 75% of the responses, followed 

by those options collecting less responses (but not <30%).  

 

The same approach was followed for the analysis of results coming also from 

Consortium experts, SAB experts and experts participating in the Pan-European 

workshop. The aggregated data from all sources (qualitative and quantitative both) are 

presented in section 6.10 of this document. Thus, analysis was performed first per 

user cluster and separate for each data source. Secondly, data were aggregated for all 

applicable data sources (i.e. common question items among different data sources) 

and presented in this closing part of the analysis. The consolidated qualitative and 

quantitative results have led to the formulation of the Use Cases. It should be stressed, 

though, that the case specific fields of the Use Cases (i.e. scenarios, technical 

prerequisites, etc.) have been described by the Consortium experts; still, taking into 

account when applicable the outcomes of the surveys and investigations.  

4 The Need  
SAFE STRIP targeted technologies aim to support the driver in the most critical and 

dangerous circumstances that may occur in a driving environment, having also the 

added value of the ability to be functional in “all vehicles” at the same time being 

cost-efficient. The need that led to SAFE STRIP project conceptualization emergence 

has been typically discussed in the project proposal (later GA). In this section, a more 

in-depth discussion of the facts that stress the importance of SAFE STRIP for safe and 

cost-efficient mobility follows.  
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4.1 Accidents – Incidents statistics 

4.1.1 Passenger Vehicles 

In 2014, 11733 car occupants were killed in road accidents in the EU which 

represents 45% of all road fatalities. Out of them, 8188 were drivers and 3452 were 

passengers, while the highest numbers of car occupant fatalities were recorded in 

France (1.664), Germany (1.579) and Italy (1.497). The following table shows the 

percentage of car occupant fatalities in the EU. Over the 10 year period, the 

percentage of car occupant fatalities was reduced only by 12%. 

 
Table 1: Percentage of car occupant fatalities of all road fatalities, 2005-2014 [CARE 

database, data available in May 2016]. 

 
The following table indicates that in 2014, the majority of driver fatalities in the EU 

countries were male (81%) and at the age of 25 to 49 years. 

 

Table 2: Total number and distribution of car driver fatalities by country, age and 

gender [CARE database, data available in May 2016]. 
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69% of car occupant fatalities in the EU countries occurred outside urban areas on 

non-motorways. 
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Figure 10: Distribution of car occupant fatalities by country and road type, 2014 or latest year 

[CARE database, data available in May 2016]. 

 
Table 3: Total number and distribution of car occupant fatalities by country and time of day, 

2014 or latest available year [CARE database, data available in May 2016]. 
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Also, the highest percentage of fatalities was recorded between 16:00 and 20:00, 

while 34% of car occupant fatalities occurred either on a Saturday or a Sunday. 

 
Table 4: Total number and distribution of car occupant fatalities by country and day of the 

week, 2014 or last available year [CARE database, data available in May 2016]. 

 

4.1.2 Motorcycles/PTWs 

From the 26000 people killed in road accidents throughout the EU during reference 

year 2014, Powered Two Wheelers (PTW) accounted for 17% of those fatalities. 

This number has decreased by almost 56% as compared to 2005 but the numbers still 

remain rather high, explaining the focus of the project. 
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Figure 11: Motorcycle and moped rider fatalities per milion population in the EU. 2005 and 

2014 or latest available year [CARE database, data available in May 2016]. 

 

The above figure presents the particularly high fatality rate of PTWs in 2014 in 

Greece (where there is a test site in Attiki Odos and it is a good opportunity to 

consider any positive effects SAFE STRIP may have in this area). The number of 

PTW fatalities as a proportion of the total national number of fatalities varied in the 

EU countries from 4% (Romania) to 37% (Greece). In Italy and Spain (SAFE STRIP 

test sites) the corresponding percentage is 24% and 20% respectively (which is quite 

high). 

 

The majority of PTW fatalities in all countries occurred on non-motorways. The 

majority of moped fatalities occurred in urban areas whereas the majority of 

motorcycle accidents in rural areas. 
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Table 5: PTW rider fatalities as percentage of the total number of road accident fatalities by 

country, 2005-2014 or latest available year [CARE database, data available in May 2016]. 
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Table 6: Motorcycle and moped rider fatalities by area, road type and country, 2014 or latest 

available year [CARE database, data available in May 2016]. 

 
 

It is quite interesting that about 13% of the links between causes are observed to be 

between ‘faulty diagnosis’ and ‘information failure’. This is one of the key gaps 
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SAFE STRIP comes to fill in through its infrastructure oriented system that aims to 

give reliable and in-time information.  

 
Table 7: Ten (10) most frequent links between causes - PTW riders [SafetyNet Accident 

Causation Database 2005 to 2008 / EC]. 

 
 

Faulty diagnosis is an incorrect or incomplete understanding of road conditions or 

another road user’s actions. It is linked to both information failure (for example, a 

rider thinking another vehicle was moving when it was in fact stopped and colliding 

with it) and communication failure (for example, pulling out in the continuing path of 

a driver who has indicated for a turn too early). The main cause leading to inadequate 

plan is lack of knowledge (for example, not understanding a complex junction layout), 

followed by psychological stress. 

4.1.3 Accidents per key road type 

4.1.4 Junctions 

In 2014, about 26000 people were killed in road accidents throughout the EU of 

whom at least 5000 were killed in road accidents at junctions which still represents a 

reduction of 40% since 2005. 
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Figure 12: Number of junction fatalities and all road fatalities, EU 2005-2014 [CARE 

database, data available in May 2016]. 

 

The proportion of fatalities occurring at junctions is higher for the age group 65+ for 

both females and males. As such, it seems that in this case there is some need for 

personalized information to specific road users’ cohorts, that SAFE STRIP 

personalization work (WP5) should take into account.  

 

 
Figure 13: Percentage of junction fatalities by age group and gender, EU, 2014 [CARE 

database, data available in May 2016]. 

 

60% of fatalities occurring at junctions are vulnerable road users, while the proportion 

of pedestrians in junction fatalities has been steadily increasing in the last years [21]. 

 

Error! Reference source not found. shows the distribution of junction fatalities by 

type of road, which on EU average is highest for urban roads. This result implies 

that a merging application is of high priority for urban environments.   
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Figure 14: Distribution of road fatalities by country and road type, 2014 or latest available 

year [CARE database, data available in May 2016]. 

 

Also, data from CARE show that incidence of fatalities in junction accidents vary 

with weather condition. The following table presents the proportion of fatalities that 

occurred at a junction for each weather condition. The highest percentage applies for 

dry conditions (20%) and the lowest in adverse condition e.g. snow (10%). Table 9: 

repeats the analysis for lighting condition. The proportion of fatalities occurring at 

junctions was highest for accidents in the dark with lighting and lowest in the dark 

with no lighting. This, however, probably reflects the tendency for street lighting to be 

installed at junctions. 

 
Table 8: Number and distribution of road fatalities by ''junction'' and weather condition and 

percentage of junction fatalities by weather condition, EU, 2014 [CARE database, data 

available in May 2016]. 
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Table 9: Number and distribution of road fatalities by ''junction'' and lighting condition and 

percentage of junction fatalities by lighting condition, EU, 2014 [CARE database, data 

available in May 2016]. 

 
 

Table 10 shows the most frequent links recorded between causes for drivers and riders 

in junction accidents. 16% of the links between causes are observed to be between 

‘faulty diagnosis’ and ‘information failure’. 

 
Table 10: Ten most frequent links between causes - drivers/riders, junction accidents 

[SafetyNet Accident Causation Database 2005 to 2008 / EC]. 

 
 

‘Observation missed’ general category is recorded most frequently and the causes 

leading to that can be seen to fall into two groups, physical ‘obstruction to view’ type 

causes (e.g. parked cars at a junction) and human factors (e.g. not observing a red 

light due to distraction or inattention). 
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4.1.5 Urban areas 

Out of all road accident fatalities in 2014, 38% took place on urban roads (9923 killed 

people). Inside urban areas, 39% of the fatalities were pedestrians compared to 11% 

outside urban areas [CARE database 2016]. SAFE STRIP addresses the need for 

pedestrial safety in the context of its targeted cooperative safety applications.   

 

4.1.6 Motorways 

There were 3558 road accident fatalities on motorways in 2005, and the number 

decreased by 48% in 2014 (1865). The total number of road accident fatalities in the 

EU countries also fell significantly over the same decade, by 42%. Although the 

overall number of road fatalities decreased rather steadily, the trend for motorway 

fatalities has been more variable. The following table shows the percentages of road 

accident fatalities that occurred on motorways by country between 2005-2014. Spain 

had the highest percentage of fatalities on motorways in 2014 in the EU (17%), 

followed by Belgium (15%), Slovenia (13%) and the Netherlands (12%). On the 

contrary, the lowest proportion of fatalities occurring on motorways was in Romania 

(1%) and Poland (2%). Though motorway accidents have decreased significantly the 

last decade, in absolute numbers they are still high which implies that there is still 

room for safety initiatives in this direction.  

 
Table 11: Percentage of fatalities on motorways of all road fatalities by country, 2005-2014 

[CARE database, data available in May 2016]. 
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Figure 15: Distribution of fatalities on motorways and on other types of roads by country, 

2014 or latest available year [CARE database, data available in May 2016]. 

 

 
Figure 16: Motorway fatality rates per 1.000 km of motorways by country, EU, 2005 and 

2014 or latest available year [EUROSTAT, EC, IRF for road length data, data available in 

May 2016]. 

 

Only a low percentage of fatalities were pedestrians (6% - 16%, depending on age 

group) [CARE]. The percentage of driver fatalities on motorways is higher for the 50-

64 age group (67%), followed by the 25-49 age group (61%).  The majority of killed 

aged under 18 years were passengers (94%). On non-motorway roads, the percentage 

of drivers’ fatalities is the highest in the 25-49 age group (73%). Young road users  

(up  to  18  years  old)  were  mostly  killed  as  passengers  on  non-motorway  roads  

(45%). 

 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017  36  

 
Figure 17: Distribution of fatalities on motorways by country and mode of transport, 2014 or 

latest available year [CARE database, data available in May 2016]. 

 

It is worth noticing that in 2014, less than 10% of the fatalities occurring on 

motorways in the EU countries were users of two wheeled vehicles (motorcycle, 

moped or pedal cycle users), with Ireland and Greece having the highest  percentages  

(25%  and  20% respectively). Still, 27% of fatalities on non-motorway roads were 

two wheeled vehicle users. 47% of the fatalities on motorways in the EU countries 

occurred in accidents during daylight or twilight. The respective percentage for the 

remaining road network in the EU appears to be only slightly higher (54%). Note that 

the high percentage of fatalities for which the lighting condition is “not defined” 

means that the actual percentages are rather higher [CARE database 2016]. 

 

 
Figure 18: Distribution of fatalities on motorways and non-motorway road network by 

lighting conditions, EU, 2014 or latest available year [CARE database, data available in May 

2016]. 

 

Furthermore, 32% of the fatalities on motorways occurred in darkness, whereas on 

non-motorway network, the respective percentage is lower, almost 28%. The 

percentage of “not defined” fatalities by lighting conditions is lower on non-

motorway network (18%) than on motorways (21%). 
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4.1.7 Railway crossings 

Railways accidents occurred in level crossings comprise the second biggest cause of 

accidents with a 25% turnout (based on data provided by UNECE).  

 
Figure 19: Breakdown of significant accidents per type [EU-28: 2011-2013]. 

 

If all EU Member States currently performing above the current EU average (EU-28) 

could achieve a railway fatality risk equal to the EU-28, the overall fatality rate would 

drop by 40% to 0.16 fatalities per million train kilometers, a value comparable to best 

performing countries worldwide. This would bring a significant reduction in 

economic costs of accidents (€0.5 billion in terms of prevented casualties alone) and 

the convergence of safety performance levels [22]. As such, SAFE STRIP railway 

crossing application is considered to be one of the most significant ones as road safety 

is concerned.   

4.2 ITS impact on safety and traffic efficiency 

4.2.1 Road/ pavement condition 

A study conducted by the National Cooperative Highway Research Program 

(NCHRP) showed that there is a direct correlation between the number of 

accidents and the skid resistance value [28]. The study shows that as pavement 

friction levels decreases, there is a corresponding increase in crash rates. The study 

conducted by the Swedish National Road and Transport Research Institute 

reinforces the theory that accidents increase in slippery condition. A recent study 

provides a correlation between the Pavement Condition Score (PCS or mentioned as 

RCS ‘Road Condition Score’), as this has been proposed by Owolabi (2012) [1] and 

number of crashes as well as PCS and number of people injured [38]. The proposed 

[1] (or RCS) has been developed to predict the rate of deterioration of the road surface 

over the infrastructure lifespan. The models used to determine the Pavement 

Condition Index include potholes, cracks, rut and patches as well as International 

Roughness Index (IRI) which is an expression of irregularities in pavement surface. 
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Figure 20: Relationship between normalized number of crashes and Road Condition Score 

[38].  

 

 
Figure 21: Relationship between number of people injured and RCS [38]. 

  

Pavement Condition Score is directly linked to the undertaken maintenance of the 

infrastructure which is in turn absolutely correlated to the available funding. In the 

EU-28 for 2013, the maintenance expenditures in road infrastructure was 10490,62 

million € presenting a continuous decrease since 2006, which it may force future 

maintenance funds to be more efficiently distributed based on the critical road 

sections. SAFE STRIP is well placed in this context, as road pavement condition is 

one of the key road attributes that aims to detect in a series of applications for both 

road users and operators.  
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Figure 22: Maintenance expenditures in road infrastructure in the EU, 2001-2013 (M€) 

[Source: ITF].  

4.2.2 VMS & VDS 

Data provided by Attiki Odos in Greece and A22 in Italy indicate that a typical 

European highway bears approx. 1 Variable Message Sign (VMS) every 1 to 1,5 

kilometers. Supply and installation of new VMS depend on the construction of new 

highways across the European Union which differs in each country (different level of 

infrastructure advancement and also the traffic needs can vary greatly); still the needs 

(based on the above figures) are still considerable in some countries (e.g. Greece has 

planned highways under construction of 294km which translates into approx. 200-300 

new VMS’s, while for Germany, having a more advanced road network, the 

respective need is about 30-35 VMS’s). A price estimation of ca 80.000 euros [48] for 

each VMS is given by the U.S. Department of Transportation (only for supply and 

operation; let alone the additional operational and maintenance costs).  

 

A detailed investigation shows that most drivers have a positive response to VMS 

messages, no matter the cause or the reason [40]. 

 
Table 12: Responses to VMS requesting change of route [40]. 

 
 

The above result and other user surveys indicate that generally most drivers are 

positive towards the kind of information provided through VMS.  

 

Still, a survey for the evaluation of six VMS in Trondheim, Norway has shown that 

although re-routing information shown on VMS helps reducing travel times (during a 
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whole year, it is assumed that incident information on VMS will reduce travel times 

by 255 hours at Okstadbakken, by 36 hours at Ila and by 241 hours at Moholtlia), this 

can lead to an increased number of crashes, as it can make drivers to brake or to 

change lane unexpectedly (on annual basis, the number of fatal crashes is expected to 

increase by 2.9%, 1.6% and 0.3% at Okstadbakken, Moholtlia and Ila respectively). 

No positive effects on traffic efficiency were recognized due to traffic congestion 

warnings, possibly because the VMS were not working as intended (Alena Hoye, 

2011). These problems may possibly limit down by improving the readability and 

comprehensibility of VMS messages. The need of the transmitted information to the 

driver to be more personalized is enhanced by the tendency of the drivers to adapt 

their driving behavior depending on their understanding of the VMS. Results show 

large speed reductions (reduction of more than 5%) and large proportions of vehicles 

braking while approaching a VMS if the sign is not understood [26].  

 

It is made evident that there is a specific market for SAFE STRIP personalized VMS 

target application which aims to replace VMS as well as VDS bringing significant 

economic savings to road authorities but also to provide personalized and accurate 

warnings to the drivers/riders (to confront with the above reported issue).  

4.2.3 Toll stations 

Most highways in Europe comprise a toll collection scheme.  Those sites are critical 

sections of roads which present increased accident rates based on analysis and 

comparisons carried out between toll plazas and locations where Open Road Tolling 

(ORT) systems where deployed which shows a decrease by about 24% after the 

deployment [52].  

 

An indicative construction price of a typical toll plaza (approx. 10 booths) is 

estimated by ATTD to be around 10 M€, including all the necessary infrastructure and 

equipment. 

 

An environmental research regarding the magnitude of ultrafine particle levels at 

highway toll station revealed that levels of hourly average ultrafine particles at the 

tollbooth were about 3-6 times higher than those in urban contexts [7]. 

 

It is also very interesting to pay attention (in the table below) at the numbers provided 

by ATTD about the vehicles that passed through the toll booths without paying the 

legitimate fee. The total loss for Attikes Diadromes S.A. since 2009 is about 3M€. It 

is thus made evident that SAFE STRIP toll application can bring positive impact in 

both accident rates, environment but also cost efficiency.   

 
Table 13: Number of vehicles in Attiki Odos (Greece) which did not pay the toll fees [Source: 

ATTD]. 

Reference Time Number of escaped vehicles 

Jan - Dec 2009 110.285 

Jan - Dec  2010 125.885 

Jan - Dec  2011 229.333 

Jan - Dec  2012 152.850 

Jan – Dec 2013 108.762 

Jan - Dec  2014 83.916 

Jan - Dec  2015 93.748 

Jan - Dec  2016 96.134 
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Jan - Dec  2017 70.915 

Total: 1.071.828 

4.2.4 Traffic Management Centers (TMC) 

The proper functionality of the road network relies on the quality/ quantity and speed 

of the incoming information collected by camera or other surveillance systems 

installed on the infrastructure. ATTD has reported a mean current response time of 

6.4m (for 2016). This can be greatly enhanced through SAFE STRIP, that aims to 

provide both more reliable and more in-time information to the drivers and operators.   

5 Directives & regulations  

5.1 Introduction  
It is quite important that, prior to the needs and views incoming from the involved 

stakeholders’, and as SAFE STRIP is a project focusing on infrastructure intelligence 

and implementation, the respective thresholds from this end, as provided by the 

relevant Directives and other regulations, are recognised and set herein. The main 

field under investigation is road markings, as this is the infrastructure element that 

will finally host the on-road part of SAFE STRIP.  

 

Road surface marking is probably the most important part of road signs as it is used to 

delineate areas for different traffic uses and to denote traffic rules. Their use lies in 

multiple cases like for the notation of centre line, the separation of traffic lanes, the 

distinction of bicycle/ pedestrian zones, the provision of warning lines, guidance lines, 

edge and transverse markings, stop lines, traffic messages, notation of parking spaces, 

etc. Hence the term “marking’’ is used for any kind of device or material located on 

the road surface, placed mechanically or manually and which aims to convey official 

information from the respective road authorities side. Therefore, the use and 

placement of any sign or similar on the road surface should be governed by the 

technical and legal requirements and restrictions presented herein [47]. 

5.2 Types of road surface markings 
The specific type of road surface marking that will be finally used in SAFE STRIP to 

host the on-road sensorial and communication system that will be developed has not 

yet been defined (will be defined in WP2 and WP3 of the project). Still, the key types 

of road marking to select from are identified as follows:    

 

Paint with one or more component materials and admixtures is the most common 

way of creating low-cost and fast marking. Is it usually applied by a truck ‘’Striper’’ 

or can also be laid manually using stencils, especially if the purpose is to create 

special signs or text messages. Epoxy markings are allocated to the group of paints. 

Epoxy markings are usually a two part material which is mixed with retroeflective 

glass beads while this is sprayed on the road surface. 
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Figure 23: Paint spraying process (Source: SWM). 

 

Thermoplastic markings need a heat process to create a hydrocarbon bond. They are 

more expensive than paints but much more durable. Thermoplastic materials contain 

hydrocarbon resins as thermoplastic bonding agents. They are solvent-free and mostly 

have a processing temperature between 160°C and 220°C. During cooling down 

(solification) a connected film is formed. 

 

 
Figure 24: Thermoplastic markings (Source: SWM). 

 

Tapes are prefabricated cut into desirable shapes ready to be positioned on the road. 

Those materials are defined and their physical properties should comply with EN 

1871. 
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Figure 25: Tape application (Source: SWARCO).  

 

Raised profile markings include rumble strips and the Bott’s dots which provide 

tactile and auditory feedback as well as the reflective markers which provide 

enhanced visual feedback at night. Cat’s eye mounting is also another type of raised 

profile. 

 

 

Figure 26: Raised profile strips (Source: SWM).   

 

Road marking in SAFE STRIP will be provided by SWM and can only be defined and 

very possibly customised after the final specifications of the system are available and 

the road topologies have been concluded. It might be the case that different road 

marking may be required for different Use Cases or for different Use Cases set-up in 

different traffic contexts (highway/urban) or, even more, for different implementation 

paths that will be followed for equipped and non-equipped vehicles.   
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5.3 Relevant standards 
Whichever type of surface road marking will be used in the project – commercially 

available or custom - its application should adhere to the respective European 

standards, as follows.  

 
Table 14: European Standards. 

 Standard No  Title 

EN 1423 : 1997 Road marking materials – Wear simulators 

EN 1871 : 2000 Road markings materials – Physical properties for paint, 

thermoplastic and cold plastic 

EN 1790 : 1998 Road marking materials – Preformed road markings 

EN 1436 : 1997 Road marking materials – Road marking performance for road 

users 

EN 1424 : 1997 Road marking materials – Premix glass breads 

EN 1824 : 1998 Road Trials 

EN 13197 : 2001 Wear simulators 

EN 13459 -1 : 1999 Road marking materials – Quality control – Part 1: Sampling 

from storage and testing 

EN 13459 -2 : 1999 Road marking materials – Quality control – Part 2: Guidelines 

for preparing quality plans for materials application 

EN 13459 -3 : 1999 Road marking materials – Quality control – Part 3: 

Performance in use 

 

The key characteristics of road markings that are of SAFE STRIP concern, as being 

raised in the above Directives, are analysed in the following section. Any given 

thresholds are also provided. Those thresholds should be the absolute thresholds for 

the SAFE STRIP integrated on-road implementation that will take place in WP3 and 

WP5.  

5.4 Minimum Pavement Marking Visibility and Retroreflectivity 
The visibility of paint markings is being defined by the luminance factor β, according 

to EN 1871: 2000. 

 
Table 15: Paint markings luminance factor β. 

Colour  Class  Luminance factor β  

White  LF5  

LF6  

LF7  

≥ 0,75  

≥ 0,80  

≥ 0,85  

Yellow  LF1  

LF2  

≥ 0,40  

≥ 0,50  

 

Thermoplastic plaints luminance factor β is given in Error! Reference source not 

ound., EN 1871: 2000. 

 
Table 16: Thermoplastic luminance factor β. 

Colour  Class  Luminance factor β  

White  LF3  

LF4  

LF6  

≥ 0,65  

≥ 0,70  

≥ 0,80  

Yellow  LF1  

LF2  

≥ 0,40  

≥ 0,50  
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Tape and preformed road markings luminance factor β is given by EN 1790: 1998. 

 
Table 17: Tape and preformed road markings luminance factor β. 

Type and colour Class Class 

(as defined in 

EN1436:2009+A1) 

Luminance factor β 

Permanent 

White and yellow 

White 

Yellow 

 

B0 

B5 

B3 

 

No value requested 

≥ 0,60 

≥0,40 

Temporary 

White and yellow 

White 

Yellow 

 

B0 

B6 

B3 

 

No value requested 

≥ 0,70 

≥ 0,40 

 

Standard EN 1436:1997 gives the following general classes of luminance factor β for 

dry road markings. 

 
Table 18: Dry road markings luminance factor β. 

Road marking 

colour 

Road surface type Class Minimum luminance factor β 

White Asphaltic B0 

B2 

B3 

B4 

B5 

No performance determined 

β ≥ 0,30 

β ≥ 0,40 

β ≥  

β ≥  

Cement concrete B0 

B3 

B4 

B5 

No performance determined 

β ≥ 0,40 

β ≥ 0,50 

β ≥  

Yellow  B0 

B1 

B2 

B3 

No performance determined 

β ≥ 0,20 

β ≥ 0,30 

β ≥  

The class B0 is for when daytime visibility is achieved through the value of the 

luminance coefficient under diffuse illumination Qd, see 4.2.2. 

 

The required coefficient of retroreflected luminance for dry road markings and during 

wetness is given in Table 19 and Table 20 respectively: 
 

Table 19: Classes of RL for dry road marking. 

Road marking type and colour Class Minimum coefficient of retroreflected 

-2*lx-1 

Permanent White R0 

R2 

R3 

R4 

R5 

No performance determined 

RL ≥ 100 

RL ≥ 150 

RL ≥  

RL ≥  

Yellow R0 

R1 

R3 

No performance determined 

RL ≥ 80 

RL ≥ 150 
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Road marking type and colour Class Minimum coefficient of retroreflected 

-2*lx-1 

R4 RL ≥  

Temporary  R0 

R3 

R5 

No performance determined 

RL ≥ 150 

RL ≥ 300 

The class R0 is intended for conditions, where visibility of the road marking is achieved 

without retroreflection under vehicle headlamp illumination. 

 
Table 20: Classes of RL for road markings during wetness. 

Conditions of wetness Class Minimum coefficient of retroreflected 

-2*lx-1 

As obtained 1 min after flooding the 

surface in accordance with B.6 (same 

standard) 

RW0 

RW1 

RW2 

RW3 

RW5 

RW6 

No performance determined 

RL ≥ 25 

RL ≥ 35 

RL ≥  

RL ≥  

RL ≥ 100 

RL ≥ 150 

Class RW0 is intended for cases that this type of retroreflection is not required for economic 

or technological reasons. 

5.5 Skid resistance 
Minimum classes of skid resistance are given below [EN 1436:1997].  

 
Table 21: Classes of skid resistance. 

Class Minimum SRT value 

S0 

S1 

S2 

S3 

S4 

S5 

No performance determined 

SRT ≥ 45 

SRT ≥ 50 

SRT ≥ 55 

SRT ≥ 60 

SRT ≥ 65 

The class S0 applies when the SRT value cannot be measured. 

 

Note based on general requirements of European Standard EN 1436: 1997: Classes 

of high performance cannot always be achieved for two or more of these parameters 

simultaneously. As an example, a road marking may have drop-on glass beads or 

drop-on anti-skid aggregates, aiming at high classes of either retroreflection (RL) or 

skid resistance (SRT). In general, high classes of retroreflection and slip/skid 

resistance cannot be obtained together.  

5.6 Removability 
Tape, preformed cold plastic road markings and preformed thermoplastic road 

markings capability of being removed, without leaving permanent marks that could 

confuse the road user during different weather conditions should be tested on site, in 

accordance with Annex F of EN 1824: 1998.  

5.7 Other physical characteristics 
Other physical restrictions of materials that have to be respected are: Bleed 

resistance, UV ageing and Alkali resistance of paint markings according to EN 

1871:2000. For thermoplastic and coldplastic markings, other physical 
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characteristics according to EN 1871:2000 are Softening point, Alkali resistance, 

Cold impact, UV ageing, Heat stability, Indentation, Tröger wear. For the 

respective characteristics (exactly the same as above) of tapes or preformed road 

markings, the applicable standard is the EN 1790:1998. 

5.8 Qualitative criteria 
Qualitative criteria stand for any local configuration on the road’s surface that may 

bring changes in the overall comfort of the road users. Ride quality strongly depends 

on the vibrations, as experienced by users and induced by road surface roughness. 

Two widely known quality indices which take into account ride comfort should be 

considered, the International Roughness Index, IRI and the Pavement Condition 

Index, PCI to establish a Pavement Management Report (PMR). 

5.8.1 Pavement Condition Index (PCI) 

Pavement Condition Index (PVI) is a numerical index between 0-100 which is used to 

indicate the general condition and requires manual survey of the pavement. PCI 

processes and calculation methods have been standardized by ASTM [32; 36]. The 

survey takes into consideration various pavement distress types (e.g. cracking, 

bleeding, potholes, depressions, bumps and sags, hummocks, etc.) and can be made 

for the total length of the road or for separate smaller sections. The general PCI value 

of the road or the individual examination section should retain the same scale as 

before. 

5.8.2 International Roughness Index (IRI) 

IRI is defined as the accumulated suspension stroke in a mathematical car model 

divided by the distance travelled by the model during a simulated ride, measured in 

(mm/m) and covered by the following expression [37]:  








0

1
dtzzIRI us


, 

 

where T is the measured time. 

 
Figure 27: Quarter car model. 

 

The installation of the system on the road’s surface should not lead to a significant 

deviation from a reference benchmarking value of IRI measured on the road before 

and after the installation takes place. 
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Both indices will be taken into consideration for the applications algorithms 

warning and recommendation strategies (WP5) when referring to road 

condition.  

5.8.3 Size 

As it is obvious from the intended implementation of the project, the key restriction 

for the integrated SAFE STRIP ORU is the allowed size. This restriction is key in this 

project as all implementation is aimed to take place on road surface and not in road. 

Which implies that road safety precautions are not (naturally) allowing the placement 

of anything on the road pavement surface that will distort the natural movement of 

vehicles in any way.  

 

European regulations do not explicitly state specific values/thresholds respectively. In 

a similar way, several national regulations and annexes do not define a maximum 

thickness but leave it at the discretion of the Designer/ Engineer. It is generally 

accepted that a road marking with a higher thickness (based on paint materials 

and such) greatly reduces its skid resistance and hence a final product with 

increased thickness may not be in accordance to EN 1436.  
 

For example, the UK (former) regulation (BS 3262 – Part 3) states a maximum 

thickness of 5mm. In a similar way, the Transport Infrastructure Ireland (TII) 

publication ‘’Specification for Road Works Series 1200 – Traffic Signs and Road 

Markings’’ (publication number CC-SPW-01200) defines that the thickness of 

application shall be 4mm +/- 0.5mm on all new road surfaces.  

 

For SAFE STRIP purposes, and as it seems there is regulation gap (which has been 

also recognised by stakeholders in section 6), we have investigated the restrictions 

imposed by the end-users of the Consortium, namely A22 and ATTD, as those are the 

test sites of the project that will host real life trials. ATTD has stated that there are no 

specific restrictions regarding the strip dimensions or location from any relevant 

legislation or contractual obligation/guideline. However, the indicative dimensions 

20/10/1 cm are considered by them as the absolute maximum values (as anything 

bigger than that would jeopardise the safety of road users, especially motorcycles).  

 

Respectively, in A22 in Italy, restrictions are stricter only regarding the height (which 

is however the most critical dimension for the specific implementation). Current 

consideration is that height of additional elements on road surface cannot be more 

than 3-5mm from the pavement surface; still, as no similar implementation has taken 

place in the past, this is still under investigation and confirmation with the respective 

authorities.  

6 Stakeholders’ needs  
The following section presents the key stakeholders’ needs, views and priorities are 

those have been collected during the on-line and in-depth user needs surveys. Annex 

D provides all supportive quantitative information as being processed on each cluster 

level. This section includes also the Pan-European workshop and the SAB experts’ 

respective feedback and concludes with the key aggregated results, reflecting also the 

Consortium views.  
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6.1 Drivers/Riders  

6.1.1 On-line 

Most drivers/ riders do not believe there are any legal barriers for the SAFE STRIP 

implementation (70.4%) or any potential conflicts with existing technologies (85.2%). 

The key legal/regulatory/operational barriers from the drivers’ point of view were 

stated to be the data privacy issues (mentioned multiple times during the survey), the 

liability issues in case of system malfunctioning and the fact that in many countries, 

the road condition in many cases is so poor that an advanced cooperative installation – 

like the one envisaged by SAFE STRIP – seems redundant.  

 

Conflicts with existing road surveillance systems as well as autonomous cars 

emerging technologies and existing intelligence in equipped vehicles seem to be the 

key concerns of drivers.   

 

The most important benefits vs relevant/comparable C-ITS solutions are 

considered to be the following (mentioned multiple times in the survey):  

 Enhanced traffic safety.  

 Low cost solution, accessible to all road users.  

 Accurate and real-time dynamic information (as it will come directly from the road 

and not through indirect sources, i.e. current surveillance systems).  

 

On secondary basis, the following benefits were also mentioned:  

 Integrated use of latest advancements in the associated technological fields.  

 Shift of focus to the infrastructure, enabling a more fundamental and inclusive 

traffic safety solution. 

 Adaptive personalised information to be interfaced by the road users.  

 

While, the most significant drawbacks/weaknesses of SAFE STRIP are recognised 

to be:  

 The fact that cannot be yet clear how robust is the system due to usage, 

environmental conditions, etc. and despite the anticipations made on project level.  

 The fact that wide penetration of the system will be rather challenging due to 

hinders imposed by the road authorities; at least until its standardised version is 

available.  

 The maintenance cost and effort that will be required for all strips installed in large 

scale; it is not yet clear how the replacement of strips will take place. In addition, 

the frequency of road renovation in some countries is very slow; thus 

implementation of the system can be very slow. 

 The possible distraction of the drivers’ attention due to multiple incoming 

messages that may lead to road safety issues and non-acceptance of the system 

applications and which makes critical the HMI and personalisation work of the 

project.  

 The security aspects that may be arisen along all communication paths (for both 

equipped and non-equipped vehicles).  

 Risk of providing many services and pieces of information on the road 

environment which are not consistently merged.  

 

As aforementioned, the key safety aspect that may rise, according to the 

drivers/riders, apart from the fact that they will be obviously supported in their 
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driving tasks by reliable and up-to-date information is their possible distraction by the 

information provided from the supported applications. Also, “overconfidence” to the 

system may also emerge, due to reduced attention and situation awareness of the 

driver due to "blind trust" in automation and warnings of C-ITS applications. Finally, 

although SAFE STRIP applications aim to improve traffic efficiency, there is the risk 

that if the respective applications are not designed carefully and validated in real 

traffic environment in long term trials (further to the project Pilots), they can bring the 

exactly opposite result as they may lead to increase of the traffic context complexity 

(especially in urban environments).    

 

Also, SAFE STRIP is expected to influence a lot the penetration of automated 

vehicles in the roads with this having several implications on safety, most of which 

are already being discussed in the automation world (i.e. road sharing schema of non-

automated and automated vehicles, etc.). Especially, the application that aims to 

create virtual lanes for automated vehicles needs to be carefully designed not only on 

technical level, but also on deployment level along with recommendations on 

regulation and standardisation (i.e. how this can be really applied in real traffic 

contexts).  

 

Most respondents did not identify any security concerns (66.7%). The key security 

aspect identified by almost all the participants is the risk of hacking of personal 

information as well as the risk of providing erroneous information provision to the 

road users (this could prove especially dangerous in dangerous goods transportation 

for example).  

 

Most of the respondents consider that SAFE STRIP is expected to bring a positive 

impact in their daily mobility, increasing safety, allowing to move in less 

congestion and get prepared for unexpected events. Personalised messages  (as long 

as they are consistent and reliable) as well as the fact that non-equipped vehicles will 

have “equal” benefits with equipped and automated vehicles seem to be the most 

attractive feature of SAFE STRIP. Nevertheless, SAFE STRIP, according to drivers 

and riders, seems to be more advantageous for longer rides on freeways.  

 

Overall, according to the participating drivers and riders, SAFE STRIP seems to be 

an ambitious technological solution that aims to constitute a game changer in C-ITS; 

though requiring willingness and initiative on behalf of the operators and road 

authorities for its wide (and ideally) standardised deployment. Also, the initial 

investment as well as the maintenance cost has to be quite low and clearly specified 

until the end of the project, in order to reveal the cost-effectiveness of the solution. 

The fact that SAFE STRIP aims to complement on-board systems and replace 

expensive and infrastructure elements is the most promising feature of it. Still, the 

challenge is to apply it in a way so as to comply with current infrastructure schemas 

and regulations as mentioned above. Undoubtedly, if successfully applied, it will give 

a boost to penetration and effectiveness of existing ADAS/ARAS both. The first 

context to host it, should be motorways, as implementation seems easier but, also, the 

impact is seen to be bigger.   

One of the recommendations given was that a small HUD display could be connected 

to the smartphone for more efficient and safe use of the applications in non-equipped 

vehicles. Also, an interesting recommendation was that it would be nice to provide a 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017  51  

configuration of the system to the drivers/riders that combine all applications through 

one single interface.  

 

Drivers and riders showed an overall positive attitude towards SAFE STRIP. 

Especially riders participating in the survey seem to be fond of the system. In specific, 

81.5% drivers and riders stated that they will benefit from SAFE STRIP product. 

Almost equal number of respondents are willing to pay between €20 and €50 (33.3%) 

and between €51 and €100 (29.6%). This means that a price over €100 might not be 

accepted by potential buyers. Equal number of users (18.5% respectively) are willing 

to pay less or even more to obtain SAFE STRIP.  

 

Virtual ADAS/ARAS and Merging/intersection applications were of highest priority 

(by average) compared to Virtual Toll Collection (for non-autonomous vehicles) that 

appears to be the application with the lowest priority. SAFE STRIP plazas (permanent 

installation for a series of traffic scenarios) are considered to be a reality for the 

majority until 2030, whereas standardized SAFE STRIPs until 2050. The info-nodes 

and mobile SAFE STRIPS are expected sooner by the vast majority (2020) (see 

respective tables in Annex D).  

6.1.2 In-depth 

Drivers/riders are divided whether there are legal/regulatory/operational barriers 

(40.8%) or not. In specific, SAFE STRIP should be definitely in compliance with the 

safety regulations and operational procedures that the various road operators and 

authorities have in place. Also various issues arise regarding the accuracy and 

reliability of the data provided (where, for example, Road Operators Liabilities and 

Insurance Companies should be involved). In general, the use of private data seems to 

be the most sensitive issue of SAFE STRIP intended applications and the liability of 

the information/data providers and HMI are considered challenging issues that need to 

be tackled in legal terms. 

 

An additional point that was raised in this part of the surveys was the lack of legal 

framework for both the infrastructure end and the applicable legislation concerning 

tracking location. Both issues should be addressed prior to any wide deployment of 

SAFE STRIP.  

 

The most significant benefits of SAFE STRIP compared to relevant/comparable C-

ITS solutions were reported as follows:  

 The fact that the proposed solution will be the end product of the cooperation of all 

types of involved parties (end-users, infrastructure operators, R & D companies, 

Academia & Equipment Manufacturers) gives an increased probability of 

exploitable application that will be accepted by all counterparts.  

 SAFE STRIP is likely to introduce new technologies that are “easier” and cheaper 

to spread in large scale while at the same time will require minimum or zero 

disruption of road infrastructure and of road operation during installation, 

increasing significantly drivers’ safety and services level through real time useful 

traffic information and necessary warnings. 

 The (even future) potential of SAFE STRIP to host all intended applications under 

one umbrella, which is expected to improve not only safety but also comfort of the 

drivers/riders.  
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 The fact that all vehicle generations and cohorts can be potentially addressed 

(perhaps through different configurations).  

 The fact that on-road sensorial systems will contribute with more reliable and in-

time information that will be at the same time personalized.  

 

Whilst, the most important drawbacks/weaknesses were considered to be the 

competitive market of OEM’s on-board systems, as mentioned above, the market 

penetration which is expected to be slow due to lack of legal/operational framework, 

the security threats (i.e. hacking) and any communication instability that will 

jeopardise the robustness of the seamless operation of the system. Driver distraction 

and increase of driver reaction time was again mentioned as the key challenge for 

drivers together with the (unclear so far) maintenance cost for the road authorities. 

The encapsulation/protection part is also seen as a challenge, in case of adverse 

weather and traffic (heavy load) conditions. One of the most well-aimed remarks has 

been the fact that infrastructures have already been built with toll stations and VMS 

signs which will need to be depreciated before been discarded (still SAFE STRIP – at 

least in first place - aims to target first new motorways that are in need of new 

systems rather than replacing ones that are already in place). It may also take some 

years for SAFE STRIP to be part of the daily routines of drivers/riders (after its 

technical deployment). Finally, the robustness of the application is way too important 

as any flaw in communication or information communicated itself may lead to 

enormous safety or traffic problems.  

 

Almost, 73% of respondents reported potential conflicts. In specific, respondents 

stressed the need for harmonisation with existing traffic management systems and 

processes, eCall regulation, current electronic toll collection, current research and 

development activity about road transportation and vehicle technologies that are yet 

to be fully integrated or standardized (i.e. regarding IoT and C-ITS). Also, there 

might be an overlapping with on-board systems (i.e. the interference to the perception 

system of the on-board systems has to be done very carefully) but also aftermarket 

accessors (i.e. Tom-Tom navigator). Nevertheless, interoperability across Europe and 

standardisation, along with the regulatory framework, should be inevitably the key 

aspects to be addressed in the project, whereas the fact that communication 

technologies are changing rapidly (G5, 4G, 5G, DSRC, 5G) may also be a hindering 

factor. For sure, the use of the system on mandatory/standardised basis would be the 

key enabler for the maximisation of its impact.  

 

The fact that SAFE STRIP is aiming to replace current VMS, Toll stations, etc. is 

both promising but quite intimidating for some markets; competition is expected to be 

quite challenging. The on-road strips have to be employed on most of the motorways 

for the VMS/VDS to be effective. This would be possible only with a considerable 

commitment of the public administration.  

 

Drivers/riders stated that many and new commercial applications can arise from the 

use of the data produced by SAFE STRIP, whereas the system architecture should be 

open to allow for easy integration of different modules from different operators. Also, 

as soon as a network of sensors is deployed, there is a data market potential where 3
rd

 

parties can join and make use of the data. 

 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017  53  

According to the most of them, the business potential could be very high, under the 

following conditions: that it is proved functional, efficient, reliable, user friendly, with 

low/reasonable cost installation and services. A very important prerequisite is the 

acceptance by the drivers and the change of their driving mentality (progressively). 

Interaction with the automotive world can be a kernel issue, in the long term, because 

some of the manufacturers tend to stay apart from I2V and from V2I, preferring to be 

fully anonymous; the possibility to enter the mobile world via smartphones apps could 

be leveraged; in that case cooperation with major navigation/information actors (e.g. 

Here, Gmaps, Waze…) could become a big asset. In any case, manufacturers should 

agree on integrating the standard equipment in their (equipped) vehicles.  

 

Anticipated personalisation is also deemed important (especially for elderly drivers). 

Nevertheless, it is a system that should be extensively tested in real traffic conditions 

before real deployment, so that it will be possible to detect real risks and 

malfunctions.  

 

For about half of the respondents, there are some security aspects, related mostly to 

the hacking of personal data and the security of the sensorial platform, whereas, as m 

mentioned again, the key safety issue is the distraction of the driver as well as the 

overlapping and compatibility with existing safety systems in equipped vehicles. 

Especially, in the autonomous vehicles case, but also in the other equipped vehicles, 

there is always the risk of over-reliance to the system. It is important that HMI work 

should focus on prioritisation of the information/warning provided depending on their 

severity, in order to reduce the workload and, perhaps, give to the driver the ability to 

choose which messages they want to receive. 

 

It was also stressed that strips on the road should comply with current marking 

standards and restrictions – which is in the SAFE STRIP intentions; a first 

investigation has been already held in section 5 of this document. Also respondents 

agreed that the installation and maintenance processes have to be clarified and be 

effective. The reliability and validity of the information provided is the most 

important QoS indicator. For example, it would be totally unacceptable if the road 

signs information would not be consistent with that coming from the road sensorial 

platform. Also, it should be assured that all implementation will conform to 

regulations regarding road pavement attributes thresholds. Finally, the interaction 

between equipped, non-equipped and autonomous vehicles is not an easy task. 

 

An interesting extension would be the liaison to enforcement (i.e. for speed limits 

violation, when payment in virtual toll stations is passed by, etc.). Also, according to 

the drivers and despite the current anticipation of the project, the strip is better to be 

embedded in the pavement. Attention should be also paid to magnetic and radio 

waves. Some interesting extensions mentioned from some drivers/riders were the 

possibility to get information about risky driving behaviours on the road or when a 

police pursuit takes place or even if an ambulance needs way to pass through the 

traffic.  

 

Overall, SAFE STRIP, if properly designed and implemented could be a major 

disruptive innovation that together with other emerging technologies (e.g. automation) 

will revolutionise future transportation for both road users and operators (as long as it 

is not expensive). Undoubtedly, the fact that addresses also older, unequipped 
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vehicles, can bridge the long transition towards a fully assisted driving. Still, 

maintenance and technical challenges are not easy to address.  

 

Added value of SAFE STRIP according to the drivers/riders lies in the personalised 

warnings that correspond to reliable, dynamically updated information directly from 

the road, which can directly affect safety and mobility.  

 

The highest priority in this case is also given to the Virtual ADAS/ARAS function and 

the lowest one to Parking booking and charging. However, merging/intersection 

support application is not ranked so high as in the on-line survey of drivers. The 

outcomes regarding the expected time horizon of SAFE STRIP deployment are quite 

similar with the on-line outcomes (see respective table in Annex D). Still, in this case, 

the standardized version of SAFE STRIP is expected earlier by the vast majority (up 

to 2030 by 62.5% of the respondents).   

 

Most drivers seem to be willing to pay a high price to have and benefit from SAFE 

STRIP since the majority (40%) of them would be willing to spend an amount 100-

500€ while the rest equally find the range of 50-100€ and the range of 20-50€ 

respectively more attractive. For the equipment of the PTWs the vast majority is 

willing to pay a cost between 50€ and 100€.   

 

The key traffic cases/scenarios in which SAFE STRIP could prove useful, according 

to the drivers/riders, are road accidents, road pavement failures, road 

construction/maintenance works, traffic congestion, adverse weather conditions, 

dangerous cross sections, incidents ahead, risky situations in intersections, night 

driving, unfamiliar road situations in all applicable contexts, especially when there is 

totally lack of support related to road safety and traffic.  

6.2 OEM’s 

6.2.1 On-line 

Most respondents do not believe there are any legal barriers for the SAFE STRIP 

implementation (60%). Still, the few legal/regulatory/operational barriers 

identified, are mostly associated with user acceptance, cost of deployment (for their 

vehicles), challenging implementation for the cooperative safety applications, the 

merging and intersection application and the autonomous applications, in order to 

fulfil the safety targets and the data privacy regulations that have to be respected.  

 

Only 20% of OEM’s thought that there are potential conflicts with existing 

technologies, basically on-board systems (which is quite encouraging). 

 

Most important benefits of SAFE STRIP vs. relevant/comparable C-ITS solutions – 

very similar to the drivers’ perception – is that SAFE STRIP:  

 Will be providing reliable and up to date information about road status, that will be 

also lane-specific and able to reflect changing road condition.  

 Aims to be a low-cost solution that is requiring only a communication module 

from the vehicle end and is also retrofitting older vehicles.  

 

The most significant drawbacks/weaknesses of SAFE STRIP are as follows:  
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 SAFE STRIP is an infrastructure-oriented solution. Usually, infrastructure 

developments are under the authority of public entities: delays and funding 

problems are very likely. 

 The energy management of the ORU’s is the most challenging part of the 

technological solution. 

 Finally, 40% of them identified as weaknesses of the project the amount of 

transmitted data in relation to the communication protocol that is used and how 

tunnels and similar scenarios could affect the reliability of the positioning system. 

 

Security aspects have been raised by 60% of the respondents. They deal mostly with 

privacy issues and automated functions robustness, whereas the key safety aspect 

according to OEM’s is the interference with Vulnerable Road Users (VRU) safety.   

 

Overall, OEM’s reported in their vast majority that SAFE STRIP is an interesting 

concept but quite challenging in many technical and operational aspects. The most 

considerable impact is expected in motorways and urban intersections, while the 

potential to support pedestrian improvement is also important. Nevertheless, the fact 

that infrastructure is becoming a real active node of C-ITS and transport management 

is the most innovative feature of the project.  

 

Nevertheless, the system should comply (if not advance) existing standards (ETSI 

ITS-G5, ISO 26262).  

 

Unanimously, respondents agreed that SAFE STRIP requires a pilot application 

period before deployment and that it should be included in the next C-ITS roadmap. 

Road safety, mobility and traffic efficiency are considered the most important impacts, 

SAFE STRIP should target, whereas driver comfort is the last one (see relevant table 

in Annex D). Merging/intersection application was the highest ranked one in 

opposition to the Parking booking and charging application that is the one receiving 

the lowest average ranking.  

 

Highway and bad weather conditions when driving in passenger cars seem to be the 

highest priority contexts for SAFE STRIP. Road information that would be 

considered critical encompasses speed alert (100%), information about a static 

obstacle ahead in their journey (79.3%) and heavy traffic information (58.6%).  

 

All respondents are interested to have and benefit from SAFE STRIP with the 

addition/integration of extra equipment in their vehicle (microcontroller receiving real 

time info & processing unit supporting decision making). In specific, respondents 

believe that an acceptable cost for obtaining the SAFE STRIP product would be either 

less than €20 (40%) or more than €100 (40%). On the contrary, they are willing/ 

expecting to pay more than €100 for SAFE STRIP to be used with PTWs (60% of 

them).  What is very positive, is that all respondents stated that would be willing to 

adapt the perception system of their vehicle intelligent functions to benefit from 

SAFE STRIP real time information. All of them thought that the provision of real 

time and accurate information (about passive, active and dynamic environmental 

attributes) would be a clear upgrade of the vehicle intelligence. Nevertheless, OEM’s 

recognised that SAFE STRIP will be slightly more useful for equipped (60%) than 

non-equipped vehicles (40%) (as the existing intelligence would help providing a 

more holistic application). Willingness to pay for SAFE STRIP maintenance costs 
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was not clear, as answers were quite diverse (i.e. ranged from free to less than €20 

and €200).  

 

Still, OEM’s seem more conservative regarding the deployment of SAFE STRIP, as 

Info-nodes and Mobile SAFE STRIPs may be a feasible case study until 2020, but 

SAFE STRIP plazas will not be there until 2030 (according to them) and, furthermore, 

standardised SAFE STRIPs does not seem feasible until 2050. 

6.2.2 In-depth 

Both participants, herein, agreed that there are legal/ regulatory/ operational barriers 

in the deployment of the system with only one of them anticipating any conflict with 

other existing or emerging technologies. The key barrier according to OEM’s 

participating the in-depth survey is the liability of infrastructure-based information, 

when applied to autonomous driving. Also, legal aspects related to data treatment and 

diffusion, privacy and sensitive personal information protection have to be taken into 

consideration as possible barriers.  

 

The in-depth survey OEM’s agreed in their vast majority that the fact that SAFE 

STRIP addresses both equipped and non-equipped vehicles is the most innovative 

feature (at least from the automotive world point of view), whereas the fact that it is 

infrastructure-based, it implies that it has no strong dependence on the number of 

vehicles having SAFE STRIP technologies (e.g. compared to V2V solutions). It is 

also important that it is tackled at pan-European level, in the sense that results can be 

promoted in advance too many (and different types of) stakeholders. Last but not 

least, it is extremely important that SAFE STRIP does not affect current vehicle 

architecture (no need of additional sensors and dedicated ECU), but, on the other 

hand, it constitutes an additional information source, improving reliability of ADAS.  

 

Still, key disadvantages lie in the fact that SAFE STRIP is a totally new technology, 

not on a product improvement, and being a public funded initiative, while ensuring a 

wide-target and giving enormous social benefits in case of success, could be 

surpassed by private consortia or single-company initiatives, which might be eased, 

compared to SAFE STRIP, in terms of timing and flexibility in intellectual property 

rights management.  

 

The prerequisites making SAFE STRIP a success story lie in the Intellectual 

Property Rights management and the good development of a concise Exploitation 

Plan before the end of the project. Also, a necessary technical condition is the 

definition of the sensor typology for each different set-up required in different context 

as well as the infrastructure-sensor and infrastructure-vehicle communication 

channels. 

 

Security aspects are basically related to cybersecurity (the system maybe unstable 

and not functioning, may be modifying vehicle behaviour, the protection of 

infrastructure to vehicle communication and the interception and modification of 

info).  

 

To enable its business potential, SAFE STRIP Consortium should involve more 

infrastructure stakeholders (even external ones), promote SAFE STRIP to external 

third-parties for its effective exploitation and evaluate external 
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collaboration/partnerships, while for non-equipped vehicles, SAFE STRIP should 

benefit of future mobile network performances (e.g. 5G), whereas IEEE802.11p for 

V2I communication should be certainly one of the key standards SAFE STRIP will 

work with.  

 

Key weaknesses, according to OEM’s, lie in the power requirements of the ORU and 

the communication challenges.   

 

Overall, OEM’s agreed that SAFE STRIP objectives look very ambitious, therefore 

due effort has to be devoted since the beginning focusing on technical and economic 

feasibility aspects that could significantly affect the social impact of the solution. 

Also, a pilot application period of at least 6 months – progressing from closed test 

tracks to public roads with different types of vehicles- seems really necessary before 

application in order to test the reliability of the system in providing useful, reliable 

and in-time information (from infrastructure) and in processing it (on 

vehicle/cloud/mobile).  

 

Deployment potential agrees with the on-line survey outcomes for OEM’s (with 

slightly different % though – see Annex D for more). The applications of highest 

priority according to the OEM’s interviewed are the Virtual ADAS/ARAS and the 

Merging/ intersection support, whereas, again, parking booking and charging has 

ranked last again. Almost all the traffic contexts, vehicle clusters and 

environmental/external conditions sensing have been selected as important for being 

addressed by SAFE STRIP.  

 

Both participants agree in a similar acceptable cost range for the implementation of 

the system with that being around 20-50€ for the car, truck and bus solution, and, 

around 0-20€ for the PTW solution. Regarding maintenance, OEMs would be willing 

to pay less than 20€ (additional cost) on annual basis. 

 

The key risks recognised are related to the exploitation of SAFE STRIP; the long way 

for it turning from research prototype to product but also the fact that until that phase, 

external to the Consortium third parties may invent something similar and competing, 

protect its knowledge or even interfere with SAFE STRIP planned invention (IPR 

issue). As such, there has been a strong recommendation from OEM’s interviewed to 

involve external companies which may be interested in industrializing the system, 

prepare a business plan and protect knowledge. 

6.3 Road infrastructure operators  

6.3.1 On-line 

The most important legal/ regulatory/ operational barriers from the road 

infrastructure operators’ point of view are legislation regarding the personal data 

collected and their privacy as well as the size and location of the sensors, parameters 

which affect the difficulty level for installation/ maintenance and removal of the 

system.  

 

It is quite optimistic, though, that operators in their vast majority (66.7%) do not 

consider any special conflicts with existing/ current standardization framework for the 

operation and use of the roads. 
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The most important benefits of SAFE STRIP compared to relevant/ comparable 

C-ITS solutions are mentioned to be the following: 

 Low cost C-ITS system. 

 Enabling of predictive road maintenance functions. 

 System addressing both equipped and non-equipped vehicles. 

 Road safety is expected to be improved. 

 Direct (and improved) communication between infrastructure and traffic 

management centre. 

 Real time information to drivers about traffic/ accidents/ work zones. 

 Better integration of Connected Autonomous Vehicles (CAVs), which is the key 

current concern of operators. 

 

On the other hand, the following are mentioned to be the most significant drawbacks 

of SAFE STRIP: 

 The system seems exposed to infrastructure and environmental conditions. 

 Possible complicated synergy between OEM’s and road operators. 

 By the time of completion and marketing, other technologies might make it 

obsolete. 

 

80% of respondents do not anticipate any security issues related to the deployment of 

SAFE STRIP technologies. However, 17% of respondents thought that the most 

challenging security aspect is the protection of personal data collected by the system 

as well as the overall protection against possible cyber-attacks as this can immediate 

threaten the safety of the road users. 

 

The overall impression of the participants is expressed to be as more than positive 

about the project, recognising a big potential to the functionality and interoperability 

it can bring in C-ITS (most operators (83.3%) stated that SAFE STRIP should be 

included in the next C-ITS roadmap). It is found to be very positive that an innovative 

project as this aims to enhance road safety while at the same time can aid both drivers 

and road operators. 

 

The highest priority applications according to road operators are the Merging/ 

intersection support application, the Road wear level and predictive road 

maintenance application, and, once again, the Parking booking and charging 

application has received the lowest ranking. Road safety and traffic efficiency are the 

most important impacts that should be targeted, whereas cost-efficiency was an 

additional impact recognised by them.  

 

Participants’ answers waver to set a time value for the minimum lifetime of the 

intelligent strip. The answers range between 12 and 120 months. This can be 

justified from the fact that different road operators have different needs or 

maintenance schedule and, also, national legal frameworks may define different 

parameters with regard to pavement maintenance/ replacement or coating.  It is also 

proposed that the intelligent strip should have a comparable lifespan to other existing 

technologies currently being installed on the infrastructure such as a VMS which has 

approximately a maintenance cycle of 15 years (180 months).  
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Regarding the deployment of the system, and similarly to other clusters interviewed, 

SAFE STRIP Plazas and standardised SAFE STRIPs business cases are the ones 

expected to require considerable time for implementation and appear to be feasible in 

the long run (mostly in 2030 and somewhat in 2050 for the standardised ones), 

whereas SAFE STRIP in info-nodes and mobile SAFE STRIPs could be feasible up to 

2020/25 and for sure up to 2030.  

 

All respondents (100%) are interested to have and benefit from SAFE STRIP. 83.3% 

of them could not estimate or suggest a specific amount; still, one operator suggested 

that the amount should not surpass existing offered services/instrumentations, 

including any related maintenance costs. It appears that respondents are divided about 

the way of installation, i.e. half believe it should be removable (50%) and the other 

half stated that it should be permanent (50%). As they recommended, it is important 

to further investigate the technical prerequisites as soon as the final solution will be 

available, as well as the benefits/ pitfalls related to either a temporary or permanent 

road solution.   

6.3.2 In-depth 

The road infrastructure operators participating in the in-depth survey identified the 

possible issues pertaining to personal data protection, the different legal framework 

within EU for the ITS platform and the legal and operational issues arising from the 

use of the system (liability issues, timeliness, accuracy, responsibility taking in case 

of system malfunctioning, etc.) to be the major legal/ regulatory/ operational 

barriers of SAFE STRIP.  

 

An important aspect that could prove an operational barrier of the system according to 

the participants is its designed dimensions and location on the road pavement, as it 

needs to allow for safe and easy installation (lane closures) and its dimensions should 

not pose a threat to the moving vehicles (most noted PTWs). 

 

Biggest anticipated conflicts are expected with other applications which provide 

traffic condition information, even though these are recognised to be complementary 

and do not pose an actual threat. Compliance with communication protocols (V2X, 

I2X, LTE, MQTT) is also necessary.   

 

The most important (multiple times mentioned) expected benefits are the real time 

information to road users about prevailing road conditions and ADAS implementation 

to both equipped and non-equipped vehicles. Other benefits include accurate 

information sent to the operators about the infrastructure but also sent from the 

operators to essential/ critical road sections instead via VMS or other existing means 

which are located in fixed points of the infrastructure. The most important ambition of 

infrastructure operators is the reduction of maintenance cost of VMS and toll stations 

infrastructures.  

 

One of the biggest advantages of SAFE STRIP according to them is the fast and real 

time information provision, which, however, can also lead to being a significant 

drawback, since information is not validated and fed from/to TMC. Other 

disadvantages can be the time to full implementation with respect to market 

penetration and the technological development in this field can either make the 

product being obsolete by the time of completion or demerit it in case of technological 
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gaps. Other issues which need to be clarified to the operators is the collateral accuracy 

and possible maintenance (calibration) required to the sensors. 

 

The biggest business potential of SAFE STRIP according to the operators is 

connected to road safety. Quality of transmitted information is crucial to ensure safety 

while it can also provide valuable assistance for the main cause of accidents 

recognition. If successful, it can lead to a significant reduction in operating costs (less 

equipment, less unskilled personnel) and increase in quality of services (increased 

number of services and skilled personnel). One road operator proposed the creation of 

different versions of the system such as basic or full range, to cover different needs 

(urban, highway, etc.). 

 

The security and safety aspects of the system which would concern the operators 

where ranked in order of significance. The aspects found first (most significant) are: 

 Safety of data transmission. 

 Legal responsibility in case of system malfunction. 

 Robustness of the sensor/ sensors (heavy duty specifications). 

 

Those in the second place include: 

 Personal data protection. 

 Driver distraction. 

 Accuracy of the sensors. 

 

The definition of a traffic information management model has been proposed as an 

improvement to the solution. 

 

Overall, the operators obtained a positive impression regarding SAFE STRIP. Road 

workzones and (unprotected) railway crossing warning and Road wear level and 

predictive road maintenance applications were the ones received the highest ranking, 

whereas Parking booking and charging is the one with the lowest ranking. Road 

safety is a priority also for this cluster, but in this case, operational support is also 

recognised as a high priority impact.  
 

Road pavement status and adverse weather condition seems to be the most critical 

road infrastructure information to be provided by road strip to the TMC. Useful 

information to the TMC would be an accident/ incident notification sent either 

directly from the vehicle or from other infrastructure elements to the strip. 

 

While the slight majority of the operators (57%) think that the installed strip should be 

permanently attached on the road they seem to be sceptical about it as there are 

arguments to support both answers. The permanent solution would be preferred for its 

durability against environmental exposure or minor works on the surface of the road 

and to reinforce safety in critical sites/ zones. The detachable solution is proposed for 

use in heavy-traffic roads which undergo some sort of maintenance every 3-5 years 

and for its capacity to be used in short term to denote a temporary work zone. More 

important for the choice is the relative cost of the system and the specific road site/ 

section characteristics. One of them also expressed the desire for progressive partial 

installation of the system with respect to the major planned roadworks. 
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The road infrastructure operators provided some figures for the minimum and 

maximum allowed dimensions required by European or national law or on entity’s 

practices. The maximum dimension in width is 10cm (in case the strip acts as a road 

marking) or the size of the whole lane in case the strip is “invisible”. Respective 

maximum dimension for the length is 50cm (again in case of the strip acting as a road 

marking). The reported maximum height/ thickness of the strip (this is defined as the 

distance which the strip protrudes from the surface) differs between operators and 

countries with the lowest value being 3mm and the greater 10mm. 

   

Additionally to the European legislation, national bodies can set specific restrictions 

from the side of the infrastructure regarding elements placed on the road. Such bodies 

can be each country’s Ministry of Transport (and/or infrastructure) or other entities 

which often regulate such issues by the means of codes (e.g. Highway Code for 

highways). The codes for Italy and Spain (test sites) are Highway Code (from the 

Italian Ministry of Infrastructure and Transport) and “Codigo de Trafico y Seguridad 

Vial’’ respectively. According to the road operators’ answers in reference to the 

current regulation, restrictions exist mainly on operational level and relate to the 

installation and maintenance (lane closures) of the system and the preservation of the 

characteristics of the road surface (skid resistance, adherence, etc.). No risks or 

restrictions were reported if the road unit is hosted in a road marker as long as it 

respects the relevant road marking regulation. 

  

The above national and European codes define the appropriate colours for all types of 

road markings (white, yellow, blue, etc.), so the solution should be in accordance with 

these codes. Having that said, it is important to note the preference shown by the 

operators for a transparent solution or in the same colour of the pavement.  

 

About the number of VMS and toll plazas, in order to get a picture of the existing 

equipment, the most indicative answers are the following: 

Attiki Odos:    39 toll stations and 143 VMS 

Austrada Del Brennero:  25 toll stations and 103 VMS 

Autovie Vienete Spa:   15 toll stations and 107 VMS 

Egnatia Odos:    12 toll stations and 104 VMS 

 

Current maintenance schemes carried out by the road operators are organised based 

on approved specifications (asset, frequency, performance criteria, etc.) and 

influenced by the results of daily/weekly technical inspection patrols and also 

annually detailed inspections. For some, these are sensitive information of high 

complexity and, hence, difficult to share, but as it was mentioned almost by all 

participants these current human-based maintenance and inspection schemes could 

greatly improve if assisted by SAFE STRIP. The following table presents the current 

maintenance and inspection scheme of Attiki Odos as provided by Attikes Diadromes 

S.A. 
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Table 22: Current maintenance and inspection scheme of Attiki Odos. 

 
 

Most operators report that inspection on the road surface is carried out annually but 

actual maintenance which could affect the installed systems varies between 5 and 

15 years. For the most, the solution to this depends on whether the strip is permanent 

or detachable. One participant noted the significance of other more important issues 

that may arise by snow ploughing pavement works.  

 

Operators found it challenging to give an estimation of the annual budget spent per 

km for the installation or maintenance of equipment that is going to be replaced by 

SAFE STRIP as this would demand info they do not always possess.  However, they 

are averagely willing to pay about 50K€ per Km for the installation and about 

another 10K€ per Km annually for the maintenance of the system.  

 

SAFE STRIP in info-nodes and mobile SAFE STRIPs are seen feasible business cases 

for 2020 and 2030, whereas the plazas and standardised strips are expected until 

2050.  

 

The desired life cycle of the system varies between a range of 12 to 60 months with 48 

months being the value occurring the most. 

 

The most important way SAFE STRIP could influence the operation of the 

infrastructure is the real-time information about road condition as opposed to the 

current time consuming means of pavement investigation surveys and the replacement 

of existing VMS to change traffic flow during road works or during incidents/ 

accidents. From the operators’ point of view, the replacement of the toll system seems 

very important as its current management requires big financial expenses. 

Maintenance and data collected for statistical purposes are also very important.  

 

From the infrastructure side, there is no need for a big pilot application period (one 

month was mentioned at most) since there is no regulation and no other special 
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requirements if current standards are followed. Key risks regarding the 

implementation of the proposed solution include potential cyber-attacks, probable 

driver distraction and (currently) unknown users’ acceptance which will safeguard 

the return on investment. 

6.4 Road infrastructure integrators/constructors   

6.4.1 On-line 

66.7% of respondents reported they do not anticipate any security and/or legal issues 

related to the deployment of SAFE STRIP technologies as well as they do not expect 

conflicts to occur with currently integrated solutions. A key legal/ regulatory/ 

operational barrier from the road infrastructure integrator/ constructor point of view 

was stated to be the current patents already used in road operations and those which 

may occur.  Conflicts are possibly seen only against other existing intelligent maps 

like “civil maps”. 

 

The personalized information offered in real time directly from the infrastructure as 

well as the expected low cost of the solution are indicated as the most important 

benefits of SAFE STRIP. 

 

On the other side, possible drawbacks could be the energy harvesting mechanisms of 

SAFE STRIP and the likelihood of the system to be monopolized.  

 

The only security aspect mentioned was the protection of users’ data privacy, whilst 

the overall impression was generally positive and SAFE STRIP was characterized as 

an important step towards intelligent infrastructure. Unanimously, respondents agreed 

that SAFE STRIP requires a pilot application period before deployment. It appears 

that there is a consensus across road users and professional users working in transport 

area that Virtual ADAS/ARAS should be of the highest priority, whereas Parking 

booking and charging of lowest. Road safety is the highest priority, followed by 

mobility and traffic efficiency (2
nd

 priorities). Cost-efficiency was also recognised as a 

key impact that should be targeted by SAFE STRIP. 

 

All respondents responded unanimously that the expected life cycle of the 

infrastructure elements is about 24-60 months. In addition, the participants provided a 

list with current standards which they believe the system should comply with, namely: 

EN 1423: 1997, EN 1871: 2000, EN 1790: 1998, EN 1436: 1997, EN 1424: 1997, EN 

1824: 1998, EN 13197: 2001, EN 13459 -1: 1999, EN 13459 -2: 1999, EN 13459 -3: 

1999, DIN EN 1436 and German ZTVM for road markings, Guidelines for Road 

Markings. 

 

The integrators are not in agreement with regards to the time required for standardised 

SAFE STRIPs. Maybe this diversity can be translated into requirements for the 

development of new (or improvement of existing) standards during the lifetime of the 

project.  

 

All respondents gave a different answer when asked about what the ORU casing.  It 

appears that respondents are again divided about the way of installation; i.e. 75% 

advocate that it should be removable and the rest 25% stated that it should be 

permanent in the road pavement.  
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6.4.2 In-depth 

Personal data protection was the most popular barrier of SAFE STRIP also in this 

case. Constructors believe that apart from any reference which should be made to the 

relevant codes, maintenance operations should be taken into account on operational 

level (snow cleaning, surface replacement, etc.).  On a legal level, the liability in case 

of accident has been again raised. The patents WO 2016109620 A1, US 7922094 B2 

and DE 102016007733 A1 were mentioned as a possible barrier. 

 

Possible conflicts would some projects for alternative toll charging methods. 

Indicatively, it was mentioned by a major road constructor in Greece that the Ministry 

of Transport examines to enable toll charging through satellite technology or an On 

Board Unit (OBU). 

 

Benefits of SAFE STRIP are the low cost comparing to other C-ITS technology, easy 

to install and the precise real time information about the road condition, weather 

condition and traffic which will result in a more efficient management of the 

infrastructure. If applied by many parties throughout Europe, the interoperability of 

such a system will be a big asset. 

 

Major drawbacks seem to be the questioned durability of the strip, the energy 

harvesting management of the sensors and their size (to fit inside a thin layer).  

 

The capability of SAFE STRIP to have as basic features the low cost (with respect to 

the installation and maintenance), easiness to install, durability, quality of information 

and compact dimensions is considered to be a principal enabler for a business 

success. According to the constructors, the above characteristics will render the 

product very appealing to both the road operators and the road users who will be able 

to enjoy added value services that will increase road safety. 

 

Main security concerns involve the security and the accuracy of the transmitted data, 

from and to the strip about the condition of the pavement but also the communication 

interface of the system with the driver, which should not be distracting during driving. 

Data privacy is stated to be a secondary issue of concern in this case. 

 

The overall impression of the participants was very positive, especially for the 

upgraded information which can be provided by the system and the range of targeted 

users. According to their opinion, SAFE STRIP can lead to significant development 

of the infrastructure management and hence to greatly minimise the cost of it. 

 

Road workzones and (uprotected) railway crossing warning was the application with 

the highest priority ranking, followed by the Road wear level and predictive road 

maintenance application. However, Autonomous vehicles support and Virtual Toll 

Collection (for non-autonomous vehicles) were the last priorities for 

integrators/constructors. Also, the constructors agree with the operators that road 

safety should be always the priority, followed by operational support.  

 

Most integrators/ constructors could not indicate a price for the casing of the ORU 

as this is estimated to be low in any case and as such, not important. Even the highest 

cost estimates of 200€ and 1000€ were expressed with reservation as this depends on 

many factors (size and other special custom characteristics).  
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From the side of the constructors, the ORU package biggest challenge is to provide 

through the encapsulation material protection to the actual system components from 

the environment (i.e. adverse weather conditions, oil leakages and heavy loads).  

Attention should be also paid to the lifespan of the encapsulation material, receiving 

any necessary official approval throughout homologation tests in appropriate 

laboratories (testing is carried out through a suitable number of rollovers). For those 

reasons, another participant expressed the view that maybe the sensors should be 

embedded in the road pavement. 

  

The communication modules and the sensors size is considered to be the most 

important requirement that should be fulfilled with success before integration. 

Equally important is any necessary testing and certification of the system (e.g. BAST 

homologation for Germany). 

 

The participants seem to agree to the main features of the material for the hosting of 

the infrastructure element but answers for the actual synthesis of the material differ. 

Most participants propose a bitumen synthetic material in order to be as close as 

possible to the existing road surface while others propose acrylic based materials 

which present good abrasion resistance, easy to apply and with good adhesion to the 

asphalt. For those reasons and in order to keep the thickness limited, constructors 

would opt for a new, custom-made, material. 

 

Participants are again divided (50-50) whether the installed strip should be 

permanently or not attached to the road surface. Those in favour for the permanent 

strip solution set the arguments of better durability and better adhesion to the asphalt, 

while the opposed opinions wish the strip to be removable to allow for periodic 

maintenance without additional costs. 

 

Possible maintenance aspects which were discussed relate mainly to the maintenance 

cost. This is very important because constructors are often obliged to provide written 

guarantee for their works and this could add unpredictable costs.  

 

Known applicable standards which the system should comply with are the EN 1423 

and the German ZTVM. 

 

The pilot application period which is proposed varies from 3 months to 5 years, 

commonly agreed to apply in field. As a minimum, the system is expected to present 

robustness and reliability while working non-stop at all times and under every 

possible environmental condition. A participant indicated that in most European 

countries, 2 years for homologation is required as minimum. 

 

3 participants indicated a minimum of 24-month life cycle of the system and 2 of them 

a period of 60 and 96 months respectively. According to one of the 

integrators/constructors the life cycle of the system is directly linked to the cost it will 

have eventually. 

 

The reluctance of the driver/riders to buy and use of the system is seen as the biggest 

risk in the deployment of the solution especially for countries with old vehicle fleets, 

followed by the motivation given to third involved parties (e.g. banks working as the 
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middleman in toll charging) to accept the installation of the system. Other risks 

include the probable cost for maintenance, failure to provide verification for the 

transmitted data or failure to provide sufficient energy harvesting to keep the 

operational cost low. 

 

There was a single concern stating that road operators won’t be happy to replace 

existing VMS or other similar means since they already paid for them and actual 

penetration of the system to the infrastructure will happen progressively or with great 

incentives. 

 

As regards deployment, the integrators/constructors agree with other clusters that 

SAFE STRIP in info nodes and mobile strips would be possible until 2020-2030, 

whereas the plazas could be a reality by 2030. Standardisation is seen feasible by 

2030 or 2050 (shared percentages).  

6.5 Authorities  
Overall, the authority representatives believe that the DPAs are affected and the 

respondents suggested that a new legislation for private data collection and treatment 

is necessary and required. The respondents were not aware of the law (or legislation 

framework) that covers the installation process to their country of residence/origin. 

All respondents agreed that SAFE STRIP requires a pilot application period before 

deployment.  

 

For the authorities, the highest priority implementation of SAFE STRIP should be to 

gather information about the road maintenance requirements and wear conditions and 

then inform road users about work zones at different road segments as well as warn 

inform road users when it is safe (or not) to cross a railway crossing. As such, 

overall, Road wear level and predictive road maintenance and Virtual ADAS/ARAS 

are the highest priority applications for them, together with Road workzones and 

(unprotected) railway crossing warning and Autonomous support is the last one (most 

probably due to current lack of complete homogeneous legal framework). Road safety 

and traffic efficiency should be the priorities, whereas cost-efficiency is identified here 

as well as an additional impact.  

 

It appears that infrastructure-oriented information is of key importance for the 

authorities.  

 

The respondents representing the authorities stated that all business cases are feasible 

till 2030 and the installation of info-nodes can be achieved within the next 2 years 

(see Annex D for more).   

6.5.1 On-line 

In specific, in the on-line survey, the responsibility share for the involved parties in 

case of accidents was recognised as the biggest legal/ regulatory/ operational 

barrier followed by restrictions applied by the current legal framework which must 

be respected at all times. 

 

The transmission of dynamic information from and to the moving vehicles together 

with the expected low operational cost of the system is the most important benefit 
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admitted by the Authorities. On the other hand, the key drawback is the distraction 

and “laziness” of the drivers as an outcome of excessive information/warnings.   

 

Apart from any concerns that may be imposed by important security aspects, such 

as any potential cyber-attacks, the overall impression regarding SAFE STRIP was 

very good. 

 

The participating authorities stated that their involvement in the data protection 

processing would include actions to create the new applicable legal framework and 

procedures to apply it. Since the project aims to produce a disruptive and innovative 

technology, authorities cannot currently indicate a law, clause or standard which may 

cover the required characteristics of the system installation on the road. 

6.5.2 In-depth 

Possible legal/ regulatory/ operational barriers from the authorities’ point of view 

in the in-depth survey is the deficient current legal framework which cannot address 

this new technology and the time needed to form one, especially if this is to apply at 

European level.  

 

Nowadays with the significant progress achieved in the technology sector of 

automotive and IoT, authorities expect that many current applications/technologies 

(some specifically mentioned by the participants were dynamic maps, traffic 

information applications, GPS tracking, etc.) will become obsolete/replaced by SAFE 

STRIP. Other conflicts may exist on services provided by the road operators with the 

involvement of third parties, such as banks for the toll fee collection and special 

companies which provide software for the use of the current traffic management 

systems. One participant considered current technology efforts for automated driving 

by optical means to be in some conflict with the proposed system. 

 

Comparable to other C-ITS solutions, SAFE STRIP can benefit from the real time 

information transmitted between V2X and I2X and the large targeted customer base 

aiming to motivate the interest of all types and kinds of road users. It was also 

mentioned as an important benefit the fact that SAFE STRIP can greatly reduce the 

cost for the infrastructure which translates to a stimulus penetration rate within the 

market. 

 

The authorities think that many application scenarios which will be part of the system 

require standardized and legislated functions. Such processes, especially if they are to 

apply on Pan-European level are long time demanding and that is the biggest 

weakness of the system. The liability issue was again raised. Other participants also 

noted the great environmental condition range in which the system should operate. 

 

The vast potential for enabling more C-ITS applications was seen as one of the 

biggest business competitive advantages of SAFE STRIP. About half of the 

participants stated that offered services to road/ infrastructure operators can be a 

tremendous business advantage and some acknowledged the future contribution to 

further development of the automotive industry (i.e. will redefine the goals of 

automated driving). 
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Biggest security concerns were reported to be the privacy of the collected data and 

the security of the system against cyber-attacks followed by system malfunctioning. 

 

Authorities seemed to be interested and proposed the use of the system as a means of 

enforcement (automated issue of infringement fine). Overall impressions were 

positive. Data protection Authorities will have to cooperate between the several 

branches (executive, legislative and judicial authorities) in order to regulate and 

supervise the correct (with respect to the legal framework) operation of the system. 

The expected huge amount of data and their multiple ways of processing and use are 

noted as potential aspects that will affect the collaboration between different 

authorities (i.e. data protection authority, enforcement authorities, road authorities, 

third parties, etc.). 

 

The authorities could not specify any allowed dimensions of any element placed in 

the road lanes, but some pointed to the relevant applied standards such as the EN 1423 

and the EN 1871 for the road markings.  

 

Since the system is still on a conceptual level, authorities don’t know any clause 

which defines a pilot application period and applies for SAFE STRIP, but according 

to their experience it should range between 1 to 5 years. Within this pilot period the 

reliability of system functionality and the quality of data provided by the system 

should be extensively tested together with the driver/riders response to the imposed 

changes in mobility (distraction, acceptance, safety, driving behaviour, etc.). 

 

While all participants stressed the need and the potential of the system to create and 

have interoperability between all transportation means, providers or users across 

Europe, some believe this progress should advance slowly starting from local, then 

going national before spreading to that level. 

 

Key risks to the implementation involve failure to convince road users about the 

benefits of SAFE STRIP or failure to motivate the legislative sector to take actions to 

create the required legal framework and/or necessitate its application. Some 

participants also mentioned the risk of current technology to cope with project’s 

demands. 

6.6 Tier 1 & Tier 2 suppliers  
One of the most interesting aspects raised by suppliers was the liability issue of “Who 

is going to be responsible in case of accidents?” (resembling the key concerns of 

automation as well), which is quite important for insurance companies for example.  

To them, the key benefit and added value of SAFE STRIP is the fact that makes the 

“bridge” between the world of equipped and non-equipped vehicles and the 

democratisation in the access of safety data and ADAS for all types of road actors 

(drivers, riders…). Still, the multiple fields of application and multiple use cases 

could be challenging towards convergence of the technological solutions. 

 

Still, the suppliers do not foresee any need for significant changes in their production 

chain to meet the envisaged SAFE STRIP.  

 

Conflicts are recognised mainly with existing applications (i.e. Waze, Google) that 

already use vehicles or smartphones GPS data for traffic flow information. The 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017  69  

potential business, according to suppliers, is first to develop low cost and mobile 

ORU in order to democratise the V2X communication with non autonomous cars and 

with the existing L2/L3 autonomous cars on the market. Cybersecurity for personal 

data, robustness of road data (for safety concerns) and data hacking are the most 

critical safety and security aspects.  

 

Also, according to suppliers, the system has to be extensively tested and especially for 

safety issues (robustness of received data and cybersecurity). Nevertheless, SAFE 

STRIP should certainly be part of the next C-ITS roadmap according to half of them.  

 

Virtual ADAS/ARAS and Enhanced ADAS/ARAS are of 1
st
 priority and 

Parking/booking is the last priority (7
th

). Traffic efficiency and mobility should be high 

priority target impacts, whereas cost-efficiency should be added. Suppliers believe that 

most business cases are feasible to be implemented by 2030 (see Annex D). However, 

BC3 and implementation to plazas finds suppliers in disagreement about the length of 

time it requires to be a success.  

6.7 Researchers  

6.7.1 On-line 

62.5% of respondents believe there are legal issues related to the deployment of SAFE 

STRIP technologies. The key legal/regulatory/operational barrier from the 

researchers’ point of view is the data privacy of the users followed by liability issues 

in case of system malfunctioning. Other less mentioned barriers are the willingness of 

the users to have and use the system and the poor current state of national roads due to 

poor maintenance. Finally, some stated that there is a need for a new legislative 

framework that will allow and accommodate for the deployment of SAFE STRIP as it 

will for autonomous vehicles. Most researchers in the on-line survey did not 

anticipate any conflicts with current or emerging technologies (only 37.5% of them 

did) but it was noted that the current on-board systems of OEM’s could be rather seen 

as competitive.   

 

The biggest benefit of SAFE STRIP is the implementation of virtual ADAS/ ARAS on 

non-equipped vehicles followed by the dynamic real time information about 

road/traffic condition and possible imminent hazards. The ability to provide adaptive 

and personalized information is seen as a strong point combined with the active part 

of the infrastructure and its fundamental role in determining the road safety.  

 

The maintenance aspects of the system together with the acceptance of the users and 

the infrastructure are seen as the biggest weaknesses of the system. Many researchers 

stressed their concerns about system malfunctioning and the risk of providing 

information which will not be really exploited and constitute an added workload to 

the driver/ rider. Standardization process can also be a drawback as it can restrict the 

availability in a short time and limit interoperability. 

 

The security concern raised is s/w hacking, whereas distraction, overconfidence of 

the driver, increase of urban traffic complexity and the unknown impact on driving 

behaviour of non- SAFE STRIP users (and their interaction with the SAFE STRIP 

users) are the key safety concerns raised.  
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The expected impact on road safety played an important role in shaping positive 

impressions. It was multiple times mentioned that the integration of many (new and 

current) technologies into a single system is innovative and can bring revolution in C-

ITS.  

 

Possible technological constrains such as the energy harvesting, the communication 

instability and the exposure to adverse weather conditions are the biggest weaknesses 

of SAFE STRIP. Digital railway, C-MOBILE project, development of intersection 

assistance systems at OEM level and latest technological achievements for 

autonomous vehicles are initiatives that could be of interest to SAFE STRIP. 

 

Almost unanimously (94%), respondents agreed that SAFE STRIP requires a pilot 

application period before deployment and that it should be included in the next C-

ITS roadmap.   

 

Researchers do not agree with the rest of the groups which SAFE STRIP applications 

should be a priority for implementation. To them, Road wear level and predictive 

road maintenance and Enhanced ADAS/ARAS should be the highest priority for SAFE 

SRIP, and Virtual toll collection the lowest one. Road safety, comfort for the driver 

are the most important impacts for them, whereas cost-efficiency should be also 

added.  

 

Evidently, for researchers there is a greater diversity in selected contexts and vehicle 

clusters. Road works are of high priority, whereas other key critical road 

information are speed alert (81.3%), information about a static obstacle ahead in 

travellers’ journey (94%) and heavy traffic information (94%). One participant 

suggested incorporating information about places nearby that kids may play or be 

(e.g. kindergartens, parks, etc.).  

 

Researchers are equally distributed for 2020 and 2030 for info nodes and mobile 

strips, for Plazas they find it quite feasible to be introduced by 2020, while 

standardised SAFE STRIP will come later 2030 and 2050 (almost equally distributed 

responses).  

6.7.2 In-depth 

In the in-depth survey the researchers named many possible barriers which coincide 

with all previously mentioned. In addition to them, however, data ownership and 

exposure of road users to excessive electromagnetic fields were mentioned in 

addition.  

 

Third parties involved in electronic toll collection schemes and OEM’s (owing 

“competing” on-board systems) could raise conflicts. The harmonisation of I2V 

information from multiple sources was seen to be as a technical barrier. 

 

The key benefits reported are again associated with road safety increase and 

availability of fast/ real time/ accurate/ personalized information, followed by the 

cost-efficiency of the solution and the replacement of VMS and toll stations and the 

fact that addresses all types of vehicles.  
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Whilst the most mentioned drawbacks are the system’s exposure to environmental 

conditions, risky roll-out services, information reliability and complexity of SAFE 

STRIP.  

 

Researchers are most concerned about data privacy. The business potential could be 

threaten by the low willingness to have and pay of the users. SAFE STRIP 

development and business potential can benefit if stimulated by new cooperation 

schemes between industry, infrastructure operators and local authorities. 

 

Biggest security aspects are the false negative outputs of the sensors such as the 

accuracy and reliability of the provided information. Secondary concerns have to do 

with the durability of SAFE STRIP and the liability issues.  

 

The positive impressions and comments regarding SAFE STRIP are based on the 

high potential of the system, the easiness to install on the infrastructure and the 

anticipated cost-efficiency of the solution.  “Enhanced ADAS/ARAS” and “Virtual 

ADAS/ARAS” are, again, the highest priority applications, whereas Virtual Toll 

Collection is the lowest one. Road Safety, mobility and traffic efficiency are the key 

impacts that SAFE STRIP should look into, whereas a diversity in responses has been 

noticed regarding the most applicable context (see Annex D for more). Still, highway 

and urban traffic context, passenger vehicles and PTWs, adverse conditions and 

roadworks seem to be the first ones to look into. Speed limit and Heavy traffic ahead 

are to the researchers, the most critical information to be provided from road.  

 

As regards to any serious weaknesses that could affect the functionality of the system 

the participants mentioned the insufficient communication means/network (connection 

lost, failure of certain nodes/sensors). Some also mentioned the durability of the strip 

(environmental impact) which should support functionality in all temperatures, while 

at the same time, it should sustain all applied traffic loads.  

 

Key innovation points include the personalised VMS/ VDS function, the road 

workzones or (unprotected) railway crossings warning function, the parking booking 

and charging function and the contribution to automation.  

 

Most participants mentioned energy harvesting as the biggest risk in the 

implementation of the proposed solution since it has to be sufficient and functional in 

many different terrain characteristics or climates. Information provided by the sensors 

should be accurate enough to unfold its capabilities while, once again, the need for a 

low maintenance and operational cost of the system was noted. 

 

Half of the respondents believe that info-nodes could be an applicable business case 

for 2020, whereas mobile SAFE STRIPs should be expected in 2030 or, furthermore, 

2050 (divided responses). Most of them thought that SAFE STRIP plazas could be 

feasible until 2030 and the same for the standardised SAFE STRIPs.  

6.8 1
st
 Pan-European workshop results  

The 1
st
 Pan-European workshop of SAFE STRIP was realised on 27

th
 September 2017 

in Thessaloniki, Greece at CERTH/HIT premises. All details about the scope of the 

project and the workshop in specific, the programme, the venue, accommodation 

recommendations and the speakers were in advance published through Eventbrite 
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(https://www.eventbrite.com/e/1st-pan-european-safe-strip-workshop-tickets-

36578516327) in order to allow invitations to public. The workshop announcement 

was released on project web site in advance, whereas invitations were sent (through 

several iterations) to at least 1000 persons, including User Forum members of the 

project as well as networks of the project Partners.  

 

The final programme and the registration list of the workshop are provided in Annex 

B of the document. There were 34 participants, 23 of which were external (the 

corresponding success criterion was at least 20 external participants which was 

reached). External participants were SME’s active in the field of C-ITS, infrastructure 

end-users and road safety/ITS experts from the academia/research world.  

 

The minutes and presentations of the workshop have been published (the 

presentations and photos were published upon consent of the participants) at the web 

site (http://safestrip.eu/safe-strips-1st-pan-european-workshop-focuses-use-cases-

applications/). 

 

The aim of the workshop was to bring together all of SAFE STRIP’s stakeholder 

clusters to discuss priorities regarding the goals of the project. The focus of the 

discussions was on SAFE STRIP’s targeted applications and use cases in alignment 

with European-level priorities and roadmaps in the domain of C-ITS. The workshop 

started with key note speeches, that were followed by a presentation of the vision and 

implementation approach of the project, then by a specific presentation on the Use 

Cases and concluded with a roundtable discussion focusing on the Use Cases of the 

project asking for specific feedback from participants.  

 

In more specific, Phillippe Gougeon (Valeo), Coordinator of the collaborative 

projects for the Comfort & Driving Assistance business group in Valeo, joined via 

Skype to present four examples of automotive applications at Valeo: Scoop@F, 

XtraVue, Cyber Valet Parking, Mov’InBlue. These solutions aim to address user 

needs arising from statistics showing that 90% of accidents are due to human errors, 

drivers in Paris spend 78 minutes per day in their car, vehicles are parked, rather than 

being driven, 95% of the time, and that 45% of the French population has no direct 

access to public transport. Through efficient connectivity these applications seek to 

bring more safety, provide better traffic information, reduce wasted time and improve 

shared mobility. 

 

SAFE STRIP is fully in line with those priorities, as it aims to deliver four different 

functions for automated vehicles (Dynamic trajectory estimation for automated 

vehicles, Definition of lane-level virtual corridors, Tollgate management, Workzone 

detection) through the participation of Valeo in the Consortium. 

 

Prof. Mauro di Lio (University of Trento), Coordinator of the EU Horizon 2020 

Dreams4Cars Research and Innovation Action, presented a look at future (co)-driving 

agents going from human-robot interactions to learning by dream-like simulation 

mechanisms. The Dream4Cars architecture uses Deep Neural Network 

implementations to map high-level intentions of autonomous co-drivers. The co-

driver concept of Dreams4Cars will be embedded in SAFE STRIP cooperative safety 

applications (see sections 8.2 and 8.3 for the corresponding Use Cases) and will be 

https://www.eventbrite.com/e/1st-pan-european-safe-strip-workshop-tickets-36578516327
https://www.eventbrite.com/e/1st-pan-european-safe-strip-workshop-tickets-36578516327
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/Safestrip_connectivity_valeo_20170927final.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/UNITN_SafeStrip-workshop_public.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/UNITN_SafeStrip-workshop_public.pdf
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further enhanced through the accuracy that will be provided through the smart strips 

installed in the road. 

 

Bill Halkias (HELLASTRON – Hellenic Association of Toll Roads Network), being 

also the Managing Director and CEO of ATTIKES DIADROMES S.A., talked about 

the role of co-operative systems in infrastructure operation with a view to improving 

road safety and motorway management. Some proposals for C-ITS applications on 

motorways include: National Action Plan development and implementation for TMC 

real-time data collection & dissemination (incidents, traffic, CCTV, meteo & 

pollutants); C-ITS Proof Of Concept (pilot applications, e.g. Road Work Warning, 

Improved Traffic management by Vehicle Data, Road Hazard Warning, In Vehicle 

Info); Virtual Tunnel Integration; and Speed limit control and fine submission. Mr. 

Halkias stressed that cost-effective maintenance and the conceptualization of future 

intelligent roads by a complementary mobility think-tank are currently the key 

priorities. The discussion following his speech stressed that interoperability and 

personalization are also matters of high priority. The infrastructure must be ready to 

host the next generation vehicles including electric and autonomous. ATTIKES 

DIADROMES is one of the Partners and test sites of the project, where the system 

will be tried in real traffic conditions with real users (of both equipped and non-

equipped vehicles). As a primarily infrastructure oriented project, SAFE STRIP is 

aiming at providing a low-cost solution for replacing time and cost consuming 

interventions and investments in infrastructure while promoting road safety and traffic 

efficiency. 

 

Xavier Leal (Ortelio Ltd.), Coordinator of H2020 funded NEWBITS project, noted 

that many of the most promising ITS applications have failed to make it beyond trial 

phases because they fail to take proper stock of consumer needs, business models, 

existing solutions or cooperation frameworks. NEWBITS (New Business Models for 

ITS) aims to improve understanding of the conditions affecting C-ITS innovations by 

applying a business ecosystem concept to ITS, implementing a holistic intelligence 

process and shaping novel business models. 

 

SAFE STRIP and NEWBITS will discuss more specific synergies, after the end of the 

2
nd

 year of the project, in view of its exploitation phase, as SAFE STRIP aims to be an 

exception and claim its position in the market. 

 

Dr. Maria Gkemou (CERTH/HIT), Technical & Innovation Manager of SAFE 

STRIP, presented the vision, concept, implementation approach and expected impacts 

of the project and gave an overview of the SAFE STRIP intended use cases. 

 

The well-attended workshop concluded with a roundtable discussion led by Dr. 

Evangelos Bekiaris (CERTH/HIT). At the end of the session, participants were 

invited to complete the survey part of this section focusing on SAFE STRIP’s use 

cases prioritisation and enrichment as well as potential extensions and exploitation. 

The survey part asked to be completed by the experts included the key points of the 

stakeholders’ needs survey that had been conducted. The key results out of this survey 

(up to the point of the workshop) were presented and, upon that, feedback from 

experts was requested after a respective discussion and explanation per item.  

 

http://safestrip.eu/wp-content/uploads/sites/18/2017/10/Bill-Halkias_SAFESTRIP_27.09.2017.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/NEWBITS_SAFESTRIP_27_09_2017.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/SAFE-STRIP_Filling-in-the-gap_MG.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/SAFE-STRIP_Filling-in-the-gap_MG.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/SAFE-STRIP_Use-Cases_MG.pdf
http://safestrip.eu/wp-content/uploads/sites/18/2017/10/SAFE-STRIP_Round-Table_EB.pdf
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The SAFE STRIP workshop closed with the Consortium thanking all the key note 

speakers and participants that supported its 1
st
 workshop, and committed to keeping 

them in the loop regarding upcoming progress. Leaving the workshop, the experts left 

the completed feedback form (20 feedback forms were collected in total).  

 

 
Figure 28: 1

st
 Pan-European Workshop of SAFE STRIP.  

 

The key results of the Pan-European workshop have been statistically processed and 

are following below. They have been taken into account for the aggregated results of 

section 6.10.   

 

Table 23 shows the priority ranking of target applications, as given by the 

participants. As it seems below, workshop experts prioritised the Cooperative safety 

functions (Virtual ADAS/ARAS & Enhanced ADAS/ARAS) for equipped and non-

equipped vehicles as the key ones, followed by the Road workzones and (uprotected) 

railway crossing warning and the Personalised VMS/VDS and Traffic Centre 

Information, whereas the lowest priority was given to the Parking and Booking 

application, which seems rather natural (as those receiving the highest priority are the 

ones focusing on traffic safety).  

 
Table 23: Priority of SAFE STRIP target applications according to experts’ feedback/  

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”) – simulating missing 

ADAS/ARAS (Advanced Rider Assistance 

System) 

1,4 1 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”) – upgrading existing 

ADAS/ARAS with real-time accurate 

3,0 2 
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Target application Average 

rankings 
Priority  

given 
information 
Road wear level and predictive road 

maintenance – for the Traffic Management 

Centres operators (although road wear level will 

feed also the safety applications for the 

driver/riders) 

4,9 5 

Road workzones and (uprotected) railway 

crossing warning 
3,7 3 

Merging/ intersection support – providing a 

global view of intersection geometry and 

characteristics as well as incoming vehicles 

dynamic trajectory estimation 

5,0 6 

Personalised VMS/VDS and Traffic Centre 

Information – aiming to substitute current 

infrastructure that is costly and not personalised 

4,1 4 

Autonomous vehicles support – aiming to 

address primarily: enhanced friction & lane 

position data; lane – level virtual corridors in 

highways; automated toll collection; working 

zones safety function 

5,3 7 

Virtual Toll Collection - for non-autonomous 

vehicles 
6,9 8 

Parking booking and charging 7,3 9 

 

Indeed, road safety was characterised as the most relevant impact of SAFE STRIP, 

followed by mobility and traffic efficiency, whereas comfort for the driver (which 

is for example related to the Parking booking and charging application) has 

received the lowest priority.  

 
Table 24: Significance of SAFE STRIP key expected impacts (absolute and average rankings) 

according to workshop questionnaires. 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1,6 1 
Mobility  2,5 2 
Traffic Efficiency 3,3 3 
Comfort for the driver 5,4 7 
Operational support for the operator 4,3 5 
Change of driving behaviour or mobility 

patterns 
4,0 4 

Boost of C-ITS penetration 5,0 6 
 

Table 25 shows the most important traffic context, vehicle clusters and sensing 

elements each target application should address according to the experts (the same 

methodology for analysis has been followed as for the surveys). It seems urban and 

highway contexts should be the priority traffic contexts for implementation, whereas 

priority vehicle clusters are mainly passenger cars, PTW’s but also trucks and 

buses for some of the applications.  
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Table 25: Prioritised context of use per SAFE STRIP application according to workshop 

experts.  

Application area Priority scenario for implementation 

Traffic 

context 

Vehicle clusters 

 

Environmental/ 

external conditions 

sensing 

 

Virtual Advanced 

Driver & Rider 

Assistance Systems for 

non-equipped vehicles 

(“Virtual 

ADAS/ARAS”) 

Urban & 

Highway  

Passenger cars 

 

Snow, road works BUT 

also rain, fog, ice 

 

Advanced Driver & 

Rider Assistance 

Systems adaptation for 

equipped vehicles 

(“Enhanced 

ADAS/ARAS”) 

Urban  

 

Passenger cars  Ice, road works  

BUT also snow, fog 

 

Road wear level and 

predictive road 

maintenance 

Highway & 

Interurban 

 

Passenger cars, 

trucks, Buses, 

motorcycles/PTW

s 

 

Rain, ice BUT also 

Road works 

 

Road workzones and 

(uprotected) railway 

crossing warning 

Highway  Passenger cars 

(followed by 

trucks and buses) 

Rain, road works, 

unprotected railway 

crossing BUT also  

snow, fog 

Merging intersection 

support 

Urban  

 

Passenger cars 

and motorcycles/ 

PTWs followed 

by trucks 

Snow, ambient light, 

fog, ice, road works  

 

Personalised VMS/VDS 

and Traffic Centre 

Information  

Urban 

followed by 

Highway  

Passenger cars,  

Motorcycles/PTW

s, trucks and also 

buses 

Snow followed by fog 

and ice 

 

Autonomous vehicles 

support 

Highway, 

Urban 

 

Passenger cars 

followed by 

trucks 

Rain, fog, ice, road 

works  

Virtual Toll Collection Highway  Trucks  

followed by 

passenger cars, 

motorcycles/PTW

s 

Rain, snow, ice 

 

Parking booking and 

charging 

Urban  

 

Passenger cars  Rain, fog, roadworks  

 

The priority of the critical information that should be transmitted by the on-road 

system of SAFE STRIP follows below. Heavy traffic, speed limit and static 

obstacle ahead seem to be the most important information.    
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Table 26: Priority of critical info to be transmitted according to workshop experts. 

Critical info Priority score 

(N/Total) 

Priority given 

Position in lane 3/10 3 

Speed limit 6/10 2 

Static obstacle ahead 6/10 2 

Heavy traffic ahead 8/10 1 

Changed/ new information 

about upcoming exit 

2/10 4 

 

The following table reveals that the Business Cases that anticipate a context and 

temporary specific application of SAFE STRIP (1
st 

and 2
nd

) are considered feasible to 

take place until 2020. The optimistic fact, however, is that those Business Cases 

anticipating a wider deployment of SAFE STRIP are placed in the mid-term horizon 

of 2030 by the majority of the participants and not too far (2050) as it could be 

expected.  

 
Table 27: Business Cases mapping to roadmaps.  

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

100% 0% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

55,6% 33,3% 11,1% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 87,5% 12,5% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 66,7% 33,3% 

 

The correlation between targeted applications/Use Cases and impacts is given in the 

following table. It seems that road safety is the expected impact in most cases, while 

the boost of C-ITS applications is in most cases the least expected impact, which may 

be justified by the fact that the exploitation potential of SAFE STRIP cannot be really 

perceived at the current conceptualisation phase.  
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Table 28: Targets applications vs expected impacts according to workshop experts. 

                               Expected impacts 
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Virtual Advanced Driver & Rider 

Assistance Systems for non-equipped 

vehicles (“Virtual ADAS/ARAS”) – 

simulating missing ADAS/ARAS 

(Advanced Rider Assistance System) 

1 2 4 6 7 3 5 

Advanced Driver & Rider Assistance 

Systems adaptation for equipped 

vehicles (“Enhanced ADAS/ARAS”) – 

upgrading existing ADAS/ARAS with 

real-time accurate information 

1 2 5 6 7 3 4 

Road wear level and predictive road 

maintenance – for the Traffic 

Management Centres operators (although 

road wear level will feed also the safety 

applications for the driver/riders) 

1 2 3 4 6 5 6 

Road workzones and (unprotected) 

railway crossing warning 
1 3 5 4 7 2 6 

Merging/ intersection support – 

providing a global view of intersection 

geometry and characteristics as well as 

incoming vehicles dynamic trajectory 

estimation 

1 4 2 5 6 3 3 

Personalised VMS/VDS and Traffic 

Centre Information – aiming to 

substitute current infrastructure that is 

costly and not personalised 

2 5 4 1 6 3 5 

Autonomous vehicles support – aiming 

to address primarily: enhanced friction & 

lane position data; lane – level virtual 

corridors in highways; automated toll 

collection; working zones safety function 

1 4 2 3 6 4 5 

Virtual Toll Collection - for non-

autonomous vehicles 
5 1 4 4 3 2 5 

Parking booking and charging 6 4 3 2 7 1 5 

 

The experts participating in the workshop (all types of them; drivers, infrastructure 

end-users, SME’s and OEMs) unanimously declared willing to benefit from SAFE 

STRIP, whereas the willingness to pay varied primary between 50-100€ (55.5%) and 

secondary between 0-20€ (33.3%) for the car, bus or truck system respective 
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equipment (the other 11.2% selected the range of 20-50€). For the PTWs, 25% of the 

participants selected the lowest price range of 0-20€, whereas the rest 75% are divided 

about their willingness to pay between 50-100€ (37.5%) and 20-50€ (37.5%) ranges. 

6.9 SAB experts feedback  
The 1

st
 meeting of Scientific Advisory Board (SAB) was conducted virtually (through 

Gotomeeting) on the 16
th

 of November 2017 (M7 of the project) as it was not possible 

to be convened earlier due to busy schedules of the experts and also not physically. 

The SAB is described in D8.1 [5].    

 

A specific agenda was planned for the call (see Annex E). Apart from the members, 

ERTICO (Coordinator), CERTH/HIT (Technical & Innovation Manager) and UNITN 

(WP5 – applications - leader) participated. The discussion was run by M. Gkemou 

(Technical Manager of the project) on the basis of 2 presentations; one presenting the 

project overall scope, objectives and implementation approach and one focusing on 

the Use Cases of the project and the type of feedback sought by the experts.  

 

After the presentations, a very interesting discussion was held with the members, 

which they later (off –line) sent their specific contribution, as requested.  

 

All the members found the project very interesting and challenging and denoted that 

they are very keen in being kept up to date with project progress. After a series of 

clarifications, it was stressed by them that the key challenge of the project is not in 

technical terms – although it is a pure technological project with many challenges to 

face – but rather on acceptance and penetration in the market. In specific, road 

authorities, which are the end-users of the key part of the system, are seen as a 

“conservative” stakeholder; still, the economic benefit – it proved by the project – 

should be the focus of the exploitation strategy towards them. They all stressed the 

importance of clear and detailed exploitation plans and mentioned that should be one 

of the Deliverables they would like to review and provide their feedback. From the 

technological point of view, the energy harvesting and management and the exposure 

of the solution to adverse environmental and traffic conditions were seen as the key 

challenges. Last but not least, the smart dust approach – as a future enabler of SAFE 

STRIP – seemed as an excellent added value and, after a mutual sharing of 

knowledge, it was concluded by both experts and Consortium – that smart dust due to 

several restrictions (related mainly with the energy management) is not yet mature for 

a real-life solution that wishes to take place in near future.      

 

Based on the consolidation of the answers provided by the SAB experts, the following 

table was formed on the traffic context, vehicle clusters and target vehicles 

applicability for each target application.  

 
Table 29: Prioritised traffic context, vehicle target and clusters per target application 

according to the SAB members. 

Target application  Traffic 

context  
Vehicle clusters  
 

Target Vehicles 

Virtual Advanced 

Driver & Rider 

Assistance Systems for 

non-equipped vehicles 

(“Virtual 

Urban, 

Interurban  
Passenger cars, 

motorcycles/PTWs, trucks  
 

Non-equipped 
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Target application  Traffic 

context  
Vehicle clusters  
 

Target Vehicles 

ADAS/ARAS”)  
Advanced Driver & 

Rider Assistance 

Systems adaptation for 

equipped vehicles 

(“Enhanced 

ADAS/ARAS”) 

Urban, Highway Passenger cars, 

motorcycles/PTWs, 

trucks, buses  
 

Equipped 
 

 

Road wear level and 

predictive road 

maintenance 

Urban, Rural, 

Highway, 

Interurban  
Not applicable - All 

Non-equipped 

Road workzones and 

(uprotected) railway 

crossing warning 

Urban, Rural, 

Highway, 

Interurban  

Passenger cars, 

motorcycles/PTWs, 

trucks, buses, trains, VRU 

Equipped, non-

equipped, 

autonomous 

vehicles 
 

 

Merging/ intersection 

support  
Urban, Highway, 

Interurban  
Passenger cars, 

motorcycles/PTWs, 

trucks, buses  
 

Equipped, non-

equipped, 

autonomous 

vehicles 

Personalised 

VMS/VDS and Traffic 

Centre Information  

Urban, Rural, 

Highway, 

Interurban 

Passenger cars, 

motorcycles/PTWs, 

trucks, buses  

Equipped, non-

equipped, 

autonomous 

vehicles  
Autonomous vehicles 

support  
Urban, Rural, 

Highway, 

Interurban 

Passenger cars, 

motorcycles/PTWs, 

trucks, buses  

Equipped, non-

equipped, 

autonomous 

vehicles  
Virtual Toll Collection 
- for non-autonomous 

vehicles 

Urban, Highway  
 

Passenger cars, 

motorcycles/PTWs, 

trucks, buses  

Equipped, non-

equipped, 

autonomous 

vehicles  
Parking booking and 

charging 
Urban, Highway  Passenger cars  

 
Equipped, non-

equipped, 

autonomous 

vehicles  
 

Moreover, the SAB members unanimously agreed to the same time-horizons for each 

of the key business scenarios currently recognised by SAFE STRIP, as seen in the 

following table (with the note that 2020 could be extended to 2025 perhaps to be more 

realistic).  
 

Table 30: Realisation timetable estimation of the key business scenarios according to SAB 

members. 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

100% 0% 0% 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017  81  

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 
Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

100% 0% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 100% 0% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 100% 0% 

 

The SAFE STRIP expected impacts prioritisation is shown in Table 31 together with 

the average score of each impact. In opposition to other rankings provided by 

stakeholders, etc. it is interesting to note that for the SAB experts, the most important 

impacts are more on the boost of C-ITS penetration and the operator support (which is 

justified by their profile and expertise most probably) rather on road safety and other 

types of impacts. Also, an additional impact was recognised to be of SAFE STRIP 

relevance, namely the Better traffic control and management in urban traffic. 

 
Table 31: SAFE STRIP expected impacts prioritisation according to the SAB members. 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 3,5 2 
Mobility  4,0 3 
Traffic Efficiency 4,0 3 
Comfort for the driver 4,5 4 
Operational support for the operator 2,0 1 
Change of driving behaviour or mobility 

patterns 
6,0 5 

Boost of C-ITS penetration 2,0 1 
Other: Better traffic control and management 

in urban traffic 
2,0 1 

 

It is important but also interesting to present how the above impacts relevance varies 

when it is examined separately for each main target application of the system. The 

following table presents a ranking of the impacts against for each target application 

according to the experts. Thus, it seems that according to the experts, apart from the 

operator support, most applications key impact is expected to be on road safety.   
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Table 32: Applications vs. expected impacts ranking according to the SAB members. 

                             Expected impacts 
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Virtual Advanced Driver & Rider 

Assistance Systems for non-equipped 

vehicles (“Virtual ADAS/ARAS”)  

1 3 2 3 3 3 3 

Advanced Driver & Rider Assistance 

Systems adaptation for equipped 

vehicles (“Enhanced ADAS/ARAS”)  

1 2 4 4 4 3 4 

Road wear level and predictive road 

maintenance  
2 1 3 3 3 3 3 

Road workzones and (uprotected) 

railway crossing warning 
1 1 3 4 4 2 4 

Merging/ intersection support  1 3 3 3 4 2 4 

Personalised VMS/VDS and Traffic 

Centre Information  
1 1 2 3 4 4 4 

Autonomous vehicles support  2 2 1 3 3 3 3 

Virtual Toll Collection 3 1 1 2 3 3 3 

Parking booking and charging 4 1 2 4 3 1 3 

 

All members unanimously agreed that the system’s installed strips should be 

detachable from the road surface and not permanently placed (to allow easy 

maintenance and fixation in case of failure). The most important advantages and 

disadvantages/challenges of SAFE STRIP compared to other relevant solutions 

according to the experts are listed below. Items in bold indicate that all members 

recognised the same item as an advantage or disadvantage.  

 
Advantages Disadvantages/Challenges 

 Autonomous vehicles functions support. 

 Enhancement of all co-operative road 

transport functions. 

 Road info transmission to users. 

 Continuous road control against dangers 

and hazardous behaviours. 

 Expected to be of relatively low cost. 

 Energy supply is dependent on current 

restrictions (regarding size and 

capacity).  

 Interest or acceptance for the non-

equipped vehicles to use the system 

should not pre-assumed. 

 System is exposed to environmental 

conditions. 
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6.10 Aggregated and prioritised results  
The aggregated outcomes coming from all present sources (in each case) are 

presented in this section. In more specific, the key qualitative aspects which reflect 

the priorities given/stressed by the stakeholders (all clusters of them) are summarised 

below:   

 The key legal/regulatory/operational barriers were stated to be the data privacy 

issues, the liability issues in case of system malfunctioning, the lack of legal 

framework overall and the possibility that user acceptance is not strong and will 

not allow penetration of the system.  

 Conflicts with existing road surveillance systems and regulations, as well as 

autonomous cars emerging technologies (via optical means) and existing 

intelligence (on-board systems) in equipped vehicles seem to be the key concerns 

of drivers.  It was stressed several times, that compliance/harmonisation has to take 

place in the project with regard to existing traffic management systems and 

processes, eCall regulation, current electronic toll collection and alternative toll 

charging methods underway, current research and development activity about 

road transportation and vehicle technologies that are yet to be fully integrated or 

standardized (i.e. IoT, C-ITS). Also, there might be an overlapping with“civil 

maps” and existing applications (i.e. Waze, Google) that already use vehicles or 

smartphones GPS data for traffic flow information. 

 The most important advantages and benefits vs relevant/comparable C-ITS 

solutions are considered to be the following:  

 Increased potential to enhance traffic safety, to reduce operating costs (less 

equipment, less unskilled personnel) and to increase quality of services 

provided to the road users.  

 Revolutionary technological solution, taking advantage of C-ITS.  

 The target to be a low-cost solution that is requiring only a communication 

module from the vehicle end and is also retrofitting older and all types of 

vehicles, promotion “equity” in roads.  

 Communication of accurate, real-time and personalised at the same time 

information (as it will come directly from the road and not through indirect 

sources, i.e. current surveillance systems and current time consuming means 

of pavement investigation surveys) which will be lane-specific.  

 The fact that the proposed solution will be the end-product of the cooperation 

of all types of involved parties (end-users, infrastructure operators, SME’s, 

industry and research/academia gives an increased probability of exploitable 

application that will be accepted by all counterparts.  

 The “promise” that SAFE STRIP is likely to introduce new technologies that 

are “easier” and cheaper to spread in large scale while at the same time will 

require minimum or zero disruption of road infrastructure and of road 

operation during installation, increasing significantly drivers’ safety and 

services level through real time useful traffic information and necessary 

warnings. 

 Better integration of CAVs, which is the key current concern of operators. 

 The most significant drawbacks/weaknesses/challenges/risks of SAFE STRIP 

are recognised as follows:  

 Standardization process can be a drawback as it can restrict the availability in 

a short time and limit interoperability. 
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 The fact that wide penetration of the system will be rather challenging due to 

hinders imposed by the road authorities; at least until its standardised version 

is available.  

 The maintenance cost and effort that will be required for all strips installed in 

large scale; it is not yet clear how the replacement of strips will take place. In 

addition, the frequency of road renovation in some countries is very slow; thus 

implementation of the system can be very slow. 

 The competitive market of OEM’s on-board systems, 

 The market penetration could be slow due to lack of legal/operational 

framework. 

 Potential security threats (i.e. hacking).  

 Energy management of the ORU’s under a wide range of operational 

conditions (traffic loads, adverse weather conditions).  

 Until the deployment phase, external to the Consortium third parties may 

invent something similar and competing, protect its knowledge or even 

interfere with SAFE STRIP planned invention (IPR issue).  

 The likelihood of the system to be monopolized. 

 Insufficient communication means/network.  

 Durability of the strip and validity of the overall system is not yet verified.  

 Key safety concerns encompass the following:  

 Possible distraction of the drivers’ attention due to multiple incoming 

messages that may lead to road safety issues and non-acceptance of the system 

applications. This makes critical the HMI and personalisation work of the 

project.  

 “Overconfidence” to the system may also emerge, due to reduced attention 

and situation awareness of the driver due to "blind trust" in automation and 

warnings of C-ITS applications that may also lead to increase of driver 

reaction time. 

 Increase of the traffic context complexity (especially in urban environments).    

 Key security concerns encompass the following:  

 Risk of providing many services and pieces of information on the road 

environment which are not consistently merged.  

 Hacking of personal information.  

 Risk of providing erroneous information provision to the road users 

 Cybersecurity of the overall system.  

 Key prerequisites/enablers encompass the following:  

 Technologies are changing rapidly and SAFE STRIP should follow closely all 

relevant progress in the respective fields (communication technologies, C-ITS, 

energy management, etc.).  

 The boost of the system relies a lot on its interoperable 

mandatory/standardized use.  

 The final solution should be of low cost with clear benefits for road 

authorities. The cost should not surpass existing offered 

services/instrumentations, including any related maintenance costs. 

 The system architecture should be open to allow for easy integration of 

different modules from different operators.  

 Strips on the road should comply with current marking standards and 

restrictions. 

 Most respondents agreed that SAFE STRIP requires a pilot application period 

before deployment. As a minimum, the system is expected to present 
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robustness and reliability while working non-stop at all times and under every 

possible environmental condition. The driver/riders response to the imposed 

changes in mobility (distraction, acceptance, safety, driving behaviour, etc.) 

should be also evaluated.  

 Intellectual Property Rights management and the development of a concise 

Exploitation Plan before the end of the project should be in the project’s 

intention. 

 More infrastructure stakeholders (even external ones) should be involved to 

promote SAFE STRIP to external third-parties for its effective exploitation 

and to evaluate external collaboration/partnerships. Interaction with the 

automotive world and major navigation/information actors can be a kernel 

issue as well.   

 A legal framework covering SAFE STRIP should be established.  

 Overall:  

 SAFE STRIP is expected by the vast majority of participants to bring positive 

impact in the daily mobility, increasing safety, allowing at the same time the 

road users to move in less congestion and get prepared for unexpected events. 

 It seems to be an ambitious technological solution that aims to constitute a 

game changer in C-ITS; most of the respondents coming from all clusters 

(~82%) agree that SAFE STRIP should be included in the next C-ITS 

roadmap.   
 Recommendations/Extensions:  

 The anticipated mobile applications use should conform with traffic safety 

regulations (regarding placement in the vehicle and use while driving).  

 It would be nice to provide a configuration of the system to the drivers/riders 

that combine all applications through one single interface in order to minimize 

driver workload. In the same context, HMI work should focus on prioritisation 

of the information/warning provided depending on their severity, in order to 

reduce the workload and, perhaps, give to the driver the ability to choose 

which messages they want to receive. 

 If needed, different configurations of the system should be anticipated, such as 

basic to full range, cover different needs (driving in urban, highway, etc.). 

 

The key priorities as given and consolidated by different sources (stakeholders 

participating in surveys, SAB and workshop experts) are reflected in the following 

diagrams (for more details on the quantitative information, please see Annex D).  

 

The priority of SAFE STRIP target applications is seen in the following figure. It 

seems that the cooperative safety applications (enhanced and virtual ADAS/ARAS) are 

considered of the highest priority, followed by the road wear level and predictive road 

maintenance (which is intended for the road operators), while the Virtual Toll 

Collection and Parking booking and charging are the ones that have received the 

lowest (aggregated) ranking.  

 

This seems very natural to the Consortium experts, which also rated (in an internal 

survey) all intended applications as Essential (in the sense that should be fully 

implemented and evaluated), apart from the last two that correspond to added value 

services, that should be Secondary, in the sense that will be also implemented and 

demonstrated, but, with some flexibility in the QoS indicators’ thresholds set.  The 

Consortium was given a third option – the Supportive characterisation, 
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corresponding to applications that would not be evaluated at all- which, however, was 

not attached to any SAFE STRIP application.  The exact same result emerged from 

the SAB experts’ prioritisation. As such, it is quite important that all experts, from all 

different origins, share the same vision about SAFE STRIP. This outcome absolutely 

fulfils the corresponding success criterion of the project (in the context of WP5), 

according to which “at least 5 specific applications of SAFE STRIP should be 

successfully realised and demonstrated”.  

 

Although all 7 out of 9 of the originally targeted Use Cases of the project are 

considered Essential on behalf of the Consortium, the following ranking that has 

emerged through the stakeholders’ surveys should be seen as a valid reference point 

for the project to be taken into account in case an irreversible failure in the 

development path is held or resources prove insufficient for some reason for full 

implementation of all.   

 
Figure 29: SAFE STRIP target applications prioritisation.  

 

In specific, the SAFE STRIP Consortium and SAB experts’ justification on the target 

SAFE STRIP applications prioritisation follows below:  

 
Table 33: SAFE STRIP Apps/Use Cases prioritisation by Consortium and SAB experts. 

SAFE STRIP Use Case Prioritisation  Justification  
Virtual Advanced Driver & 

Rider Assistance Systems for 

non-equipped vehicles 

(“Virtual ADAS/ARAS”) 

☒Essential   

☐Secondary   

☐Supportive  

Accidents involving cyclist and 

pedestrian in urban environment count 

for roughly 20% of all accidents and 

represent complex scenarios. SAFE 

STRIP may extend the detection of 

vehicles and VRU (expecially when on-

board sensors cannot detect them) 

providing a richer information for 

connected vehicles and enhancing the 

safety functions performance and 

increasing the safety for not equipped 

Advanced Driver & Rider 

Assistance Systems 

adaptation for equipped 

vehicles (“Enhanced 

ADAS/ARAS”) 

☒Essential   

☐Secondary   

☐Supportive 
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SAFE STRIP Use Case Prioritisation  Justification  
vehicles (where there is currently total 

lack of such information). 
Road wear level and 

predictive road maintenance 
☒Essential   

☐Secondary   

☐Supportive 

To address the problem of managing 

Maintenance and Rehabilitation (M&R) 

activities, the Intermodal Surface 

Transportation Efficiency Act (ISTEA) 

was passed in 1991. ISTEA’s mandates 

include the development and 

implementation of various infrastructure 

and monitoring systems; pavement, 

bridge, highway safety, traffic-

congestion, public transportation 

facilities and equipment, and intermodal 

facilities and management systems. The 

goal is to optimize available funds in 

preserving the national transportation 

infrastructure. Consequently, in order to 

qualify for federal funds, states and their 

local jurisdictions were to implement 

working infrastructure management 

systems, consisting of all seven 

mandated categories [2]. Initially this 

strategic need led to the concept of 

increasing pavement life with the help of 

M&R activities. M&R activities are the 

activities that are primarily concentrated 

on sealing surface cracks and potholes on 

pavement surfaces so that they will be 

less likely to propagate further to 

endanger the stability of the structure of 

the pavement [31]. The future 

performance of a highway depends upon 

the suitability of the applied treatment, 

timing of treatment, and quality of 

maintenance treatment it receives. 

Effective sealing of cracks and joints is 

necessary to reduce the amount of water 

entering the pavement structure and 

causing accelerated damage. The 

measurement and prediction of pavement 

condition is a critical element of any 

pavement management system (PMS). 

Pavement condition rating (PCR), a 

composite statistic derived from 

functional and structural conditions, is 

used as one measure of serviceability 

[25]. Pavement serviceability or ride 

quality indices have also been widely 

applied to monitor pavement 

performance and deterioration for 

pavement rehabilitation, design, and 

other purposes. It is known that the ride 

quality or serviceability index of roads 

can be explained mainly by the vertical 
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SAFE STRIP Use Case Prioritisation  Justification  
jerk experienced by raters sitting in a 

moving vehicle [8].  
Road workzones and 

(unprotected) railway 

crossing warning 

☒Essential   

☐Secondary   

☐Supportive 

 

The accidents at level crossing is the 

second cause of railway accidents in EU 

(25% of all railway accidents) which 

usually results in fatal accidents.  SAFE 

STRIP may allow equipped and non-

equipped vehicles to benefit safety 

improvement at railway crossing 

bothprotected and uprotected. 
Merging/ intersection support ☒Essential   

☐Secondary   

☐Supportive 

Accident at intersections cover roughly 

20% of accidents and are representing a 

complex scenario. SAFE STRIP may 

allow also not-equipped vehicles to use 

intersection support functions. 
Personalised VMS/VDS and 

Traffic Centre Information 
☒Essential   

☐Secondary   

☐Supportive 

 

The personalised VMS is an ambitious 

application that aims at replacing current 

VMS; as such, it is expected to offer a 

tremendous cost-efficient solution that 

could be provided by road operators and 

be of road users benefit.  
Autonomous vehicles 

support 
☒Essential   

☐Secondary   

☐Supportive 

 

The implementation and testing in SAFE 

STRIP will evaluate the functionnal 

compatibility of the developed 

infrastructure communication systems 

with autonomous cars, which are 

expected to contribute to automation 

penetration, basically due to lane 

localisation to be offered. 
Virtual Toll Collection - for 

non-autonomous vehicles 
☐Essential   

☒Secondary   

☐Supportive 

This application is an added value 

service; it is not one of the core features 

developed in the project. Still, if 

successfully applied, it aims to result in 

significant traffic efficiency and cost 

benefits for the road operators.   
Parking booking and 

charging 
☐Essential   

☒Secondary   

☐Supportive 

 

The parking application is not connected 

to the rest of use cases in the project and 

it is not directly related to safety; as such, 

it is not considered as a high priority use 

case for the project.  Still, it is expected 

to offer a competitive advantage for road 

parking operators, while it can serve as a 

proof of concept for relevant extensions.  

 

The impacts of the project have been “coded” as follows:  
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Figure 30: SAFE STRIP impacts coding.   

 

Their prioritisation is seen in the following figure. Road safety and mobility are 

undoubtedly seen as the most significant impacts, followed by traffic efficiency, 

whereas the boost of C-ITS penetration is the last in the row (most probably because 

SAFE STRIP is still at conceptualisation phase and its exploitation potential cannot 

yet be evident).    

 
Figure 31: SAFE STRIP target impacts prioritisation (first is most important – last is the least 

important).  

 

In more specific, the following figure presents the emerged prioritised relevance of 

SAFE STRIP impacts vs each target application/Use Case. It is evident that in most 

cases, road safety is the priority impact in most target applications, apart from the 

Virtual Toll Collection case, where operational support is first and the Parking 

application, where comfort is first (in both cases though, road safety is the least 

important). The outcome is considered by the Consortium quite natural and confirms 

that the different external to the project stakeholders have understood the vision of 

SAFE STRIP.   
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Figure 32: SAFE STRIP target applications vs impacts prioritisation (first is most important – 

last is the least important).  

 

Similarly, in the following figure, the priority context (traffic context, vehicle clusters, 

info sensing) is given per target application (the coding follows in the figure 

following). It seems that highway and urban traffic contexts are the most popular in 

most cases. The rural context appears in the road workzones application. Passenger 

vehicles, PTW’s and trucks are seen as the priority vehicle cohorts for most of them 

(in the order they are mentioned), whereas several combinations of adverse weather 

conditions are appearing in each case. Road works are also present in some of them 

(i.e. “Virtual ADAS/ARAS”, “Advanced ADAS/ARAS”, “Autonomous vehicle 

support”, “Parking booking and charging”).   
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Figure 33: SAFE STRIP priority context per target application (first is most important – last is 

the least important).  

 

 
Figure 34: SAFE STRIP priority context coding.   

 

The following table presents the project Business Cases most feasible time horizon, 

according to stakeholders. It seems that the first two Business Cases, which require a 
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partial deployment of the system, seem feasible to be deployed in real-life until 2020 

by the vast majority. Still, most of the respondents noted that 2020 should rather be 

extended to 2030. SAFE STRIP Plazas and Standardised SAFE STRIPs are expected 

until 2030 by most respondents. It is quite optimistic that the majority did not select 

2050, which may reveal that most of them have been convinced of the system, even at 

this early phase.  

 
Table 34: SAFE STRIP Business Cases time horizon.    

Business Cases  Short (up to 

2020)  
Mid (up to 

2030) 
Long (up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure 

sites (i.e. before bridges or toll stations, sharp 

curves & other black spots), providing speed or 

other static warnings to vehicles. A very low 

cost and limited functionality application. These 

will become info-nodes in the infrastructure 

such as info-kiosks in public services. 

81,4% 17,4% 1,2% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary 

pavement warning products and applied for 

time-limited periods to signify road works or 

support drivers/ riders during adverse weather 

periods. They will be fast in realisation and 

potentially reusable.  

64,7% 29,8% 5,5% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in 

durable pavement warning products (potentially 

multiple strips) for merging, intersection and 

other key traffic scenario support, as well as 

replacing existing or newly needed VMSes. 

6,4% 79,8% 13,8% 

Business Case 4: Standardized SAFE STRIPs 
SAFE STRIPS may be standardized and applied 

widely whereas their vehicle interface will 

become standard vehicle equipment, thus 

leading to a rapid deployment rate of 

cooperative technologies, without need for 

additional on-board sensors.  

5,4% 67,5% 27,1% 

 

As seen in the following figures, responses regarding WTP vary in drivers/riders, 

whereas OEM’s seem more conservative (most of them would not pay more than 50€ 

to embed in their equipped vehicles the required equipment). SAB and workshop 

experts majority selected the 50-100€ range. Quite similar is the figure presenting the 

PTW ranges. 
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Figure 35: WTP – drivers.  

 

 
Figure 36: WTP – PTW’s.  

 

On the other hand, the operators are averagely willing to pay about 50K€ per Km for 

the installation and about another 10K€ per Km annually for the maintenance of the 

system.  

7 Benchmarking of relevant technologies  
The benchmarking of relevant to SAFE STRIP technologies took place as part of 

A1.2: “Benchmarking of relevant technologies” and was presented in the deliverable 

D1.1 (submitted to the EC) [4]. The results of the benchmarking are presented in a 

separate web interface (available through the project web site), which can be accessed 

through the following link: http://safestrip-benchmarking.tech/  
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Figure 37: SAFE STRIP Web Interface. 

 

The interface has two main functionalities. Firstly, it presents the contents of the 

benchmarking endeavors of SAFE STRIP. The data can be accessed either through a 

search box or through the categories menu in the sidebar. The interface supports fuzzy 

(partial) matching, searching with entire phrases, and query logging. Moreover, to 

facilitate even more data from outside sources, the web interface has a distinct section 

were organisations not currently involved in SAFE STRIP can input their product or 

research outcome. This section on the website is depicted in Figure 38. 

 

The web interface presents the records of a database that was created specifically for 

this process and currently includes 147 individual fields, spread between 14 different 

tables and has 32 distinct entries. Moreover the database currently has 158 distinct 

records that are spread among the various clusters in the following way: 

 24 Batteries 

 3 C-ITS Applications/Technologies 

 4 Communication Module products 

 5 Encapsulation Materials 

 33 Energy Harvesting Modules 

 15 Energy Management Modules 

 6 Infrastructure materials & solutions 

 4 Microcontrollers 

 30 Sensors 

 34 RTD Projects 
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Figure 38: SAFE STRIP Benchmarking interface - Input new product. 

 

All technological clusters targeted by SAFE STRIP are addressed.  Detailed 

information on the content of the database and how this is associated to project work 

can be seen in Annex F.  The benchmarking database will be updated continuously in 

the project lifespan, in order to follow implementation work and will constitute the 

pool from which all the participating components (especially the commercial ones) of 

the system will be selected and further characterized (i.e. sensors, microprocessors, 

encapsulation materials, infrastructure elements, etc.).  

8 SAFE STRIP Use Cases and application scenarios  

8.1 Overview  
According to the methodology presented in section 3, the Use Cases of the project 

have been developed and provided in the following sections. The project Use Cases 

reflect the original target of the project, the factual need recognised through 

accidents/incidents statistics, the stakeholders’ needs and views, the restrictions 

imposed from the infrastructure point of view as well as the Consortium and SAB 

experts’ views.  

 

Those Use Cases are provided in such a format (meaning they encompass all 

necessary elements) so as to serve as compliance checklists for the implementation to 
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follow in WP2, WP3 and WP4 of the project but also for the demonstration activities 

to follow in WP5 and WP6. A more compact version of the Use Cases will derive and 

be published as individual document in the web site “Library” (undergoing the 

corresponding revisions). As explained in section 6.10, all Use Cases of the project 

are considered Essential for the project Consortium, apart from the added value ones, 

namely the “Virtual Toll Collection for non-autonomous vehicles” and the “Parking 

booking and charging” that will be Secondary, in the sense that will be also 

implemented and demonstrated, but, with some flexibility in the QoS indicators’ 

thresholds set.   

 

The needs captured from stakeholders, as those have been filtered and mapped by the 

SAFE STRIP Consortium, are reflected in the following Use Cases. It should be 

stressed that all those needs that have been identified on secondary level and cannot 

be targeted by the project in its lifespan (due to limitation in resources or technical 

limitations, i.e. nature of available test sites in the Consortium) are being reflected in 

the potential extensions of the Use Case, meaning that are the first add-ons for the 

Consortium, within (if technical and resources limitations are solved) or beyond the 

project.  

 

There are 9 Use Cases targeted in SAFE STRIP, as follows:  

1. Virtual Cooperative safety function 

2. Enhanced Cooperative safety function 

3. Road wear level and predictive road maintenance  

4. Rail crossing and road works safety functions 

5. Merging and Intersection Support: e2Call 

6. Personalised VMS/VDS and Traffic Centre Information 

7. Autonomous vehicles support 

8. Virtual Toll Collection - for non-autonomous vehicles 

9. Parking booking and charging 

 

 
Figure 39: SAFE STRIP Use Cases overview.  

 

All Use Cases below are described upon a consistent format following the template 

provided in Annex C of this document. 
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Please note that in the following sections, each Use Case has the final title given 

finally by the Consortium to be preserved in the whole lifespan of the project. The 

former title used in the rest of the document (in the context of surveys, etc.) is also 

mentioned in each case to allow cross-reference. 

8.2 Virtual Cooperative safety function 
 

Use Case (UC) former title: Virtual Advanced Driver & Rider Assistance Systems for 

non-equipped vehicles (“Virtual ADAS/ARAS”)  

 

SAFE STRIP Partner(s) delivering: UNITN, PIAGGIO 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.2 

 

Brief description (output – objectives):  The application demonstrates the potential 

of SAFE STRIP technology of implementing two virtual safety functions that are 

already available in equipped vehicles. The first application, named “Virtual VRU 

protection” is a function that is exploiting the ability of the strip to detect position and 

speed of vehicles and of VRU at zebra crossing, producing a warning to the driver 

when there is a potential collision. SAFE STRIP technology will provide for “VRU 

protection” application: 1) the position and speed, at lane level, of both equipped and 

not equipped vehicles in relation to pedestrian crossing location removing the need to 

use precise GPS positioning system, 2) the presence of VRU close or on the zebra 

crossing in term of magnitude and direction of speed 3) information of the road 

surface conditions such as friction and wear. The second application, named “Wrong 

Way Driving” also matches a respective application for equipped vehicles. SAFE 

STRIP technology detects all vehicles (both equipped and not equipped) that are 

driving in the wrong direction (example taking the wrong exit from motorway rest 

area or gas station) and dispatches a warning to all other vehicles approaching the 

critical area. In particular, non-equipped vehicles will receive the information via the 

LTE channel. In terms of safety, this is of great benefit since all vehicles and not only 

connected ones are detected and warned. 

 

Key functions of the application: The “Virtual VRU protection” and “Virtual Wrong 

Way Driving”, cooperative safety functions make use of the information collected by 

the strips that can be directly assessed via the LTE communication by the non-

equipped vehicle. The main functions of the system from the side of SAFE STRIP 

technology are as follows: 

 Vehicle localisation in the lane: the function provides the position and speed of the 

vehicles at lane level close to pedestrian crossing and at the entrance exit lanes of 

motorway service stations/areas. 

 VRU detection in term of position and speed direction close to pedestrian crossing 

zone. 

The main function of the system from the side of “Virtual VRU protection” and 

“Virtual Wrong Way Driving” applications: 

 Artificial co-driver: the safety function is based on the artificial co-driver concept 

[17; 18] that evaluates a large number of potential manoeuver to predict the 

maneuver the driver intends to follow and warn him/her when it is not the safest. 

The VRU protection will be based on this approach both to estimate drivers 
‘intention and predicted path of VRU. 
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Key technologies: SAFE STRIP sensor and communication (C-ITS, Communication 

protocols (ITS-G5, LTE-4G, Bluetooth, BLE)) are key technologies. In particular, the 

following are possible sensor/technologies to detect vehicles/road users:  

 BLE, ITS-G5 and LTE technology to reliably communicate information. 

 Technology to sense and detect the vehicle passage, position and speed. 

 Friction coefficient estimation and road wear sensing and estimation. 

 Artificial co-driver concept (updated). 

 

Primary actor: The drivers/riders/passengers of non-equipped vehicles.  

 

Secondary actor(s): The driver/passenger of equipped vehicles that are warned also 

of the presence of non-equipped vehicles (through V2V). Also, the infrastructure 

operator for the wrong way driving. 

 

Targeted for:  

☒ Equipped vehicles (in the sense of V2V as mentioned above)   ☒ Non-equipped 

vehicles ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☒ vulnerable 

road users   

 

Traffic environment:  

☒ urban (for the Virtual VRU protection function)  ☐ rural   ☒ highway (for the 

Wrong Way Driving function) ☐ interurban  

 

Maximum communication slot: 500 msec. when only LTE channel is used 

(preliminary estimated value, that have to be consolidated during technical validation 

of A5.6). 

 

Range: 200m for the zebra crossing function, 750m for the wrong way driving 

function (numbers have emerged based on reaction time communication delay and a 

maximum speed of 70km/h and 130km/h respectively).  

 

Maximum vehicle operating speed:  70km/h for the zebra crossing function, 130km/h 

for the wrong way driving function. 

 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle:  

☒ rain (level of humidity) 

☒ snow 

☐ ambient light  

☐ fog 

☒ ice   

☐ wind 

☒ position in lane  
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☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ distance to zebra crossing 

☒ distance to motorway exit or lane to rest area 

☒ vehicle speed and direction 

☒ road pavement deformation  

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☐ speed limit   

☒ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ position and speed of VRU 

☒ road pavement deformation   

 

Measurement accuracy & Measurement frequency (only for applicable items):  
 

Table 35: Measurement accuracy & frequency (Virtual Cooperative safety function). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

rain (level of humidity) Sensor accuracy Upon meteorological 

event 

10sec 

snow Sensor accuracy Upon meteorological 10sec 
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Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

event 

fog Sensor accuracy Upon meteorological 

event 

10sec 

ice   Sensor accuracy Upon meteorological 

event 

10sec 

position in lane  0.1m (lateral) Continuous  0.5sec 

speed limit   NA Upon event when 

changing 

1min 

lane marking    0.1m (lateral) Continuous 0.5sec 

type of road (asphalt or 

not, highway, …)    

NA Upon event when 

changing 

 

number of lanes     NA Upon event when 

changing 

1min 

lane the (ego) vehicle is 

running      

NA Continuous  0.5sec 

ego-vehicle speed 0.5m/s (longitudinal) Continuous 0.5sec 

road works NA Upon event   

unprotected railway 

crossing 

NA Upon event  

static obstacle ahead 1m - longitudinal Continuous 0.5sec 

heavy traffic ahead 10m - longitudinal Continuous 0.5sec 

changed/new 

information about 

upcoming exit 

NA Upon event  

Position VRU to zebra 

crossing 

1m - lateral Continuous 0.5sec 

1m – longitudinal  Continuous 0.5sec 

speed VRU  0.25m/s – magnitude  Continuous 0.5sec 

Direction speed VRU  30deg  Continuous 0.5sec 

Ego-vehicle distance to 

zebra crossing  

1m - longitudinal Continuous 0.5sec 

Position WWD vehicle 1m – longitudinal  Continuous 0.5sec 

speed WWD vehicle  0.5m/s – magnitude  Continuous 0.5sec 

Road pavement 

deformation  

1cm vertical, 0.1m 

longitudinal 

Upon event when 

changing 

 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (ORU, RSB, Antenna, additional sensors). 

 Availability of data especially tracking of people, detection of vehicle speed 

direction (digital maps with moving objects).  

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  
 Communication protocols that will be used: compatibility between infrastructure 

communication systems. 

 Delay of communication, especially when involving LTE 4G.    



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 101  

 Speed of vehicle in relation to capability of the system to detect vehicles/VRU. 

 Power consumption must be preserved at reasonable level. 

 The equipment shall be placed in such a way to avoid their destruction due to 

vandalism.  

 The RSB shall be placed at sufficient height (e.g. 8m) from the ground so as to 

allow efficient communication (and also to avoid vandalism). 

 

Maintenance and reprogramming requirements:  

 Maintenance and reprogramming requirements have to be in line with the required 

ASIL level (ASIL B at minimum).  

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Virtual VRU protection 

Step 1: The strip detects vehicles approaching to the zebra crossing and stopped 

vehicles (cars, PTW’s). It also detects and tracks people/bicycle close to the crossing.  

Step 2: The RSB unit provides directly to the non-equipped vehicle via LTE-4G the 

presence of people/bicycle crossing the zebra in terms of position and speed vector. 

The RSB provides also the position in the lane and corresponding speed of 

approaching vehicles.  

Step 3: The function predicts the (ego) driver/rider maneuver and provides a warning 

about upcoming (static) obstacle and/or people/bicycle crossing the road. The 

warning is also adapted taking into account friction and wear. 

Step 4: As soon as SAFE STRIP detects driver/rider proper deceleration, it 

deactivates the warning.  

 

 
Figure 40: Virtual VRU protection scenario representation.  

 

Scenario 2: Wrong Way Driving 

Step 1: SAFE STRIP detects vehicles moving in the wrong direction in the entrance 

lane of a rest area or gas station of a motorway.  
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Step 2: The RSB unit provides directly to the non-equipped vehicle notification about 

the presence of wrong way driving vehicle and its speed via LTE connectivity. The 

wrong way driving vehicle can be either equipped or not equipped. 

Step 3: The function issues a warning of the presence of an incoming vehicle driving 

in the wrong direction to all vehicles in the motorway approaching the entrance lane 

to the rest area/gas station. 

Step 4: Warning is deactivated when (wrong way driving) vehicle passes over the 

critical area.  

Step 5: The infrastructure detects the wrong-way-driving event via cellular 

connectivity (or cable/fiber channel if available) with the following information: 

timestamp of the anomalous event, type of vehicle, position and speed and duration of 

the event. 

 

 
Figure 41: Wrong Way Driving scenario representation.  
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Benefits for the Primary actor: Implementation of virtual safety functions for non-

equipped vehicles with minimal cost for the user (no need of on-board sensors; only 

mobile applications). Additionally, drivers and passengers of equipped vehicles will 

benefit of wider information and more robust application performance when it is 

based only on V2V, since also not connected vehicles are detected.  

 

Quality of Service indicators & thresholds:  

 Automotive Safety Integrity Level (ASIL)
1
 

 At least Level B.  

 Accuracy of vehicle positioning to motorway exit or zebra crossing: at least equal 

to 2[m]; 

 Accuracy of VRU positioning and speed: at least equal to 2[m] and 0.5m/s; 

 Correct identification of vehicle corrective manoeuvres >= 85%. The false alarms 

causes are: 

 Vulnerable Road User misplacement. 

 Wrong Way Driving miss due to non-recognition of vehicle cohorts: cars, 

PTWs (potentially trucks). 

 Vehicle positioning misplacement. 

 Out-of-dated information regarding road parameters. 

 Acceptable timing: 

 Vulnerable Road User tracking 1[Hz]. 

 Wrong Way Driving detection and danger notification less than 500 [ms]. 

 

Relevant extensions:  

 In case of VRU protection, information of approaching vehicle may also be sent to 

vulnerable road users in the crossing area via a dedicated phone app (or smart 

watch) as a warning of incoming vehicle. 

 Extension to trucks and to sensing fog and road works (according to the 

stakeholders’ needs).  

 

Connected Use Cases:  

 Enhanced Cooperative Safety Function (for equipped vehicles).  

 “Merging and Intersection Support: e2Call” (for Scenario 1). 

 

Conflicts with other existing or emerging technologies, if any:  

 In Japan, US and Germany some new technologies to detect Wrong Way Driving 

are under evaluation on some motorway section [3; 27; 51].  

 Emerging applications and services based on WiFi and BlueTooth to monitor 

traffic flow and track people motion [30]. 

 

                                                 
1
 Automotive Safety Integrity Level (ASIL) is a risk classification scheme defined by the ISO 26262 

- Functional Safety for Road Vehicles standard. This is an adaptation of the Safety Integrity Level used 

in IEC 61508 for the automotive industry. This classification helps defining the safety requirements 

necessary to be in line with the ISO 26262 standard. The ASIL is established by performing a risk 

analysis of a potential hazard by looking at the Severity, Exposure and Controllability of the vehicle 

operating scenario. The safety goal for that hazard in turn carries the ASIL requirements. There are 

four ASILs identified by the standard: ASIL A, ASIL B, ASIL C, ASIL D. ASIL D dictates the highest 

integrity requirements on the product and ASIL A the lowest.
[1]

 Hazards that are identified as QM do 

not dictate any safety requirements 

[https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level].  

https://en.wikipedia.org/wiki/ISO_26262
https://en.wikipedia.org/wiki/Safety_Integrity_Level
https://en.wikipedia.org/wiki/IEC_61508
https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level#cite_note-1
https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level
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Security concerns:  

1:  

2:   

 

Safety concerns: 

1:  

2:   

 

Starting point/background & Innovation in SAFE STRIP: Many “Pedestrian 

detection and tracking” functions have been already proposed mainly based on 

wearable device or smartphones. SAFE STRIP will detect VRU without establishing a 

direct connection but only “sensing” their presence. The same applies to “Wrong Way 

Driving” function. A number of applications are  development based either on pure 

V2V communication  (DRIVE C2X project http://www.drive-c2x.eu/project) or using 

videocamera, ultra sound sensors. SAFE STRIP will detect all vehicles, and their 

speed direction passing over the strip, reducing the number of missed vehicles.  

8.3 Enhanced Cooperative safety function 
 

Use Case (UC) former title: Advanced Driver & Rider Assistance Systems adaptation 

for equipped vehicles (“Enhanced ADAS”) 

 

SAFE STRIP Partner(s) delivering: UNITN, CRF 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.2 

 

Brief description (output – objectives):  The application demonstrates the potential 

improvement of performance of two safety functions developed by CRF for equipped 

vehicles, the first based on on-board sensors and the second purely on V2V 

communication. The first original application, named “VRU protection” is a function 

that, using on-board sensors, detects VRU and produces a warning to the driver when 

there is a potential collision. The second application, named “Wrong Way Driving”, 

originally exploiting only V2V communication, detects equipped vehicles that are 

driving in the wrong direction (example taking the wrong exit from motorway rest 

area or gas station) and dispatches a warning to all connected vehicles approaching 

the critical area. SAFE STRIP technology will enhance the performance of  “VRU 

protection” application by: 1) providing the position and speed at lane level of both 

equipped and not equipped vehicles in relation to pedestrian crossing location 

removing the need to use precise GPS positioning system, 2) providing the presence 

of VRU especially when they are not in the field of view of on-board sensors or 

hidden by other vehicles or buildings, 3) providing information of the road surface 

conditions such as friction and wear. Similarly, SAFE STRIP technology will enhance 

the performance of “Wrong Way Driving” application supplying the position and 

speed (including direction) of both equipped and not equipped vehicles that are 

driving in the wrong direction.  

 

Considerable delay in communication affecting warnings’ effectiveness.  

 

Missed detection of pedestrian or vehicle. 

 

Old (not updated) or erroneous data/information. 

 

Hacking of the communication system.  

 

http://www.drive-c2x.eu/project
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Key functions of the application: The “VRU protection” and “Wrong Way Driving”, 

cooperative safety functions make use of the information collected by the strips that 

can be directly assessed via the ITS-G5, LTE-4G communication by the equipped 

vehicle. The main functions of the system from the side of SAFE STRIP technology 

are as follows: 

 Vehicle localisation in the lane: the function provides the position and speed of the 

vehicles at lane level close to pedestrian crossing and at the entrance exit lanes of 

motorway service stations/areas. 

 VRU detection in term of position and speed direction close to pedestrian crossing 

zone. 

The main function of the system from the side of “VRU protection” and “Wrong Way 

Driving” applications are as follows: 

 Artificial co-driver: the safety function is based on the artificial co-driver concept 

that evaluates a large number of potential manoeuver to predict the maneuver the 

driver intends to follow and warn him/her when it is not the safest. The VRU 

protection will be based on this approach both to estimate drivers “intention” and 

predict path of VRU. 

 

Key technologies: SAFE STRIP sensor and communication [C-ITS, Communication 

protocols (ITS-G5, LTE-4G, Bluetooth, BLE)] are the key technologies to be used. In 

particular, the following are possible sensor/technologies to detect vehicles/road 

users:  

 BLE and ITS-G5 technology to reliably communicate information. 

 Technology to sense and detect the vehicle passage, position and speed. 

 Friction coefficient estimation and road wear sensing and estimation. 

 Artificial co-driver concept. 

 

Primary actor: The drivers/riders/passengers of equipped vehicles.  

 

Secondary actor(s): The infrastructure operator for the wrong way driving. 

 

Targeted for:  

☒ Equipped vehicles   ☐ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☒ vulnerable 

road users  

 

Traffic environment:  

☒ urban (for the Virtual VRU protection function)  ☐ rural   ☒ highway (for the 

Wrong Way Driving function) ☐ interurban  

 

Maximum communication slot: 100ms when only ITS-G5 channel is used 

(preliminary estimated value that have to be consolidated during technical validation 

of A5.6).   

 

Range:  150m for the zebra crossing function, 750m for the wrong way driving 

function (the respective numbers are smaller here in comparison with the Virtual 
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cooperative safety function, because the delay should be smaller with direct 

communication between RSB and equipped vehicle).  

 

Maximum vehicle operating speed:  70km/h for the zebra crossing function, 130km/h 

for the Wrong Way Driving function. 

 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle:  

☒ rain (level of humidity) 

☒ snow 

☐ ambient light  

☐ fog 

☒ ice   

☐ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ distance to zebra crossing 

☒ distance to motorway exit or lane to rest area 

☒ vehicle speed and direction  

☒ road pavement deformation  

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☐ speed limit   

☒ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 
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☒ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ position and speed of VRU 

☒ road pavement deformation  

 

Measurement accuracy & Measurement frequency (only for applicable items): 

  
Table 36: Measurement accuracy & frequency (Enhanced Cooperative safety function). 

Info item  Measurement accuracy Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

rain (level of 

humidity) 

Sensor accuracy Upon meteorological 

event 

10sec 

snow Sensor accuracy Upon meteorological 

event 

10sec 

fog Sensor accuracy Upon meteorological 

event 

10sec  

ice   Sensor accuracy Upon meteorological 

event 

10sec 

position in lane  0.1m (lateral) Continuous 0.1sec 

speed limit   NA Upon event when 

changing 

1min 

lane marking    0.1m (lateral) Continuous 0.1sec 

type of road (asphalt 

or not, highway, …)    

NA Upon event when 

changing 

 

number of lanes     NA Upon event when 

changing 

1min 

lane the (ego) 

vehicle is running      

NA Continuous 0.1sec 

ego-vehicle speed 0.5m/s (longitudinal) Continuous 0.1sec 

road works NA Upon event   

unprotected railway 

crossing 

NA Upon event  

static obstacle ahead 1m - longitudinal Continuous 0.1sec 

heavy traffic ahead 10m - longitudinal Continuous 0.1sec 

changed/new 

information about 

upcoming exit 

NA Upon event  

Position VRU to 

zebra crossing 

1.m - lateral Continuous 0.1sec 

Position VRU to 

zebra crossing 
1m – longitudinal  Continuous 0.1sec 

speed VRU  0.25m/s – magnitude  Continuous 0.1sec 

Direction speed 

VRU  

30deg  Continuous 0.1sec 

Ego-vehicle distance 

to zebra crossing  

1m - longitudinal Continuous 0.1sec 
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Info item  Measurement accuracy Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

Position WWD 

vehicle 
1m – longitudinal  Continuous 0.1sec 

speed WWD vehicle  0.5m/s – magnitude  Continuous 0.1sec 

Road pavement 

deformation  

1cm vertical, 0.1m 

longitudinal 

Upon event when 

changing 

 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (ORU, RSB, Antenna). 

 Availability of data especially tracking of people, detection of vehicle speed 

direction. 

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:   
 Communication protocols that will be used: compatibility between infrastructure 

communication systems. 

 The RSB shall be placed at sufficient height (e.g. 8m) from the ground so as to 

allow efficient communication (and also to avoid vandalism).  

 Delay of communication especially when involving LTE 4G.    

 Speed of vehicle in relation to capability of the system to detect vehicles/VRU. 

 

Maintenance and reprogramming requirements:  

 Maintenance and reprogramming requirements have to be in line with the required 

ASIL level (ASIL B at minimum).  

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Virtual VRU protection 
Step 1: The strip detects vehicles approaching the zebra crossing and stopped 

vehicles (cars, PTW’s).   

Step 2 The strip also detects and tracks people/bicycle close to the crossing.  

Step 3: The RSB unit provides directly to the equipped vehicle via ITS-G5 (V2X) the 

presence of people/bicycle crossing the zebra in terms of position and speed vector.  

Step 4: If vehicles are approaching the zebra crossing the RSB unit generates a V2X 

warning message: DENM with “Collision with Vulnerable Road User (VRU)” cause 

code. The information is particularly useful in case of stopped vehicles hindering the 

presence of VRUs. 

Step 5: The function predicts the drivers maneuver and provides a warning about 

upcoming obstacle and/or people/bicycle crossing the road. . The algorithm will take 

into account the friction and road wear to improve the performances of the algorithm.  

Step 6: As soon as SAFE STRIP system detects the proper driver reaction it 

deactivates the warning.  
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Figure 42: Virtual VRU protection scenario representation.  

 

Scenario 2: Wrong Way Driving 
Step 1: The strip detects vehicles moving in the wrong direction in the entrance lane 

of a rest area or gas station of a motorway.  

Step 2: The RSB unit generates a V2V message with “Wrong Way Driving” cause 

code.  

Step 3: The function issues a warning of the presence of an incoming vehicle driving 

in the wrong direction to the vehicles in the motorway approaching the entrance lane 

to the rest area/gas station. 

Step 4: Warning is deactivated when vehicle passes over the critical area.  

Step 5: The infrastructure detects the wrong-way-driving event via cellular 

connectivity (or cable/fiber channel if available) with the following information: 

timestamp of the anomalous event, type of vehicle, position and speed and duration of 

the event. 
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Figure 43: Wrong Way Driving scenario representation.  

 

Benefits for the Primary actor:  

 Enhancement of the robustness of safety function already available for equipped 

vehicles for example providing the presence of VRU when on-board sensors 

cannot sense them or detect wrong way driving vehicles of any type. 

 

Quality of Service indicators & thresholds:  

 Automotive Safety Integrity Level (ASIL) 

 At least Level B.  

 Accuracy of vehicle positioning to motorway exit or zebra crossing: at least equal 

to 2[m]; 

 Accuracy of VRU positioning and speed: at least equal to 2[m] and 0.5m/s; 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 111  

 Correct identification of vehicle corrective manoeuvres >= 85%. The false alarms 

causes are: 

 Vulnerable Road User misplacement. 

 Wrong Way Driving miss due to non-recognition of vehicle shapes: cars, 

PTWs (potentially trucks). 

 Vehicle positioning misplacement. 

 Out-of-dated information regarding road parameters. 

 Acceptable timing: 

 Vulnerable Road User tracking 1[Hz]. 

 Wrong Way Driving detection and danger dissemination less than 100 [ms]. 

 

Relevant extensions:  

 Extension to trucks and to sensing fog and road works (according to user needs 

results).  

 

Connected Use Cases:  

 “Merging and Intesection Support: e2Call” (for Scenario 1). 

 

Conflicts with other existing or emerging technologies, if any: - 

 In Japan, US and Germany some new technologies to detect Wrong Way Driving 

are under evaluation on some motorway section [3 ; 27 ; 51].  

 Emerging applications and services based on WiFi and BlueTooth to monitor 

traffic flow and track people motion [30].  

  

Security concerns:  

1:  

2:   

3:   

 

 Safety concerns: 

1:  

2:   

3:   

 

Starting point/background & Innovation in SAFE STRIP: Many “Pedestrain 

protection” functions have been already proposed based on different techniques to 

detect the VRU (video camera, lidars, infrared camera, etc). In SAFE STRIP, VRU 

function will be complemented by additional/redundant information tom improve 

robustness. The same applies to “Wrong Way Driving” function developed in DRIVE 

C2X project (http://www.drive-c2x.eu/project) by CRF that is purely based on V2X 

communication. SAFE STRIP will detect all vehicles, and their speed direction, 

passing over the strip reducing the number of missed vehicles. 

Co-channel interference with other electromagnetic signals may damage the 

quality of the network connection. 

 

Some delay in communication due to RSB internal components 

communication. 

 

Missed detection of pedestrian or vehicle. 

 

Damage due to vandalism. 

 

Old (not updated) or erroneous data/information. 

 

Hacking of the communication system.  

 

http://www.drive-c2x.eu/project
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8.4 Road wear level and predictive road maintenance  
 

Use Case (UC) former title: Road wear level and predictive road maintenance 

 

SAFE STRIP Partner(s) delivering: UPAT 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/Α4.3 

 

Brief description (output – objectives):   

 To develop a remaining service life (RSL) model using the survivor curve method. 

 To analyse the average service life of pavements from RSL obtained from the 

survivor curve.  

 To develop curves to establish a relationship between pavement age, condition 

rating, and remaining service life. 

 To detect in real time critical deformations and feed respectively the TMC operator 

allowing quick corrective measures and feedback to the driver/rider.   

 

Key functions of the application: By measuring pavement strains the motorway 

operator can evaluate pavement response and cracking performance. Remaining 

service life of pavements will be predicted using the present pavement condition and 

the latest rehabilitation action performed on that particular pavement. Survival curves 

will be developed to obtain remaining service life of a pavement family. The 

objectives of this activity are to determine the average service life of pavements and 

to predict their remaining service life. Also, the critical values and types of pavement 

damage (for road safety) will be defined so as to feed prompt mitigation from the 

infrastructure maintenance departments and in-time notification to drivers/riders 

through VMS.    

 

Key technologies: Methods for predicting pavement conditions can be generally 

classified into three categories, according to the format of the mathematical 

representation: deterministic, probabilistic and other methods such as neural network 

method. Deterministic regression is perhaps the most popular prediction model in 

pavement condition prediction studies. It is usually expressed as a regression equation 

with the dependent variable being the condition index and independent variables 

being the age of the pavement, pavement type, and other influential factors. Several 

regression equations might be developed - one for each family of pavements. A 

family is a group of pavements that have similar characteristics and thus are expected 

to deteriorate similarly. According to the need, family determination can be subjective 

or based on potential explanatory variables such as pavement type, repair alternative, 

and traffic loading [46]. Linear and non-linear regression analysis is often used in 

developing deterministic prediction models [34]. Power curve [6] and sigmoidal curve 

[43] are the most popular non-linear regression formats in predicting pavement 

conditions. B-spline approximation was also employed to seek potential 

improvements for condition prediction [45]. However, most non-linear models used in 

pavement condition prediction can be converted into linear models by variable 

transformation [33]. Prior knowledge of the factors that affect performance is 

essential in developing reasonable empirical models. Unlike deterministic models, 

probabilistic models predict the pavement condition with certain probability. The 

result from such a model is usually a probability distribution but not a fixed number. 

A probabilistic model can easily take the previous condition into account for the 
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current condition prediction [35]. Thus, it has some advantages over a deterministic 

model especially for overlays on an old pavement. 

 

Primary actor: Operators in maintenance departments of Traffic Management 

Centres or similar.  

 

Secondary actor(s): Road users that are finally receiving information about critical 

failures of the infrastructure through VMS. Also, government agencies (in cases of 

procurement or strategic action plans cost-efficiency study). 

 

Targeted for: 

 ☒ TMC operators (this UC is not addressing directly road users; still the outcome is 

directly beneficial for them)    

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☐ passenger cars ☐ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

As mentioned above, this Use Case refers to infrastructure operators. Still, the 

derived benefits are concerning all types of road users.   

 

Traffic environment:  

☐urban    ☐ rural   ☒ highway ☐ interurban  

 

Maximum communication slot:  

Ideally, the procedure of data collection starts by determining 4-5 road segments. 

Ideally, the selected road segments should have varied PCI condition, ranging from 

very poor, poor, good, very good, to excellent condition. For the accurate 

measurement and analysis, each road segment can be further divided into 10 units of 

samples with an area of each unit is 700 m² (100 meter length and 7 meter width) 

[44]. However, in order to materialize this ideal scenario, significant investments 

(about 0.5-1 M€) in equipment are required that exceed the goals and budget of the 

project. Therefore, the minimum distance 3 segments are foreseen with different PCI 

condition, with 2 lines at each segment at longitudinal distance of 50m. 

 

Maximum vehicle operating speed:  Non-applicable for this Use Case.  

 

Key input required by the system (as minimum):  

Sensing info to be provided by the road strip to the TMC:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☒ type of road (asphault or not, highway, …)    
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☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ road pavement deformation  

☐ other  

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☒ type of road (asphault or not, highway, …)    

☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ road pavement deformation  

☐ other, please define – add as many rows as needed  

 

Measurement accuracy & Measurement frequency (only for applicable items):  

 
Table 37: Measurement accuracy & frequency (Road Wear level and predictive road 

maintenance). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

type of road 

(asphault or not, 

highway, …)    

Microstrain Upon event for a new 

deformation & 

periodical for 

existing 

deformations.   

Continuous 

monitoring 

over 

predefined 

time interval 

(e.g. 1 month) 

unless critical 

deformations 

road pavement 

deformation  
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Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

in which case 

prompt 

transmission 

has to be held.  

 

 

Technological/Legal/regulatory/operational prerequisites: See in Maximum 

Communication Slot.  

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers: Embedded strain gauges made specifically for AC have been 

widely used by several research programs, both in Europe and US [29; 39].  The used 

sensing principle is based on mechanical indicators such as an extensometer, resistive 

wires, and foil gauges. To ensure a good contact, most of the recently developed and 

marketed gauges are H-shaped. It is foreseen that the package designed for the sensor 

should have a similar shape and could be installed using existing installation 

procedures that are accepted by state transportation departments and will not 

constitute a major disruption to current practices. The resistive strain gauge can 

withstand high temperatures. A thermal insulator coating is used to protect the 

embedded electronics in contrast with commercial devices which do not use a thermal 

insulation layer. To prevent the undesirable effects of moisture on the circuit, silicone 

rubber polymer, which is an excellent impervious material, will be used.  
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Figure 44: Cross section of commercialized strain gauges suitable for pavement monitoring 

applications. 

 

In order to not disrupt the stress field in the pavement, the system’s stiffness must be 

close to that of the pavement. A low stiffness is desirable, but the device must be able 

to survive the stresses imposed during paving. Most of the systems are designed to 

approach the stiffness of asphalt at 25 °C and 2,2GPa. The main frame of the package 

will be made of epoxy on which the sensor is attached. The layers used for thermal 

and chemical insulation have a very low stiffness compared to the main frame epoxy. 

The choice of the epoxy is based on several parameters such as the thermal 

conductivity and the electric conductivity. Two types of epoxy were identified—

Conathane® TU-981 and Araldite® GY-6010. Both types have a tensile modulus 

close to 2 GPa and high tensile and flexural strengths above 27 MPa. Both are good 

electric insulators, but the Araldite® GY-6010 has an upper thermal resistivity. 

 

Maintenance and reprogramming requirements: According to the current 

planning, it is foreseen that no major maintenance will be required for the system after 

its installation. Some periodic replacement of strain sensors will be performed when 

the system will be in operation due to failures of some of the strain gauges during 

their service life. The cost is in the order of 10-50 € for each, so they are considered 

consumables anyway. The installation is straightforward without any calibration 

required before operation. 
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Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Pavement remaining useful life estimation 

Step 1: SAFE STRIP ORU (including the strain gauges) installed at the selected 

pavement sections is transmitting information regarding pavement thickness, traffic 

loading and measured tensile strain to the infrastructure.  

Step 2: The application evaluates the types of distress (cracking) that are collected by 

the strain gauge measurements during the survey to determine whether the factors 

that trigger the selection of treatments are included. 

Step 3: The application evaluates the procedures that are used to convert pavement 

distress information into pavement condition indexes. If all the distress information is 

compiled into one single composite index, then the pavement management system that 

uses individual indexes for triggering treatments may be better prepared to identify 

treatments that address the primary cause of the deterioration. 

Step 4: The infrastructure operator reviews its survey frequency to determine whether 

it is sufficient. 

Step 5: The infrastructure operator proceeds with the application of maintenance 

treatments.  

 

 
Figure 45: Pavement remaining useful life estimation scenario representation.  

 

Scenario 2: Structural health monitoring 

Step 1: SAFE STRIP ORU (including the strain gauges) installed at the selected 

pavement sections is transmitting information regarding pavement thickness, traffic 

loading and measured tensile strain to the infrastructure.  

Step 2: The application identifies the types of distress (permanent deformations) that 

are collected by the strain gauge measurements after an event that causes failure of 

pavement. Sufficient dispersion of strain gauges will provide information for critical 

locations of the pavement that are prone to damage.  

Step 3: The user (highway operator) will identify treatments for repair and decide if 

prompt reaction or not is required. 

Step 4: Critical failure – direct corrective measure and information to the drivers via 

VMS of TMC.  
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Figure 46: Structural health monitoring scenario representation.  

 

Benefits for the Primary actor:  

Remaining Service Life is used for future planning and budgeting purposes. This is 

not only useful for timing a major rehabilitation but also assists infrastructure 

managers in forecasting long-term needs of the network. The evaluation of RSL is 

necessary to make optimal use of the structural capacity of in-service pavements. 

Knowledge of RSL facilitates decision making in regard to strategies for 

reconstruction-rehabilitation of roads, thereby leading to efficient use of existing 

resources [49]. Accurate RSL models improve the process of allocating funds and 

resources for maintenance and rehabilitation of asphalt pavements [42]. 

 

With a large network of highways in place, a highway engineer’s concern is shifted 

from construction to maintenance [50]. It has been said that one dollar invested in 

preventive maintenance at the appropriate time in the life of a pavement can 

save $3 to $4 in future rehabilitation costs [24]. For facilitating the management of 

the existing network, pavement management systems (PMSs) have evolved over the 

last three decades. With increasingly limited national funds for transportation 

infrastructure preservation and renewal, there has been a growing need for strategic 

management of the national pavement network to preserve this large capital 

investment. 

 

Quality of Service indicators & thresholds:  
 Successful encapsulation/integration for strain gauges for surface installation.  

o Strain measurement accuracy +/- 100με after installation.  

 Successful recognition of Pavement damage state (PCI) 

o +/-10 units in PCI scale  

 

Relevant extensions: Extension to other types of infrastructure where significant 

investments are required:  
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 Railway predictive maintenance 

 Bridges 

 Tunnels 

 Airport pavements 

 

Also, the function itself could be extended to detect apart from road pavement 

failures, bloods or other similar critical incidents. In that case, “rain”, “snow” and 

“ice” should be also communicated from the road side. Also, the app could be 

applicable also for interurban scenarios.  

 

Connected Use Cases:  

 Virtual cooperative safety function & Enhanced cooperative safety function (road 

surface condition will be also communicated at least in those two applications 

following the same thresholds in terms of type and value).  

 Personalised VMS/VDS and Traffic Centre Information (the real-time information 

about critical road deformations can be one of the personalised warnings of the 

VMS application for drivers/riders). 

 

Conflicts with other existing or emerging technologies, if any: - 

  

Security concerns: - 

 

Safety concerns: 

1:  

 

Starting point/background & Innovation in SAFE STRIP: Economic model 

development for evaluating LCCA of pavements was officially researched by the 

Forum of European National Highway Laboratories in October 1997. It was known as 

the PAV-ECO (Economic Evaluation of Pavement Maintenance – Life-cycle Cost at 

the Project and Network Levels) and it ceased in October 1999. A Consortium of 

partners including the Technical Research Centre of Finland (Finland), University of 

Cologne (Germany), Laboratoires Central des Ponts et Chaussées (France), Danish 

Road Institute (Denmark), Anders Nyvig A/S (Denmark), Via-group SA 

(Switzerland), Transport Research Laboratory (United Kingdom) and the Laboratoires 

des Voies de Circulation LAVOC-EPFL (Switzerland) undertook the PAV-ECO 

Project. The project was managed by the Danish Road Institute [20]. Comparisons of 

the life-cycle costs at the project level for different maintenance strategies can be 

carried out within the PAV-ECO Project framework. This includes user and agency 

cost calculations spread over the selected analysis period. The PAV-ECO project also 

provides network and project-level traffic simulation models as well as the factors 

affecting traffic forecasts. To establish an effective maintenance strategy, user, agency 

and social costs are all considered. Crash, vehicle operation and user lost time costs 

are part of user costs. CO2 emissions and air pollution comprise social costs. The 

European VOC model range was analysed during the project in order to check the 

suitability of life-cycle cost model inclusion for European roads. 

During SAFE STRIP, this Use case will: 

 Further develop mechanistic- empirical models : both the response models and 

performance models need improvement. 

Fail to provide the information that a major damage is present – 

miscommunication to the primary and secondary (road) users. 
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 Validate existing models using lager database. 

 Improve the predictive accuracy and capabilities of network level probabilistic and 

empirical-mechanistic models and explore ways of improving transition 

probability matrices by using mechanistic-empirical models. 

 Enable the application of structural health monitoring for critical infrastructure 

with additional real time critical failure detection allowing prompt reaction on 

behalf of the infrastructure operator but also communication to the road users 

through VMS. 

 Enable the application of strain gauges on the surface of the pavement and not 

embedded in the pavement material as it is the current practice, leading to reduced 

installation time and general system robustness.  

8.5 Rail crossing and road works safety functions 
 

Use Case (UC) former Title: Road workzones and (uprotected) railway crossing 

warning 

 

SAFE STRIP Partner(s) delivering: UNITN, CRF, PIAGGIO 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.4 

 

Brief description (output – objectives):  Road works and railway crossings, from 

the safety function perspective, can be considered as “hot spots” where constraints to 

vehicle speed or position in specific lanes must be enforced. The target safety 

application will suggest the proper deceleration and speed to be reached or the need to 

stop in a given distance. The applications for the two driving scenarios are based on 

the artificial co-driver concept which issues a warning when the estimated driver’s 

intention does not match the safest manoeuver. Specifically, road work safety 

function detects at lane level approaching vehicles (equipped and non-equipped) and 

provides a warning if the speed is not properly adapted or the vehicle will not stop in 

time in case of traffic jam in the road work area.  

 

Additionally, based on vehicle’s lane position, lane change may be also suggested. 

SAFE STRIP technology will mainly provide 1) the position and speed at lane level 

of both equipped and non-equipped vehicles with respect to work zone starting point, 

2) the available lanes or change in lane layout, 3) the speed limit in road work zone, 

and, secondarily, 4) the road surface conditions such as friction and wear, and 5) the 

presence of traffic jam.   

 

Similarly, for railway crossing safety function, especially when unprotected, the 

function will generate a warning when the estimated driver’s intention does not match 

the safest manoeuver to reduce the speed to the prescribed speed limit at the railway 

crossing or the vehicle will not be able to stop in case the train is approaching.  

 

SAFE STRIP technology will provide 1) the position and speed of both equipped and 

not equipped vehicles approaching to the railway crossing, 2) the speed limit to 

satisfy, 3) the presence of approaching train (direction and speed) (and secondarily 4) 

the road surface conditions, such as friction and wear). 
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Key functions of the application: The main functions of the system from the side of 

SAFE STRIP technology are as follows: 

 Vehicle localisation in the lane: the function provides the position and speed of the 

vehicles at lane level with respect to the road works area or the railway crossings. 

Especially for the road works in highways the position at lane level is fundamental. 

 Available lanes and change in lane layout and geometry in the road work zone. 

 Approaching train detection solution (detecting train speed and direction when 

approaching the crossing; still, as a minimum, the infrastructure shall be aware of 

train position. The information could reach the vehicles via sensors to be installed 

at the appropriate position and the RSB.  

 Artificial co-driver: the safety function is based on the artificial co-driver concept 

that evaluates a large number of potential manoeuver to predict the maneuver the 

driver intends to follow and warn him/her when it is not the safest. Similar concept 

can also be applied for tracking and predict the behaviour of other vehicles 

implementing a distributed cooperative approach. 

 

Key technologies: SAFE STRIP sensor and communication (C-ITS, Communication 

protocols (ITS-G5, Bluetooth, LTE-4G, BLE) are key technologies. In particular, the 

following are possible sensor/technologies to detect vehicles/road users:  

 ITS-G5, Bluetooth, LTE-4G and BLE technology to reliably communicate 

information. 

 Technology to sense and detect the vehicle passage, position and speed. 

 Technology to sense the approaching train sensors to be installed at the appropriate 

position and the RSB 

 Friction coefficient estimation and road wear sensing and estimation. 

 Artificial co-driver concept. 

 

Primary actor: The drivers/riders/passengers of equipped and non-equipped 

vehicles. 

 

Secondary actor(s): The infrastructure operator for the traffic monitoring and 

management. 

 

Targeted for:  

☒ Equipped vehicles   ☒ Non-equipped vehicles   ☐ Autonomous vehicles  

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  

☒ urban (for the road works part)  ☐ rural  ☒ highway (for the railway part) ☐ 

interurban  

 

Maximum communication slot: 200ms when only ITS-G5 channel is used, 500ms 

when only LTE 4G channel is used (preliminary estimated value that have to be 

consolidated). 

 

Range:  200m from the railway crossing, 700m from the road work zone. 
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Maximum vehicle operating speed:  70km/h for the intersection function, 130km/h 

for the motorway exit. 

 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle:  

☒ rain (level of humidity) 

☒ snow 

☐ ambient light  

☐ fog 

☒ ice   

☐ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☒ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ distance to railway crossing 

☒ distance to road work zone 

☒ road pavement deformation  

☒ vehicle speed  

☒ speed of  train  

☒ direction of train  

☒ distance of train from rail crossing 

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☒ speed limit  (could differentiate per lane) 

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☒ unprotected railway crossing 
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☐ static obstacle ahead 

☒ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ road pavement deformation  

☐ other, please define – add as many rows as needed  

 

Measurement accuracy & Measurement frequency (only for applicable items):  

 
Table 38: Measurement accuracy & frequency (Rail crossing and road works safety 

functions). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, upon 

event, other) 

Specific 

frequency 

rain (level of 

humidity) 

Sensor accuracy Upon meteorological 

event 

10sec 

snow Sensor accuracy Upon meteorological 

event 

10sec 

fog Sensor accuracy Upon meteorological 

event 

10sec 

ice   Sensor accuracy Upon meteorological 

event 

10sec 

position in lane  0.1m (lateral) Continuous 0.5sec 

ego-vehicle speed 0.5m/s (longitudinal) Continuous 0.5sec 

speed limit   NA Upon event when 

changing 

1min 

lane marking    0.1m (lateral) Continuous 0.5sec 

type of road (asphalt 

or not, highway, …)    

NA Upon event when 

changing 

 

number of lanes     NA Upon event when 

changing 

1min 

lane the (ego) 

vehicle is running      

NA Continuous 0.5sec 

road works NA Upon event   

unprotected railway 

crossing 

NA Upon event  

Approaching train 

speed 

0.5m/s (longitudinal) Continuous 0.5sec 

Approaching train 

direction 

NA Discrete: left/right  

heavy traffic ahead 10m - longitudinal Continuous 0.5sec 

Distance to road 

works/railway 

crossings 

10m - longitudinal Continuous 0.5sec 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (ORU, RSB, Antenna). 

 Availability of data - especially lane positioning, detection of vehicle in the lane 

and speed direction, detection of approaching train. 
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Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  
 Communication protocols that will be used: compatibility between infrastructure 

communication systems. 

 Delay of communication especially when involving LTE-4G.    

 Speed of vehicle in relation to capability of the system to detect vehicles. 

 Vehicle detection at lane level.  

 Physical obstacles due to ground morphology could result in blocking sensors from 

detecting the approaching train. 

 Power consumption must be preserved at reasonable level (because of the various 

sensors to be involved). 

 The equipment shall be placed in such a way to avoid their destruction due to 

vandalism. 

 The RSB shall be placed at sufficient height (e.g. 8m) from the ground so as to 

allow efficient communication (and also to avoid vandalism).  

 

Maintenance and reprogramming requirements: Road layout changes or sensor 

faults must be updated and fixed quickly. Maintenance and reprogramming 

requirements have to be in line with the required ASIL level (ASIL B at minimum).  

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Work zone detection  

Step 1: SAFE STRIP detects, at lane level, equipped and non-equipped vehicles 

approaching the work zone and heavy traffic in the proximity of work zone. 

Step 2: The RSB unit provides directly to the equipped vehicle via ITS-G5 and to non- 

equipped via LTE the perceived information.  

Step 3: The function predicts the drivers maneuver and if it does not match the safest 

one, it provides a warning. The application also suggests lane change if the case 

applies. 

Step 4: If the function understands that the driver is reducing the speed, changes lane 

or properly stopping due to heavy traffic, it deactivates the warning.  

Step 5: The infrastructure operator communicates changed information about road 

work zone: Information about the existence of work zone, its layout/geometry (i.e. 

which are the occupied lanes) as well as speed limit in the area.  
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Figure 47: Road work zones scenario representation.  

 

Scenario 2: Railway crossing detection 

Step 1: SAFE STRIP detects, at lane level, equipped and non-equipped vehicles 

approaching the railway crossing. Additionally, for unprotected railway crossing it 

estimates/senses the approaching train speed and direction. Information about speed 

limit at the crossing is also given.  

Step 2: The RSB unit provides directly to the equipped vehicle via ITS-G5 and to the 

non-equipped vehicle via LTE the perceived information.  

Step 3: The function issues a warning when the estimated driver’s intention does not 

match the safest manoeuver to adapt the speed to the prescribed speed limit at the 

railway crossing or the vehicle will not be able to stop before the train crosses the 

road. 

Step 4: Warning is deactivated when the system understands that the driver is 

following the suggested maneuver/driving behavior adaptation.  

Step 5: The infrastructure operator may provide information about train time table or 

receive information about potential conflicts or accidents (when, where). 
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Figure 48: Railway crossing scenario representation.  

 

Benefits for the Primary actor:  

 New safety function for all vehicles (equipped and non-equipped) based on real 

time dynamic information, resulting in improvement of global safety level for 

passengers and drivers/riders. 

 

Quality of Service indicators & thresholds:  

 Automotive Safety Integrity Level (ASIL) 

 At least Level B.  

 Accuracy of vehicle positioning to road work area/railway crossing: at least equal 

to 10[m]; 

 Correct identification/warning for work zone/rail crossing: 99% 

The false alarm causes are: 

 Missing to detect train for scenario 2. 

 Missing to detect vehicle. 
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 Vehicle positioning misplacement (e.g. wrong lane). 

 Out-of-dated information regarding road parameters. 

 Acceptable timing: 

 Upper limit of delay of communication 1[Hz]. 

 

Relevant extensions:  

 Train interface for communication with SAFE STRIP (Consortium experts’ 

suggestion). 

 Extension to highway operators for traffic management (traffic flow 

improvements) -  if the road operators knows from strip position of vehicle in lanes 

and average speed it can plan and try to adapt the traffic flow in order to increase 

the average speed thought the work zone.  

 Extension to trucks and buses as well as to rural context (according to user needs).  

 

Connected Use Cases:  

 Virtual cooperative safety function (for non-equipped vehicles). 

 Enhanced cooperative safety function (for equipped vehicles). 

 Merging and intersection support: e2Call (for scenario 1). 

 

Conflicts with other existing or emerging technologies, if any: - 

 Application based on pure V2X communication (such as in Drive-C2X) is an 

emerging technology both for road works and unprotected level crossing.  

 

Security concerns:  

1:  

2:   

3:   

 

 Safety concerns: 

1:  

2:   

3:   

 

Starting point/background & Innovation in SAFE STRIP: Road works warning 

have been already developed in other project. In particular in DRIVE C2X project 

(http://www.drive-c2x.eu/project), that is based on pure V2X, V2V communication. 

This means that it is available only for equipped vehicles. SAFE STRIP will integrate 

this approach for not equipped vehicles using the LTE communication channel. 

Additionally, SAFE STRIP can detect the presence of both equipped and not 

equipped vehicles suggesting consistent warning and lane change manoeuvers. SAFE 

STRIP will allow non-equipped vehicles to benefit improvement of safety when 

approaching to work zone since they can adopt such application via LTE 

communication [41]. 

 

Considerable delay in communication (especially for non-equipped vehicles). 

 

Missed detection of vehicle in the lane. 

 

Missed detection of train. 

 

Damage due to vandalism. 

 

Old (not updated) or erroneous data/information. 

Hacking of the communication system.  

 

http://www.drive-c2x.eu/project)
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8.6 Merging and Intersection Support: e2Call 
 

Use Case (UC) former title: Merging and Intersection Support 

 

SAFE STRIP Partner(s) delivering: UNITN, CRF 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.5 

 

Brief description (output – objectives):  The application is an enhancement of the 

e2Call safety function developed by CRF for equipped vehicles. The original 

application is purely based on V2V communication that exchanges vehicle position, 

speed and intended future paths. Additionally, the application relies on precise GPS 

positioning and intersection, roundabout or road merging maps (for road layout and 

geometry). The output of the application is a warning to the driver when a potential 

conflict with other vehicles at intersection may happen or is imminent or when the 

driver is going not to respect give way right, stop sign or traffic light red signal. SAFE 

STRIP technology will improve the performance of e2Call function in many ways: 1) 

by providing the position and speed at lane level of both equipped and non-equipped 

vehicles, 2) by removing the need to use precise GPS positioning system, 3) by 

supplying the local digital map close to the intersection, 4) by providing information 

of the road surface conditions such as friction and wear, and 5) by providing info 

about the traffic jam. 

 

The same application will be implemented for non-equipped vehicles as well 

(currently not existing). The SAFE STRIP technology should be able to provide the 

relevant information to non-equipped vehicles via LTE communication. Due to the 

expected delay in the LTE communication the application will try to compensate for 

the delay and will not consider near potential collisions but only long range 

predictions (up to 5sec roughly).   

  
Key functions of the application: The e2Call merging and intersection support 

safety function makes use of the information collected by the on-road strips that can 

be directly assessed via the ITS-G5 communication by the equipped vehicles and via 

the LTE communication by the non-equipped vehicles.  

The main functions of the system from the SAFE STRIP perspective: 

 Vehicle localisation in the lane: the function provides the position and speed of the 

vehicles at lane level at the intersection or the exit lane of motorway. Especially for 

the intersection, the position at lane level is fundamental. 

 Intersection layout or exit lane geometry and communication with infrastructure. 

The main functions of the system from e2Call function perspective (in the case of 

non-equipped vehicles, this will be running in the mobile device): 

 Artificial co-driver: the safety function is based on the artificial co-driver concept, 

that evaluates a large number of potential manoeuvers to predict the maneuver the 

driver intends to follow and warn him/her when it is not the safest. A similar 

concept can also be applied for tracking and predict the behavior of other vehicles 

implementing a distributed cooperative approach. 

 

Key technologies: SAFE STRIP sensor and communication (C-ITS), Communication 

protocols (-ITS, Communication protocols (ITS-G5, LTE-4G, Bluetooth, BLE are key 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 129  

technologies to be deployed. In particular, the following are possible 

sensor/technologies to detect vehicles/road users (to be revisited in WP2 though):   

 BLE, LTE and ITS-G5 technology to reliably communicate information. 

 Technology to sense and detect the vehicle passage, position and speed. 

 Friction coefficient estimation and road wear sensing and estimation. 

 Artificial co-driver concept. 

 

Primary actor: The drivers/riders/passengers of equipped and non-equipped 

vehicles. 

 

Secondary actor(s): The infrastructure operator for the traffic monitoring and 

management. 

 

Targeted for:  

☒ Equipped vehicles   ☒ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  

☒ urban   ☐ rural   ☒ highway ☐ interurban  

 

Maximum communication slot:  

 100ms when only ITS-G5 channel is used (preliminary estimated value that have 

to be consolidated). 

 500ms when only LTE 4G channel is used (preliminary estimated value that have 

to be consolidated). 

 

Range: 150m from the intersection, 500m from the motorway exit. 

 

Maximum vehicle operating speed:  70km/h for the intersection function, 130km/h 

for the wrong way driving function and the motorway exit.  

 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle:  

☒ rain (level of humidity) 

☒ snow 

☐ ambient light  

☐ fog  

☒ ice   

☐ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 130  

☐ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ distance to zebra crossing 

☒ distance to motorway exit or lane to rest area 

☒ vehicle speed 

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☐ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☒ moving obstacle ahead 

☒ speed moving obstacle ahead 

 

Measurement accuracy & Measurement frequency (only for applicable items):  

 
Table 39: Measurement accuracy & frequency (Merging and Intersection support function). 

Info item  Measurement 

accuracy 

Frequency 

Type 

(continuous, 

discrete, 

periodical, upon 

event, other) 

Specific 

frequency 

for ITS-

G5 com. 

Specific 

frequency 

for LTE 

com. 

rain (level of 

humidity) 

Sensor accuracy Upon 

meteorological 

event 

10sec 10sec 

snow Sensor accuracy Upon 

meteorological 

event 

10sec 10sec 

fog Sensor accuracy Upon 10sec 10sec 
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Info item  Measurement 

accuracy 

Frequency 

Type 

(continuous, 

discrete, 

periodical, upon 

event, other) 

Specific 

frequency 

for ITS-

G5 com. 

Specific 

frequency 

for LTE 

com. 

meteorological 

event 

ice   Sensor accuracy Upon 

meteorological 

event 

10sec 10sec 

position in lane  0.1m (lateral) Continuous 0.1sec 0.5sec 

ego-vehicle speed 0.5m/s 

(longitudinal) 

Continuous 0.1sec 0.5sec 

speed limit   NA Upon event 

when changing 

1min 1min 

lane marking    0.1m (lateral) continuous 0.1sec 0.5sec 

type of road 

(asphalt or not, 

highway, …)    

NA Upon event 

when changing 

  

number of lanes     NA Upon event 

when changing 

1min 1min 

lane the (ego) 

vehicle is running      

NA Continuous 0.1sec 0.5sec 

static obstacle 

ahead 

1m - longitudinal Continuous 0.1sec 0.5sec 

heavy traffic 

ahead 

10m - 

longitudinal 

Continuous 0.1sec 0.5sec 

distance moving 

obstacle ahead 

1m - longitudinal Continuous 0.1sec 0.5sec 

speed moving 

obstacle ahead 

0.5m/s 

(longitudinal) 

Continuous 0.1sec 0.5sec 

distance to 

intersection/lane 

exit 

1m - longitudinal Continuous 0.1sec 0.5sec 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (ORU, RSB, Antenna, additional sensors – for non-

equipped scenario). 

 Availability of data especially lane positioning, detection of vehicle in the lane and 

speed direction (digital maps with moving objects). 

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  
 Communication protocols that will be used: compatibility between infrastructure 

communication systems 

 Delay of communication, especially when involving 4G.    

 Speed of vehicle in relation to capability of the system to detect vehicles. 

 Vehicle detection at lane level. 
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 Power consumption must be preserved at reasonable level. 

 The equipment shall be placed in such a way to avoid their destruction due to 

vandalism.  

 The RSB shall be placed at sufficient height (e.g. 8m) from the ground so as to 

allow efficient communication (and also to avoid vandalism).  

  
Maintenance and reprogramming requirements: Road layout changes or sensor 

faults must be updated and fixed quickly. Maintenance and reprogramming 

requirements have to be in line with the required ASIL level (ASIL B at minimum).  

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Urban intersection 

Step 1: SAFE STRIP detects approaching and stopped vehicles (equipped and not 

equipped). Information about traffic light phases and intersection layout/geometry is 

provided.  

Step 2: The RSB unit provides directly to the equipped vehicle via ITS-G5/4G the 

perceived information. The RSB provides also the position in the lane of approaching 

vehicles.   

Step 3: The function collects the information coming from the RSB regarding 

equipped and non-equipped vehicles. Based on that it evaluates vehicles with 

conflicting trajectories and suggests the best corrective maneuvers to avoid car 

accidents. 

Step 4: If the function understands that the driver is reducing the speed and properly 

stopping for the intersection or avoid the collision with the other vehicle it deactivates 

the warning.  
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Figure 49: Urban intersection scenario representation for equipped vehicles.  
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Figure 50: Urban scenario representation for non-equipped vehicles.  

 

Scenario 2: Motorway exit  

Step 1: SAFE STRIP detects vehicles moving approaching an exit lane of the 

motorway and vehicles stopped in the exit lane.  

Step 2: The RSB unit provides directly to the equipped the presence of stopped 

vehicles at the exit lane and road geometry at lane level. 

Step 3: The function issues a warning if it predicts the drivers intends to exit and the 

speed is not compatible with the geometry or the traffic. 

Step 4: The warning is deactivated when vehicle passes over the exit lane or the 

driver exits with the right speed/deceleration. 

Step 5: The infrastructure receives traffic jam information and updates at motorway 

exit, from the RSU connected to the RSB, via cellular connectivity. 

 

 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 135  

 
Figure 51: Motorway exit scenario representation for equipped vehicles.  
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Figure 52: Motorway exit scenario representation for non-equipped vehicles.   

 

Benefits for the Primary actor:  

 Enhancement of the robustness and performance of the intersection safety function 

already available for equipped vehicles and availability for non-equipped vehicles 

(that is not currently existing). 

 New safety function for all vehicles (motorway exit).  

 

Quality of Service indicators & thresholds:  

 Automotive Safety Integrity Level (ASIL) 

 At least Level B.  

 Scenario 1: vehicles relative positioning accuracy: at least equal to 1 [m]; 

 Scenario 2: vehicles relative positioning accuracy: at least equal to 2 [m]. 

o Correct identification of vehicle corrective manoeuvres >= 85%. 

The false alarms causes are:   

o Moving or stopped vehicle misplacement. 

o Vehicle positioning misplacement (e.g. wrong lane). 
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o Out-of-dated information regarding road parameters. 

 Acceptable timing: 

o Vehicle tracking tracking 1[Hz] 

o Warning issue with too short anticipation less than normal reaction time 

 

Relevant extensions:  

 Extension to V2V and V2X communication.  

 Extension to highway operators for traffic management (traffic flow 

improvements).  

 Extension to trucks and to sensing fog (according to user needs outcomes).  

 

Connected Use Cases:  

 Virtual cooperative safety function.  

 Enhanced cooperative safety function.  

 

Conflicts with other existing or emerging technologies, if any: - 

  

Security concerns:  

1:  

2:   

3:   

 

 Safety concerns: 

1:  

2:   

3:   

 

Starting point/background & Innovation in SAFE STRIP: Safety functions for 

intersection support are already available but not for PTW. In particular e2Call 

function was developed based on V2V communication and implemented based on co-

driver concept to better predict driving behaviour and also other road user motion 

prediction yielding an overall improvement in function performance [19]. In SAFE 

STRIP, this function will be upgraded and made available for equipped and non-

equipped vehicles and PTW’s.  

Co-channel interference with other electromagnetic signals may damage the 

quality of the network connection. 

 

Considerable delay in communication (for non-equipped vehicles). 

 

Missed detection of vehicle in the lane. 

 

Damage due to vandalism. 

 

Old (not updated) or erroneous data/information. 

 

Hacking of the communication system.  
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8.7 Personalised VMS/VDS and Traffic Centre Information 
Use Case (UC) former title: Same title  

 

SAFE STRIP Partner(s) delivering: CERTH/HIT 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.6 

 

Brief description (output – objectives):  This application corresponds to the 

replacement of the current VMS/VDS infrastructure. Main objective of the 

application is to depict the VMS’s messages to the passing vehicles. The VMS’s 

message will be presented either through audio or visual channels or in both ways as 

informative or warning to the driver/rider. The message will be presented according to 

driver’s profile, such as native language and the preferred way of presentation. 

 

Key functions of the application:  I2X communication (for transmission of road info 

to TMC and from there to the vehicle)  

 

Key technologies: C-ITS, Communication protocols (ITS-G5, LTE-4G, BLE) 

 

Primary actor: Drivers/Riders  

 

Secondary actor(s): Infrastructure operators (traffic centers) 

 

Targeted for:  

☒ Equipped vehicles   ☒ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Applicable types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  

☐urban    ☐ rural   ☒ highway (more than 1 lane per direction) ☐ interurban  

 

Maximum communication slot: 500msec (preliminary estimated value that has to be 

consolidated in A5.6 technical validation). 

 

Range: 2km ahead approaching zones of danger (road works, tollgates, static object 

on road, heavy traffic, critical failure of the infrastructure, change of exit, etc.)  

 

Maximum vehicle operating speed: 130 km/h 

 

Key input required by the system:  

Sensing info to be provided by the road strip to the TMC to be processed, back to 

RSB for final (personalised) transmission to vehicle:   

☒ rain (level of humidity) 

☒ snow 

☒ ambient light  

☒ fog 
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☒ ice   

☒ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☒ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☒ changed/new information about upcoming exit 

☒ road pavement deformation (critical failure) 

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☐ speed limit    

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☐ heavy traffic ahead 

☒ changed/new information about upcoming exit 

☒ road pavement deformation (critical failure) 

 

Measurement accuracy & Measurement frequency (only for applicable items):  
 

Table 40: Measurement accuracy & frequency (Personalised VMS/VDS function). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

rain (level of 

humidity) 

Sensor accuracy Upon 

meteorological event 

10 sec 

snow Sensor accuracy Upon 

meteorological event 

10 sec 
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Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

fog Sensor accuracy Upon 

meteorological event 

10 sec 

ice   Sensor accuracy Upon 

meteorological event 

10 sec 

position in lane  0,1m lateral 200 msec  

speed limit   NA Upon event, when 

changing 

1 min 

lane marking    0.1m lateral  NA  

type of road 

(asphalt or not, 

highway, …)    

NA Upon event, when 

changing 

1 min 

number of lanes     NA Upon event, when 

changing 

1 min 

lane the (ego) 

vehicle is running      

NA Continuous  2.5 sec 

road works 0.1m lateral / 10 m 

longitudinal 

Continuous 2.5 sec 

static obstacle 

ahead 

1m longitudinal Continuous 2.5 sec 

heavy traffic ahead 10m longitudinal Continuous 2.5 sec 

changed/new 

information about 

upcoming exit 

0.1m lateral / 10 m 

longitudinal 

Continuous 2.5 sec 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (OVU, ORU, RSB, Antenna). 

 Maintenance and availability of data from traffic centre. 

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:   

 Communication protocols that will be used: compatibility between infrastructure 

communication systems (ORU, RSB and Antenna) and OBU (OVU).    

 The RSB shall be placed at sufficient height (e.g. 8m) from the ground so as to 

allow efficient communication (and also to avoid vandalism).  

Maintenance and reprogramming requirements:  

 Maintenance and reprogramming requirements have to be in line with the required 

ASIL level (ASIL B at minimum). 

 The collected data have to be robust and reliable in real-time. 

 Only skilled workers should be allowed to perform operation maintenance. 

 Reprogramming should be realised under efficient encryption. 

 Update of RSB by highway operators mandatory.   

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Personalised VMS/VDS’s and Traffic Centre information in 

equipped vehicles  
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Virtual VMS 1 

Step 1: The RSB receives information from a vehicle about an engine failure.  

Step 2: The RSB processes these messages and sends appropriate information to the 

TMC. 

Step 3: A PTW approaches (2 km away).  

Step 4: The TMC processes data and sends the information to the nearest RSB about 

the incident 2km ahead. 

Step 5: The ego vehicle receives information from the RSB. 

Step 6: The information is depicted personalised according to user’s preferences (e.g. 

in his/her language) in the ego vehicle HMI.  

 

Virtual VMS 2 - Critical case 

Step 1: The RSB collects road data (e.g. ice, oil) from strip. 

Step 2: The RSB transfers data to TMC.  

Step 3: The TMC processes this data and sends appropriate information to the 

nearest RSB. 

Step 4: The ego vehicle receives information from the RSB. 

Step 5: The information is depicted personalised according to user’s preferences (e.g. 

in his/her language) in the ego vehicle’s HMI. 

 

Virtual VMS 2 – Non -critical case  

Step 1:  The RSB collects road data (e.g. temperature, humidity) from strip. 

Step 2:  The RSB transfers data to the ego vehicle directly.  

Step 3: The information is depicted personalised according to user’s preferences (e.g. 

in his/her language) in the ego vehicle’s HMI. 

 

 
Figure 53: Personalised VMS/VDS and Traffic Centre scenario representation for equipped 

vehicles.  

 

Scenario 2: Personalised VMS/VDS’s and traffic centre information in non-

equipped vehicles  

Step 1: A vehicle detects engine problems or an accident takes place. 
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Step 2: Information is passed from the vehicle to TMC via smartphone. 

Step 3: The ego vehicle approaches to the nearest RSB (2km far). 

Step 4: The ego vehicle receives the information from TMC via smartphone.  

Step 5: The information is depicted personalised according to user’s preferences (e.g. 

in his/her language) in the smartphone’s UI.  

 

 
Figure 54: Personalised VMS/VDS and Traffic Centre scenario representation for non-

equipped vehicles.  

 

Benefits for the Primary actor:  

 Replacement of costly VMS/VDS infrastructure leading to considerable cost 

saving.  

 Easy maintenance.  

 Personalised and reliable warnings to the road users.  

 

Quality of Service indicators & thresholds: Success criterion would be to provide 

the reliable informative/warning VMS/VDS message to the driver on time and in a 

personalized manner. 

o Reliability: 95% 

o Depending on incident type:  

o low (e.g. Work ahead) = 1km , 

o  medium (Traffic jam)= 2km ,  

o high(e.g. accident) = 3km 

 

Relevant extensions: To be extended to urban VMS/VDS and to trucks (according to 

user needs outcomes).   

 

Connected Use Cases:  
 Virtual cooperative safety function  

 Enhanced cooperative safety function  

 Road wear level and predictive road maintenance  

 

Conflicts with other existing or emerging technologies, if any: - 
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Security concerns:  

1:  

 

 Safety concerns: 

1:  

2:   

3:   

 

Starting point/background & Innovation in SAFE STRIP:  
Within IN-SAFETY FP6 STREP project (http://www.insafety-eu.org), intelligent-

agents have been used to provide to the driver VMS information at the on-board unit, 

that is related to his/her own needs, residual abilities, preferences and goals (i.e. with 

adapted in-vehicle HMI) and according to his/her route, scheduled in the route 

guidance system). In this case, the vehicle does not communicate with the VMS but 

with the TMC. During its trip, the vehicle sends periodically its coordinates: a) the 

latitude, b) the longitude and c) the direction of the vehicle. However, the IN-

SAFETY system requires ‘heavy’ and expensive roadside equipment. Within SAFE 

STRIP, the bulky roadside antenna, PCs and support devices of IN-SAFETY 

architecture will be replaced by micro and nano sensors integrated at the pavement 

markings. The proposed functionality, if realised cost-effectively, may bring a 

revolution to the provision of traffic-related information to the drivers.  

8.8 Autonomous vehicles support 
 

Use Case (UC) former title: Same title.  

 

SAFE STRIP Partner(s) delivering: VALEO 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.7 

 

Brief description (output – objectives):  The key objective here is to improve 

automated functions for highway driving thanks to SAFE STRIP sensors data 

integration and therefore lower the frequency of the driver having to take back control 

of the vehicle. Four (4) specific enhanced perception applications for automated 

vehicles will be supported: 

 Dynamic trajectory estimation for automated vehicles 

 Definition of lane-level virtual corridors  

 Tollgates management 

 Work zones detection   

 

Key functions of the application: V2X communication 

 

Key technologies: Automated driving, C-ITS, Communication protocols (ITS-G5, 

Bluetooth, LTE-4G, BLE). 

Co-channel interference with other electromagnetic signals may damage the 

quality of the network connection. 

Erroneous data/information communicated to the road users.  

 

Considerable delay in communicating critical information to the road users.    

Hacking of the communication system.  

 

http://www.insafety-eu.org/
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Primary actor: Autonomous vehicles drivers  

 

Secondary actor(s): Infrastructure / highway operators (traffic info…) 

 

Targeted for:  

☐ Equipped vehicles   ☐ Non-equipped vehicles   ☒ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☐ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  

☐urban    ☐ rural   ☒ highway ☐ interurban  

 

Maximum communication slot: 200 msec. (preliminary estimated value that may be 

revised). 

 

Range: 700m ahead approaching zones of danger (road works, tollgates, static object 

on road...).  

 

Maximum vehicle operating speed:  130 km/h 

 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle:  

☒ rain (level of humidity) 

☒ snow 

☐ ambient light  

☒ fog 

☒ ice   

☐ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☐ unprotected railway crossing 

☒ static obstacle ahead 

☒ heavy traffic ahead 

☒ changed/new information about upcoming exit 

☐ road pavement deformation  

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 
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☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☒ position in lane  

☒ speed limit   

☒ lane marking    

☒ type of road (asphault or not, highway, …)    

☒ number of lanes     

☒ lane the (ego) vehicle is running      

☒ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☒ changed/new information about upcoming exit 

☐ road pavement deformation   

 

Measurement accuracy & Measurement frequency (only for applicable items):  

 
Table 41: Measurement accuracy & frequency (Autonomous vehicle support function). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

rain (level of 

humidity) 

Sensor accuracy Upon meteorological 

event 

10sec 

snow Sensor accuracy Upon meteorological 

event 

10sec 

fog Sensor accuracy Upon meteorological 

event 

10sec 

ice   Sensor accuracy Upon meteorological 

event 

10sec 

position in lane  0.1m lateral Continuous  200msec 

speed limit   0 Upon event: when 

changing 

1 min 

lane marking    0.1m lateral  NA  

type of road (asphalt 

or not, highway, …)    

NA Upon event: when 

changing 

1 min 

number of lanes     NA Upon event: when 

changing 

1 min 

lane the (ego) 

vehicle is running      

NA Continuous  2.5sec 

road works 0.1m lateral / 10m 

longitudinal 

Upon event  2.5sec 

unprotected railway 

crossing 

 Upon event  

static obstacle ahead 1m longitudinal Continuous  2.5sec 
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Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

heavy traffic ahead 10m longitudinal Continuous 2.5sec 

changed/new 

information about 

upcoming exit 

0.1m lateral / 10m 

longitudinal 

Upon event 2.5sec 

 

Technological/Legal/regulatory/operational prerequisites:  
 Infrastructure modifications (ORU, RSB, Antenna). 

 Seamless availability of data. 

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  
 Communication protocols that will be used: compatibility between infrastructure 

communication systems (ORU, RSB and Antenna) and OBU.    

 Speed of cars on road (i.e. peering issues). 

 Presence of vehicles around ego-vehicle. 

 

Maintenance and reprogramming requirements:  
 Maintenance and reprogramming requirements have to be in line with the required 

ASIL level (ASIL B at minimum). 

 The collected data have to be robust and safe in real-time. 

 Only skilled workers should be allowed to perform operation maintenance. 

 Reprogrammation should be realised under efficient encryption. 

 Update of RSB by highway operators mandatory.   

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Dynamic trajectory estimation for automated vehicles / ego lane 

trajectory information 

Step 1: The on board system detects a gap in the perception of lane marking 

(distorted lane marking not perceived by the on-board system).  

Step 2: SAFE STRIP provides to the on board system the position of the center of the 

lane in which the car is driving and its width, so that it remedies to the perception 

functions. 

Step 3: The vehicle perception system is automatically reconfigured upon the 

information provided feeding the dynamic trajectory estimation.  
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Figure 55: Dynamic trajectory estimation scenario representation.  

 

Scenario 2: Definition of lane-level virtual corridors / multiple carriage way 

Step 1: The ORU sends to RSB the information that a new lane is created and on 

which side the new lane is added (left or right).  

Step 2: The car receives at least 500m ahead this information from the RSB which 

allows the car to detect the update of the number of available lanes and the 

information of in which lane the car is now located.  

 

 
Figure 56: Lane level virtual corridors scenario representation.   

 

Scenario 3: Tollgates management 

Step 1: The car is driving on a highway and the OBU is receiving the information 

from the RSB that it is approaching a toll zone. 

Step 2: The ORU sends the information needed to compute the trajectory to follow 

(that is tagged by the ORU) to reach the available dedicated tollgate (electronic 

tolling) and the precise position of this targeted gate. 

Step 3: The car reaches the gate. 

Step 4: The information that the gate is open. 

Step 5: The car crosses the gate and follows the virtual lane (that is tagged by the 

ORU) to reach a lane with road marking.  
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Figure 57: Tollgates management scenario representation.   

 

Scenario 4: Work zones detection 

Step 1: The car is driving on a highway and the OBU is receiving the information 

from the RSB that it is approaching a work zone. 

Step 2: The RSB sends the information of the precise localization of the starting point 

and of the ending point of the work zone, that the Lane number 1 is closed and that 

the speed limit would be reduced at 90 km/h over the entire work zone. 

Step 3: The car positions itself on the Lane number 2. (It might be the case that the 

overall local map has to be updated upon the information provided by the 

infrastructure to address the cases of an emergency lane or new lane markings 

painted).  

Step 4: The car reduces its speed to the temporary limit to cross the work zone.   

 

 
Figure 58: Workzones scenario representation.  
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Benefits for the Primary actor:  

 Enhancement of the robustness of automated driving. 

 Reduction of the frequency for the driver having to take back control of the 

vehicle. 

 Enhancement of the driver comfort. 

 

Quality of Service indicators & thresholds:  

 Indicator: Number of taking back controls from the driver. 

 Threshold: 0 times requiring from the driver to take back control during the 

crossing of tollgates or work zones.  

 Indicator: Automotive Safety Integrity Level (ASIL)
2
 

 Threshold: At least Level B.  

 

Relevant extensions:  

 Extension to V2V communication. 

 Extension to highway operators for traffic management (traffic flow 

improvements).  Traffic flow management by the highway operator with a 

dynamic availability of number of lanes – to suppress if not relevant. 

 

Connected Use Cases:  

 Virtual Toll Collection (for non-autonomous vehicles). 

 

Conflicts with other existing or emerging technologies, if any: - 

  

Security concerns:  

1:  

2:   

 

Safety concerns (by order of significance): 

1:  

 

Starting point/background & Innovation in SAFE STRIP: The starting point for 

Valeo in SAFE STRIP is an existing demo car (with full control of the steering, 

acceleration and braking). The SAFE STRIP implementation to take place in the 

                                                 
2
 Automotive Safety Integrity Level (ASIL) is a risk classification scheme defined by the ISO 26262 

- Functional Safety for Road Vehicles standard. This is an adaptation of the Safety Integrity Level used 

in IEC 61508 for the automotive industry. This classification helps defining the safety requirements 

necessary to be in line with the ISO 26262 standard. The ASIL is established by performing a risk 

analysis of a potential hazard by looking at the Severity, Exposure and Controllability of the vehicle 

operating scenario. The safety goal for that hazard in turn carries the ASIL requirements. There are 

four ASILs identified by the standard: ASIL A, ASIL B, ASIL C, ASIL D. ASIL D dictates the highest 

integrity requirements on the product and ASIL A the lowest.
[1]

 Hazards that are identified as QM do 

not dictate any safety requirements 

[https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level].  

Smooth interaction with other vehicles of surrounding traffic, especially upon 

creation of new lanes/corridors for automated vehicles.  

 

 

Old (not updated) or erroneous data/information coming from the 

infrastructure. 

 

Hacking of the communication system.  

 

https://en.wikipedia.org/wiki/ISO_26262
https://en.wikipedia.org/wiki/Safety_Integrity_Level
https://en.wikipedia.org/wiki/IEC_61508
https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level#cite_note-1
https://en.wikipedia.org/wiki/Automotive_Safety_Integrity_Level
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project will allow the integration of on-road sensors data in the existing perception 

system aiming to improve accuracy and enable lane-localisation for achieving 

dynamic trajectory estimation for automated vehicles and lane-level virtual corridors 

and delivering applications for workzones and tollgates management. 

8.9 Virtual Toll Collection - for non-autonomous vehicles 
 

Use Case (UC) former Title: Same title   

 

SAFE STRIP Partner(s) delivering: RELAB 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.8 

 

Brief description (output – objectives):  In order to develop added value services, a 

virtual toll application will be developed by RELAB for non-autonomous vehicles 

that will aim to replace real toll stations through the infrastructure provided by SAFE 

STRIP. The main advantages deriving from this solution include: 

 Reduce the pollution; 

 Reduce the crossover time of the toll booth, improving the traffic flow and the 

driver satisfaction. 

 Most importantly, reduce the tremendous manufacturing, operational and 

maintenance cost of real toll stations.  

 

RELAB will develop an application for smart phones, using the non-equipped vehicle 

communication modules, that will emulate the interface of a toll charging, based upon 

vehicle type characterisations from the SAFE STRIP (truck, car or PTW) using the 

relevant SAFE STRIP piezoelectric sensors.  

 

Key functions of the application:  

 Toll station simulation enabling automatic passage.  

 Automatic payment.  

 

Key technologies: RELAB will develop an application for smart phones (iOS and 

Android) for non-equipped vehicles, and an application to be embedded for equipped 

vehicles.  

 

Primary actor: The key actors are the driver/rider who is expected to go through the 

toll gate and the TMC operator. 

 

Secondary actor(s): The secondary actor is the infrastructure and the payment 

system/facility.  

 

Targeted for:  

☒ Equipped vehicles   ☒ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Types of vehicle: 

☒ passenger cars ☒ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  
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☐urban    ☐ rural   ☒ highway ☐ interurban  

 

Maximum communication slot: The maximum communication time the app can 

afford – from time of detection of toll in infrastructure to user final interface - is 

almost 3 seconds. In fact, if we consider that the app could start detecting the tollgate 

25m before passing it, at an average speed of 30km/h, the vehicle will take almost 3 

seconds to cross the tollgate.  

 

Range: The minimum range that would be valuable for the app is 25m. 

Maximum vehicle operating speed:  The maximum speed of vehicle (and then the 

app) through the tollgate is 30km/h. 

Key input required by the system (as a minimum):  

Sensing info to be provided by the road strip to the vehicle and TMC:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ road pavement deformation  

☒ type of vehicle approaching/passing through the toll gate 

 

Lane specific information:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☐ type of road (asphault or not, highway, …)    
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☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ road pavement deformation  

☐ type of vehicle approaching/passing through the toll gate 

 

Measurement accuracy & Measurement frequency (only for applicable items):  
Table 42: Measurement accuracy & frequency (Virtual toll collection function). 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

Type of vehicle 

approaching/passing 

through the toll gate 

99,00% Continuous Once in a 

millisecond  

 

Technological/Legal/regulatory/operational prerequisites: - 

  

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers: The main technical barrier could be the communication 

between the infrastructure and the mobile phone for the payment, that should take less 

than 3 seconds. 

 

Maintenance and reprogramming requirements: The app could be easily updated 

automatically when new features are created or new bugs are fixed. 

 

Key indicative real-life scenario(s) to be addressed:  

Scenario 1: Virtual toll collection (for non-autonomous vehicles)  
Step 1: The driver/rider opens the application. 

Step 2: The application shows all configured vehicles. 

Step 3: The driver/rider enters the vehicle and opens the application. 

Step 4: The application communicates with the vehicle to identify the data of the 

license plate and (pre)sends the data to the operator. 

Step 5: The application informs the driver/rider about approaching a virtual tollgate, 

giving a recommendation to slow down and that an automatic payment will be held in 

a specific timeframe (the amount of payment is also acknowledged). 

Step 6: The driver/user passes through the virtual toll gate. The ORU identifies the 

type of vehicle. The automatic payment is held.  

Step 7: Both the information about the type of vehicle that realized the passage and 

the payment realized is sent to the road operator which cross-checks with the 

respective information about type of vehicle sent from the application. The 

acknowledgment of the virtual toll passage and payment is also sent to the 

driver/rider.  
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Step 8: The system of the TMC operator shows a warning if the vehicle detected by 

the sensor is different from the type of vehicle communicated by the application to the 

infrastructure. 

Step 9: The application logs that the vehicle has passed through the tollgate as well 

as the payment. 

 

 
Figure 59: Virtual toll collection for non-autonomous vehicles scenario representation.  

 

Benefits for the Primary actor:  

 For the TMC operator: increase traffic efficiency and enable detection of frauds 

(non conforming vehicles). 

 For the driver/rider: reduce the crossover time of the toll booth, improving the 

traffic flow and the driver satisfaction. 

 

Quality of Service indicators & thresholds:   

 Correct identification of vehicle type and toll operation: 99% 

 

Relevant extensions:  

 Extension to other scenarios of payment (parking lots, access to restricted urban 

zone, etc.): in these scenarios, the vehicle is recognised and the automatic 

access/payment is based on the information of the piezoelectric sensors (on the 

type of vehicle). 

 Extension to professional drivers (e.g. buses and trucks), according to user needs 

results.  

 

Connected Use Cases:  

In the project, VALEO will also develop this application for automated vehicles, 

using the equipped vehicles communication modules. As for autonomous vehicles, 

toll gate management challenge comes from the difficulty for current technologies to 

have a robust perception for a correct positioning of the vehicle to the right toll booth. 
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Conflicts with other existing or emerging technologies, if any: The app could be 

considered as a substitute of the existing automated systems of tollgate payment (e.g. 

Telepass in Italy). 

  

Security concerns:  

1:  

2:   

3:   

 

Safety concerns: Not real safety effects are expected in this case, even the app fails to 

provide reliable notifications.   

 

Starting point/background & Innovation in SAFE STRIP: The state of the art 

includes stand-alone systems (e.g. Telepass in Italy
3
) that do not share data with the 

other systems installed in the vehicle. Moreover, these systems are installed on the 

vehicle and are logically and physically associated to that. In case the driver/rider uses 

another vehicle (e.g. car sharing), he/she cannot use the same system. The app 

developed in SAFE STRIP will allow the payment for all vehicles included in the list 

provided by the user. It will also seamplessly allow the integration of vehicle data 

(e.g. the licence plate) to improve the usability and accepatbility and reduce the 

human factors (e.g. errors).  

                                                 
3
 https://www.telepass.com/en 

Potential network communication problems (e.g. signal loss) could lead to 

incomplete payment transaction. 

Malicious man-in-the-middle attacks may prevent the tollgate to work (and 

then get all vehicles stuck). 

 

Frauds to the payment company by proving false data for the payment. 
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8.10 Parking booking and charging 
 

Use Case (UC) former title: Same former title.   

 

SAFE STRIP Partner(s) delivering: Cidaut 

 

Relevant WP(s)/Activity(ies) of DoA: WP4/A4.8 

 

Brief description (output – objectives):  The application optimises the available 

parking space. It provides information to the users about the availability and location 

of free parking lots. The application also includes payment capability through the 

mobile. Two scenarios are considered, parking with numbered places and street 

parking.  This second scenario is at the same time split in two: free of charge parking 

and regulated parking. 

 

Key functions of the application:  

The application generates a new collaborative scenario that combines the information 

from the sensors embedded in SAFE STRIP with the participation of the user in the 

system. It is simple, intuitive, secure and useful. It allows the user knowing the 

occupancy level of the parking lots. The infrastructure is based on API 

communication. The application presents clear advantages for the users because it 

generates virtual tickets avoiding the use of coins and the time employed in obtaining 

the ticket, mainly due to the search of the parking meter and the walk to it. It also 

allows booking the parking place in numbered parking. The main functions of the 

system: 

 To localise free parking lots. 

 To book the parking place in numbered parking. 

 To pay through the application. 

 To inform the parking operator about the payment. 

 To confirm the user the payment. 

 To get instant information about parking and traffic incidences. 

 To geolocalise the vehicle. 

 To manage the user preferences. 

The main characteristics of the system are as follows: 

 Smart and quick management of the parking lots reducing the pollution. 

 Contribution to create smarter cities. 

 Payment simplicity and comfort. 

 The user is immediately informed on special or customised events. 

The application is based on a modular design with protocols and interfaces coming 

from standard data modules. Thanks to this architecture, the application presents the 

following advantages:  

 Usability and accessibility. 

 Security, availability and reliability. 

 Integrity and modularity. 

 Traceability. 

 Parameterised and scalable.  
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Figure 60: Working principle of the parking application. 

 

Key technologies: Geolocalisation, communication, ORU system, secure payment 

gateway.  

 

Primary actor: The main actor is the driver/rider who is looking for parking lot in t a 

zone.  

 

Secondary actor(s): Parking manager/operator.   

 

Targeted for:  

☒ Equipped vehicles   ☒ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use in SAFE STRIP:  

Applicable types of vehicle: 

☒ passenger cars ☐ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other 

 

Traffic environment:  

☒urban    ☐ rural   ☐ highway ☐ interurban   

 

Maximum communication slot: The application is working in a continuous way. 

Maximum vehicle operating speed:  ~10kph. 

 

Key input required by the system:  

Sensing info to be provided by the road strip to the vehicle:  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   
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☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane/direction the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ road pavement deformation  

☒ available parking space position in lane  

☒ parking space lane marking    

 

Lane specific information: 

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐  lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☒ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ road pavement deformation  

☒ available parking space position in lane  

☒ parking space lane marking    

 

Measurement accuracy & Measurement frequency (only for applicable items):  
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Table 43: Measurement accuracy & Measurement frequency (Parking booking and charging 

function).  

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

available parking 

space position in 

lane  

<0,5 m Continuous 0.1 sec 

available parking 

space lane marking    

<0,5 m Continuous 0.1 sec 

lane the (ego) 

vehicle is running       

<0,5 m Continuous  0.1 sec 

 

Technological/Legal/regulatory/operational prerequisites: Vehicle detection 

sensor must be installed to the parking slot.  

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  
 Detection of vehicles when they are being parked or leaving the parking space.  

 

Maintenance and reprogramming requirements: Update of the application 

attending to user proposals or mistakes detected and maintenance of the strips that is 

expected to be very low.    

 

Key indicative real-life scenario(s) to be addressed:  
 

Scenario 1: Numbered parking with payment 

Step 1: When the user has the need of parking, s/he uses the application to know the 

parking availability. 

Step 2: The user books the parking place and receive the information from the system 

with the number of the lot. At the same time the parking manager is informed about 

the reservation. 

Step 3: The driver gets into the parking and parks in the booked place. 

Step 4: The safe strip sensors inform about the starting of the parking time. 

Step 5: The user remove the vehicle from the parking lot. 

Step 6: The safe strip sensors inform about the finishing of parking time and informs 

about the existence of a free parking lot. 

Step 7: Application informs the user and the parking manager about the parking time 

and cost.  

 

Scenario 2: Free of charge parking 

Step 1: When the user is close to the destination, s/he indicates to the application his 

intention to park. 

Step 2: The application provides a map with the free parking lots and also informs 

about the street name and number.  

Step 3: The user is guided to the parking lot and parks. 

Step 4: The strip detects the presence of the vehicle and communicates to the 

application that the parking lot is not available. 

Step 5: The user remove the vehicle from the parking lot. 
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Step 6: The strip detects that the vehicle has gone and communicates to the 

application that the parking lot is free.   

 

Scenario 3: Regulated parking (blue zone) 

Step 1: When the user is close to the destination, s/he indicates to the application his 

intention to park. 

Step 2: The application provides a map with the free parking lots.  

Step 3: The user is guided to the parking lot and parks. 

Step 4: The strip detects the presence of the vehicle and communicates to the 

application that the parking lot is not available at the same times it informs that the 

parking time has started.  

Step 5: The user remove the vehicle from the parking lot. Step 6: The safe strip 

sensors inform about the finishing of parking time and informs about the existence of 

a free parking lot. 

Step 7: Application informs the user and the parking manager about the parking time 

and cost.  

 

 
Figure 61: Numbered parking with payment scenario representation for equipped and not 

equipped. 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 160  

 

 
Figure 62: Free and regulated parking with payment scenario representation for equipped and 

not equipped. 

 

Benefits for the Primary actor: The beneficiaries of the use case are the driver/rider 

and the parking manager. The user minimizes the parking searching time and 

simplifies the payment process. The parking manager offers an innovative product 

thanks to the booking application and an easier payment system so it gets a 

competitive advantage.  

 

Quality of Service indicators & thresholds:  

 Successful parking management in 99% of the cases in terms of easiness, 

reliability (i.e. the application may provide false information to the driver about an 

available parking space).  

 

Relevant extensions: Similar technology should be of use to determine the number of 

vehicles waiting in a red traffic light in order to create variable green light times. 

 

Connected Use Cases: This application is not directly connected to any of the other 

use cases considered in SAFE STRIP.   
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Conflicts with other existing or emerging technologies, if any: - 

  

Security concerns:  

1:  

2:   

 

 Safety concerns: 

1:  

 

Starting point/banground & Innovation in SAFE STRIP: The use case is based on 

the application Blue Parking internally developed by Cidaut. The application will be 

improved by the addition of new functionalities, but the most important evolution 

during SAFE STRIP project is the introduction of the information from the strips, that 

will be included in the application in order to have real time information about the 

parking slot availability.  

Information must be provided in an intuitive way to minimise the user 

distraction. 

 

Privacy of user´s position information. 

 

Privacy of user data (as payment is included in the application). 
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9 Conclusions  
 

The current document presents the SAFE STRIP Use Cases, as those have been 

emerged through the iterative user-centred methodology that has been defined in the 

project in the context of WP1: “Benchmarking and Use Cases”. In specific, the 

project Use Cases reflect the original target of the project, the factual need recognised 

through accidents/incidents statistics, the stakeholders’ needs and views, the 

restrictions imposed from the infrastructure point of view as well as the Consortium 

and SAB experts’ views. The stakeholders’ needs, priorities and views have been 

captured through on-line survey and in-depth interviews but also through the 1
st
 Pan-

European workshop held on the 27
th

 of September. Whilst, the SAB members 

provided their feedback in the first virtual meeting they have had with SAFE STRIP. 

On top of all of them, the Consortium experts provided their view, filtered and 

mapped the emerging results to the initial targets of the project.  

 

All the qualitative and quantitative outcomes emerging from all aforementioned 

sources as well as the aggregation of them are part of this document. Also, a targeted 

accident analysis and investigation of operators’ needs from literature as well as a first 

investigation of Directives imposing restrictions on infrastructure end have been held 

to complement the user needs. In addition to that, the current version and content of 

the benchmarking database – which will act supportively to the specifications and 

implementation work to follow - has been reported.  

 

There are 9 Use Cases targeted in SAFE STRIP that correspond to the target 

applications of SAFE STRIP that will serve as proof of concept of the integrated 

solution. Those are depicted in the following figure, which also reflects the 

aggregated priority as emerged from the stakeholders and experts based approach of 

the project.   
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In compliance with that, all Use Cases of the project are considered Essential for the 

project Consortium, apart from the added value ones, namely the “Virtual Toll 

Collection for non-autonomous vehicles” and the “Parking booking and charging” 

(last in the ranking) that will be Secondary, in the sense that will be also implemented 

and demonstrated, but, with some flexibility in the QoS indicators.   

 

All Use Cases are described upon a consistent format following the template provided 

in Annex C of this document. This format will allow them to serve as compliance 

checklists for the implementation to follow in WP2, WP3 and WP4 of the project but 

also for the demonstration activities to follow in WP5 and WP6. A more compact 

version of the Use Cases will derive and be published as individual document in the 

web site “Library” (undergoing the corresponding revisions).  

 

The Use Cases will constitute across the whole project lifespan the reference point for 

all development and demonstration/pilot activities. The first interrelation to take place 

in the project is in the definition of the system architecture and specifications of WP2 

that have to fulfil the context of each Use Case but also undergo (and revise if needed) 

the technical specifications set in each of them. Also, the application scenarios which 

are part of the Use Cases will be the starting point for the definition of the evaluation 

scenarios for technical and user validation in WP5 and WP6 respectively, whereas, 

the Quality of Service indicators of each Use Case in specific will be the starting point 

for the definition of Key Performance Indicators (KPI’s) in the context of WP6. 

According to the iterative methodology defined, Use Cases might undergo revisions 

that will be reflected in internal updates of the document and in the public “living” 

Use Cases Guide of the project as well as the system architecture, application and 

pilot plans Deliverables (D2.1, WP4 Deliverables & D6.1, D6.2 respectively). 

  

In specific, all the listed information about accuracy and frequency of the 

measurements have to be understood as preliminary estimated values that are going to 

be consolidated during the development of each application. Also, the scenarios of 

use, though totally representative, should be seen as indicative and they will also 

undergo revisions, especially before they lead to the precise evaluation scenarios of 

WP6.  

 

All the advantages, drawbacks, enablers, challenges and prerequisites, risks and 

suggestions of stakeholders are extensively reported in section 6 and in their 

consolidated form in section 6.10. It is obvious that SAFE STRIP has already 

convinced stakeholders for its revolutionary vision; still, partially because of the stage 

it currently is, when no demonstration of the real solution was applicable, there is a 

series of concerns expressed that will be certainly taken into consideration in the next 

stages of the project. Apart from the technical oriented ones (i.e. regarding the 

encapsulation and durability of the solution), a lot of concerns were expressed 

regarding the business potential and penetration approach to be followed by SAFE 

STRIP. Specifically those are valuable comments to be revisited in the core 

exploitation phase of the project (mostly in the last year).  
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Annex A: In-depth & on-line survey form  
The following form provides the survey form distributed to interviewed stakeholders. 

Questions noted with ‘*’ were included in the on-line survey.  

 

1 Intro  
 

Dear experts,  

 

You are kindly invited to participate in the User Needs survey of SAFE STRIP 

(SAFE and green Sensor Technologies for self-explaining and forgiving Road 

Interactive aPplications) EC funded project. The results of the survey will help us 

understand the needs of the stakeholders addressed by our project and formulate 

our primary Use Cases that will define the project context and upcoming 

development.  

 

After the completion of your personal details, a short description of SAFE STRIP 

aim and goals follow and, after than, some questions follows based on your profile.  

 

Your contribution is much appreciated and needed as it will influence the 

conceptual and technical direction of the project. If you wish, you will be kept 

posted on the results and progress of SAFE STRIP project.     

 

Your personal details and answers will be treated anonymously.  

 

Thank you for your valuable participation,  

The SAFE STRIP Consortium  

 

 

  
 

 

2 Personal information 
 

Please fill in your personal info below.  

 

Title Choose an item.[optional]:  

Entity [mandatory]:  

 

Please select the cluster that best describes your perspective for this survey 

[mandatory]:  

☐ DRIVER 

☐ Car 

☐ Truck  

☐ Other, please define:  

 

This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under Grant Agreement. No 723211. 
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☐ RIDER   

☐ OEM (Original Equipment Manufacturer)  

☐ Car 

☐ PTW (Powered Two Wheeler) 

☐ Truck  

☐ Other, please define:  

☐ ROAD INFRASTRUCTURE OPERATOR  

☐ ROAD INFRASTRUCTURE INTEGRATOR/CONSTRUCTOR  

☐ AUTHORITY (i.e. MINISTRY OF TRANSPORT), POLICY MAKER  

☐ TIER 1 & 2 SUPPLIER  

☐ RESEARCHER   

☐ OTHER (please define)  

 

Field(s) of Activity [optional]:  

Position in the Company [optional]:  

Country [mandatory]:  

Date [mandatory]: Click here to enter a date.  

 

☐ I wish to be part of SAFE STRIP User Forum and be posted on the results, 

events and progress of the project.  

 

 

3 About SAFE STRIP 
 

The SAFE STRIP project 

SAFE STRIP (Safe and green Sensor Technologies for self-explaining and forgiving 

Road Interactive aPplications; Grant Agreement: 723211) is a H2020 project that 

started on 1
st
 of May 2017 and is going to last 3 years. It is an 18-Partner Consortium 

led by ERTICO. This survey is conducted in the context of the user needs phase of the 

project and the results will feed the project Use Cases, specifications, development 

and evaluation phases.  

 

Aim & Objectives 

SAFE STRIP aims to introduce a ground-breaking technology that will achieve to 

embed C-ITS (Cooperative Intelligent Transportation Systems) applications in 

existing road infrastructure, including novel I2V (Infrastructure to Vehicle) and 

V2I (Vehicle to Infrastructure), as well as VMS (Variable Message Sign) /VSL 

(Variable Speed Limit) functions into low-cost, integrated strips markers on the 

road. The vision is to make roads self-explanatory (with personalised in-vehicle 

messages) and forgiving (due to advanced cooperative functions) for all road users, 

such as trucks, cars and vulnerable road users (i.e. Powered Two Wheeler - PTWs 

riders) and all vehicle generations (non-equipped, C-ITS equipped, autonomous), 

with reduced maintenance cost, full recyclability and added value services, as well as 

supporting real-time predictive road maintenance functions. 
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SAFE STRIP system will implement two complementary as well as alternative 

technological approaches to address equipped (including autonomous) and non-

equipped vehicles and PTW’s. Either through on-board HMI (for equipped cars) 

or mobile services (for non-equipped cars and PTW’s), the drivers/riders will get 

personalised notifications, warnings and recommendations that will support a 

series of C-ITS functions. SAFE STRIP end users are the drivers/riders and the 

infrastructure operators, while OEM’s, Tier 1 and Tier 2 suppliers, infrastructure 

solutions manufacturers/integrators, authorities and corresponding 

research/academia are also highly concerned.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On-Road-Units will be placed on the road – one unit will be installed per lane of the 

road – that will include all micro/nano sensors that will measure (lane-specific) 

infrastructure and environmental conditions as well as all those systems that will be 

responsible for the communication and the energy harvesting. Depending on the 

approach followed in each case, the information will reach the driver/rider through 

his/her On-Vehicle-Unit or mobile terminal. The On-Road-Unit will be encapsulated 

and embedded in road elements (pavement marking or raised pavement markers).  

 

The info that will be transmitted to the passing vehicles – through any of the 

communication ways to be applied – will include passive info (i.e. speed limit, 

asphalt characteristics), active info (i.e. friction level, TMC messages, etc.) & 

dynamic environmental info (i.e. temperature, humidity, ice, ambient light, water, 

etc.). 

 

Target applications  

The vast potential of SAFE STRIP will be evaluated and demonstrated through the 

following target applications:  

1. Virtual Advanced Driver & Rider Assistance Systems for non-equipped 

vehicles (“Virtual ADAS/ARAS”) – simulating missing ADAS/ARAS 

(Advanced Rider Assistance System)  

2. Advanced Driver & Rider Assistance Systems adaptation for equipped 

vehicles (“Enhanced ADAS/ARAS”) – upgrading existing ADAS/ARAS with 

real-time accurate information 
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3. Road wear level and predictive road maintenance – for the Traffic 

Management Centres operators (although road wear level will feed also the safety 

applications for the driver/riders) 

4. Road workzones and (uprotected) railway crossing warning  

5. Merging/ intersection support – providing a global view of intersection 

geometry and characteristics as well as incoming vehicles dynamic trajectory 

estimation 

6. Personalised VMS/VDS and Traffic Centre Information – aiming to substitute 

current infrastructure that is costly and not personalised  

7. Autonomous vehicles support – aiming to address primarily: enhanced friction 

& lane position data; lane – level virtual corridors in highways; automated toll 

collection; working zones safety function 

8. Virtual Toll Collection - for non-autonomous vehicles 

9. Parking booking and charging 

 

More info 

www.safestrip.eu  

 

Dr. Maria Gkemou  

SAFE STRIP Technical & Innovation Manager 

Centre for Research and Technology Hellas (CERTH) - Hellenic Institute of 

Transport (HIT) 

Tel. +30-211-1069553  

E-mail: mgemou@certh.gr 

 

Please answer the following questions according from your 

perspective: 

  

4 General Questions   
 

1. * Please RANK the following target applications of SAFE STRIP from 1 

(FIRST TO DEVELOP/DEPLOY) to 9 (LAST TO DEVELOP/DEPLOY) to 

denote their PRIORITY (for development and wide deployment). You may 

ADD and RANK other C-ITS applications that are not included in the 

following table and you believe they would benefit from SAFE STRIP 

integrated solution.  

 

Target SAFE STRIP application  Rank  

Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”) – simulating missing ADAS/ARAS 

(Advanced Rider Assistance System) 

 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”) – upgrading existing ADAS/ARAS 

with real-time accurate information 

 

http://www.safestrip.eu/
mailto:mgemou@certh.gr
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Target SAFE STRIP application  Rank  

Road wear level and predictive road maintenance 
– for the Traffic Management Centres operators 

(although road wear level will feed also the safety 

applications for the driver/riders) 

 

Road workzones and (uprotected) railway 

crossing warning 

 

Merging/ intersection support – providing a global 

view of intersection geometry and characteristics as 

well as incoming vehicles dynamic trajectory 

estimation 

 

Personalised VMS/VDS and Traffic Centre 

Information – aiming to substitute current 

infrastructure that is costly and not personalised  

 

Autonomous vehicles support – aiming to address 

primarily: enhanced friction & lane position data; 

lane – level virtual corridors in highways; automated 

toll collection; working zones safety function 

 

Virtual Toll Collection - for non-autonomous 

vehicles 

 

Parking booking and charging  

Other (please define):   

Other (please define):  

Other (please define):  

 

2. *Are there any legal/regulatory/operational barriers from your point of 

view?  

 

□Yes   □No  

 

If Yes, please explain briefly:  

 

 

 

 

3. *Do you anticipate any conflicts with other existing or emerging 

technologies?  

 

□Yes   □No  

 

If Yes, please explain briefly:  

 

 

 

 

 

4. *What are the most important benefits SAFE STRIP will bring compared to 

relevant/comparable C-ITS solutions?  
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5. *What are the most significant drawbacks/weaknesses of SAFE STRIP?  

 

 

 

 

 

 

 

6. *Below are the KEY BUSINESS SCENARIOS, currently envisaged by SAFE 

STRIP. Please tick (√) in the relevant box to denote when each of them is 

deemed likely to come true.  

 

Business Cases  Short 

(up to 

2020)  

Mid 

(up to 

2030) 

Long 

(up to 

2050) 

Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. 

before bridges or toll stations, sharp curves & other black 

spots), providing speed or other static warnings to vehicles. 

A very low cost and limited functionality application. These 

will become info-nodes in the infrastructure such as info-

kiosks in public services. 

   

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

   

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

   

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

   

 

7. What, in your opinion, is the business potential of SAFE STRIP? Are there 

any prerequisites that should be fulfilled?  
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8. *Are there any security aspects that you are concerned about?  

 

□Yes   □No  

 

If Yes, which ones (please rank them by order of significance):  

 

1:…………. 

2:………….  

3:………….  

4:………….  

5:…………  

  

9. Please make your proposals for changes/improvement of the solution, if any 

(on conceptual level):  

 

 

 

 

 

 

10. *Overall impression and comments regarding SAFE STRIP:  

 

 

 

 

 

 

5 Cluster specific questions  
 

DRIVER/RIDER  
 

1. *Do you think that SAFE STRIP would bring an added value/positive impact 

in your daily mobility (in any aspect)?  

 

□Yes   □No  

 

If yes, please explain briefly:  

 

 

 

 

 

2. *Would you like to have and benefit from SAFE STRIP?  
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□Yes   □No  

 

3. *How much would you be willing to pay in order to benefit from the SAFE 

STRIP solution?  

 

For Car, Bus, Truck: 

 

□0-20€   □20-50€   □50-100€ □100-500€ □over 500€    

   

For PTW:  

 

□0-20€   □20-50€   □50-100€ □over 100€   

 

4. What are the (traffic) cases/scenarios where you think that real-time support 

from infrastructure would be essential/critical while driving?  

 

 

 

 

 

 

 

5. *Do you have any safety concerns regarding SAFE STRIP?   

 

□Yes   □No  

 

If yes, please explain briefly:  
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OEM  
 

1. *Please select the CONTEXT, VEHICLE CLUSTER and SENSING elements you believe should be addressed by each SAFE STRIP 

targeted application (please select ALL that apply).  

 

ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

1.  

Virtual Advanced Driver & Rider 

Assistance Systems for non-

equipped vehicles (“Virtual 

ADAS/ARAS”) – simulating 

missing ADAS/ARAS (Advanced 

Rider Assistance System) 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity)  

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define  

2.  

Advanced Driver & Rider 

Assistance Systems adaptation for 

equipped vehicles (“Enhanced 

ADAS/ARAS”) – upgrading existing 

ADAS/ARAS with real-time 

accurate information 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity)  

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

3.  

Road wear level and predictive 

road maintenance – for the Traffic 

Management Centres operators 

□ urban 

□ rural 

□ highway 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ rain (level of humidity)  

□ snow 

□ ambient light  
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

(although road wear level will feed 

also the safety applications for the 

driver/riders) 

□ interurban □ buses 

□ trains 

□ other, please define 

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

4.  
Road workzones and (uprotected) 

railway crossing warning 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

5.  

Merging/ intersection support – 

providing a global view of 

intersection geometry and 

characteristics as well as incoming 

vehicles dynamic trajectory 

estimation 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

6.  
Personalised VMS/VDS and 

Traffic Centre Information – 

□ urban 

□ rural 

□ passenger cars 

□ motorcycles/PTWs 

□ rain (level of humidity) 

□ snow 
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

aiming to substitute current 

infrastructure that is costly and not 

personalised  

□ highway 

□ interurban 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

7.  

Autonomous vehicles support – 

aiming to address primarily: 

enhanced friction & lane position 

data; lane – level virtual corridors in 

highways; automated toll collection; 

working zones safety function 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

8.  
Virtual Toll Collection - for non-

autonomous vehicles 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

9.  Parking booking and charging □ urban □ passenger cars □ rain (level of humidity) 
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

□ rural 

□ highway 

□ interurban 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 
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2. *Apart from the environmental/external conditions mentioned above, which 

is other critical road infrastructure information – passive, active, dynamic 

environmental - which would be valuable to be provided by the road strip to 

the vehicle? Please tick in the relevant cell and add more items if needed:  

 

Position in lane □ 

Speed limit  □ 

Static obstacle ahead  □ 

Heavy traffic ahead  □ 

Changed/new information about upcoming exit  □ 

Other (please define):   

 

3. *Do you see any serious weaknesses which could affect the functionality of 

the system (e.g. adverse weather conditions)?  

□Yes   □No  

 

If yes, please explain briefly:  

 

 

 

4. *Would you be interested to have and benefit from SAFE STRIP with an 

extra equipment in your vehicle (microcontroller receiving real time info & 

processing unit supporting decision making)?  

 

□Yes   □No  

 

If Yes, what would be an acceptable cost per vehicle?  

 

For Car, Bus, Truck: 

 

□0-20€   □20-50€   □50-100€ □100-500€ □over 500€    

   

For PTW:  

 

□0-20€   □20-50€   □50-100€ □over 100€   

 

5. *Would you be willing to adapt the perception system of your vehicle 

intelligent functions in order to benefit from SAFE STRIP real time 

information?  

 

□Yes   □No  

 

Please elaborate in short:  
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6. *Is the provision of real time and accurate information (about passive, active 

and dynamic environmental attributes) a clear upgrade of the vehicle 

intelligence in your opinion?  
 

□Yes   □No  

 

Please elaborate in short:  

 

 

 

 

7. *Do you think that SAFE STRIP is going to be more valuable:  

 

□ For equipped vehicles   □ For non-equipped vehicles  

 

8. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  

Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  

Other (please define):   

Other (please define):  

Other (please define):  

 

9. *Would you impose/propose a pilot application period for SAFE STRIP 

before wide deployment?  

 

□Yes   □No  

 

If yes, in what way (which aspects and how would you test) and for how long?  

 

 

 

 

10. What type of tests would you perform on the system before its wide 

deployment?  
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11. *What would you estimate as the expected maintenance cost of the system 

that will be added in vehicle equipment?  

 

…………….€ (on annual basis) 

 

12. *Please refer to any standards that the system should comply with:  

 

 

 

13. *Do you think SAFE STRIP should be included in the next C-ITS roadmap?  

 

□Yes   □No  

 

Please elaborate in short:  

 

 

 

 

 

14. Please share any specific concerns regarding the deployment of SAFE STRIP 

in any aspect (technical, legal, operational, etc.):  

 

 

 

 

 

15. What are the key risks you would recognize in the implementation of the 

proposed solution?   

 

 

 

 

ROAD INFRASTRUCTURE OPERATOR   
 

1. Please mention below any critical road infrastructure information which 

would be valuable to be provided by the road strip to the TMC in your 

opinion (i.e. road wear, etc.): 
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2. *Do you think the installed strip should be permanently attached on the road 

or detachable?  

 

□Permanent   □Detachable  

 

Please elaborate in short:  

 

 

 

 

3. Which are the minimum and maximum allowed dimensions of any element 

placed in the road lanes required by the European law, Regional law or your 

entity’s statutes?  

 

Width:  

Minimum: …..cm  Maximum:…..cm   

Length:  

Minimum: …..cm  Maximum:…..cm   

Height:  

Minimum: …..cm  Maximum:…..cm   

 

Please define the type of regulation (European, National, etc.): ………………. 

 

4. Are there any other restrictions (legal/regulatory/operational – 

regional/national/standard/local) from the side of infrastructure regarding 

any infrastructure element that is going to be placed on the road? If yes, 

please mention them in short or provide reference (of the standard, the law, 

etc.).   

 

 

 

 

 

 

5. Is there any legal (or other) restriction or preference of the strip color or 

texture?  

 

 

 

 

 

 

 

6. If the On Road Unit is hosted in a road marker to be placed on each lane, do 

you consider any risks/restrictions of any kind? If yes, what are they?  
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7. *How long do you think the minimum lifetime of the intelligent strip should 

be?  

 

……..months. 

 

8. How many VMS and Toll Stations are there in your infrastructure per km 

(or absolute number)?  

 

 

 

 

9. Please describe your current maintenance scheme (operation, frequency, 

cost, complexity, risks). Discuss how SAFE STRIP would influence that and 

any maintenance aspects in general that should be fulfilled.   

 

 

 

 

 

10. How often is currently maintenance carried out on the road coating/ surface 

which could affect the installed systems (pavement abrasion, works on public 

utility networks, etc.)? How would you propose to deal with that?  

 

 

 

 

 

 

 

 

11. What is the annual budget spent per km for the installation of equipment 

that is going to be replaced by SAFE STRIP (VMS, Toll stations, parking 

booking/payment infrastructure, other)? 

 

VMS: ………….€ per Km on annual basis 

Toll stations: ………….€ per Km on annual basis 

Parking booking/payment infrastructure: ………….€ per Km on annual basis 

Other (please define): ………….€ per Km on annual basis 

 

12. What is the annual budget spent per km for the maintenance of equipment 

that is going to be replaced by SAFE STRIP (VMS, Toll stations, parking 

booking/payment infrastructure, other)? 

 

VMS: ………….€ per Km on annual basis 

Toll stations: ………….€ per Km on annual basis 

Parking booking/payment infrastructure: ………….€ per Km on annual basis 

Other (please define): ………….€ per Km on annual basis 
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13. *Would you like to have and benefit from SAFE STRIP?  

 

□Yes   □No  

 

14. *How much would you pay for the SAFE STRIP solution 

integration/installation in your infrastructure, taking into consideration that 

it is envisaged to replace future investment in VMS, VDS, Toll Stations?   

 

……………..€ 

 

 

15. *How much would you pay for the SAFE STRIP solution annual 

maintenance?   

 

……………..€ 

 

16. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  

Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  

Other (please define):   

Other (please define):  

Other (please define):  

 

 

17. How would SAFE STRIP influence in specific the operation of your 

infrastructure (i.e. road maintenance operation, quality of data provided to 

TMC, etc.)?  

 

 

 

 

 

18. *Would you impose/propose a pilot application period for SAFE STRIP 

before wide deployment?  

 

□Yes   □No  

 

If yes, in what way (which aspects and how would you test) and for how long?  
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19. *Do you think SAFE STRIP should be included in the next C-ITS roadmap?  

 

□Yes   □No  

 

Please elaborate in short:  

 

 

 

 

20. What are the key risks you would recognise in the implementation of the 

proposed solution?  

 

 

 

 

 

 

ROAD INFRASTRUCTURE INTEGRATOR/CONSTRUCTOR   
 

1. *How much would an ORU casing cost?  

………..€ 

 

2. Which are the encapsulation requirements of the On Road Unit package 

(that will include the sensors, communication, processing and energy 

harvesting units) that should be fulfilled prior to any further integration in 

any infrastructure element?  

 

 

 

 

3. Are there any other requirements that should be fulfilled before integration 

in infrastructure?  

 

 

 

 

4. What kind of material would you advice for the hosting infrastructure 

element? Plastic based, acrylic, bitumen synthetic or other and why?  
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5. What kind of element (and shape, if applicable) would you advice for the 

hosting infrastructure element? Should it be a road marker? A pavement 

tape? A custom – made element of some type? Please give examples and 

photos if applicable and elaborate.  

 

 

 

 

 

6. *Do you think the installed strip should be permanently attached on the road 

or detachable?  

 

□ Permanent   □ Detachable  

 

Please elaborate in short:  

 

 

 

 

7. *What should be the expected life cycle of the infrastructure element in your 

opinion?  

 

………..months 

 

 

8. Please discuss the maintenance aspects (frequency, cost, complexity, risks):  

 

 

 

 

 

9. *Please refer to any standards that the system should comply with:  

 

 

 

 

10. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  

Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  
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Expected SAFE STRIP impacts  Rank  

Other (please define):   

Other (please define):  

Other (please define):  

 

 

11. *Would you impose/propose a pilot application period for SAFE STRIP 

before wide deployment?  

 

□Yes   □No  

 

If yes, in what way (which aspects and how would you test) and for how long?  

 

 

 

 

12. Which are the key risks you would recognise in the implementation of the 

proposed solution?  

 

 

 

 

 

AUTHORITY     
 

1. *How are the Data Protection Authorities affected? Should there be a special 

protection or treatment of the transmitted information?  

 

□Yes   □No  

 

If Yes, please explain briefly:  

 

 

 

 

2. *Which law or clause covers the required characteristics of the system 

installation on the road in your country?  

 

 

 

 

 

 

 

3. *Which are the minimum and maximum allowed dimensions of any element 

placed in the road lanes required by the European law, Regional law or your 

entity’s statutes?  
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Width:  

Minimum: …..cm  Maximum:…..cm   

Length:  

Minimum: …..cm  Maximum:…..cm   

Height:  

Minimum: …..cm  Maximum:…..cm   

 

Please define the type of regulation (European, National, etc.): ………………. 

 

4. *Please refer to any standards that the system should comply with: 

 

 

 

 

5. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts too.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  

Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  

Other (please define):   

Other (please define):  

Other (please define):  

 

 

6. *Would you impose/propose a pilot application period for SAFE STRIP 

before wide deployment?  

 

□Yes   □No  

 

If yes, in what way (which aspects and how would you test) and for how long?  

 

 

 

7. Please refer to any standards that the system should comply with: 
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8. Which are the safety and interoperability aspects that should be taken into 

account by order of significance?  

 

 

 

9. Which are the key risks you would recognise in the implementation of the 

proposed solution?  

 

 

 

 

 

TIER 1 & 2 SUPPLIER      
 

1. *Do you foresee any significant changes in your production chain in order to 

meet the envisaged SAFE STRIP? 

 

□Yes   □No  

 

If Yes, please elaborate in short:  

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

 

2. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  

Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  

Other (please define):   

Other (please define):  

Other (please define):  

 

 

3. Would you impose/propose a pilot application period for SAFE STRIP 

before wide deployment?  

 

□Yes   □No  

 

If yes, in what way (which aspects and how would you test) and for how long?  

 



 

 Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 190  

 

 

 

4. What are the most appropriate energy harvesting methods for SAFE STRIP 

solution in your opinion?  

 

 

 

 

 

5. *Do you think SAFE STRIP should be included in the next C-ITS roadmap?  

 

□Yes   □No  
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RESEARCHER  
 

1. *Please select the CONTEXT, VEHICLE CLUSTER and SENSING elements you believe should be addressed by each SAFE STRIP 

targeted application (please select ALL that apply).  

 

ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

1.  

Virtual Advanced Driver & Rider 

Assistance Systems for non-

equipped vehicles (“Virtual 

ADAS/ARAS”) – simulating 

missing ADAS/ARAS (Advanced 

Rider Assistance System) 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity)  

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define  

2.  

Advanced Driver & Rider 

Assistance Systems adaptation for 

equipped vehicles (“Enhanced 

ADAS/ARAS”) – upgrading existing 

ADAS/ARAS with real-time 

accurate information 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity)  

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

3.  

Road wear level and predictive 

road maintenance – for the Traffic 

Management Centres operators 

□ urban 

□ rural 

□ highway 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ rain (level of humidity)  

□ snow 

□ ambient light  
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

(although road wear level will feed 

also the safety applications for the 

driver/riders) 

□ interurban □ buses 

□ trains 

□ other, please define 

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

4.  
Road workzones and (uprotected) 

railway crossing warning 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

5.  

Merging/ intersection support – 

providing a global view of 

intersection geometry and 

characteristics as well as incoming 

vehicles dynamic trajectory 

estimation 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

6.  
Personalised VMS/VDS and 

Traffic Centre Information – 

□ urban 

□ rural 

□ passenger cars 

□ motorcycles/PTWs 

□ rain (level of humidity) 

□ snow 
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

aiming to substitute current 

infrastructure that is costly and not 

personalised  

□ highway 

□ interurban 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

7.  

Autonomous vehicles support – 

aiming to address primarily: 

enhanced friction & lane position 

data; lane – level virtual corridors in 

highways; automated toll collection; 

working zones safety function 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

8.  
Virtual Toll Collection - for non-

autonomous vehicles 

□ urban 

□ rural 

□ highway 

□ interurban 

□ passenger cars 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ rain (level of humidity) 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 

9.  Parking booking and charging □ urban □ passenger cars □ rain (level of humidity) 
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ID Target application  Traffic context  

 
Vehicle clusters  

 
Environmental/external 

conditions sensing 

  

□ rural 

□ highway 

□ interurban 

□ motorcycles/PTWs 

□ trucks 

□ buses 

□ trains 

□ other, please define 

□ snow 

□ ambient light  

□ fog 

□ ice   

□ wind 

□ road works  

□ unprotected railway crossing   

□ other, please define 
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2. *Apart from the environmental/external conditions mentioned above, which 

is other critical road infrastructure information – passive, active, dynamic 

environmental - which would be valuable to be provided by the road strip to 

the vehicle in your opinion? Please tick in the relevant cell and add more 

items if needed:  

 

Position in lane □ 

Speed limit  □ 

Static obstacle ahead  □ 

Heavy traffic ahead  □ 

Changed/new information about upcoming exit  □ 

Other (please define):   

 

 

3. What are the most appropriate energy harvesting methods for SAFE STRIP 

solution in your opinion?  

 

 

 

 

 

4. *Please mention any serious weaknesses which could affect the functionality 

of the system (e.g. adverse weather conditions, communication protocols 

restrictions):  

 

 

 

 

 

  

5. *Please mention any on-going initiatives that would be of interest to SAFE 

STRIP or vice-versa:  

 

 

 

 

 

 

6. *Please RANK SAFE STRIP’s KEY EXPECTED IMPACTS by order of 

significance (1 = highest expected impact). If you wish, you may suggest and 

rank OTHER impacts.  

 

Expected SAFE STRIP impacts  Rank  

Road Safety  

Mobility   

Traffic Efficiency  

Comfort for the driver  
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Operational support for the operator  

Change of driving behavior or mobility patterns  

Boost of C-ITS penetration  

Other (please define):   

Other (please define):  

Other (please define):  

 

7. *Should SAFE STRIP be included in the next C-ITS roadmap?  

 

□Yes   □No  

 

8. What are the technological gaps, if any, that SAFE STRIP will fill in? 

 

 

 

 

 

9. What are the key innovation points of SAFE STRIP in your opinion?  

 

 

 

 

10. What are the key risks you would recognise in the implementation of the 

proposed solution?  

 

 

 

 

*Only on the on-line survey: 

Please make your proposals for changes/improvement of the target 

integrated solution, if any (on conceptual level):  
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Annex B: Agenda & Participants of 1
st
 Pan-European 

workshop  
 

Agenda  
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Registration List  
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Annex C: Use Cases template  
 

Use Case (UC) Title:  

 

SAFE STRIP Partner(s) delivering:  

 

Relevant WP(s)/Activity(ies) of DoA:  

 

Brief description (output – objectives):   

 

Key functions of the application:  

 

Key technologies:  

 

Primary actor:  

 

Secondary actor(s):  

 

Mostly applicable/valuable for (more than one options are possible):  

 

☐ Equipped vehicles   ☐ Non-equipped vehicles   ☐ Autonomous vehicles 

 

Target Context of Use:  

Target types of vehicle (more than one can can be selected): 

☐ passenger cars ☐ motorcycles/PTWs ☐ trucks ☐ buses ☐ trains ☐ other, to be 

defined  

 

Traffic environment:  

☐ urban    ☐ rural    ☐ highway ☐ interurban  

 

Maximum communication slot  

 

Range (the minimum range that would be valuable for the app, i.e. 300m ahead):  

Maximum vehicle operating speed (the maximum speed the app is making sense to 

operate):  

Key input required by the system (as minimum):  

Sensing info to be provided by the road strip to the vehicle (all applicable options):  

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   
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☐ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ other, please define – add as many rows as needed  

 

Lane specific information (which of the above info are be lane specific):   

☐ rain (level of humidity) 

☐ snow 

☐ ambient light  

☐ fog 

☐ ice   

☐ wind 

☐ position in lane  

☐ speed limit   

☐ lane marking    

☐ type of road (asphault or not, highway, …)    

☐ number of lanes     

☐ lane the (ego) vehicle is running      

☐ road works  

☐ unprotected railway crossing 

☐ static obstacle ahead 

☐ heavy traffic ahead 

☐ changed/new information about upcoming exit 

☐ other, please define – add as many rows as needed  

 

Measurement accuracy & Measurement frequency (only for applicable items):  

 

Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

rain (level of 

humidity) 

   

snow    

ambient light    

fog    

ice      

wind    

position in lane     

speed limit      
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Info item  Measurement 

accuracy 

Frequency 

Type (continuous, 

discrete, periodical, 

upon event, other) 

Specific 

frequency 

lane marking       

type of road 

(asphault or not, 

highway, …)    

   

number of lanes        

lane the (ego) 

vehicle is running      

   

road works    

unprotected railway 

crossing 

   

static obstacle ahead    

heavy traffic ahead    

changed/new 

information about 

upcoming exit 

   

other, please define 

– add as many rows 

as needed 

   

 

Technological/Legal/regulatory/operational prerequisites:  

 

Technological/Legal/regulatory/operational/environmental key restrictions, 

limitations & barriers:  

 

Maintenance and reprogramming requirements:  

 

Key indicative real-life scenario(s) to be addressed:  
 

Scenario 1:  

Step 1: … 

Step 2: … 

 

Scenario 2:  

Step 1: … 

Step 2: … 

 

Benefits for the Primary actor:  

Quality of Service indicators & thresholds:  

Connected extensions:  

Connected Use Cases:  

Conflicts with other existing or emerging technologies, if any:  

Security concerns: 

1:  

2:   
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3:   

4:   

5:   

 Safety concerns:  

1:  

2:   

3:   

4:   

5:   

 

Starting point/banground & Innovation in SAFE STRIP: What is the starting 

point for this. What has been developed elsewhere and where (reference) and in which 

way it will move forward in SAFE STRIP.  

 

 

 

 

 

 

 

 

 

 



 

Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 204  

Annex D: Analysis of stakeholders’ surveys quantitative 

data     

Drivers/Riders  

On-Line 

130 drivers (including 7 truck drivers) and 30 riders participated in the survey from 7 

countries (Germany, France, Spain, Italy, Greece, Turkey and Albania).  

 

The following table presents the prioritised SAFE STRIP applications based on the 

average rankings from drivers and riders.  

 
Table 44: Prioritisation of SAFE STRIP target applications according to online survey 

(drivers/riders). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

2.8 1 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3.1 3 

Road wear level and predictive road 

maintenance  
3.4 4 

Road workzones and (unprotected) railway 

crossing warning 
3 2 

Merging/ intersection support  2.8 1 
Personalised VMS/VDS and Traffic Centre 

Information  
4.2 6 

Autonomous vehicles support  3.7 5 
Virtual Toll Collection  5.3 8 
Parking booking and charging 5.1 7 

 
Table 45: SAFE STRIP deployment scenarios according to online survey (drivers/riders). 

Business Cases  Short 

(up to 

2020)  

Mid 

(up to 

2030) 

Long 

(up to 

2050) 

Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

63% 33.3% 3.7% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

74.1% 18.5% 7.4% 
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Business Cases  Short 

(up to 

2020)  

Mid 

(up to 

2030) 

Long 

(up to 

2050) 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

14.8% 59.3% 25.9% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

11.1% 33.3% 55.6% 

In-depth 

A total number of 44 drivers and riders participated in the in-depth survey, the 

majority of which came from Greece and Italy. Among them there are 5 professional 

drivers included from Italy.   

 

The following table presents the prioritised SAFE STRIP applications based on the 

average rankings from drivers and riders.  

 
Table 46: Prioritisation of SAFE STRIP target applications according to in-depth survey 

(drivers/riders). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider 

Assistance Systems for non-equipped 

vehicles (“Virtual ADAS/ARAS”)  

3.2 1 

Advanced Driver & Rider Assistance 

Systems adaptation for equipped vehicles 

(“Enhanced ADAS/ARAS”)  

3.4 2 

Road wear level and predictive road 

maintenance  
3.8 4 

Road workzones and (unprotected) railway 

crossing warning 
3.5 3 

Merging/ intersection support  4.8 6 
Personalised VMS/VDS and Traffic Centre 

Information  
4.3 5 

Autonomous vehicles support  5 7 
Virtual Toll Collection  5.2 8 
Parking booking and charging 5.5 9 

   
Table 47: SAFE STRIP deployment scenarios according to in-depth survey (drivers/riders). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

77.1% 22.9% 0% 
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Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
become info-nodes in the infrastructure such as info-kiosks in 

public services. 
Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

56.3% 43.7% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

12.5% 58.3% 29.2% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

4.2% 62.5% 33.3% 

 

ΟΕΜ’s 

On-line 

29 professionals participated in the survey. It is important to consider that those 

represent different transport areas and expertise. The significance/priority of SAFE 

STRIP key expected impacts was calculated based on average rankings per included 

impact area that were then transformed into absolute ranks to identify the significance 

of each impact for the respective user cluster.  

 
Table 48: Significance of SAFE STRIP key expected impacts (OEM’s, on-line). 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1.4 1 
Mobility  3.6 2 
Traffic Efficiency 3.6 2 
Comfort for the driver 5.6 6 
Operational support for the operator 4.4 4 
Change of driving behaviour or mobility 

patterns 
5.4 5 

Boost of C-ITS penetration 4 3 

 

The following table presents the prioritised SAFE STRIP applications based on the 

average rankings from OEMs.  

 
Table 49: Prioritisation of SAFE STRIP target applications according to online survey 

(OEM’s). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 2.8 5 
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Target application Average 

rankings 
Priority  

given 
Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”) 
Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

2.4 3 

Road wear level and predictive road 

maintenance  
2 2 

Road workzones and (unprotected) railway 

crossing warning 
2.8 5 

Merging/ intersection support 1.6 1 
Personalised VMS/VDS and Traffic Centre 

Information  
3.4 6 

Autonomous vehicles support  2.6 4 
Virtual Toll Collection  4.6 7 
Parking booking and charging 6.4 8 

 
Table 50: SAFE STRIP deployment scenarios according to in-depth survey (OEM’s, on-line). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

40% 60% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

60% 40% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

 80% 20% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

20% 0% 80% 

 

The priority scenarios per each application area were selected based on the number of 

users selecting each parameter. Priority (first to show) scenarios have been selected, 

when collecting at least 75% of the responses. This section presents only the 

suggestions collected by the online survey.  
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Table 51: Prioritised scenarios per SAFE STRIP application area (OEM’s/on-line). 

Application area Priority scenario for implementation 

Traffic 

context  

Vehicle clusters 

 
Environmental/externa

l conditions sensing 

Virtual Advanced Driver 

& Rider Assistance 

Systems for non-

equipped vehicles 

(“Virtual ADAS/ARAS”) 

Highway  All apart from 

buses and trains  

Rain, fog, road works  

Advanced Driver & 

Rider Assistance Systems 

adaptation for equipped 

vehicles (“Enhanced 

ADAS/ARAS”) 

Highway  Passenger cars  Rain, fog, ice, road 

works  

Road wear level and 

predictive road 

maintenance 

Highway  Passenger cars 

and PTWs  

Roadworks (29/29) BUT 

also Rain, snow, fog, ice  

Road workzones and 

(unprotected) railway 

crossing warning 

Highway  Passenger cars 

followed by 

PTWs  

Roadworks BUT also 

Rain, snow, fog, ice  

Merging intersection 

support 

Urban  Passenger cars 

followed by 

PTWs  

Rain, snow, fog and 

roadworks  

Personalised VMS/VDS 

and Traffic Centre 

Information  

Highway  Passenger cars  Rain, snow, ice and 

roadworks  

Autonomous vehicles 

support 

Urban, 

highway, 

interurban  

Passenger cars  Rain, snow, fog, ice and 

roadworks  

Virtual Toll Collection 

Highway  Passenger cars 

and all the rest 

(apart from trains)  

Bad weather conditions 

and roadworks are 

slightly more important 

than unprotected railway 

crossing  

Parking booking and 

charging 

Urban  Passenger cars  Rain, snow and ice are 

slightly more important 

than the rest 

 

In-depth 

Apart from the 29 OEM participants in the on-line survey an additional 2 have 

participated in the in-depth survey, both coming from Italy. It might be a rather small 

number, but their opinion presents increased importance due to their size and 

acknowledgment in their field of activities. SAFE STRIP deployment time horizon 

according to them is presented below.   
 

Table 52: SAFE STRIP deployment scenarios according to in-depth survey (OEM’s, in-

depth). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 
100% 0% 0% 
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Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 
Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 50% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 100% 0% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 50% 50% 

 

The following table presents the prioritised SAFE STRIP applications based on the 

average rankings from OEMs.  

 
Table 53: Prioritised ranking of target applications based on the OEMs answers to the in-

depth survey. 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

1.0 1 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3.0 3 

Road wear level and predictive road 

maintenance  
6.5 5 

Road workzones and (uprotected) railway 

crossing warning 
3.5 4 

Merging/ intersection support  2.5 2 
Personalised VMS/VDS and Traffic Centre 

Information  
7.0 6 

Autonomous vehicles support  7.0 6 
Virtual Toll Collection  3.5 4 
Parking booking and charging 8.0 7 
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According to the following table, OEMs set as a SAFE STRIP impact priority road 

safety (anticipated) and boosting of C-ITS penetration which is, of course, of 

importance for manufacturers, maybe more compared to other user clusters (e.g. 

researchers).  

 
Table 54: Priority of expected impacts (OEMs, in-depth). 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1.0 1 
Mobility  5.5 5 
Traffic Efficiency 4.0 4 
Comfort for the driver 4.0 4 
Operational support for the operator 3.5 3 
Change of driving behaviour or mobility 

patterns 
5.5 5 

Boost of C-ITS penetration 2.5 2 

 

As concerns the information to be transmitted by the road strip to the vehicles the 

participants gave the following answers about which of them seems to be critical. 

Information: 

 Position in lane:     both  

 Speed limit:      both  

 Static obstacle ahead:     one of them 

 Heavy traffic ahead:     both  

 Changed/ new information about upcoming exit: one of them 

 
Table 55: Prioritised scenarios per SAFE STRIP application area (OEM’s/in-depth). 

Application area Priority scenario for implementation 

Traffic 

context  

Vehicle clusters 

 

Environmental/externa

l conditions sensing 

 

Virtual Advanced Driver 

& Rider Assistance 

Systems for non-

equipped vehicles 

(“Virtual ADAS/ARAS”) 

Urban 

Rural 

Highway 

Interurban 

Passenger cars, 

motorcycles/PTW

s, trucks, buses 

Rain, snow, ambient 

light, fog, ice, wind, road 

works, unprotected 

railway crossing, other 

(changes in local 

geometry) 

Advanced Driver & 

Rider Assistance Systems 

adaptation for equipped 

vehicles (“Enhanced 

ADAS/ARAS”) 

All of them All apart from 

trains 

All of them plus changes 

in local geometry 

Road wear level and 

predictive road 

maintenance 

All of them All apart from 

trains 

Rain, snow, ice, road 

works 

Road workzones and 

(uprotected) railway 

crossing warning 

All of them All  Rain, ambient light, road 

works, unprotected 

railway crossing and 

changes in local 

geometry 

Merging intersection 

support 

All of them All apart from 

trains 

Rain, snow, ambient 

light, fog, ice, road 
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Application area Priority scenario for implementation 

Traffic 

context  

Vehicle clusters 

 

Environmental/externa

l conditions sensing 

 

works, unprotected 

railway crossing 

Personalised VMS/VDS 

and Traffic Centre 

Information  

All of them All apart from 

trains 

All 

Autonomous vehicles 

support 

All of them All apart from 

motorcycles/PTW

s and trains 

All plus changes in local 

geometry 

Virtual Toll Collection 
Highway All apart from 

trains 

None 

Parking booking and 

charging 

Urban and 

Highway 

Passenger cars 

and trucks  

Rain, snow, ice, road 

works, parking 

occupancy 

 

Road infrastructure operators  

On-line 

35 professionals participated in the survey. The respondents are all coming from 

different countries and represent different transport areas and expertise. The following 

table presents the prioritized SAFE STRIP applications based on the average rankings 

from infrastructure operators.  

 
Table 56: Prioritised ranking of target applications (road infrastructure operators, on-line). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”) 

5.5 5 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3.8 3 

Road wear level and predictive road 

maintenance  
3.8 2 

Road workzones and (unprotected) railway 

crossing warning 
2.8 5 

Merging/ intersection support 5.2 1 
Personalised VMS/VDS and Traffic Centre 

Information  
3.3 6 

Autonomous vehicles support  5.2 4 
Virtual Toll Collection  4.8 7 
Parking booking and charging 5.7 8 
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Table 57: SAFE STRIP deployment scenarios according to in-depth survey (operators, on-

line). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

66.7% 33.3% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 33.3% 16.7% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

16.7% 66.7% 16.7% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 66.7% 33.3% 

 

Table 58: SAFE STRIP key expected impacts (absolute and average rankings) 

Expected SAFE STRIP impacts  Average 

rankings 

Rank 

Road Safety 1 1 

Mobility  4.3 4 

Traffic Efficiency 3.2 2 

Comfort for the driver 4.7 5 

Operational support for the operator 3.5 3 

Change of driving behaviour or mobility 

patterns 

5.7 6 

Boost of C-ITS penetration 5.7 6 

Other (one respondent mentioned low cost)  8 7 

 

In depth 

Results here are derived from the answers of 5 road operators, which is rather small 

number but sufficient to provide adequate results as they all come from various parts 

of Europe who manage large and important road networks. 

 
Table 59: Prioritised ranking of target applications (operators, in-depth). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 4.2 7 
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Target application Average 

rankings 
Priority  

given 
Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  
Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

4.0 6 

Road wear level and predictive road 

maintenance  
1.7 2 

Road workzones and (unprotected) railway 

crossing warning 
1.5 1 

Merging/ intersection support  3.0 5 
Personalised VMS/VDS and Traffic Centre 

Information  
2.5 3 

Autonomous vehicles support  5.0 9 
Virtual Toll Collection - for non-autonomous 

vehicles 
2.7 4 

Parking booking and charging 4.7 8 

 
Table 60: SAFE STRIP deployment scenarios according to in-depth survey (operators, in-

depth). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

83.3% 16.7% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

83.3% 0% 16.7% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 83.3% 16.7% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 50% 50% 

 
Table 61: SAFE STRIP expected impacts prioritisation (operators, in-depth). 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 2.0 1 
Mobility  3.0 4 
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Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Traffic Efficiency 3.0 4 

Comfort for the driver 3.0 4 
Operational support for the operator 2.2 2 
Change of driving behaviour or mobility 

patterns 
5.7 5 

Boost of C-ITS penetration 2.8 3 

 

Road infrastructure integrators/constructors   

On-line 

17 professionals participated in the survey.  

 

Table 62: Prioritised target applications (road infrastructure integrators/constructors, 

on-line). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

2 1 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

2.7 2 

Road wear level and predictive road 

maintenance  
4 4 

Road workzones and (unprotected) railway 

crossing warning 
2.7 2 

Merging/ intersection support  2.7 2 
Personalised VMS/VDS and Traffic Centre 

Information  
2.7 2 

Autonomous vehicles support  3.7 3 
Virtual Toll Collection  3.7 3 
Parking booking and charging 6.3 5 
 

 

Table 63: SAFE STRIP deployment scenarios according to in-depth survey (integrators, on-

line). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

0% 100% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

33.3% 66.7% 0% 
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Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
weather periods. They will be fast in realisation and 

potentially reusable.  
Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 66.7% 33.3% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

33.3% 33.3% 33.3% 

 

Road safety is the highest priority, followed by mobility and traffic efficiency (2
nd

 

priorities).  
 

Table 64: SAFE STRIP key expected impacts prioritisation (constructors/on-line). 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1.3 1 
Mobility  3 2 
Traffic Efficiency 3 2 
Comfort for the driver 4.7 3 
Operational support for the operator 5.3 4 
Change of driving behaviour or mobility 

patterns 
6.7 5 

Boost of C-ITS penetration 5.3 4 
Cost –efficiency   8 6 

 

In-depth 

6 major integrators/ constructors participated in the in-depth survey coming from 

different sectors and locations across Europe. 

 
Table 65: Target applications prioritisation (constructors - in-depth). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

4.8 6 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

4.7 5 

Road wear level and predictive road 

maintenance  
3.0 2 

Road workzones and (uprotected) railway 

crossing warning 
2.8 1 

Merging/ intersection support  4.2 4 
Personalised VMS/VDS and Traffic Centre 3.3 3 
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Target application Average 

rankings 
Priority  

given 
Information  
Autonomous vehicles support 6.2 8 
Virtual Toll Collection - for non-autonomous 

vehicles 
6.2 8 

Parking booking and charging 5.5 7 

 
 

Table 66: SAFE STRIP deployment scenarios according to in-depth survey (integrators, in-

depth). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

50% 50% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 33.3% 16,7% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 83.3% 16,7% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 50% 50% 

 

Table 67: Expected impacts prioritisation (integrators-in-depth).  

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1.7 1 
Mobility  3.8 4 

Traffic Efficiency 4.5 5 

Comfort for the driver 3.7 3 
Operational support for the operator 2.8 2 
Change of driving behaviour or mobility 

patterns 
6.3 7 

Boost of C-ITS penetration 5.7 6 
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Authorities  
8 authority representatives participated in both the on-line (6) and in-depth surveys (2) 

from Italy, Greece and Germany. The results are presented aggregated below.  

 
Table 68: Target applications prioritisation (authorities).  

Target application Priority  
given 

Virtual Advanced Driver & Rider Assistance Systems for 

non-equipped vehicles (“Virtual ADAS/ARAS”) 
2 

Advanced Driver & Rider Assistance Systems adaptation 

for equipped vehicles (“Enhanced ADAS/ARAS”) 
3 

Road wear level and predictive road maintenance 1 
Road workzones and (unprotected) railway crossing 

warning 
2 

Merging/ intersection support  3 
Personalised VMS/VDS and Traffic Centre Information  3 
Autonomous vehicles support  5 
Virtual Toll Collection - for non-autonomous vehicles 3 
Parking booking and charging 3 

 

 
Table 69: SAFE STRIP deployment scenarios according to in-depth survey (authorities). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

100% 0% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

0% 100% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 100% 0% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

0% 100% 0% 

 
Table 70: Expected impacts prioritisation (authorities). 

Expected SAFE STRIP impacts  Rank 
Road Safety 1 
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Expected SAFE STRIP impacts  Rank 
Mobility  3 
Traffic Efficiency 2 
Comfort for the driver 6 
Operational support for the operator 5 
Change of driving behaviour or mobility patterns 4 
Boost of C-ITS penetration 7 
Cost-efficiency   8 

Tier 1 & Tier 2 suppliers  
12 Tier 1 and Tier 2 suppliers participated in the on-line (10) and in-depth surveys (2). 

The outcomes are presented aggregated below.  

 
Table 71: Prioritisation of target applications (Tier 1 and 2 suppliers). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

1.5 1 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3 2 

Road wear level and predictive road 

maintenance  
4 4 

Road workzones and (unprotected) railway 

crossing warning 
3.5 3 

Merging/ intersection support  4 4 
Personalised VMS/VDS and Traffic Centre 

Information  
5 5 

Autonomous vehicles support  5 5 
Virtual Toll Collection - for non-autonomous 

vehicles 
6 6 

Parking booking and charging 7.5 7 

 
 

Table 72: SAFE STRIP deployment scenarios according to in-depth survey (Tier 1/Tier 2 

suppliers). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

50% 50% 0% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 50% 0% 
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Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

50% 0% 50% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

50% 50% 0% 

 
Table 73: Expected impacts prioritisation (Tier 1/Tier 2 suppliers). 

Expected SAFE STRIP impacts  Average rankings Rank 
Road Safety 4.5 4 
Mobility  3 2 
Traffic Efficiency 2.5 1 
Comfort for the driver 3.5 3 
Operational support for the operator 4.5 4 
Change of driving behaviour or mobility 

patterns 
5.5 6 

Boost of C-ITS penetration 5 5 
Cost-efficiency   7.5 7 

 

Researchers  

On-line 

93 researchers participated in the survey.  

 
Table 74: Target applications prioritisation (researchers, on-line). 

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

3.6 3 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3.6 2 

Road wear level and predictive road 

maintenance  
3.5 1 

Road workzones and (unprotected) railway 

crossing warning 
3.6 3 

Merging/ intersection support  3.4 4 
Personalised VMS/VDS and Traffic Centre 

Information  
4.1 5 

Autonomous vehicles support  4.6 6 
Virtual Toll Collection - for non-autonomous 

vehicles 
5.6 8 

Parking booking and charging 5.1 7 



 

Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 220  

 

 
Table 75: SAFE STRIP deployment scenarios according to in-depth survey (researchers, on-

line). 

Business Cases  Short 

(up to 

2020)  

Mid 
(up to 

2030) 

Long 
(up to 

2050) 
Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

56.3% 37.5% 6.3% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 43.8% 6.3% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

81.3% 0% 18.8% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

6.3% 50% 43.8% 

 
Table 76: Expected impacts prioritisation (researchers, on-line).  

Expected SAFE STRIP impacts  Average 

rankings 

Rank 

Road Safety 1.9 1 

Mobility  3.6 3 

Traffic Efficiency 3.6 3 

Comfort for the driver 2.9 2 

Operational support for the operator 4.3 4 

Change of driving behaviour or mobility 

patterns 

4.7 5 

Boost of C-ITS penetration 5.3 6 

Cost-efficiency   5.5 7 

 
Table 77: Prioritised scenarios per SAFE STRIP application area (researchers/on-line). 

Application area Priority scenario for implementation 

Traffic 

context  

Vehicle clusters 

 
Environmental/external 

conditions sensing 

Virtual Advanced Driver 

& Rider Assistance 

Systems for non-

equipped vehicles 

Urban, 

Highway, 

Interurban  

Passenger cars 

and trucks  

Rain, fog, road works 

unprotected railway 

crossing  
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Application area Priority scenario for implementation 

Traffic 

context  

Vehicle clusters 

 
Environmental/external 

conditions sensing 

(“Virtual ADAS/ARAS”) 

Advanced Driver & 

Rider Assistance Systems 

adaptation for equipped 

vehicles (“Enhanced 

ADAS/ARAS”) 

Urban and 

highway, 

interurban  

Passenger cars, 

truck, buses  

Ice, rain, snow, fog and 

road works  

Road wear level and 

predictive road 

maintenance 

Highway, 

Interurban, 

Urban 

Passenger cars 

and PTWs, 

PTWs, trucks   

Snow, ice and roadworks  

Road workzones and 

(unprotected) railway 

crossing warning 

Highway, 

urban, rural  

Passenger cars, 

PTWs, trucks 

and buses  

Roadworks  

Merging intersection 

support 

Highway, 

Urban, Rural  

Passenger cars, 

Trucks, Buses  

Snow, Ice  

Personalised VMS/VDS 

and Traffic Centre 

Information  

Urban and 

highway  

Passenger cars, 

PTWs  

Rain, snow and ice, 

roadworks  

Autonomous vehicles 

support 

Highway, 

urban, 

interurban  

Passenger cars, 

trucks and buses  

Rain, snow and ice, fog 

and road works  

Virtual Toll Collection 

Highway  Passenger cars, 

Buses, PTWs 

and trucks  

Rain  

Parking booking and 

charging 

Urban  Passenger cars  Rain, snow and roadworks  

 

In-depth 

A total of 6 researchers participated in the in-depth survey providing their own expert 

opinion. 

 
Table 78: Researchers ranking of Target applications prioritisation (researchers, in-depth).  

Target application Average 

rankings 
Priority  

given 
Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

3.8 2 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

3.0 1 

Road wear level and predictive road 

maintenance  
5.2 5 

Road workzones and (uprotected) railway 

crossing warning 
4.7 4 

Merging/ intersection support  3.8 2 
Personalised VMS/VDS and Traffic Centre 

Information – aiming to substitute current 

infrastructure that is costly and not personalised 

4.3 3 

Autonomous vehicles support  4.7 4 
Virtual Toll Collection - for non-autonomous 

vehicles 
7.2 7 
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Target application Average 

rankings 
Priority  

given 
Parking booking and charging 7.0 6 
 

 

Table 79: SAFE STRIP deployment scenarios according to in-depth survey (researchers, in-

depth). 

Business Cases  Short 

(up to 

2020)  

Mid 

(up to 

2030) 

Long 

(up to 

2050) 

Business Case 1: Info-nodes  
ORU’s are installed at selected infrastructure sites (i.e. before 

bridges or toll stations, sharp curves & other black spots), 

providing speed or other static warnings to vehicles. A very 

low cost and limited functionality application. These will 

become info-nodes in the infrastructure such as info-kiosks in 

public services. 

50% 33.3% 16.7% 

Business Case 2: Mobile SAFE STRIPS 
SAFE STRIPS will be integrated into temporary pavement 

warning products and applied for time-limited periods to 

signify road works or support drivers/ riders during adverse 

weather periods. They will be fast in realisation and 

potentially reusable.  

50% 50% 0% 

Business Case 3: SAFE STRIP plazas 
SAFE STRIPS will be integrated permanently in durable 

pavement warning products (potentially multiple strips) for 

merging, intersection and other key traffic scenario support, 

as well as replacing existing or newly needed VMSes. 

0% 66.7% 33.3% 

Business Case 4: Standardized SAFE STRIPS 
SAFE STRIPS may be standardized and applied widely 

whereas their vehicle interface will become standard vehicle 

equipment, thus leading to a rapid deployment rate of 

cooperative technologies, without need for additional on-

board sensors.  

16.7% 66.7% 16.7% 

 
 

Table 80: Critical road infrastructure information to be provided (researchers, in-depth). 

Critical info Priority score Priority given 

Position in lane 3/6 3 

Speed limit 5/6 1 

Static obstacle ahead 3/6 3 

Heavy traffic ahead 4/6 2 

Changed/ new 

information about 

upcoming exit 

2/6 4 

 
Table 81: Expected impacts prioritisation (researchers, in-depth). 

Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Road Safety 1.2 1 
Mobility  3.2 2 
Traffic Efficiency 3.4 3 
Comfort for the driver 4.4 5 
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Expected SAFE STRIP impacts  Average 

rankings 
Rank 

Operational support for the operator 4.8 6 
Change of driving behaviour or mobility 

patterns 
6 7 

Boost of C-ITS penetration 4 4 

 
Table 82: Prioritised scenarios per SAFE STRIP application area (researchers/in-depth). 

Application area Priority scenario for implementation 

Traffic 

context  

Vehicle 

clusters 

Environmental/external 

conditions sensing 

Virtual Advanced Driver 

& Rider Assistance 

Systems for non-

equipped vehicles 

(“Virtual ADAS/ARAS”) 

Urban, Rural, 

Highway, 

Interurban 

 

Motorcycles/ 

PTWs 

followed by 

Passenger cars 

 

Snow, road works, 

unprotected railway 

crossing 

 

Advanced Driver & 

Rider Assistance Systems 

adaptation for equipped 

vehicles (“Enhanced 

ADAS/ARAS”) 

All equally 

 

Passenger cars 

followed by 

trucks 

 

Ice followed by 

Rain, snow, fog 

 

Road wear level and 

predictive road 

maintenance 

Highway 

followed by all 

the rest  

Passenger 

cars, 

motorcycles/P

TWs 

 

Ambient light 

 

Road workzones and 

(unprotected) railway 

crossing warning 

Interurban 

followed by 

Rural 

 

Passenger cars 

followed by 

Motorcycles/P

TWs, trucks, 

buses 

Road works  

 

Merging intersection 

support 

Urban 

 

Passenger 

cars, 

motorcycles/P

TWs 

Snow, ambient light, fog, 

ice 

Personalised VMS/VDS 

and Traffic Centre 

Information  

Urban 

 

Passenger 

cars, 

motorcycles/P

TWs 

 

Rain, snow, ice, wind 

 

Autonomous vehicles 

support 

Highway, 

followed by all 

the rest 

 

Passenger cars  Snow, fog, ice, followed by 

Rain, ambient light, road 

works  

Virtual Toll Collection 

Highway Passenger 

cars, 

motorcycles/P

TWs 

Ambient light 

 

Parking booking and 

charging 

Urban 

 

Passenger cars  Ambient light 
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Consortium  
The following ranking has emerged out of the Consortium experts’ views aggregation.  

 
Table 83: Ranking of expected SAFE STRIP applications impacts according to the Consortium [1: highest expected impact].   

Expected 

SAFE 

STRIP 

impacts 

Rank [1-10] 

Virtual 

Advanced 

Driver & Rider 

Assistance 

Systems for non-

equipped 

vehicles 

(“Virtual 

ADAS/ARAS”) 

Advanced Driver 

& Rider 

Assistance 

Systems 

adaptation for 

equipped vehicles 

(“Enhanced 

ADAS/ARAS”) 

Road wear 

level and 

predictive 

road 

maintenanc

e 

Road workzones 

and (uprotected) 

railway crossing 

warning 

Merging/ 

intersectio

n support 

Personalised 

VMS/VDS 

and Traffic 

Centre 

Information 

Autonomous 

vehicles 

support 

Virtual Toll 

Collection - 

for non-

autonomous 

vehicles 

Parking 

booking 

and 

charging 

Road Safety 1 1 1 1 1 1 1 7 7 
Mobility 7 7 6 7 7 4 4 5 4 
Traffic 

Efficiency 
5 5 4 5 5 1 5 2 5 

Comfort for 

the driver 
2 2 3 2 2 4 2 3 1 

Operational 

support for 

the operator 

6 6 5 6 6 2 7 1 2 

Change of 

driving 

behavior or 

mobility 

patterns 

4 4 7 4 4 6 6 6 6 

Boost of C-

ITS 

penetration 

3 3 8 3 3 3 3 4 3 
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Aggregated outcomes  

 
The following tables have derived upon the aggregated data from all applicable sources as indicated in each case and are supportive to the 

figures provided in main text (section 6.10).  

 
Table 84: Aggregated prioritisation of target applications.  

Aggregated On-line In-depth Workshop Average 

Ranking 
Priority Given 

Target application Priority Given Priority Given Priority Given 

Virtual Advanced Driver & 

Rider Assistance Systems for 

non-equipped vehicles 

(“Virtual ADAS/ARAS”) 

2 1 1 1,3 1 

Advanced Driver & Rider 

Assistance Systems adaptation 

for equipped vehicles 

(“Enhanced ADAS/ARAS”) 

2 2 2 2,0 2 

Road wear level and 

predictive road maintenance 
2 3 5 3,3 4 

Road workzones and 

(unprotected) railway 

crossing warning 

3 1 3 2,3 3 

Merging/ intersection support 1 4 6 3,7 5 

Personalised VMS/VDS and 

Traffic Centre Information 
5 5 4 4,7 6 

Autonomous vehicles support 4 7 7 6,0 7 
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Aggregated On-line In-depth Workshop Average 

Ranking 
Priority Given 

Target application Priority Given Priority Given Priority Given 

Virtual Toll Collection - for 

non-autonomous vehicles 
6 6 8 6,7 8 

Parking booking and charging 7 8 9 8,0 9 

 
Table 85: Aggregated prioritisation of operational context.  

Aggregated Final Results 

Traffic context Vehicle clusters Environmental/external conditions sensing 

Virtual Advanced Driver & Rider 

Assistance Systems for non-equipped 

vehicles (“Virtual ADAS/ARAS”) 

Highway followed by 

Urban 
Passenger cars, PTW & 

trucks 
Rain, fog, road works 

Advanced Driver & Rider Assistance 

Systems adaptation for equipped 

vehicles (“Enhanced ADAS/ARAS”) 

Urban, Highway Passenger cars, PTW & 

trucks 
Fog & ice followed by rain, snow, road works 

Road wear level and predictive road 

maintenance 
Highway followed by 

Interurban & Urban 
Passenger cars,  PTWs 

& trucks 
Ice 

Road workzones and (unprotected) 

railway crossing warning 
Highway & Rural Passenger cars, followed 

by PTWs, trucks and 

buses 

Roadworks, railway crossings 

Merging intersection support Urban, Highways 

(intersection) 
Passenger cars, followed 

by PTW's and trucks 
Fog, ice 

Personalised VMS/VDS and Traffic 

Centre Information 
Urban, Highway Passenger cars, followed 

by PTWs & trucks 
Snow, ice followed by rain 

Autonomous vehicles support Highway followed by 

interurban 
Passenger cars Fog & ice followed by rain, snow, road works 

Virtual Toll Collection Highway Passenger cars & PTWs 

followed by trucks 
Rain 

Parking booking and charging Urban Passenger cars Rain followed by snow & road works 
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Table 86: Aggregated prioritised expected impacts.  

Aggregated On-line In-depth SAB Workshop Average Rank Priority 

given 
Expected SAFE STRIP impacts 

Road Safety 1 1 2 1 1,3 1 

Mobility 3 3 3 2 2,8 3 

Traffic Efficiency 2 2 3 3 2,5 2 

Comfort for the driver 4 5 4 7 5,0 7 

Operational support for the operator 5 3 1 5 3,5 4 

Change of driving behaviour or mobility 

patterns 
7 6 5 1 4,8 6 

Boost of C-ITS penetration 6 4 1 6 4,3 5 
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Table 87: Aggregated results on targeted applications vs expected impacts. 

                                          Expected impacts 
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 p
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Virtual Advanced Driver & Rider Assistance 

Systems for non-equipped vehicles (“Virtual 

ADAS/ARAS”)  

 1 6 3 2 3 4 5 

Advanced Driver & Rider Assistance Systems 

adaptation for equipped vehicles (“Enhanced 

ADAS/ARAS”)  

 1 6 5 2 3 4 5 

Road wear level and predictive road maintenance   1 5 3 4 2 6 7 

Road workzones and (unprotected) railway 

crossing warning 

 1 6 4 2 3 5 5 

Merging/ intersection support 
 1 6 3 2 5 4 5 

Personalised VMS/VDS and Traffic Centre 

Information  

 1 3 2 4 3 6 5 

Autonomous vehicles support   1 4 2 3 6 7 5 

Virtual Toll Collection   7 5 2 3 1 6 4 

Parking booking and charging  6 3 3 1 2 5 4 
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Annex E: SAB meeting agenda  

 
   



 

Deliverable D1.2: SAFE STRIP Use Cases and application scenarios            Version v2.0                                Date27/11/2017 230  

Annex F: SAFE STRIP Benchmarking of relevant 

technologies 
Commercial Products 

For the purposes of SAFE STRIP a number of commercial products addressing 

various project needs were identified and studied. 

 

Microcontrollers 

A total of 4 microcontrollers have been so far identified as relevant to the project.  

SAFE STRIP will use commercial microcontrollers and will not focus effort in 

breakthroughs regarding microcontroller technologies. However, during the 

benchmarking phase a number of factors were taken into account including: 

1. The microcontrollers operating framework, range of temperature, and energy 

consumption in every mode (operation, sleep, stand by). 

2. The microcontroller’s memory type, memory capacity and all other hardware 

specifications. 

3. The microcontroller’s peripherals. 

4. Whether or not the microcontroller was designed specifically for transportation 

purposes and what are the advantages of such a specialized microcontroller (e.g. 

the RH850 family of microcontrollers that offer functional safety and embedded 

security features needed for new and advanced automotive applications). 

 

Vehicular Communication Technologies 

For the communications between the various SAFE STRIP components, the 

benchmarking studied the following communication frameworks (4 so far and is still 

on-going):  

 Bluetooth normal and Bluetooth Low Energy (BLE) 

 Communications based on the 802.11 standard (WiFi) 

 LTE 

 RFID 

 The Traffic Message Channel – TMC (FM-RDS) 

 

Each of these technologies has many strong features but designed to perform 

optimally under certain conditions. The LTE network provides reliable wide area 

access while the WLAN based approach can be more cost-effective for short-range 

data exchange. In the future, V2X for cooperative driving will require lower latencies 

and tens of data transmissions per second. Thus, over short distances LTE-V2V 

performance is worse than 802.11p but over longer distances it offers better 

performance. Bluetooth technology on the other hand offers very limited range, but 

the Bluetooth Low Energy (BLE) technology is unrivalled in regards to energy 

consumption. Combining technologies can provide optimal redundancy to improve 

reliability and capacity. One relevant example use-case was a trial on a stretch of 

motorway in Tokyo with roadside 802.11p providing 70% coverage for offloading 

image from cellular used for reconstruction of dynamic maps
4
.   

 

The project will use all the aforementioned wireless communication technologies to 

address different communication needs. This takes into account range, energy 

                                                 
4 http://www.3gpp.org/news-events/3gpp-news/1675-lte_automotive 
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consumption, and latency parameters, as well as how the deployed framework’s QoS 

responds to different operational parameters (e.g. large number of devices, 

electromagnetic inference).  

 

Sensors 

Reliable sensing is key for the project’s objectives, but sensor size, and energy 

consumption also have to be taken into consideration. Currently 30 sensors are 

included in the database and were studied. 

 

While all the aforementioned sensors are either provided from CNR (nano) or are 

commercially available, each one presents drawbacks such us size, high installation 

costs, fast degradation of sensing reliability etc. SAFE STRIP will measure humidity, 

temperature and water presence with sensors mounted on the road. All the relevant 

data will be transmitted to the microcontroller which in turn will alert all back-end 

systems, infrastructure systems and drivers. 

 

For estimating the road’s friction coefficient however, current assumption is that it 

will be calculated using data fusion from information coming from tire sensors and 

either chassis laser sensors or information from external sources (infrastructure, other 

vehicles. The projects APOLLO
5
 and FRICTION

6
 developed the functional 

requirements and investigated the use of tire sensors coupled with other (on-board) 

data sources. Moreover, CONTINENTAL is currently developing a Tyre Micro 

Sensor to estimate the friction coefficient based on tyre characteristics, pressure, 

temperature, acceleration and tyre deformation using a classification framework. 

SAFE STRIP will use the CONTINENTAL Tyre Micro Sensor which estimates the 

tyre physical parameters based on both existing knowledge and prototypes.  

Throughout SAFE STRIP we will analyse the the possibility to switch from 433MHz 

standard frequency to Bluetooth to increase the data flow – sensor buffer and also 

increase the acquisition frequency (currently <1HZ). 

 

Encapsulation and Infrastructure Materials 

For SAFE STRIP to work we need to encapsulate the “strip” in order to protect all the 

deployed sensors, microcontrollers, energy harvesting modules, etc. A total of 5 

encapsulation products were studied. The selection of encapsulation material is 

affected by a number of parameters such as dust and water immersion requirements, 

size, mechanical loading,  

 

In addition to them, a total of 6 infrastructure materials and solutions were studied, 

including the following. As mentioned again, it may be the case that the infrastructure 

material finally used will be a custom material, manufactured by SWM (if the existing 

ones do not fulfil the system requirements) combining properties from more than one 

and respecting the regulations thresholds as presented in section 5.  

 LIMBOPLAST D480 plain 

 LIMBOPLAST KSP 120 Universal 

 Limbotherm HP 62 

 LIMBOPLAST D480 

                                                 
5
 APOLLO project, Intelligent Tyre for Accident-free Traffic. 

6
 FRICTION Project website http://friction.vtt.fi/  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 Pavement Marking tape 

 Raised Pavement Markers 

 

Energy Harvesting, Energy Management Mechanisms and Batteries 

For energy harvesting SAFE STRIP has identified mainly two energy sources, 

photovoltaic cells and devices that harvest mechanical vibrations (piezoelectric and 

electromagnetic devices). Each technology yields different energy amounts. Solar 

panels produce an average of 10mW/cm
2
 and the energy production can be partially 

predicted using weather data. On the other hand, harvesting mechanical vibrations 

yield 0.4mW of power and can be predicted using traffic data. Moreover, the energy 

harvesting module produces new requirements to the encapsulation material. For solar 

harvesting the encapsulation needs to be transparent, in the case where solar panels 

are embedded in the strip. For energy harvesting through vibrations, the energy 

harvesting module needs to be exposed to receive the necessary vibrations (rather than 

shielded under a rigid encapsulation material). Moreover, beyond the energy 

harvesting, managing the energy consumption is critical for the optimal operation of 

the strip. This led to include in the benchmarking a number of energy management 

modules as well. The database currently holds 33 energy harvesting modules and 15 

energy management modules. 

 

Finally, we studied commercial available batteries that will be of use in SAFE 

STRIP. This study yielded 24 commercial products that are included in the database. 

 

RTD initiatives 

Finally, 34 RTD initiatives, considered relevant to SAFE STRIP, were identified and 

studied. The results of this effort is presented in Table 88. 

 
Table 88: RTD Initiatives relevant to the SAFE STRIP Objectives. 

Project Regi

on 

Relevance to SAFE STRIP 

InDeal EU Real-time energy consumption and weather monitoring and 

prediction. 

BonVoyage EU Transportation utilizing real-time data collected by sensors, 

vehicles etc. 

NANOCAPS EU Cost-efficient production of nanomaterials and 

nanocomposite coatings. 

BIOTOPE EU Information harnessing using SoS capabilities for Connected 

Smart Objects with minimal investment. 

MariaBox EU Use of sensors on vehicles to determine external conditions. 

VITRO EU Improved reliability of Wireless Sensor Networks. 

SmartSantander EU City-scale experimental facility for applications and services 

for smart cities. 

IN-SAFETY EU Intelligent, intuitive, and cost-efficient combinations of new 

technologies and existing infrastructure to enhance road 

safety. 

HoliDes EU Adaptive Cooperative Human-Machine Systems (AdCoS) 

where many humans and many machines act together, 

cooperatively, in a highly adaptive way to guarantee fluent 

and cooperative task achievement. 

SAFERIDER EU ADAS/IVIS integration on motorcycles for riders’ safety. 
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Project Regi

on 

Relevance to SAFE STRIP 

RESOLVE EU Development of cost-efficient, energy-efficient, and 

comfortable Electric L-category Vehicles. 

UR:BAN EU Advanced driver assistance and traffic management systems 

for cities. The focus is on the human element in all aspects of 

mobility and traffic. 

TEAM EU Collaborative network joining drivers, travellers, and 

infrastructure operators. 

BlueParking EU Web-based cartographic platform for finding parking spaces 

for disabled persons in Europe. 

ADHER EU Web-based cartographic platform for finding parking spaces 

for disabled persons in Europe. 

SARISTU EU Comparison of the national and local regulations especially in 

the case of installing new infrastructure in or near cultural 

heritage sites. 

ADAPTIVE EU Development of automated driving functions for daily traffic 

by dynamically adapting the level of automation to situation 

and driver status. 

AutoNet 2030 EU Development and testing of co-operative automated driving 

technology, based on a decentralised decision-making 

strategy which is enabled by mutual information sharing 

among nearby vehicles. 

InDrive EU Development and demonstration of an innovative but close-

to-market solutions for semi-automatic driving that heavily 

relying on accurate and high-integrity satellite navigation. 

Privacy Flag EU Assessment of the compliance of applications, websites, and 

Internet of Things deployments with the European Union’s 

General Data Protection Regulation (GDPR) and Swiss Data 

Protection law. 

VRA/CARTRE EU Deployment of automated vehicles and its related 

infrastructure. 

CityMobil2 EU Pilot platform for automated road transport systems. 

iGAME EU Cooperative automation of vehicles. 

COMPANION EU Development and Validation of a fault tolerant, scalable off-

board decision-making system to determine the optimal 

coordination of platoons, under current infrastructure state, in 

order to improve the energy effectiveness and safety of road 

transportation systems. 

ITS Observatory EU Data bank of links to ITS impacts and benefits, EU projects, 

success stories, standards, what’s new in ITS, and market 

intelligence. 

OPTIMUM EU Interoperability, adaptability and dynamicity to provide 

proactive and problem-free mobility. 

VeDeCom EU Data from autonomous cars available to IoT for automated 

driving. 

Drive-ME SW Self-driving car pilot. 

Lutz Pathfinder UK Deployment and testing of a complete autonomy system on 

small “pods” for urban use. 

System 

Implementation WG 

Japan System-level innovation that shifts the existing system toward 

a totally new and sustainable way of operation.  

Next Generation 
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Project Regi

on 

Relevance to SAFE STRIP 

Urban 

Transportation WG 

International 

Cooperation WG 

Digital Infrastructure 

Project 

USA New and refurbished infrastructure with a vision for the 

future, that includes multiple layers of smart cities 

technologies, say public and industry experts. 

 

 


