
  

 

 
 

SAFE STRIP  

 

SAFE and green Sensor Technologies for self-

explaining and forgiving Road Interactive 

aPplications 
 

Grant Agreement Number: 723211 

 
 

 

 

 

 

 

Work package WP7: Dissemination, Exploitation & Standardisation 

Activity A7.5: Legal, operational & standardisation issues and 
infrastructure responsiveness guidelines 

Deliverable D7.7: Application guidelines and standardisation 

recommendations 

Authors Nicole Fritz (FhG/IAO), Michelle Kamps (FhG/IAO), Harald 
Widlroither (FhG/IAO), Jan-Paul Leuteritz (FhG/IAO) 

Status  Final (F) 

Version  V2.0 

Dissemination Level Public (PU) 

Document date 30/09/2020 

Delivery due date  31/08/2020 

Actual delivery date 30/09/2020 

Internal Reviewers  Prof. Emmanuel Protonotarios (ICCS), David Guerrero 

(Continental), Andrea Castellano (RELAB), Maria Gkemou 
(CERTH/HIT) 

External Reviewers Prof. George Dimitrakopoulos 

 This project has received funding from the European Union’s 

Horizon 2020 Research and Innovation Programme under grant 

agreement no 723211.  

D7.7: Application guidelines and standardisation 

recommendations 



Deliverable D7.7: Application guidelines and standardisation recommendations                  

Version V2.0                                                                                           Date30/09/2020                                                       2  

Document Control Sheet  
 

Version history table 

Version  Date  Modification reason  Modifier  

0.1 05/04/2017 First version of 

deliverable with 

description of the SAFE 

STRIP system, general 

information on road 

markings and relevant 

European standards plus 

German directives 

N. Fritz, FhG/IAO 

H. Widlroither, FhG/IAO 

0.2 04/06/2017 Second version with 

minor adjustments and 

additional information on 

C-ITS technology and 

speed levels 

M. Kamps, FhG/IAO 

N. Fritz, FhG/IAO 

1.0 10/04/2020 Final structure, 

adjustments, references, 

proof-reading, ready for 

peer review  

J.-P. Leuteritz, FhG/IAO 

H. Widlroither, FhG/IAO 

1.1 16/07/2020 Adjustments according to 

peer-review 

J.-P. Leuteritz, FhG/IAO 

1.2 21/07/2020 Adjustments according to 

peer-review 

J.-P. Leuteritz, FhG/IAO 

1.3-1.5 31/08/2020 Various revisions, based 

on partner input 

J.-P. Leuteritz, FhG/IAO 

1.6 16/09/2020 Installation guidelines, 

minor text revisions 

J.-P. Leuteritz, FhG/IAO 

2.0 28/09/2020 Final version J.-P. Leuteritz, FhG/IAO 

 

 

 

 

 

 

 

 

 

Legal Disclaimer  
This document reflects only the views of the author(s). Neither the Innovation and 

Networks Executive Agency (INEA) nor the European Commission is in any way 

responsible for any use that may be made of the information it contains. The 

information in this document is provided “as is”, and no guarantee or warranty is 

given that the information is fit for any particular purpose. The above referenced 

consortium members shall have no liability for damages of any kind including without 

limitation direct, special, indirect, or consequential damages that may result from the 

use of these materials subject to any liability which is mandatory due to applicable 

law. © 2017 by SAFE STRIP Consortium. 



Deliverable D7.7: Application guidelines and standardisation recommendations                  

Version V2.0                                                                                           Date30/09/2020                                                       3  

Table of Contents 

TABLE OF CONTENTS .................................................................................................................. 3 

LIST OF TABLES ............................................................................................................................ 5 

LIST OF FIGURES .......................................................................................................................... 5 

ABBREVIATION LIST ................................................................................................................... 6 

EXECUTIVE SUMMARY ............................................................................................................... 7 

1 INTRODUCTION ................................................................................................................... 8 

1.1 PURPOSE OF THE DOCUMENT ................................................................................................. 8 

1.2 INTENDED AUDIENCE ............................................................................................................. 8 

1.3 INTERRELATIONS ................................................................................................................... 8 

2 SAFE STRIP COMPONENTS AND THEIR STANDARDIZATION ................................... 9 

2.1 CHARACTERISTICS OF THE SAFE STRIP SYSTEM .................................................................... 9 

2.1.1 Concept of the SAFE STRIP system .......................................................................... 10 

2.1.2 The SAFE STRIP use cases ....................................................................................... 11 

2.1.3 The SAFE STRIP components discussed in this deliverable........................................ 12 
2.2 CHARACTERISTICS OF THE ORU ........................................................................................... 12 

2.2.1 Integration of the SAFE STRIP system (ORU) into the existing infrastructure ............ 13 

2.2.1.1 Requirements of an effective ORU .................................................................... 13 

2.2.1.2 Encapsulation ................................................................................................... 14 

2.3 CHARACTERISTICS OF THE ROAD-SIDE-BRIDGE (RSB) .......................................................... 16 

2.3.1 Integration of the Road Side Bridge (RSB) ................................................................. 16 

2.4 CHARACTERISTICS OF THE ON-BOARD UNIT (OBU).............................................................. 16 

2.4.1 Integration of the On Board Unit (OBU)..................................................................... 17 

3 C-ITS RELATED STANDARDS TO BE MET BY THE SAFE STRIP SYSTEM.............. 18 

3.1 GENERAL REQUIREMENTS FOR COOPERATIVE INTELLIGENT TRANSPORT SYSTEMS ................. 18 

3.1.1 Continuity of service .................................................................................................. 18 
3.1.2 Security of C-ITS communication .............................................................................. 18 

3.1.3 Privacy and data protection ........................................................................................ 19 

3.1.4 Communication technologies and frequencies ............................................................ 19 

3.1.5 Interoperability .......................................................................................................... 19 

3.1.6 Compliance assessment .............................................................................................. 20 

3.2 EUROPEAN STANDARDS: ON-ROAD UNIT .............................................................................. 20 

3.2.1 Potential legal barriers ............................................................................................... 20 

3.2.2 Proposal for regulative amendments ........................................................................... 20 

3.3 EUROPEAN STANDARDS: ON-BOARD EQUIPMENT .................................................................. 20 

3.3.1 Potential legal barriers ............................................................................................... 21 

3.3.2 Proposal for regulative amendments ........................................................................... 21 

3.4 C-ITS-RELATED STANDARDS FOR OTHER PARTS OF SAFE STRIP .......................................... 21 
3.4.1 Potential legal barriers ............................................................................................... 24 

3.4.2 Proposal for regulative amendments ........................................................................... 24 

3.5 VIRTUAL TOLLING ............................................................................................................... 24 

3.5.1 Standards in Electronic Toll Collection (ETC) ............................................................ 24 

3.5.1.1 Dedicated Short-Range Communication (DSRC) .............................................. 24 

3.5.1.2 Global Navigation Satellite System (GNSS) and General Packet Radio Service 

(GPRS) 24 

3.5.1.3 Automatic Number Plate Recognition (ANPR) .................................................. 24 

3.5.1.4 Tachograph-based tolling .................................................................................. 25 

3.5.1.5 Radio Frequency Identification (RFID) ............................................................. 25 

3.5.2 Current situation in EU countries ............................................................................... 25 
3.5.3 Legal framework........................................................................................................ 28 

3.5.4 Implications for the SAFE STRIP .............................................................................. 30 



 

Deliverable D7.7: Application guidelines and standardisation recommendations 

Version V2.0 Date30/09/2020  4  

4 STANDARDS RELATED TO ROAD MARKINGS ............................................................ 32 

4.1 THE SAFE STRIP ORU AS A ROAD MARKING ...................................................................... 32 

4.2 REGULATIONS AT DIFFERENT LEVELS ................................................................................... 32 

4.3 TYPES OF ROAD MARKINGS .................................................................................................. 33 

4.4 MATERIALS OF ROAD MARKINGS .......................................................................................... 34 

4.5 REQUIREMENTS REGARDING THE CHARACTERISTICS OF ROAD MARKINGS .............................. 35 
4.5.1 European standards regarding road markings .............................................................. 36 

4.5.1.1 Material specification........................................................................................ 36 

4.5.1.2 Material adhesion ............................................................................................. 37 

4.5.1.3 Visibility and retroreflectivity of road markings ................................................ 37 

4.5.1.4 Colour .............................................................................................................. 37 

4.5.1.5 Skid resistance .................................................................................................. 37 

4.5.1.6 Durability ......................................................................................................... 38 

4.5.1.7 Design and size ................................................................................................. 39 

4.5.1.8 Traveling speed and speed limits in Europe ....................................................... 40 

4.5.1.9 Conclusion ....................................................................................................... 40 

4.5.2 National norms on road markings ............................................................................... 40 

4.5.2.1 Regulations in Greece ....................................................................................... 45 
4.5.2.2 Regulations in Italy ........................................................................................... 45 

4.5.2.3 Regulations in Germany .................................................................................... 45 

4.5.2.4 Regulations in France ....................................................................................... 46 

4.5.2.5 Regulations in Spain ......................................................................................... 46 

4.5.2.6 Regulations in the United States ........................................................................ 46 

4.5.2.7 Summary of requirements regarding the SAFE STRIP system ........................... 46 

4.5.2.8 Conclusions on conflicts with existing standards ............................................... 47 

4.5.2.9 Proposal for regulative amendments .................................................................. 47 

4.6 EUROPEAN STANDARDS ON TESTING ROAD MARKINGS .......................................................... 47 

4.6.1 Potential legal barriers ............................................................................................... 49 

4.6.2 Proposal for regulative amendments ........................................................................... 49 

5 STANDARDISATION METHODOLOGY OF THE SAFE STRIP AS A C-ITS ELEMENT

 50 

5.1 CERTIFICATION OF A NEW C-ITS ELEMENT ........................................................................... 50 

6 CONDITIONS FOR SUCCESSFUL PLATFORM IMPLEMENTATION ......................... 51 

6.1 IDENTIFIED BARRIERS AND OBSTACLES ................................................................................. 51 

6.2 CONTRIBUTIONS TO EXISTING STANDARDS ........................................................................... 54 

6.3 ROAD SAFETY REGULATIONS................................................................................................ 55 

7 INFRASTRUCTURE RESPONSIVENESS GUIDELINES ................................................. 56 

7.1 GUIDELINES FOR INSTALLATION ........................................................................................... 56 

7.2 GUIDELINES FOR ROAD MAINTENANCE PLANNING ................................................................. 59 

7.3 GUIDELINES FOR UNINSTALLATION ...................................................................................... 61 

7.4 GUIDELINES FOR STRIP RECYCLING .................................................................................... 62 
7.5 ROAD INFRASTRUCTURE RESILIENCE GUIDELINES ................................................................ 63 

8 CONCLUSIONS.................................................................................................................... 66 

REFERENCES ............................................................................................................................... 67 

ANNEX A: LIST OF RELEVANT EUROPEAN STANDARDS .................................................. 71 

ANNEX B: LIST OF RELEVANT GREEK DIRECTIVES ......................................................... 71 

ANNEX C: LIST OF RELEVANT ITALIAN DIRECTIVES ....................................................... 71 

ANNEX D: LIST OF RELEVANT FRENCH DIRECTIVES ....................................................... 72 

ANNEX E: LIST OF RELEVANT GERMAN DIRECTIVES ...................................................... 72 

ANNEX F: LIST OF RELEVANT SPANISH DIRECTIVES ....................................................... 72 

 



 

Deliverable D7.7: Application guidelines and standardisation recommendations 

Version V2.0 Date30/09/2020  5  

List of Tables 
Table 1: Standards applying to the ORU. ............................................................................. 20 
Table 2: Overview of relevant standards for On-Board equipment, considered for the SAFE 

STRIP development. ........................................................................................................... 20 
Table 3: Overview of relevant standards for C-ITS, considered for the SAFE STRIP 
development. ....................................................................................................................... 22 
Table 4: Overview of the current tolling system in European countries (Manzi, 2015) ......... 25 
Table 5: Overview on different road surface markings and their characteristics regarding the 

material being used. ............................................................................................................ 34 
Table 6: Material characteristics. ......................................................................................... 36 
Table 7: Classes of skid resistance according to EN 1436. ................................................... 38 
Table 8: Classes and number of roll-overs. .......................................................................... 38 
Table 9: Overview on minimum requirements defined in national regulations and the 

European standards regarding visibility, retroreflectivity, skid resistance, durability and 

design/size. ......................................................................................................................... 41 
Table 10: Comparison of the requirements of road markings as defined by European standards 
and German regulations ....................................................................................................... 45 
Table 11: Overview of relevant standards defining testing procedures for road marking 

materials considered for the SAFE STRIP development....................................................... 49 
Table 12: Identified barriers and obstacles (from the SAFE STRIP DoW)............................ 51 
 

List of Figures 
Figure 1: The SAFE STRIP smart road integrated platform (from D3.2) .................. 10 

Figure 2: Visualisation of the communication concepts for equipped (left) and non-

equipped (right) vehicles. ........................................................................................ 11 

Figure 3: ORU platform architecture ....................................................................... 13 
Figure 4: Encapsulated cable assemblies (from D5.5) .............................................. 15 

Figure 5: Rolling on LIMBOPLAST D480. ............................................................. 16 
Figure 6: Equipped Vehicle logical architecture (from D2.1). .................................. 17 

Figure 7: The STRIP created in the project’s pilot phase – in standard grey colour to 

be applied as an invisible transversal element, e.g. on motorways. ........................... 35 

 

  



 

Deliverable D7.7: Application guidelines and standardisation recommendations 

Version V2.0 Date30/09/2020  6  

Abbreviation List 
 
Abbreviation  Definition  

AA Authorization Authority 

ANPR Automated Number Plate Recognition 

BASt Bundesanstalt für Straßenwesen (German federal institution for road 

traffic) 

CA Certificate Authority 

CP Certificate Policy 

C-ITS Cooperative Intelligent Transportation Systems 

DSRC Directed Short Range Communication 

EA Enrolment Authority 

EN European Norm 

GDPR General Data Protection Regulation 

GNSS Global Navigation Satellite System 

GPRS General Package Radio Service 

I2V Infrastructure-to-Vehicle 

OBE On Board Equipment 

OBU On Board Unit 

ORU On Road Unit 

PKI Public Key Infrastructure 

PTW Powered Two Wheelers 

RFID Radio Frequency Identification  

RSU Road Side Unit 

TLM True List Manager 

TMC Traffic Message Channel 

V2I Vehicle-to-infrastructure 

VDIS Vehicle Detection & Identification System 

VMS Variable Message Sign 

VRS Vulnerable Road Users 

VSL Variable Speed Limit 



Deliverable D7.7: Application guidelines and standardisation recommendations                  

Version V2.0                                                                                           Date30/09/2020                                                       7  

Executive Summary  
This document presents all types of standards and regulations that have been 

considered for the implementation of SAFE STRIP. It also discusses changes and/or 

actions to be taken in order to allow its full adoption as a new totally compliant C-ITS 

on-road element. Finally, it discusses lessons learned and provides a number of 

application guidelines based on the know-how acquired and the State of the Art on 

how to install, use, and maintain the SAFE STRIP system from the perspective of a 

road infrastructure operating organization, providing also information on road 

maintenance management and the STRIP’s decommission and recycling.  

 

Chapter 1 outlines the purpose of the document, the intended audience and 

interrelation to other work packages and activities in the project. Chapter 2 

introduces the components of the SAFE STRIP system that are relevant in the context 

of standardisation. Chapter 3 presents the standards that affect SAFE STRIP as an 

enabler of C-ITS applications and checks to which extent the standards were met. 

Chapter 4 lists all European standards and norms, as well as national norms 

regarding the On-Road Unit as a road marking, alongside with the respective project 

results or technical descriptions that show if the standards were met. Chapter 5 

focuses on the standardisation and certification of the SAFE STRIP system as a new 

element in C-ITS. Chapter 6 analyses the conditions for successful platform 

implementation, which encompasses mitigation of implementation barriers and 

contributions to standards. Chapter 7 provides the SAFE STRIP infrastructure 

responsiveness guidelines. 

 

Annex A contains a list of relevant European standards regarding road markings. 

Annex B contains a list of relevant directives in Greece. Annex C contains a list of 

relevant directives in Italy. Annex D contains a list of relevant directives in France. 

Annex E contains a list of relevant directives in Germany. Annex F contains a list of 

relevant directives in Spain.  

 

In summary, the SAFE STRIP system is generally compliant with existing norms and 

standards, except for the height of the On-Road Unit, which is too high for being 

installed directly on the tarmac in some European countries; not all of them however. 

Additionally, the RFID technology used for virtual tolling is not covered by the 

current European Directive despite its wide use. Furthermore, the project can 

contribute to some communication standards. Apart from this, no other 

standardisation needs were identified.  
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1 Introduction  

1.1 Purpose of the Document 
This Deliverable presents European and national directives regarding road markings 

and the outcomes of the research conducted on the needs to standardise the SAFE 

STRIP system as a new C-ITS on road element. Thus, the scope of this document is to 

show how the SAFE STRIP system can be implemented, based on current standards 

and legal regulations. This Deliverable also contains the SAFE STRIP infrastructure 

responsiveness guidelines, which are meant as an orientation of future users (i.e. road 

operators) on how the SAFE STRIP system may be integrated into existing 

organizational processes.  

 

This document was prepared in a cross-sectional activity (A7.5) over the course of the 

project and has helped guiding the development process of the SAFE STRIP system 

to ensure it is in line with relevant European and national directives.  

1.2 Intended audience 
This Deliverable is public and will be made available through the project website 

library. It is directed at all participants in the value chain of future implementations of 

the SAFE STRIP system. This comprises public authorities and road operating 

organizations, hardware suppliers, developers of additional software applications, 

automotive OEMs, standardization bodies, policy makers and political stakeholders.  

1.3 Interrelations 
This Deliverable represents the outcome of a horizontal project activity that touches 

upon all project activities dealing with technical development and testing. Activity 7.5 

has collected the relevant standards and project outcomes from the partners 

coordinating the respective activities. This applies particularly to the Work-Packages 

2-6. Furthermore, this Deliverable contains valuable information for the assessment of 

potential legal risks of the project. It also contains references to the SAFE STRIP final 

event held on July 20, 2020 in Athens, Greece.  
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2 SAFE STRIP components and their standardization 
The purpose of this chapter is to provide a basic understanding of the SAFE STRIP 

system’s use cases and components, before discussing – in the subsequent chapters – 

the standardisation issues that specific components do currently face. Hence, we give 

a brief overview of the SAFE STRIP system and how it integrates the novel 

micro/nano technology into the existing road environment. A more detailed 

description is given in the confidential deliverables D3.1 (Robinet, 2019) and D3.2 

(Filios et al., 2019). The purpose of the following summary is to provide a basis of 

reference with respect to the standardization aspects and guidelines below.   

 

In summary, SAFE STRIP has aimed to introduce a disruptive technology that is 

meant 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. The main aim was 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 revolutionary approach of the project is the integration of novel low-cost 

micro/nano sensorial and communication elements into the road pavement. The result 

is a new road marking integrated system, henceforth the SAFE STRIP. Therefore, 

European standards and national regulations regarding road markings needed to be 

considered during the development, implementation, and testing of this new 

technology. As such, this chapter introduces the SAFE STRIP as a new road marking 

element, as well as its connected features as C-ITS applications, and it discusses 

relevant European and national directives and regulations regarding road markings 

and C-ITS applications.  

 

Greek Deputy Minister of Infrastructure and Transport, Giannis Kefalogiannis made 

an important announcement at the SAFE STRIP final event, quoting changes in the 

new Road Traffic Code prepared by the Ministry of Transport. The Greek government 

is preparing a National Strategic Plan for Road Safety for the years 2021-2030, with a 

main goal to reduce road deaths and serious injuries by 50%. A Risk map for all 

Greek roads is also going to be created. The SAFE STRIP system could be one 

possible tool to achieve this.  

2.1 Characteristics of the SAFE STRIP system 
The SAFE STRIP project has, as its outcome, produced an ecosystem, which we call 

the SAFE STRIP system. This ecosystem contains several components, one of which 

is the road marking equipped with the aforementioned micro/nano sensorial system. 

In the following, we call this the SAFE STRIP. However, there are other components, 

such as the communication system and several applications to make the benefits of 

the SAFE STRIP accessible to end users. This is relevant, since further down, we will 

discuss standardization aspects for different components separately.  
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2.1.1 Concept of the SAFE STRIP system 

The two main building blocks of the system are the On-Road Unit (ORU) and the 

Road-Side-Bridge (RSB). The ORU is contained in a STRIP, transversal to direction 

of travel, and its main purpose is to collect information on on-road ambient conditions 

and vehicles’ activity, and to propagate them to the RSB. The RSB is located at the 

roadside, for example on top of a pole. It contains ice, fog, and rain sensors, as well as 

V2X, LTE communication systems. The information collected by the RSB is sent to 

different receivers, which in use them to provide added values to the various end users 

(e.g. drivers, road operators).  

 

 
Figure 1: The SAFE STRIP smart road integrated platform (from D3.2) 

 

To provide information directly to vehicle drivers, SAFE STRIP offers two solutions 

for the architecture and communication: one for the communication with equipped 

vehicles and one for the communication with non-equipped vehicles.  

 

(a) Strip-to-vehicle communication solution for equipped vehicles 

Equipped vehicles contain on board sensors and C-ITS or automation 

applications that enable a direct communication of the strip data (ORU) and 

the vehicle (On-Vehicle Unit, OVU) by means of the IEEE802.11p enabled 

microcontroller. The ORU contains all hardware systems implemented into the 

strip that are relevant for the communication with vehicles (see chapter 2.1.2). 

The concept for the communication with equipped vehicles is visualized in 

Figure 2 (left). 
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(b) Strip-to-RSU-to-vehicle communication solution for non-equipped vehicles 

(including PTW’s) 

The communication strategy of non-equipped vehicles contains the 

communication of LTE-enabled On Board Units (OBUs) or smartphones via 

the already existing LTE cellular infrastructure. This approach supports 

transmission of the data captured by the ORU to the infrastructure-based TMC 

network to the base station node (Road Side Bridge, RSB) wirelessly via WiFi 

technology  ID (IEEE 802.11 b/g/n, 2016). All ORU captured data is stored in 

a cloud repository. The concept for non-equipped vehicles is visualized in 

Figure 2 (right). 

 

 
Figure 2: Visualisation of the communication concepts for equipped (left) and non-equipped 

(right) vehicles. 

 

Obviously, apart from the personalized communication inside the vehicles, road 

operators may also use the collected information (e.g. on traffic congestions) to feed 

VMS installed on the road.  

2.1.2 The SAFE STRIP use cases 

The SAFE STRIP project has demonstrated the potential of the developed system 

based on the following use cases (details can be found in the public SAFE STRIP 

Deliverable D1.2, Gkemou, 2019).  

1. Virtual Cooperative safety function: non-equipped vehicles (VRU protection at a 

zebra crossing and alert to wrong way driving) 

2. Enhanced Cooperative safety function: equipped vehicles (VRU protection at a 

zebra crossing and alert to wrong way driving) 

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 Use Cases constitute the proof of concept for the SAFE STRIP cooperative 

infrastructure solution.  This chapter gives an overview on what needs to be done to 

achieve the benefits for stakeholders (drivers/riders, road operators, etc.) through the 

implementation of the SAFE STRIP system. 
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2.1.3 The SAFE STRIP components discussed in this deliverable 

Regulation and standardization is relevant for the following aspects or components of 

SAFE STRIP, which are introduced in detail in the subsequent sections:  

 The On-Road Unit (ORU) 

 The Road Side Bridge (RSB)  

 The On-Board Unit (OBU)  

 C-ITS communication 

 The virtual tolling application 

2.2 Characteristics of the ORU 
The ORU that is placed in the middle of the lane(s) is a vital element for all use cases. 

The ORU contains all hardware and software systems that are necessary for the data 

acquisition from the sensors and the data transmission to the vehicles - integrated into 

a custom platform on the road. The ORU encompasses the following key elements: 

 

(a) The on-road sensors (humidity, temperature, gas levels), wired to a sensor 

board (microcontroller) interfacing with the road sensors. Even though the 

strain gauge is – from a technical perspective – part of the RSB, its sensor also 

resides in the ORU.  

 

(b) The Vehicle Detection and Identification System (VDIS). The VDIS has two 

main functions:  

 Vehicle Detection: detection of the event that a vehicle has passed over 

the strip, detection of the direction of travel, estimation of the position 

in lane and estimation of the instantaneous velocity. 

 Vehicle Identification: the system identifies the unique ID of the 

vehicle and matches the above parameters (direction and speed) with 

this ID.” (D3.2, Filios et al., 2019, p. 22).  

The VDIS itself contains  

a. A switch to detect passing vehicles 

b. A switch board that hosts the algorithms to calculate desired 

parameters (vehicle detection, identification, position, speed)  

Furthermore, the VDIS is connected to an RFID reader, which in turn 

connects to an RFID antenna.  

 

(c) Configuration switches to change the software configuration.  

 

(d) A communication module supporting the IEEE 802.11p (2010) protocol 

connected to a microcontroller for V2I communication.  

 

(e) Communication between ORU and RSB via BLE radio communication (via 

the sensor board).  

 

(f) Power supply: Energy harvesting (solar panels, piezoelectrics), energy storage 

(rechargeable and non-rechargeable batteries) 

 

 



 

Deliverable D7.7: Application guidelines and standardisation recommendations 

Version V2.0 Date30/09/2020  13  

 
Figure 3: ORU platform architecture 

 

The centre of the ORU platform is the ORU that collects all data and transmits them 

to the SAFE STRIP system via BLE radio communication. The ORU is connected to 

the Vehicle Detection & Identification System (VDIS) and to the gas sensor. The 

VDIS module is the main sensing device, which detects the vehicles, collects and 

measures the data related to it, or detects and collects data on Vulnerable Road Users 

(VRU). The ORU platform is powered by a specific energy-harvesting module. The 

gas sensor is aimed at an indirect measurement to evaluate the presence of oil and fuel 

in the ORU area. 

 

From an architecture point of view, vehicle detection and vehicle identification are 

two separate systems that may be integrated into the same system or installed 

separately. The vehicle detection system is based on time measurements between 

successive events (detected by mechanical switches) and the vehicle identification is 

based on RFID technology.  

2.2.1 Integration of the SAFE STRIP system (ORU) into the existing 

infrastructure 

2.2.1.1 Requirements of an effective ORU 

The integration of the SAFE STRIP system into the existing road equipment can be 

realised via removable pavement “strips” or raised pavement “strips”. For the 

implementation of the system onto the road, some issues regarding the protection and 

functionality of the sensor technology need to be considered: 

 

(a) Protecting / encapsulating the electronic components against heavy traffic and 

extreme weather conditions. 

 

(b) Enabling a reliable communication of the system with vehicles and 

infrastructure. 
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(c) Enabling a reliable energy supply by partially-powered local renewable 

sources. 

 

Furthermore, to ensure the safety of all road users, suitable dimensions of the strip 

regarding size, colour, and material must be chosen and need to be in line with current 

European and national standards and regulations.  

 

The design of the ORU allows for a detachable implementation, for easier re-

installation at another location. To increase stability and transportability, the ORU is 

made from several parts that are connected to reach the total lane width.  

2.2.1.2 Encapsulation 

The elements of the ORU are encapsulated in a casted resin board (EPOXOL 2874 

epoxy system). The production process of the encapsulation is documented in D5.5 

(Steccanella, 2020). To mask the ORU on the tarmac, the SAFE STRIP consortium 

used a high filled reactive acrylic, solvent free 2-Component system.  

 

Resin-casting process 

In the SAFE STRIP pilots, the consortium produced the ORUs; in a future largescale 

application, the strips could come prefabricated, thus making this step unnecessary for 

future customers.  

 

First, a clean metallic mould is prepared and the release agent (PVC) is sprayed 

inside. Then, additional barriers are glued to the mould to achieve proper moulding of 

the walls. To form the recesses for switches and cables, nylon strips are placed inside 

the mould and fixed using adhesive tape. Then, the ribbon cables and electronics are 

placed and secured with glue. Free cable ends are secured with a CNC-machined jig. 

The cables are inserted in pre-cut channels and topped with acrylic glass for 

protection, which is fixed with tape. Finally, the cables and electronics with their 

insertion are placed on the mould. Protective elements (a layer of glass for the 

thinnest part of the strip and carbon fibre fabrics for reinforcing the bolting holes) are 

added. Then, the resin (EPOXOL 2874 epoxy system) is prepared and poured into the 

mould. After curing, the resin encapsulation is removed together with the nylon strips 

and the cable protecting assembly. Then, a second casting process fixes switches 

(using EPOXOL Liquid) and PCBs (using EPOXOL 2874) in place. After final 

curing, all protection sealants are removed.  

 

Chapter 4.4 provides a more detailed description, including pictures of the prototypes. 
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Figure 4: Encapsulated cable assemblies (from D5.5) 

 

Masking process 

Once all the parts of the respective strip have been bolted to the road surface and 

cables are connected (see Installation Guidelines in chapter 7), the masking of the 

strip can be done (also detailed in the Installation Guidelines). In the case of the 

LIMBOPLAST D480 profile used in the SAFE STRIP project, this requires putting 

on a B71 primer and having it cure 15 minutes. Then, the sensitive parts not to be 

covered are masked with tape, and the cold plastic material RP15 is applied using a 

roller. The wet cold plastic is sanded with anti-skid material; then RP15 requires 

another 15-20 minutes of curing. After this, the strip is ready for traffic. In the SAFE 

STRIP pilots, the total layer thickness was 5-7 mm (2-3 mm base layer thickness + 3-

4 mm profile elevation).  

 

The following characteristics of the LIMBOPLAST D480 profile by SWARCO 

LIMBURGER LACKFABRIK GmbH are relevant regarding the implementation of 

the STRIP as tested in the project:  

 It belongs to the group of solvent-free, multi-component, reactive systems.   

 It consists of two or more components which – through chemical interaction – 

form a duroplastic compound and cannot be thermally plastified thereafter. 

 It is suitable for bituminous surfaces (e.g. mastic asphalt, asphaltic concrete) and 

also concrete pavements (priming required).  

 It has been tested on the turntable simulator at the German Road Institute (BASt) 

as type II marking.  

 Due to the profiled marking’s acoustic feature, it is not recommended for 

application in or near residential areas.  

 It can be applied with common application machinery for coldplastic markings 

(extruder / dispensing shoe) equipped with special adapter kits for profiles. 

 

D5.2 (Rodriguez, 2020) contains a detailed description of the marker material and its 

application in the project.  

 

In summary, if prefabricated ORU parts are available (which is expected for a large 

scale implementation), then the installation of one ORU requires approximately 1 

hour, in which the respective lane or lanes needs to be closed. The installation process 

is comparably easy and straightforward.  
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Figure 5: Rolling on LIMBOPLAST D480.  

2.3 Characteristics of the Road-Side-Bridge (RSB) 
The RSB, located at the roadside, includes the following elements:  

a) Communication (Bluetooth, LTE, ITS-G5) 

b) A multisensor  

c) (even though the strain gauge sensor is technically part of the RSB, it resides 

in the ORU) 

d) Energy supply: connection to the electrical grid, energy harvesting 

(wind/solar), power bank, and power supply unit to power all connected 

modules.  

2.3.1 Integration of the Road Side Bridge (RSB) 

The RSB is best installed on a post in the vicinity of the ORUs to be serviced. The 

installation location should be favourable for the BLE connection between ORUs and 

RSB. The location also requires an electrical power supply.   

2.4 Characteristics of the On-Board Unit (OBU) 
The On-Board Unit (OBU) - a Linux embedded system - was implemented in 

CERTH/HIT and CRF demonstrators (in the case of CERTH/HIT it was an in-house 

implementation; specifically designed and developed for the project’s needs). In all 

demonstrator cases, it integrates all the necessary communication modules and 

software stack for the realization of V2X communications and the required interfaces 

for the interconnection with vehicle's CAN bus system and sensors.  
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Figure 6: Equipped Vehicle logical architecture (from D2.1). 

 

In non-equipped vehicles, an LTE Module Phone or Tablet are used.  

2.4.1 Integration of the On Board Unit (OBU) 

This is described in detail in D5.3. It is not critical for the implementation of the 

SAFE STRIP system.  

 

This chapter presented a very brief overview on the components of the SAFE STRIP 

system for the sake of understanding of following chapters. Details can be seen in 

D2.1, D3.1, D3.2, D5.2 and D5.3 (mostly).   



 

Deliverable D7.7: Application guidelines and standardisation recommendations 

Version V2.0 Date30/09/2020  18  

3 C-ITS related standards to be met by the SAFE STRIP 

system 
We have collected the supposedly relevant standards to be met by the different system 

components described in the previous chapter. This chapter presents the current 

situation regarding valid standards, legal regulations in place, or differences between 

practices across the European countries. These are then compared to the 

characteristics of the SAFE STRIP system, for instance as resulting from pilot tests.    

3.1 General requirements for Cooperative Intelligent Transport 

Systems 
C-ITS enable communication among vehicles, and between vehicles and the 

infrastructure, such as traffic signs. C-ITS devices send and receive information to 

and from other equipped vehicles and infrastructure. Exchanging data between 

different actors in the transport system is crucial to increase the safety of automated 

and non-automated vehicles and is expected to significantly improve traffic efficiency 

and comfort of driving.  

 

To achieve EU-wide interoperability of C-ITS technologies, the European 

Commission  

adopted a European Strategy on Cooperative Intelligent Transport Systems (C-ITS) 

(European Commission, 2016).  

 

The SAFE STRIP ecosystem is meant to enable Cooperative Intelligent Transport 

Systems (C-ITS) applications. Hence, the final implementation should meet the 

defined requirements and standards for C-ITS systems.  

3.1.1 Continuity of service 

The continuity of service and the availability of C-ITS services across Europe for end-

users is considered the most important factor for quick deployment of C-ITS in 

Europe. Based on analyses of costs and benefits, the European Commission provides 

a list of technologically mature and highly beneficial C-ITS services that should be 

deployed as quickly as possible (European Commission, 2016). 

 

The functionalities and features of the SAFE STRIP can be considered as part of this 

“Day 1 C-ITS service list” (and partially also of Day 1.5, for the parking application). 

At the same time, technologies/solutions, such as the SAFE STRIP one, need to be 

compatible with other C-ITS technologies and fully support these services.  

 

The SAFE STRIP system was designed to provide continuity of service, e.g. by 

integrating redundant power supplies and by taking care of reliable 

telecommunication. “The whole communication chain has been tested through the 

implementation of different scenarios such as wrong way driving, detection of 

pedestrian, low visibility and adverse weather conditions” as described in D5.5 

(Steccanella, 2020). The IRG in chapter 0 foster continuity of service through 

guidelines on maintenance.  

3.1.2 Security of C-ITS communication 

The cyber-security of C-ITS communications is critical and needs to be addressed in 

those parts of the network that are exposed. Legal, organisational and technical 

requirements for the management of public key certificates for C-ITS services are 
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defined in the “Certificate Policy for Deployment and Operation of European 

Cooperative Intelligent Transport Systems (C-ITS)” (European Commission, 2018). 

The development of a common security solution is the foundation for a strong 

security at higher levels of automation. The European Commission has provided a 

security policy and governance framework (European Commission, 2017b) (also 

see 5.1).  

 

Although existing standards in the telecommunication and the architecture were 

addressed during the development (see D2.1 for details), it would be recommendable 

to apply more advanced cyber-security protection before a large-scale 

implementation, especially at the BLE part of the network (between the ORU and the 

RSB) which is the weakest part of data flow in this respect. All other parts are already 

covered by the applied solutions, i.e. cloud computing, V2X. 

3.1.3 Privacy and data protection 

The implementation of C-ITS services requires compliance with the applicable legal 

framework for data protection. The protection of privacy and personal data is a 

determining factor. The relevant data for C-ITS communication qualifies as personal 

data as it relates to identified or identifiable person. Since May 25, 2018, the new 

General Data Protection Regulation (GDPR, 2016) concerning the processing of 

personal data and the protection of privacy in the electronic communications applies. 

Processing of personal data is therefore only lawful if it complies this legal 

framework and is based on the consent of the users. End-users must have the 

assurance that their personal data is not a commodity, and they must be informed how 

and for which purposes their data are used.  

 

In the SAFE STRIP ecosystem in a real life context, this mainly refers to the 

identification of the vehicles via the VDIS. To be in line with existing regulations, the 

use of the end-user applications will require users to opt in to the collection of this 

personal data to unlock the functionalities.  

3.1.4 Communication technologies and frequencies 

The application of C-ITS technologies covers a wide range of services, various 

transport situations and involves different actors. To match driver’s increasing 

expectation to receive all information on traffic and safety conditions seamlessly 

across Europe, a hybrid communication approach is needed, i.e. by combining 

complementary communication technologies. On vehicle and on infrastructure side, 

the used C-ITS technologies should be flexible regarding the communication 

technology, easing the inclusion of future technologies.  

 

Since the SAFE STRIP system is modular and the single components follow existing 

standards, e.g. ETSI TS 102 687 (2018), enhancements are possible.  

3.1.5 Interoperability 

Interoperability at all levels is a key element for the success of C-ITS technology. The 

system as a whole needs to be able to interact with all vehicles and other features, 

across borders and transport modes at all levels: infrastructure, data, services, 

applications and networks. Applicable EU-standards, as defined in the standardisation 

mandate M/453 EN (2009), serve to apply deployment specifications. 
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Test procedures should check the interoperability with other “Day 1 C-ITS services” 

with the aim of creating the conditions for EU-wide interoperability. 

 

Interoperability has been ensured in the implemented SAFE STRIP solution through 

existing data communication standards. However, interoperability would likely have 

to be validated in detail only in some special cases, in which no existing standards 

apply, e.g. regarding the variance in virtual tolling solutions applied across the 

European countries.  

3.1.6 Compliance assessment 

New C-ITS technologies will be checked against EU-wide system requirements. A 

compliance assessment should ensure the seamless deployment of new C-ITS 

technologies, especially regarding the key elements: security, data protection and 

interoperability. Common minimum requirements for the deployment of C-ITS 

services will be defined. All initiatives deploying C-ITS technologies should help 

define these compliance assessment processes. Performing a compliance assessment 

was not part of the SAFE STRIP project. However, the project has produced detailed 

documentation on the different system components (as referenced above), which will 

be beneficial in this context.  

3.2 European standards: On-Road Unit 
 
Table 1: Standards applying to the ORU. 

 

Component Part of the 

component 

Standard Date of 

publicati

on 

Relevant 

aspect/paragraph 

 

On-Road 

unit 

On-Road unit 

transmission 

protocol 

Bluetooth 5.1 

specifications 

01.2019 Low power in advertising 

mode 

3.2.1 Potential legal barriers 

We have not identified any potential legal barriers regarding the ORU.  

3.2.2 Proposal for regulative amendments 

We have not identified any issues with the ORU in that respect that would require 

regulative amendments.  

3.3 European standards: On-Board equipment  
Relevant for the development of the SAFE STRIP were the following standards, in 

Table 2.  

 
Table 2: Overview of relevant standards for On-Board equipment, considered for the SAFE 

STRIP development. 

Component Part of the 

component 

Standard Date of 

publicati

on 

Relevant 

aspect/paragraph 

 

TPMS tire 

sensor  

System Regulation 

No 64 of the 

Economic 

Commission 

11.2010 Tests for tyre pressure 

monitoring systems  
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for Europe of 

the United 

Nations 

(UN/ECE) 

TPMS tire 

sensor 

 

Radio 

frequency 

ETSI EN 

300-220-1 

V3.1.1 

02.2017 Short Range Devices (SRD) 

operating in the frequency 

range 25 MHz to 1 000 

MHz; Part 1: Technical 

characteristics and methods 

of measurement 

3.3.1 Potential legal barriers 

The standard (EN 300 220-1, 2017) may cause a conflict to U.S. Federal Register - 

Code of Federal Regulations (CFR) 47 Part 15 C, 2020, by the Federal 

Communication Commission (FCC) in the North American Free Trade Area 

(NAFTA). 

 

The regulations in NAFTA impose a certain silence time and a maximum rate of 

occupation on that band of frequencies. The eTIS prototype implemented during the 

SAFE STRIP project uses that band of frequency to send the acquisition signal for the 

tire acceleration but does not respect the said limitations in NAFTA. However, in 

Europe this is not an issue. The usage of another communication solution, e.g. based 

on BLE, is also conceivable to deal with this potential legal barrier.  

3.3.2 Proposal for regulative amendments 

If the tire system was to be applied in the U.S.A., then it would rather be 

recommendable to choose another communication solution (e.g. BLE) than to change 

NAFTA requirements. Other than that, the SAFE STRIP partners have not identified 

any other aspect of the OBU that would require regulative amendments. 

3.4 C-ITS-related standards for other parts of SAFE STRIP   
In addition to the above, the SAFE STRIP has to comply with several other standards 

with respect to its rest parts. The following Table 3 gives an overview of those that 

the project complies with. 
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Table 3: Overview of relevant standards for C-ITS, considered for the SAFE STRIP development. 

 

WP Affected 

Component 

Affected aspect of the 

component 

Standard Date of 

publication 

Relevant aspect/paragraph 

 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

ETSI EN 302 637-2 V1.3.2 - CAM 11.2014 Cooperative Awareness 

Message 

 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

ETSI EN 302 637-3 v1.2.2 - DENM  11.2014 Decentralized Environmental 

Notification Message 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

ETSI TS 102 894-2 V1.2.1 – 

Common Data Dictionary 

09.2014 Common Data Dictionary 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

ETSI TS 103 301 V1.1.1 (2016-11) - 

MAPEM 
11.2016 MAP (topology) Extended 

Message 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

SAE J2735 03.2016 MAP 

3 & 4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication 

ETSI TR 103 099 V1.4.1 03.2017 Architecture of conformance 

validation framework 
4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication. 

ETSI TS 103 324 Ver. 0.0.12 - CPM Draft – not 

published  

CPM 

Comment: standard was not 

ready at the time of 

development. DENM 

adaptation was used in the 

project instead. 
4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication. 

ISO 14823:2017 05.2017 Infrastructure to Vehicle 

Information Message 

4 RSB / Equipped 

Vehicles 

Infrastructure to Vehicle 

communication. 

ISO/TS 19321:2015 04.2015 Infrastructure to Vehicle 

Information Message 

3 OBU, RSB communication protocols 

and C-ITS services 

ETSI TS 102 687 V1.2.1 04.2018 Decentralized Congestion 

Control Mechanisms for 
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WP Affected 

Component 

Affected aspect of the 

component 

Standard Date of 

publication 

Relevant aspect/paragraph 

 

Intelligent Transport Systems 

operating in the 5 GHz range; 

Access layer part 

3 OBU, RSB communication protocols 

and C-ITS services 

Draft ETSI EN 302 663 V1.3.0 05.2019 TS-G5 Access layer 

specification for Intelligent 

Transport Systems operating 

in the 5 GHz frequency band 

3 OBU, RSB communication protocols 

and C-ITS services 

ETSI EN 302 665 V1.1.1 09.2010 Communications Architecture 

3 OBU, RSB communication protocols 

and C-ITS services 

Draft ETSI EN 302 931 12.2010 Vehicular Communications; 

Geographical Area Definition 

3 OBU, RSB communication protocols 

and C-ITS services 

ETSI EN 302 636-1 V1.2.1 04.2014 Requirements 

3 OBU, RSB communication protocols 

and C-ITS services 

Draft ETSI EN 302 636-3 V1.1.2 03.2014 Network Architecture 

3 OBU, RSB communication protocols 

and C-ITS services 

ETSI EN 302 636-4-1 V1.3.1 08.2017 Geographical addressing and 

forwarding for point-to-point 

and point-to-multipoint 

communications 

3 OBU, RSB communication protocols 

and C-ITS services 

ETSI EN 302 636-5-1 V2.1.0 05.2017 Transport Protocols 
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3.4.1 Potential legal barriers 

So far, the SAFE STRIP consortium has not identified any potential legal barriers 

regarding the implementation of the project’s C-ITS solutions, as it is totally in line 

with the relevant C-ITS standards.  

3.4.2 Proposal for regulative amendments 

Beyond the consideration of existing standards, modifications in the DENM 

(Decentralised Environmental Notification Message) were used to pass specific 

information to automated vehicles. Adding these modifications to the DENM are not 

necessary for the system to be implementable; however, adding these modifications 

would likely benefit a wide application of the SAFE STRIP system, since it would 

allow other manufacturers to comply easily with the system’s requirements. An 

example of a SAFE STRIP DENM message is reported in D2.2 (D. Kehagias, 2018).  

3.5 Virtual tolling 
Since the SAFE STRIP system could, additionally to its central goals and functions, 

also be used to realize virtual electronic tolling as an added value service, standards in 

the area of virtual tolling need to be considered. In Europe, there are different 

country-specific applications, and each of the technologies used comes with its own 

standards. The technology used in SAFE STRIP is capable of RFID-based road 

tolling, which is the most used technology for road tolling in the U.S. The following 

sections summarize the existing standards, after which we provide a conclusion on 

their relevance to the SAFE STRIP system.  

3.5.1 Standards in Electronic Toll Collection (ETC) 

ETC is a method that aims to simplify road tolling and its administrative procedure, to 

cut fraud and to reduce delays at tollbooths by collecting the respective charges 

cashless from each vehicle. Different technologies are used to identify the vehicles 

passing an automated toll-collection system’s site (Manzi, 2015):  

 Dedicated Short-Range Communication (DSRC) 

 Global Navigation Satellite System (GNSS) 

 Automatic Number Plate Recognition (ANPR) 

 Tachograph-based tolling 

 Radio Frequency Identification (RFID) 

3.5.1.1 Dedicated Short-Range Communication (DSRC) 

DSRC technology is based on bidirectional radio communication between fixed 

roadside equipment (RSE) and a mobile device (OBU) installed in a vehicle. It is the 

most widely adopted ETC in Europe and requires the installation of costly roadside 

equipment.  

3.5.1.2 Global Navigation Satellite System (GNSS) and General Packet Radio Service (GPRS) 

GNSS uses the vehicle’s position data to measure the use of the road and thus 

calculate the charge.  The technology is used in conjunction with the Global System 

for Mobile (GSM) or its successor technologies (General Packet Radio Service - 

GPRS, 3G, or 4G) to pass data between the OBU and the back-office computer 

systems used for billing.   

3.5.1.3 Automatic Number Plate Recognition (ANPR) 

Video cameras identify the vehicles by character recognition of the plates. Issues 

regarding data privacy and reliability of these systems are discussed frequently. 
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3.5.1.4 Tachograph-based tolling 

An on-board unit records the mileage driven by the user through a connection to the 

driver’s odometer. This system is used in Switzerland. 

3.5.1.5 Radio Frequency Identification (RFID) 

Signals sent via radio waves identify the vehicles. In the U.S., Electronic Toll 

Collection via RFID is the most used solution (Manzi, 2015). RFID does not seem to 

affect user privacy (in comparison to ANPR and GNSS). The SAFE STRIP approach 

for road tolling uses this technology and it works as followed: each vehicle has a 

passive RFID tag in the SAFE STRIP OBU. Whenever the vehicle passes an ORU 

enabled for the automated toll-collection system, signals between the vehicle and the 

ORU are exchanged. The RFID tag integrated in the vehicle’s OBU sends a 

serial/identification number, which then will be matched to a linked account. This 

account will be charged with the respective charges for road use. 

3.5.2 Current situation in EU countries 

The following Table 4 gives an overview of the tolling systems and the used 

technology in the EU-countries. 

 
Table 4: Overview of the current tolling system in European countries (Manzi, 2015) 

Country Tolling system  

Austria  Toll stickers or e-vignettes for passenger vehicles: valid for 10 

days, 2 months, or 1 year 

 Go-Box toll system from “Toll Collect” for vehicles weighing > 

3.5 t: combination of GPS (GNSS) and mobile technology 

(GPRS) 

Belgium  No tolls for vehicles < 3.5t 

 toll system for vehicles > 3.5t: based on the number of 

kilometres (satellite signals – GNSS), the road type and the 

vehicle type 

Bulgaria  E-vignettes (no stickers anymore) for all vehicles: charges 

depend on duration of validity (1day – 1 year) and vehicle type.  

Croatia  Toll is paid at toll collection points in cash, by credit card, or 

using a pre-paid ETC device 

 Pre-paid ETC devices: special lanes at toll gates for ETC devices 

Cyprus  No tolls 

Czech 

Republic 
 Vignettes for vehicles < 3.5t: valid for 10 days, 2 months, or 

annual (14 months) 

 For vehicles > 3.5t: toll system with a hybrid electronic device, 

using satellite technology to determine the position (GNSS) and 

GSM/GPRS technology for communication within mobile 

networks. Charges depend on number of axles, vehicle emission 

class and time (more expensive on Fridays 3pm-8pm) 

Denmark  No toll on roads for vehicles < 3.5t, but for bridges: paid in 

cash/credit card at tollbooths before the bridge  

 For vehicles > 3.5t: Eurovignettes (for Denmark, Sweden, 

Luxembourg and the Netherlands) valid for 1 day, 1 week, 1 

month, or 1 year; costs depend on the number of axles and 

emission class 

Estonia  Time-based toll only for vehicles > 3.5t: online registration of 
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Country Tolling system  

plate; online payment based on the desired validity (in days), 

number of axles, emission class and maximum authorised mass 

Finland  No tolls 

France  Closed toll system with entrances and exits, toll fees are paid at 

the toll station when leaving the motorway: charges depend on 

vehicle type. Cashless payment is available.  

Germany  No tolls for vehicles < 7.5t 

 For vehicles > 7.5t: a) tolling system based on OBU with 

satellite navigation (GNSS); b) online registration and payment 

or c) payment of fees at terminal. 

Charges depend on emission class 

Greece  Passenger vehicles: toll collection at gates in cash/credit card or 

with an ETC service by one of six different companies  

Hungary  For vehicles < 3.5t: highway (e-)vignette: charges depend on 

duration of validity (weekly/monthly/annual) 

 For vehicles > 3.5t: distance-based toll system (DTS) with OBU 

or purchase of a route ticket in advance. Charges depend on 

number of axles, emission class, and weight 

Ireland  Fees are collected at toll gates in cash or with credit card or 

usage of an OBU (tag at the windshield – when travelling more 

frequently.) 

Italy  Two different kind of toll systems: 

o Open highway toll system: fee is paid at the entrance gate 

and the toll is deducted from the total length of the paid 

section, not the distance actually travelled 

o Closed toll system: toll fee is paid when leaving the 

highway section (therefore, fees are only charged for 

sections actually used)  

 Toll is usually paid in cash, credit card, using a prepaid card or 

an automatic payment system (OBU communicating with toll 

station via microwave technology. 

Latvia  No tolls for vehicles < 3t 

 Vehicles > 3t: Making online payment, based on the desired 

duration of validity, vehicle weight, emission class and number 

of axles. 

Lithuania  No tolls for vehicles < 3.5t 

 For vehicles > 3.5t: (e-)Vignettes; charges depend on duration of 

validity (daily, weekly, monthly, annual) and vehicle category 

Luxembourg  No tolls for vehicles < 3.5t 

 For heavy vehicles: Eurovignettes (for Denmark, Sweden, 

Luxembourg and the Netherlands) valid for 1 day, 1 week, 1 

month or 1 year; costs depend on the number of axles and 

emission class 

Malta  No tolls 

Netherlands  No tolls for passenger vehicles (except for two tunnels) 

 For heavy vehicles: Eurovignettes (for Denmark, Sweden, 

Luxembourg and the Netherlands) valid for 1 day, 1 week, 1 

month or 1 year; costs depend on the number of axles and 
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Country Tolling system  

emission class 

Poland  Vehicles < 3.5t: (only few) toll highways, charges are usually 

paid at the toll gates 

 Vehicles > 3.5t: obligation to use the automatic system via 

TOLL (based on DSRC) 

Portugal  Vehicles < 3.5t: charges are paid at toll gates in cash, credit card, 

prepaid card or using an electronic OBU  

 Vehicles > 3.5t: usage of OBU obligated 

Romania  Highway (e-) vignette for all types of vehicles: charges depend 

on duration of validity and vehicle category 

Slovakia  Highway (e-) vignette for vehicles < 3.5t: charges depend on 

duration (10 days, monthly, annual) 

 For vehicles > 3.5 t: vehicles must be equipped with an OBU 

(using hybrid OBUS based on GPS, GSM/GPRS and DSRC) 

Slovenia  Highway (e-)vignette for vehicles < 3.5t: charges depend on 

duration of validity (10 days, monthly, annual) and vehicle type 

(motorcycle/heights of car) 

 Vehicles > 3.5t: OBU must be installed in the vehicle, charges 

depend on the distance driven, detected by units installed above 

motorway sections microwave technology. 

Spain  Vehicles < 3.5t: charges are paid at toll gates when leaving the 

motorway, either in cash, credit cards or cashless using the toll 

system Via-T (using an OBU based on DSRC) 

 Vehicles > 3.5t: Usage of an OBU based on DSRC 

Sweden  For passenger cars: only toll for some bridges and tunnels, 

charged before entering the respective section 

 For heavy vehicles: Eurovignettes (for Denmark, Sweden, 

Luxembourg and the Netherlands) valid for 1 day, 1 week, 1 

month or 1 year; costs depend on the number of axles and 

emission class 

 

(E-)vignettes are used in 12 European countries (Austria, Bulgaria, Czech, Denmark, 

Hungary, Lithuania, Luxembourg, Netherlands, Romania, Slovakia, Slovenia and 

Sweden) as a method to collect road toll. Vignettes are an access-based solution for 

road tolling. The driver has to buy a vignette for a period of time (e.g. one week/one 

month/one year) and has to pay the respective fixed price, regardless of the actual 

usage. Therefore, vignettes can be classified as a time-based charge. Formerly, the 

vignettes were only available as stickers, which needed to be placed easily visible on 

the windshield. More and more countries introduce the e-vignettes, which can be 

purchased online and legitimate the vehicle to use the toll roads as well. In two of the 

before-mentioned countries (Bulgaria and Romania), vignettes are the only way to 

pay the road toll, regardless of the vehicle class (passenger car or heavy good 

vehicle). Denmark, the Netherlands, Sweden and Luxembourg levy no charges for 

passenger vehicles and use the “Eurovignette” for vehicles exceeding 12t. The 

“Eurovignette” can be used in the four countries. Other EU countries (Austria, Czech, 

Hungary, Slovakia and Slovenia) use vignettes only for passenger cars (or vehicles < 

3.5t) and use other tolling systems for vehicles exceeding 3.5t. 
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Toll gates are used in Croatia, France, Greece, Ireland, Italy, Poland, Portugal and 

Spain. Different variations of toll gates exist. A main distinction can be made between 

open and closed toll systems. In the open toll systems, which is used e.g. in parts of 

Italy, the fee is charged at the entrance of a toll road and is deducted from the total 

length of the toll road, regardless which distance is actually used (access-based). 

 

Closed toll systems, like in France, use gates at the entrance and at every exit of the 

highway. The driver has to pay the respective fee for the used section when leaving 

the highway. 

 

The countries offer different payment methods. Usually, the payment at the toll gates 

is possible in cash, with credit card, or using an electronic payment system, such as a 

prepaid card or an OBU. Using one of the electronic payment methods often 

legitimates to take a fast lane at the toll gates. In some countries (e.g. Portugal) the 

driver does not even need to stop the vehicle but can pass it with reduced speed. 

Various providers of OBUs exist in Europe, some even offer a cross-border service. 

 

OBUs are mandatory for heavy goods vehicles (typical limit: 3.5t) in eight countries 

(Austria, Belgium, Czech, Poland, Portugal, Slovenia, Slovakia and Spain). In 

Germany and Hungary, the usage of an OBU for heavy vehicles is also recommended, 

when using toll roads frequently but other payment methods (online registration and 

payment with plate number) are also available.  

 

The OBUs in the different countries work with different kinds of communication 

technology. In countries with toll gates, DSRC is often used to identify the vehicle, 

when passing one of the toll gates.  

 

Germany and Hungary use the distance-based tolling solution GNSS, which uses 

satellite navigation to determine the actual distance covered by the vehicle. Some 

countries (e.g. Austria, Czech and Slovakia) use a hybrid technology based on GNSS 

and GPRS, and some additionally on DSRC. 

 

Slovenia uses vignettes for vehicles weighing less than 3.5t but has units installed 

along the tax roads to detect vehicles with an OBU (required for vehicles exceeding 

3.5t) based on microwave technology. 

 

Online registration is mandatory in Estonia and Latvia for heavy vehicles. The 

driver has to make an online payment for the plate number of the respective vehicle 

before the vehicle is allowed to use the road. 

3.5.3 Legal framework 

Since 19 March 2019, the new EU Directive on “the interoperability of electronic 

road toll systems and facilitating cross-border exchange of information in the failure 

to pay road fees in the Union” (Directive 2019/ 520, 2019) applies. It supersedes the 

former Directive (Directive 2004/52/EC, 2004), which, together with the Commission 

Decision  2009/750/EC (2009) aimed to make all European ETC schemes 

interoperable through a European Electronic Toll Service (EETS). Despite the setting-

up of this framework and effort, the market remained (and still is) highly fragmented 

with an unsatisfactory interoperability of 140 electronic toll collection systems across 

the EU and Norway (Directive 2019/ 520, 2019). The expected development of an 
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interoperable European electronic toll service between the Member States “had been a 

failure and called for drastic action to remedy the situation” (Directive 2019/ 520, 

2019, p. 3). The new Directive is a recast and addresses shortcomings identified in the 

existing legislation. 

 

Relevant for the scope of the project and the application of the SAFE STRIP system 

as a solution for virtual tolling is the suitability of RFID. As in the superseded 

Directive 2004/53/EC, also 2019/520 designates three technologies, suitable for the 

use of new electronic road toll systems, when OBE (On Board Equipment) is used or 

installed: 

 

“All new electronic road toll systems which require the installation or use of 

OBE shall, for carrying out electronic toll transactions, use one or more of the 

following technologies:  

(a) satellite positioning;  

(b) mobile communications;  

(c) 5,8 GHz microwave technology. 

Existing electronic road toll systems which require the installation or use of 

OBE and use other technologies shall comply with the requirements set out in 

the first subparagraph of this paragraph if substantial technological 

improvements are carried out.” (Article 3 (1)). 

 

Therefore, GNSS, GPRS and DSRC are the only technologies supported by the 

EETS. ANPR, RFID and tachograph can currently not be considered compliant with 

EETS.  

 

The SAFE STRIP system will be installed as an On-Board Equipment (OBE) for 

other reasons than road tolling. For reasons of feasibility, the project will use RFID 

technology for the proof of concept; however, the consortium is aware of the fact that 

based on the EETS, the technology would have to be replaced for a commercial 

exploitation of SAFE STRIP’s virtual tolling.  

 

The list of technologies defined in Article 3 (1) can be amended by the Commission 

“if a technology becomes obsolete or if a new technology, tested in the framework of 

pilot tests in compliance with Article 20 of Decision 2009/750/EC, should be added to 

the list” (European Commission, 2017a, p. 11). 

 

Article 20 of Decision 2009/750/EC states the following:  

“To allow for EETS technical development Member States may temporarily 

authorise, on limited parts of their toll domain and in parallel to the EETS 

compliant system, pilot toll systems incorporating new technologies or new 

concepts which do not comply with one or more provisions of Directive 

2004/52/EC or this Decision. Such authorisation shall be subject to the prior 

approval of the Commission. The initial period of such authorisation shall not 

exceed 3 years. EETS Providers shall not be required to participate in pilot toll 

systems” 
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3.5.4 Implications for the SAFE STRIP 

Using the SAFE STRIP as an RFID-based solution for virtual polling is not 

completely compliant with the Directive 2019/520, since RFID is not listed as one of 

the technologies designated in Article 3 (1). 

 

Based on Article 20 of Decision 2009/750/EC, there is an opportunity to add RFID to 

the list of approved/recommended technologies, if it is tested in the framework of 

pilot tests. Once the SAFE STRIP system proves its suitability for the use of road 

tolling in the context of pilot tests, a proposal to the Commission could be made to 

amend Article 3 (1). 

 

The European Parliament recognises the potential of merging technologies such as C-

ITS and electronic tolling, since they use similar technologies and neighbouring 

frequency bands in paragraph 44 of Directive 2019/520:  

 

(44) Electronic tolling and other services, such as cooperative ITS (C-ITS) 

applications use similar technologies and neighbouring frequency bands for 

short range vehicle-to-vehicle and vehicle-to-infrastructure communication. In 

the future, the potential for applying other emerging technologies to electronic 

tolling merits exploration, after a thorough assessment of the costs, benefits, 

technical barriers and possible solutions thereto. It is important that measures 

are implemented to protect existing investments in the 5,8 GHz microwave 

technology from the interference of other technologies.  

 

The integration of road tolling in the SAFE STRIP system has the potential to be of 

relatively low cost, high benefit, and low technical barriers, since the vehicle will be 

equipped with a suitable SAFE STRIP OBU and the RFID technology is already used 

in other countries (e.g. the E-ZPASS toll system in the United States) for tolling.  

 

If the legal framework, despite the before-mentioned possibilities, does not allow road 

tolling with the RFID-solution of the SAFE STRIP system, it could, compliant with 

Article 3 (5) of Directive 2019/520, at least fulfil a sub-function. The Article reads: 

 

“The OBE may use its own hardware and software, use elements of other 

hardware and software present in the vehicle, or both. For the purpose of 

communicating with other hardware systems present in the vehicle, the OBE 

may use technologies other than those listed in the first subparagraph of 

paragraph 1, provided that security, quality of service and privacy are 

ensured.” 

 

This way, the SAFE STRIP system, using its own hard- and software, could be used 

for the identification of the vehicle. It then needs a further interface to one of the 

legitimized technologies (GNSS, GPRS or DSRC) to communicate to the toll 

collection system.  

 

In summary, we find that currently, the tolling systems in Europe are very 

heterogeneous and as such, cross-border interoperability is not given. SAFE STRIP 

has used one of the established solutions (RFID) for its proof-of-concept; however, it 

is not in the scope of the project to actively push towards a standardisation across 

Europe; this is already pursued by the European Commission itself. RFID is currently 
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used in the U.S.A. but not in Europe. The United States Department of Transportation 

names as a possible advantage of RFID that in future scenarios, it would permit to 

efficiently identify vehicles with lower emissions, which could enable charging them 

less and thus fostering the use of such vehicles. Since the European Commission is 

also currently focusing on a “Green Deal”, this advantage would have to be 

considered and could be realized with SAFE STRIP. DSRC works very similar to 

RFID technology and has been argued to be promising for V2V (vehicle-to-vehicle) 

and V2I (vehicle-to-infrastructure) communication (Al-Absi et al., 2020). Thus, for a 

virtual tolling dedicated implementation on European roads, changing to DSRC 

would seem the best and simplest solution.   
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4 Standards related to road markings  

4.1 The SAFE STRIP ORU as a road marking 
Since the SAFE STRIP ORU is embedded in a transversal strip on the road surface 

and supposed to be covered with a road marking material, standards and legal 

regulations need to be considered that define which types of such markings are 

permitted at the location of installation. There are regulations at several levels: EU-

directives, and national laws and regulations. We first cover the more generic or top-

level standards and regulations before we consider individual national regulations 

(which sometimes differ from the former ones).  

 

The SAFE STRIP ORU is covered (or masked) with a road marking material; 

therefore, it was necessary to check standards regarding the application of road 

markings. However, SAFE STRIP is a special case, since contrary to the usual 

purpose of road marking, in this case, road marking is actually applied to  

 Only mask the STRIP (turn it almost invisible) 

 Protect the STRIP against damages  

 Increase anti-skid properties of the encapsulated ORU, thus increasing traffic 

safety.  

 

Thus, in reality, SAFE STRIP is a new element that road marking is only a part of it. 

Still, the relevant road marking regulation should definitely be explored.  

4.2 Regulations at different levels 
Even though a couple of standards do not apply in the context of SAFE STRIP, we 

researched and checked the standards and regulations applicable to road marking and 

provide a summary below.  

 

Standards cover both the characteristics that the road marking needs to have, as well 

as testing procedures on how to ensure that the road marking actually has the 

respective characteristics. We provide an overview on the testing procedures at the 

end of this chapter, since some readers may require such an overview.  

 

All CEN member states are bound to comply with the CEN/CENELEC International 

Regulations. Therefore, the European standards outlined in chapter 4.5.1 need to 

become the status of a national standard without any alternation. Since all the 

countries involved in the SAFE STRIP project are CEN member states, they are 

supposed to comply with these European standards. The aspects regarding the 

convention on road signs and signals also need to be considered since almost all 

European countries ratified this treaty. 

 

In addition to the European standards, national directives and regulations regarding 

road markings needed to be considered throughout the development and 

implementation process of the SAFE STRIP system. This sub-chapter provides an 

overview of the national regulations of all countries involved in the project. The 

regulations of Greece and Italy are of special interest because throughout the project 

the SAFE STRIP system would be implemented and tested in real life trials in those 

countries. 
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Table 9 provides an overview on the most important national regulations regarding 

white markings according to the classes defined in EN 1436.  As stated above, the 

most likely application of the SAFE STRIP is on highways, and the most likely used 

colour will be grey. Nevertheless, it may be applied on urban streets, e.g. on 

crossings, and hence an application with white colour may be relevant in some cases.   

 

The (Vienna) Convention on Road Signs and Signals is an international treaty that 

obliges the ratifying countries to adopt the respective rules in their national law. 

However, the national law is relevant and binding, the Convention does not overrule 

national law. This is relevant in the context of SAFE STRIP: the prototype with 9mm 

protrusion would be legal in Greece, for example, based on current law. However, 

since Greece has also ratified the Vienna Convention on Road Signs and Signals, one 

may expect that national law may be adapted and thus more restrictive in the future.  

This, in turn, would render the application of SAFE STRIP more expensive as it 

would imply the application of smaller (and usually) more expensive components.  

4.3 Types of road markings 
Road markings are traffic signs that can contain a variety of messages for different 

road users like the use of driving lanes, a full stop, or a pedestrian crossing. 

Depending on their purpose, they can be designed differently. Road markings include 

among others longitudinal markings, arrows and transverse markings on the road 

surface. They serve different purposes, e.g. the separation of opposing traffic streams, 

indication of use of driving lanes, or full stop.  

 

There is a distinction between two categories of road markings: type I (non-reflective) 

and type II (reflective) markings.  

 

Type I markings are still widely used on European roads for their cost-efficiency. 

They can be applied as strips, thermo- or coldplastics. These kinds of markings are 

dusted with retroreflective glass beads. The disadvantage of type I markings lies in the 

reduced visibility under bad (wet) weather conditions (e.g. fog, rain) especially during 

night-time. When wet, a water film originates on top of the marking and affects its 

retroreflectivity, impairing the visibility of the marking. To overcome this limitation, 

type II markings were developed (Frank & Reinsberg, 2014).  

 

Type II markings are structured or profiled markings that include reflective material 

(e.g. glass beads) that protrude a few millimetres on top of the carriageway (and a 

potential water film) to ensure a better visibility under bad weather conditions (Frank 

& Reinsberg, 2014). Therefore, it has been prescribed to use type II markings instead 

of type I markings on roads with high traffic density and high speeding traffic, like 

freeways and highways (e.g. Allgemeine Verwaltungsvorschrift zur 

Straßenverkehrsordnung in Germany (VwV-StVO, 2001) ). 

 

A further distinction can be made between markings that are raised or recessed into 

the road surface (Frank & Reinsberg, 2014). For the sake of the project, only raised 

profiles will be considered and, therefore, covered in this document. 

 

Retroreflecting road studs are “horizontal guiding devices that reflect incident light by 

means of retro-reflectors in order to warn, guide or inform road user”  (DIN EN 1463-

1, 2009, p. 4). Distinctions can be made based on the use (Type P = permanent road 
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stud, Type T temporal road studs), the reflector type (Type 1 = glass, Type 2 = plastic, 

Type 3 = plastic with protective coating) and the design (Type A = non-depressible, 

Type B = depressible). The traditional “Cat’s eye” is as an embedded road stud; it is 

fixed into a prepared cavity in the road surface. Besides embedded road studs, they 

can also be anchored, bonded or self-adhesive. Requirements regarding size, height 

and day- and night-visibility are defined in EN 1463-1.  

 

The SAFE STRIP belongs to neither of these categories, since it is not meant to be a 

visible road marking and it should not have any signalling purpose. Although we 

cannot completely exclude that in some particular urban scenario, the STRIP will be 

installed at a location that also requires a transversal marking (e.g. a full stop line), we 

will assess the applicability of the SAFE STRIP with respect to the standards based on 

the assumption that it will be masked and be meant to be invisible. With the type I 

marking, the SAFE STRIP shares the characteristic of being made from cold plastic 

material.  

4.4 Materials of road markings 
Road markings can be applied using different procedures and materials. Depending on 

the specific use case, different materials are suitable. In general, the markings need to 

be tested and certified before their implementation on the street. 

 

Regarding different materials, a basic distinction can be made between preformed and 

not preformed road markings. Not preformed markings contain one or more 

component material and admixture that are mixed and applied to the pavement. These 

could be paint, epoxy markings, or thermoplastics. Materials for preformed markings 

have already been fabricated before the application and could be tape or 

thermoplastics. Requirements for preformed road markings are documented in EN 

1790 (2013). Requirements for drop on materials (i.e. glass beads and antiskid 

aggregates) are documented in EN 1423 (2013) and EN 1424 (1997). Requirements 

for retroreflecting road studs are documented in EN 1463-1 (2009) and EN 1463-2 

(1993). Table 5 provides an overview on different possible materials and their main 

characteristics. 

 
Table 5: Overview on different road surface markings and their characteristics regarding the 

material being used. 

 

Material Description of main characteristics 

Paints Paints are low cost markings consisting mainly of pigments, 

binders and water. They can be applied on asphalt and concrete 

pavements with equal performance. Glass beads are either pre-

mixed into the paints or added on top of the paints for an 

enhanced retroreflectivity. They are easy to handle but wear off 

rapidly and lose retroreflectivity quickly. 

Requirements of these markings regarding standardisation are 

outlined in EN 1871(2018). 

They consist of not preformed material. 

Epoxy markings Epoxy is a type of two-component material allocated to the group 

of paints. Glass beads are either pre-mixed into the paints or 

added on top of the paints for an enhanced retroreflectivity. 

Epoxy paint provides exceptional adhesion to both asphalt and 
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Material Description of main characteristics 

concrete pavements and is therefore more durable than 

waterborne paint. 

Requirements of these markings regarding standardisation are 

outlined in EN 1871(2018). 

They consist of not preformed material. 

Thermoplastics Thermoplastics consist of binder, pigment, glass beads and filler 

(sand or calcium carbonate). 

This type of markings has a benefit over paints regarding 

durability and retroreflectivity even though they are more 

expensive. 

Requirements of this markings regarding standardisation are 

outlined in EN 1871(2018). 

They consist of preformed or not preformed material. 

Tapes Tapes are already manufactured and delivered in the desired 

shape. They are highly retroreflective and durable but demand 

high initial expense. 

They consist of preformed material. 

 

For SAFE STRIP, a cold plastic (LIMBOPLAST D480) for rumble strips has 

been chosen. This is the most recommendable material for the main application case 

(transversal invisible strip on a motorway).  

 

 
Figure 7: The STRIP created in the project’s pilot phase – in standard grey colour to be 

applied as an invisible transversal element, e.g. on motorways.  

 

4.5 Requirements regarding the characteristics of road markings 
Generally, there are two main requirements for road markings:  

 Road markings are traffic signs. They, therefore, need to be reliably visible 

during daytime and night-time and during different weather conditions.  
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 They also need to be designed in a way that there is no danger for passing road 

users (e.g. by using skid resistant material).  

 

To completely cover these two main requirements, the following characteristics of 

road markings have been regulated:  

 Material (specification) 

 Material (adhesion)  

 Visibility and retroreflectivity 

 Colour 

 Skid Resistance 

 Durability  

 Design and size 

 Testing procedures 

 

Up to now, there are no unified European laws regarding these characteristics of road 

markings. However, there are several European standards constituting the base for 

national directives and regulations as described in this sub-chapter.  

4.5.1 European standards regarding road markings 

The application of the SAFE STRIP system had to be in line with the respective 

European standards as announced by the European Committee of Standardisation 

(CEN). A list of all relevant European standards is provided in Annex A. The 

European standards regulate the key characteristics of road markings, i.e. size, skid 

resistance, durability, and testing procedures before deployment.  

 

Obviously, all standards are important; however, despite the fact that the SAFE 

STRIP system is compliant to almost all of them, we propose an order of priority of 

the standards to be followed in potential future adaptations of the system. First, we 

consider the standards that are particularly critical to the travellers’ safety. Then, we 

consider aspects that affect system reliability and then the cost-efficient application.  

 

1. Skid resistance (to prevent vehicles from losing grip)  

2. Material adhesion (to prevent the STRIP to come loose or to be deformed, e.g. 

by freezing water entering between STRIP and tarmac, thus causing danger) 

3. Size (also with the purpose of not making the STRIP a barrier to passing 

vehicles) 

4. Durability 

5. Material specification  

4.5.1.1 Material specification 

The materials used for the surface of the STRIP were tested according to existing 

standards and meet the following criteria:  

 

 
Table 6: Material characteristics. 

Criterion Standards Success 
Threshold 

Measured value 

Ash content at 
450°C 

DIN 53552;  
DIN EN ISO 3451-1;  
DIN EN ISO 14680-2 

72,00-78,00% 76,91% 

Binder content DIN 53552; DIN EN 22,00-28,00% 23,09% 
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ISO 3451-1; DIN EN 
ISO 14680-2 

Density DIN EN ISO 2811-1; 
DIN EN 12802 

1,750-1,950 g/m³ 1,899 g/cm³ 

Viscosity DIN EN 12802 5000-7000 mPas 5400 mPas 
Pot life DIN EN ISO 9514 5-15 min 12 min 
Gel time DIN EN ISO 9514 10-20 min 14 min 
Drying time DIN EN ISO 9117-5 20-40 min 30 min 
Shore D 
Hardness 

DIN EN ISO 868 not defined 12 

4.5.1.2 Material adhesion 

Adhesion testing of the chosen marking material was performed by conducting a pull-

off test, following ISO 4624:2002. The test is reported in D5.2 (Rodriguez, 2020). 

The material fulfils the recommended bond strength of 3 N/mm² for Road marking 

systems. This includes: 

 Adhesion between encapsulation material and primer (Double test average 7,2 

N/mm²) 

 Adhesion between Encapsulation Material and Cold Plastic Top Coat (Double test 

average 5,1 N/mm²)  

4.5.1.3 Visibility and retroreflectivity of road markings 

The SAFE STRIP is not meant to be used as an element of visual guidance to 

drivers/riders. Instead, the STRIP is meant to be invisible, thus not confusing 

drivers/riders. Hence, regulations regarding reflection under daylight (including the 

luminance factor β, and the luminance coefficient under diffuse illumination Qd), as 

well as regarding retroreflection under vehicle headlamp illumination do not apply.  

 

To render the STRIP (almost) invisible, a special pigmentation to match the asphalt 

colour was formulated and all physical and chemical properties were measured 

according to DIN EN 12802:2011-12. Nevertheless, regarding the visibility aspects, 

this norm is not valid for this marking system because of its grey colour (D5.5, p.95).  

4.5.1.4 Colour 

In most cases, it will be desired to make the STRIP invisible, thus it will have a grey 

colour (approximately RAL 7043, see D5.5, p.95) to blend in with the surrounding 

asphalt. However, in some cases, it may be desired to make it visible to the travellers, 

e.g. to motivate them to slow down. In this case, the colours yellow and white should 

be avoided, since these are (except for stopping lines) not common for markings 

transversal to the traveling direction (see also D5.2; D5.5).  

 

In all these cases, there are not any issues regarding existing standards for colours of 

road markings.  

 

4.5.1.5 Skid resistance 

Road markings should consist of skid resistant material. The value to measure skid 

resistance is the skid resistance tester value (SRT). It describes “the skid resistance 

quality of a wet surface measured by the friction at low speed of a rubber slider upon 

this surface” (EN 1436, p.7). It has been measured in accordance with EN 13036-4 

using a wide slider assembly with slider 57. Dependant on the degree of texture of the 

surface, in some cases this measurement cannot be performed. Different skid 
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resistance test methods are explained in the “International PIARC experiment to 

compare and harmonize texture and skid resistance measurements” (Comité technique 

1 Caractéristiques de Surface, 1996).  

 

EN 1436 (2018) defines different classes of skid resistance as displayed in Table 7. 

 
Table 7: Classes of skid resistance according to EN 1436. 

 

Class Minimum SRT value 

S0 No value requested 

S1 SRT ≥ 45 

S2 SRT ≥ 50 

S3 SRT ≥ 55 

S4 SRT ≥ 60 

S5 SRT ≥ 65 

 

The Skid Resistance Test (SRT) carried out by SWARCO in accordance to the 

standards named above in the SAFE STRIP project resulted in SRT of 65, which 

means it complies with Class S5 (D5.5, p. 95). “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” (D1.2, p. 48). 

4.5.1.6 Durability 

Road markings are either permanent or temporary. The functional life of temporary 

road markings is limited by the duration of the road works. Permanent road markings 

should have a functional life that is as long as possible for reasons of safety, taking 

into account the gradual deterioration of performance over time. A variety of factors, 

including traffic volume, the presence of heavy vehicles, weather/climate and the type 

of pavement surface contribute to this degradation (Clarke et al., 2003, p. 2). Different 

snow removal methods, like chemical anti-icing/de-icing, abrasives, and 

snowploughing practices have detrimental effects on the effectiveness and durability 

of road markings. Snow-removal policy and considerations regarding the mentioned 

factors should, therefore, be taken into account, when choosing materials and 

planning the frequencies of marking renewal. 

 

Road markings need to be fixed on the road surface to be robust regarding different 

hazards such as difficult weather conditions and high traffic densities, and to provide 

a sufficient degree of safety. The durability of a road marking can be tested in wear 

simulation turntables as described in EN 13197 (2011). The technical requirements 

concerning wear simulation turntables and the exact testing procedure are defined in 

EN 13197. The measuring interval needs to be chosen according the number of roll-

overs (see Table 8; EN 13197).  

 

 
Table 8: Classes and number of roll-overs. 

 

Classes Number of roll-overs 

P0 < 50.000 

P1 50.000 

P2 100.000 
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P3 200.000 

P4 500.000 

P5 1.000.000 

P6 2.000.000 

P7 4.000.000 

 

The Wheel wear simulator test (according to EN 13197:2011) was done under the 

following test conditions:  

 Speed: 30km/h  

 Wheel passing: 1000  

 Temperature: 5°C  

 

The measured variable of interest is the skid resistance. An optional variable is the 

percentage share of attrition, which is defined as the proportion of remaining material 

after the test, compared to the initial condition. A photo taken vertically to the road 

marking can be used to determine the percentage share of attrition. 

 

Initial investigation was performed in SAFE STRIP D2.1 (sections 6.2-6.5), where the 

resistance of the encapsulation to solvents was tested with positive results and no 

significant chemical deterioration. For the mechanical performance, a dedicated 

laboratory test was performed in WP5 and described in D5.5 section 7.2.8 the 

maximum expected load of 45kN provided as a requirement by the site operators was 

applied using servo-hydraulic machine. The maximum measured strain was 35 με 

whereas the recommended applied strains for electronic PCBs set by Association 

Connecting Electronics Industries (IPC) is set to 350 με. Therefore, provided that 

appropriate QC is applied to solder joints, no failure is expected for encapsulated 

electronics. Taking into account the small developed strains in the encapsulation 

material and its investigated resistance to aggressive solvents, the durability of the 

encapsulation material exceeds the requirement of 2 years, provided proper 

installation (adhesively bonded and bolted to the pavement, plus SWARCO’s material 

on top of ORU’s surface) is applied. The SWARCO cold plastic combination with 

encapsulation material was subjected to road wear level simulation tests with 

satisfactory results (D5.5 section 7.2.9) in terms of erosion resistance and adhesion.  

 

Only the functionality of the system was tested with limited 1000 wheel passing. The 

system can handle the load of the passing wheels and the adhesion is enough.  

4.5.1.7 Design and size 

International standards on the design of road markings are outlined in the Vienna 

Convention on Road Signs and Signals (1968). The treaty was ratified by most 

European countries (one exception is Spain who signed but did not ratify it). The 

newly developed SAFE STRIP system should therefore be in line with the agreements 

set out there. 

 

As stated in the agreement, road markings should be of skid resistant material and 

they should not protrude more than 6 mm above the level of the carriageway. Studs 

should not protrude more than 1.5 cm above the level of the carriageway. If the studs 

incorporate reflex reflectors they should not protrude more than 2.5 cm above the 

level of the carriageway. Road markings should be white or yellow. For temporary 

markings, different colours should be used than for permanent markings. Transverse 
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markings, like the SAFE STRIP system, should be wider than longitudinal markings 

(Convention on Road Signs and Signals, 1968/2019, Annex 2).  

 

The SAFE STRIP prototype protrudes 9mm from the surface, as reported in D3.2 

(Filios et al., 2019) and is thus not typically in line with the Vienna convention. The 

width does not exceed 500 mm. However, this does not make it inapplicable. Further 

down, we discuss the applicability based on the single national regulations. The great 

protrusion of the SAFE STRIP ORU is due to the dimensions of the electronics 

components and the batteries that are currently available (at least for the purposes of 

the research project). Also, and most importantly, the STRIP is not a typical road 

marking or a stud, etc. It is a new road element that includes road marking only in the 

upper interface and as such it is not exactly correct to classify it as mere road 

marking. This, in turn, puts in question the fact of adherence to relevant standards or 

not, as also mentioned above.  

4.5.1.8 Traveling speed and speed limits in Europe 

Speed limits do not seem to have any relevant impact regarding the application of the 

SAFE STRIP system. Regarding the durability of the pavement itself, and hence the 

STRIP, lower speeds usually cause more harm to than higher speeds (Wang et al., 

2020). With respect to the reliability (in terms of measurement accuracy) of the strain 

sensors’ output, negative effects of high speeds are also not expected. The strain 

sensors make 80 measurements per second, which would require unrealistically high 

velocities to cause loss of strain information, or at least to produce too few datapoints 

to provide an accurate measurement.  

4.5.1.9 Conclusion 

In conclusion, the only criterion in European standards and norms that is not met by 

the SAFE STRIP system is the height of the STRIP (i.e. the ORU) if we take for 

granted the Vienna Convention validity for the case of SAFE STRIP. Still, the 

consortium expects that it will be possible to make the strip thinner, however, the 

extent to which this can be done would need to be tested empirically.  

4.5.2 National norms on road markings  

As described above, the norms at European level should generally be made national 

law in the respective member countries. However, this has not always been done.  The 

CEN/CENELEC regulations do not overrule national legislation.  Hence, despite the 

possible conflict mentioned above, the respective national norms matter when 

deciding if the system can be applied in a certain member country. The following 

Table 9 provides an overview on the national regulations.  
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Table 9: Overview on minimum requirements defined in national regulations and the European standards regarding visibility, retroreflectivity, skid 

resistance, durability and design/size. 

 

Country 

Visibility Retroreflectivity 𝑹𝑳 
Skid 

resistance 

Regulations 

on 

durability? 

Regulation on 

sizes? 
Regulations 

on colour? 

Regulations 

on 

transverse 

marking? 

Regulations 

on drying 

time? 

Other 

national/regional 

regulations? 
minimum 

luminance 

factor β 
Dry  Wet  Rain 

Greece 100 (Q2) [EN 

1436] 
100 [EN 1436] 25 [EN 1436] 25 [EN 

1436] 
45 [EN 1436] classes of 

roll-overs 

during tests in 

wear 

simulation 

turntables 

[EN 1790, 

table 7] 

NA chromaticity 

regions [EN 

1436, table 6] 

NA NA NA 

Italy 100 (Q2) [EN 

1436] 
100 Italian 

standard 150 

A22 standard 

[D.P.R. 

16/12/1992 n. 

495 

Regolamento di 

esecuzione ed 

attuazione del 

Nuovo Codice 

della Strada] and 

[A22 tender 

specifications] 

25 [EN 1436] 25 [EN 

1436] 
45 (S1) 

[D.P.R. 

16/12/1992 n. 

495 

Regolamento 

di esecuzione 

ed attuazione 

del Nuovo 

Codice della 

Strada] 

min. 6-12 

months 

depending on 

the material of 

the markings 

[A22 tender 

specifications] 

Markings must 

be made of non-

slip materials 

and must not 

protrude more 

than 3mm from 

the paving. In 

case of 

continuous 

longitudinal 

markings made 

of plastics, 

starting from 

layer thickness 

of 1.5 mm, the 

water outflow 

must be 

guaranteed 

by interrupting 

them. [D.P.R. 

16/12/1992 n. 

495 

Regolamento di 

esecuzione ed 

attuazione del 

Nuovo Codice 

della Strada] 

Permanent 

road 

markings are 

white; 

temporal road 

markings are 

yellow.  

 [D.P.R. 

16/12/1992 n. 

495 

Regolamento 

di esecuzione 

ed attuazione 

del Nuovo 

Codice della 

Strada] 

NA, no 

regulations 

for 

transverse 

markings 

Dry enough 

for rollovers 

within 15 

minutes; A22 

Standard 

NA 
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Country 

Visibility Retroreflectivity 𝑹𝑳 
Skid 

resistance 

Regulations 

on 

durability? 

Regulation on 

sizes? 
Regulations 

on colour? 

Regulations 

on 

transverse 

marking? 

Regulations 

on drying 

time? 

Other 

national/regional 

regulations? 
minimum 

luminance 

factor β 
Dry  Wet  Rain 

Germany 130 (Q3 – 

used 

condition) / 

160 (Q4 – 

new 

condition) 

[ZTV M13] 

Type I and II: 

100 (R2 – used 

condition) 

200 (R4 – new 

condition) 

[ZTV M13]" 

 

 

 

 

 

 

 

 

Type II: 

25 (RW1 – 

used 

condition) 

50 (RW3 – 

new 

condition) 

[ZTV M13] 

NA 45 (S1) 

S 0 for 

agglomerate 

marking, since 

SRT cannot be 

measured with 

standard 

procedure 

[ZTV M13] 

90% of 

contracted 

proportion 

remaining 

before end of 

limitation 

period 

[ZTV M13] 

Thickness of 

marking: 

- 1.2 - 4 mm for 

even all-over 

markings. 

-7mm for 

profiled and 

agglomerate 

markings (at 

least 2,2 kg/m2 

of agglomerate 

marking) 

[ZTV M13] 

 

 

Permanent 

road 

markings are 

white- 

temporal road 

markings are 

yellow 

[RMS 1993] 

There are 

regulations 

for 

transverse 

markings 

when used as 

“stop line” 

[RMS 1993] 

(– otherwise 

no 

regulations 

regarding 

size) 

 

Dry enough 

for rollovers 

within 20 

minutes. 

Rainproof 

within max. 

60 minutes. 

[ZTV M13] 

Possible 

problem? 

§ 43 Abs. 2, Satz 

1 StVO: 

„Einrichtungen, 

welche 

Markierungen 

gleichen, mit 

ihnen verwechselt 

werden oder 

deren Wirkung 

beeinträchtigen 

können, dürfen 

dort nicht 

angebracht oder 

sonst verwendet 

werden, wo sie 

sich auf den 

Verkehr 

auswirken 

können“ 
France 100 (Q2) for 

retroreflectant 

material;  

130 (Q3) for 

non-

retroreflectant 

material; 

[80 (Q1) for 

temporal 

markings] 

[EN 1436] 

150 (R3) [EN 

1436] 
35 (RW2) [EN 

1436] 
35 (RR2) 

[EN 1436] 
0.45 (S1) [EN 

1436] 
50.000 wheel 

passages (P1 / 

T1) [EN 

1436] 

NA Permanent 

road 

markings are 

white- 

temporal road 

markings are 

yellow 

NA NA NA 

Spain  

B2 or Q2 (on 

bituminous 

pavement) 

B3 or Q3 (on 

concrete 

pavement) 

[UNE-EN 

 

R3 

[UNE-EN 1436] 

 

RW2 (Type 

II-RW) y 

RW3 (Type 

II-RR) 

[UNE-EN 

1436] 

 

NA (Type 

II-RW) y 

RR2 (Type 

II-RR) 

[UNE-EN 

1436] 

 

S1 

[UNE-EN 

1436] 

 

Durability 

type P5, P6 o 

P7 (depending 

on the 

calculated 

wear factor) 

[UNE-EN 

It is usually used 

a thickness or 

height of 10 mm, 

based on 

Ministry of 

Development 

Order 

FOM/3053/2008. 

Permanent 

road 

markings are 

white; 

Temporal 

road 

markings are 

yellow; 

NA There are no 

specific 

regulations 

on drying 

time 

Sometimes more 

restrictive 

conditions are 

applied, but it 

depends on the 

type of road more 

than in the region 
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Country 

Visibility Retroreflectivity 𝑹𝑳 
Skid 

resistance 

Regulations 

on 

durability? 

Regulation on 

sizes? 
Regulations 

on colour? 

Regulations 

on 

transverse 

marking? 

Regulations 

on drying 

time? 

Other 

national/regional 

regulations? 
minimum 

luminance 

factor β 
Dry  Wet  Rain 

1436] 1436] But the final 

responsibility 

depend on the 

technical 

specification of 

work. 

The colours 

red, black 

and blue are 

available, but 

only for 

specific uses. 
European 

standard 
100 (Q2) [EN 

1436] 
100 [EN 1436] 25 [EN 1436] 25 [EN 

1436] 
45 [EN 1436] the before 

mentioned 

requirements 

are evaluated 

in wear 

simulation 

turntables 

taking into 

account the 

classes of 

roll-overs as 

shown in 

table 7 [EN 

1790] 

NA chromaticity 

regions as 

shown in EN 

1436, table 6 

NA NA NA 

Vienna 

Con-

vention 

NA “It is recommended that road markings intended 

for moving vehicles should be reflectorized if the 

density of traffic so requires and if lighting is poor 

or there is no lighting.” (p.21) 

“non-skid 

materials” 

(p.55) 

NA < 6mm above 

the level of 

carriageway 

(studs not more 

than 1.5cm) 

Yellow or 

white 
-Transverse 

markings 

should be 

wider than 

longitudinal 

markings 

 

NA NA 

United 

States 
NA Maintained Minimum Retroreflectivity Levels 

(measured at standard 30-m geometry in unity of 

mcd/m²/lux): 

Two-lane roads with centerline markings only <30 

mph = n/a; 35-50mph = 100; >55 mph = 250 

All other roads: <30mph = n/a; 35-50 mph = 50; 

55 mph = 100. 

[Section 3A.03] 

“Consideration 

should be 

given to 

selecting 

pavement 

marking 

materials that 

will minimize 

tripping or loss 

of 

traction for 

road users, 

including 

“The 

materials used 

for markings 

should 

provide the 

specified 

color 

throughout 

their useful 

life” [Section 

3A.04] 

Depending on 

the general 

function of the 

line. A broken 

longitudinal line 

should be 

between 4 and 6 

inches wide 

(approx. 10-15 

cm) 

[Section 3A.06] 

 

White 

markings 

separate 

traffic flows 

in the same 

direction and 

the right-

hand edge of 

the roadway; 

yellow 

markings 

separate 

traffic 

Transverse 

markings 

shall be 

white (unless 

otherwise 

provided) – 

because of 

the low 

approach 

angle at 

which 

pavement 

markings are 

NA NA 
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Country 

Visibility Retroreflectivity 𝑹𝑳 
Skid 

resistance 

Regulations 

on 

durability? 

Regulation on 

sizes? 
Regulations 

on colour? 

Regulations 

on 

transverse 

marking? 

Regulations 

on drying 

time? 

Other 

national/regional 

regulations? 
minimum 

luminance 

factor β 
Dry  Wet  Rain 

pedestrians, 

bicyclists, and 

motorcyclists.” 

[Section 

3A.04] 

 traveling in 

opposite 

directions 

and the left-

hand edge of 

the roadways 

of divided 

highways  

[Section 

3A.05] 

viewed, 

transverse 

lines should 

be 

proportioned 

to provide 

visibility at 

least equal to 

that of 

longitudinal 

lines. 

[Section 

3B.15] 
 

 

 



Deliverable D7.7: Application guidelines and standardisation recommendations Version V2.0 Date30/09/2020  45  

 

4.5.2.1 Regulations in Greece 

Life trials of the developed SAFE STRIP system took place at the ATTD facilities in 

Greece.  

 

As shown in Table 9, the national regulations in Greece concerning the road markings 

are equal to the European standard. Therefore, no specific national requirements need 

to be taken into account. There are no regulations on the size, on transverse markings 

or the drying time. However, in the preparation phase of D1.2 (Gkemou, 2019, p. 49) 

project partner and key stakeholder ATTD defined their acceptable maximum height / 

protrusion at 1cm, in order not to jeopardize the safety of the travellers. SAFE STRIP 

in its current format can be applied without legal hindrance in Greece.  

4.5.2.2 Regulations in Italy 

The second project partner conducting real life testing trials was A22. Therefore, 

national directives relevant for implementing the SAFE STRIP system on open roads 

in Italy are outlined in the following. The regulations on skid resistance of road 

markings are derived from the European standard EN 1436. The regulations require a 

minimal durability of 6-12 months, depending on the material of the markings. The 

marking should not exceed a thickness of 3mm from the paving. Longitudinal 

markings made of plastics (1.5 mm thick or more) need to guarantee the water 

outflow by interrupting them. The SAFE STRIP in its current format does not comply 

with this standard. 15 minutes after the application the road markings need to be dry 

enough for rollovers (A22 standard). This criterion is met by the masking material 

LIMBOPLAST D480.  

4.5.2.3 Regulations in Germany 

All European standards listed in Annex A of this document have the status of a 

national standard in Germany and guide the regulations of road marking 

implementation on German roads. Regarding skid resistance and durability German 

specifications are stricter than European specifications (e.g. for permanent markings; 

see Table 10). These stricter values are described in the document “Zusätzliche 

Technische Vertragsbedingungen und Richtlinien für Markierungen auf Straßen”  

(ZTV M 13, 2013). If one category falls short for the defined minimum value, the 

respective road marking material cannot be used. The measure for the durability of 

road markings is the proportion of remaining marking surface after a certain period. It 

needs to be at least 90% of the contracted proportion before the end of limitation 

period for claims for defects. The duration of the limitation period is defined in ZTV 

M13, p.40. New road markings should be ready for roll-overs within 20 minutes (or 

less) after application and resistant to rain after maximum 60 minutes after 

application. 

 
Table 10: Comparison of the requirements of road markings as defined by European 

standards and German regulations 
 

 European standard German regulation 

value class value class 

Visibility 100 | 130a Q2 | Q3a 160 Q4 

Retroreflectivity (dry) 100 R2 200 R4 

Skid resistance 45 S1 45 S1 
a asphalt | cement concrete 
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Road markings must not protrude more than 4 mm over the carriageway for flat all-

over markings and not more than 7 mm for profiled and structured markings (ZTV M 

13, 2013, p. 18). For type II markings a minimum thickness of 1,2 mm is required and 

for agglomerate markings the mass must not be less than 2,2 kg/m2 (ZTV M 13, 

2013, p. 18). Permanent road markings in Germany need to be white, temporary 

markings (e.g. for construction sites) need to be yellow (StVO, 2013, §39). Before 

implementation on German roads all markings need to be tested and successfully 

certified by Bundesantalt für Straßenwesen (BASt). The proposed material 

LIMBOPLAST D480 has been approved by the BASt.  

4.5.2.4 Regulations in France 

The French regulations differ partly from the European standards. Particularly, there 

is no limitation in size.  

4.5.2.5 Regulations in Spain 

The Spanish regulations are stricter than the European standard for visibility and 

retroreflectivity of road markings, which however is not relevant here. Depending on 

the calculated wear factor, the road marking has to be of durability type P5, P6 or P7 

(UNE_EN 1436). Based on the Ministry of Development the height of road marking 

is usually 10mm  (BOE-A-2008-17255, 2008)  (but the final responsibility depends 

on the technical specification of work). The usual colours for road markings are also 

white (permanent markings) and yellow (temporal markings), but read, black and blue 

are also available for specific uses. 

4.5.2.6 Regulations in the United States 

U.S. standards for the design and application of pavement markings can be found in 

the Manual on Uniform Traffic Control Devices (MUTCD, 1971/2019) published by 

the Federal Highway Administration (FHWA). Regarding the skid resistance, the 

regulations propose materials that minimize tripping and loss of traction of road users, 

including pedestrians, bicyclists and motorcyclists [3A.04]. The specified colour of 

the material should be provided throughout the useful lifetime of the road marking. 

Other specifications on the durability do not exist [3A.04]. There are no regulations 

on the height of road markings, but on the width. These regulations on the size depend 

on the function of the marking. A broken longitudinal line should be approx. 10 – 15 

cm wide (originally 4-6 inches) [3A.06]. The main intention of color-coding the 

markings are to separate traffic flows. White markings are used to separate traffic 

flows in the same direction and the right-hand edge of the roadway. Yellow markings 

separate traffic flows in the opposite directions and the left-hand edge of the roadways 

of divided highways [3A.05]. The U.S. standards are just reported for comparability.  

4.5.2.7 Summary of requirements regarding the SAFE STRIP system 

The SAFE STRIP system is going to be a permanent (despite the fact that could be 

portable in some cases) transverse road marking. It cuts vertically the whole target 

lane and although it may be applied in urban areas, it is primarily meant to be 

installed on motorways. Therefore, a substantial wear is going to be expected. To 

ensure the SAFE STRIP system is in line with the standards of all European countries, 

the following requirements had to be met: 

 

 Skid resistance SRT: 

 Requirement: ≥ 45 (S1) [for agglomerate: S0]  

 Test result: positive (S5, which is superior) 
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 Durability: 

 Requirement: Depending on calculated wear factor: P5, P6 or P7 [Spain] 

 Test result: the test was conducted with less roll overs, however, the 

material showed very good results.  

 Size: 

 Requirement for Germany: 1.2 – 4 mm for even all-over markings / 7 mm 

for profiles and agglomerate markings [at least 2,2 kg/m² of agglomerate 

marking]  

 Requirement for Italy: Markings must not protrude more than 3mm from 

the paving  

 Requirement for Spain and Greece: Thickness or height of 10mm  

 Actual size: 10 mm.  

4.5.2.8 Conclusions on conflicts with existing standards 

Based on the cross-country analysis on standards and regulations for road markings, a 

discrepancy regarding the size of road marking might pose a possible legal barrier. 

While road markings must not protrude more than 3mm from the pavement in Italy, 

road markings in Spain are usually up to 10 mm thick; in Greece, 10 mm are also 

acceptable. In Germany there is a restriction regarding the minimum weight of 

agglomerate and profile markings per square meter. Overcoming these different and 

possibly converse legal requirements is a challenge to path the way for a successful 

European-wide implementation of the SAFE STRIP system. 

 

In summary: The SAFE STRIP system could, as it is right now, be applied in the 

following of the investigated countries:  

 Greece 

 France 

 

Furthermore, it is likely to also be able to apply it in Spain (if another roll-over test is 

performed).  Also, based on the examination of the marking material by the BASt in 

September 2015, the SAFE STRIP conforms to the rest of the criteria.  

4.5.2.9 Proposal for regulative amendments 

From the perspective of the SAFE STRIP consortium, it would be recommendable to 

create an international agreement that allows for intelligent road elements such as the 

SAFE STRIP to have a protrusion of up to 10 mm. This would enable an easy 

deployment and de-installation and thus a more efficient use. However, this issue is 

complex, as this will – on motorways – also depend on the maximum speed; although 

the introduction of speed limits is currently discussed in Germany, the fact that there 

are still motorway segments without speed limits would make such an agreement 

unlikely.   

4.6 European standards on testing road markings 
This chapter provides a summary on the testing procedures for road markings. These 

are exclusively standards at European level (section 4.5.1), even though they are also 

reflected in national standards or legislation (section 4.5.2). The tests done by the 

SAFE STRIP consortium have already been reported above in the respective sections 

(e.g. wear tests in section 4.5.1.6 on durability). The purpose of this summary is to 

provide a quick overview on what was tested and what was not, thus allowing for a 
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quicker assessment of possible next steps before a large-scale implementation of the 

SAFE STRIP system.  

 

Before being implemented on the road, new markings need to be tested and certified 

regarding their compliance with European standards. These standards also describe 

how testing is meant to be done.  

 

Traditionally those tests have been conducted in on-road trials and in the laboratory. 

The standards for doing road trials are outlined in EN 1824 (2011). The document 

gives an overview on relevant requirements regarding the execution of field tests. Test 

Bays should meet the following demands: the road should be plane and straight (no 

crossroads), no shadowing obstacles, no cart tracks in direct proximity and no usage 

by tracked vehicles in the test area. The share of trucks should be between 10 % and 

25%. Climatic classes are determined using the Köppen-classification (EN 1824, table 

1). Furthermore, the road should be in a good condition after at least one year of 

usage.  

 

The mean texture depth is measured according EN 13036-1 (2009). The test duration 

is at least one weather cycle for permanent road markings. The classification for roll-

overs is displayed in EN 1824, table 3. 

 

The standards on laboratory methods for identification are outlined in EN 12802 

(2018). Methods for sampling from storage and testing are described in EN 13459 . 

By (DIN EN 1436, 2018) now, there is the possibility of conducting tests on the 

durability of road markings in wear simulator turntables. The standards regarding this 

testing procedure are defined in EN 13197 (2014). 

 

Tests are being conducted regarding the requirements outlined in EN 1436 (skid 

resistance SRT-value) and also regarding the durability of the markings, which is 

measured by the number of roll-overs before harming the material (outlined in (EN 

13197, 2011) (EN 13197, 2011/2014)). Institutions providing this kind of service are 

the Spanish Aetec and the German Bundestanstalt für Straßenwesen (BASt). EN 

13212 provides information on requirements for factory production control. 

 

Requirements for road trials of retroreflecting road studs are defined in EN 1463-2 but 

irrelevant in this case, since the SAFE STRIP ORU is not meant to be retroreflective.  

 

The following Table 11 gives an overview of relevant standards for testing 

procedures, considered in the iterative development of the SAFE STRIP.  
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Table 11: Overview of relevant standards defining testing procedures for road marking 

materials considered for the SAFE STRIP development. 
 

4.6.1 Potential legal barriers 

We have not identified any aspects of the SAFE STRIP system that would impede 

testing as prescribed by the current standards.  

4.6.2 Proposal for regulative amendments 

There is no need for regulative amendments.  

  

                                                

 

 
1 But chemical resistance oft he encapsulation was tested, see 4.5.1.6  
2 This standard has been revised by ISO 4624:2016 (published 03.2016) 

Standard Date of 

publication 

Relevant aspect/paragraph 

 

Result in SAFE 

STRIP 

DIN EN 68861-1 01.2011 Resistance to chemical attack Not tested1 

ISO 4624:20022 02.2002 Pull-off test for adhesion Test passed.  

DIN EN 13197:2011 06.2011 Wear simulator Turntable Test passed. 

DIN EN 12802:2011 12.2011 Pigmentation, physical and 

chemical properties 

physical and chemical 

properties tested; 

pigmentation is 

irrelevant. 

DIN EN ISO 3451-1 05.2019 Plastics – Determination of ash 4.5.1.1; test passed 

DIN EN ISO 14680-2 04.2006 Determination of ash content 4.5.1.1; test passed.  

DIN EN ISO 2811-1 03.2016 Paints and varnishes — 

Determination of density 

4.5.1.1; test passed. 

DIN EN ISO 9514  05.2019 Paints and varnishes — 

Determination of the pot life of 

multicomponent coating systems 

4.5.1.1; test passed. 

DIN EN ISO 868 10.2003 Shore hardness 4.5.1.1; no threshold 

defined;  

DIN EN 1436  03.2018 Road marking materials - Road 

marking performance for road 

users and test methods 

4.5.1.5; test passed 

(class S5) 
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5 Standardisation methodology of the SAFE STRIP as a C-

ITS element 
The compliance with C-ITS standards and directives ensures the legal feasibility of 

the SAFE STRIP system as a new element in C-ITS. Consequently, standardisation is 

not required. In some cases, it also recommends contribution to some standards, as it 

is defined in section 6.2. The procedure to follow is to define a contact person in the 

SAFE STRIP consortium, or in a follow-up consortium formed to exploit the project 

results, who will then define the requirements for DENM messages to follow the 

format chosen in the project and send this definition to ESPsupport@etsi.org.   

5.1 Certification of a new C-ITS element 
Another important aspect is the certification of the SAFE STRIP as a new C-ITS 

element. Through its C-ITS Strategy, the European Commission is working on the 

development of a common security and certificate policy for C-ITS.  

 

This is not in the scope of the SAFE STRIP project, which is focused on the technical 

development and the proof of concept. It is rather a task for a follow-up consortium to 

exploit the results and bring the SAFE STRIP to the market.  

 

The certification process is described in the Certificate Policy for Deployment and 

Operation of European Cooperative Intelligent Transport Systems (European 

Commission, 2018) and shall not be repeated here. Basically, it requires the use of 

PKI (Public Key Infrastructure) and describes how the PKI is meant to be used. The 

compliance audit, which applies to the True List Manager (TLM) involves:  

1. Conformity the TLM, root Certificate Authority (CA), Enrolment Authority 

(EA), Authorization Authority (AA), Certification Practice Statement has with 

this Certificate Policy (CP). 

2. Conformity of the TLM, root CA, EA, AA intended practices with its 

Certification Practice Statement prior to operation. 

3. Conformity of the TLM, root CA, EA, AA practices and operational activities 

its Certification Practice Statement during operation. 

 

An audit is required at the first set-up of root CA, TLM and EA/AA, as well as at 

every change of CP, and at every change of the CPS of root CA, TLM, and EA/AA.  

 

Furthermore, for a final market introduction, it is recommended to follow the C-ITS 

government framework and security policy defined by the European Commission 

(2017b) based on roles defined in ISO 17427 (2018). This is not a standardisation of 

technology but following the standard on the application framework will likely 

benefit the implementation.  

 

  

mailto:ESPsupport@etsi.org
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6 Conditions for successful platform implementation 
The SAFE STRIP consortium has, right from the start of the project, taken possible 

barriers or obstacles into account that might hinder a successful implementation of the 

final project product. Since this deliverable is meant to provide an overview on how 

easy it would be to implement the SAFE STRIP system, the lessons learned from the 

pilots regarding the mitigation of potential barriers is also relevant in this context and 

thus presented here, alongside the standardisation issues.  

 

Furthermore, there have been cases that SAFE STRIP project could contribute to 

existing standards; which would make more feasible its deployment but also the 

deployment of similar to SAFE STRIP systems.   

6.1 Identified barriers and obstacles 
A first summary of identified barriers and obstacles is already listed in the Description 

Of Action (p.36, table 12). The following table shows which mitigation actions had 

been planned initially and which lessons were learned during the pilots (if any).  

 
Table 12: Identified barriers and obstacles (from the SAFE STRIP DoW). 

 

Barrier/obstacle Description Mitigation actions Pilot outcome 

Technical  

Communication 

not always 

reliable between 

OBU & ORU in 

the strip-to-

vehicle scenario 

The SoC used in OBU, 

which receives data 

from the ORU, cannot 

establish a stable 

communication channel 

between the two 

systems, due to vehicles 

moving too fast. 

Increase size of 

antenna / adjust 

position of the ORU. 

No such 

problems 

observed in all 

pilots after 

application of 

mitigation 

actions.  

Low QoS for the 

strip-to-vehicle 

communication 

modules 

IEEE802.11p faces 

scalability issues, low 

penetration or 

unbounded delays. 

Switch to a RSB-

based solution, using 

the LTE standard, also 

for equipped vehicles. 

  

No such 

problems 

observed in all 

pilots. 

Mitigation 

strategy did 

not need to be 

applied.  

Low QoS for 

strip-to-RSB-to-

vehicle modules  

LTE’s centralized 

architecture leads to 

negative consequences 

on message latency, 

especially for safety 

applications. Moreover, 

in dense traffic areas, 

the heavy load 

generated by periodic 

message transmissions 

from several vehicles 

strongly challenges 

LTE module’s capacity. 

Use of TMC network. No such 

problems 

observed in the 

pilots finally.  
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Barrier/obstacle Description Mitigation actions Pilot outcome 

Nano-sensor 

selectivity 

The selectivity of the 

developed sensor could 

be low. 

A pre-concentrator 

system will be applied 

for air concentration. 

The nano-

sensor did not 

perform 

always as 

expected. 

More details 

can be found 

in D5.5. 

Further 

research work 

should be done 

in this area. 

Intelligent tyre 

data not 

available or good 

enough 

The intelligent tyre 

does not provide 

enough information for 

data fusion with 

environmental road 

data. 

Carefully evaluate 

how friction 

inaccuracy affect 

ADAS response & 

define friction 

thresholds associated 

to road conditions 

(snow, dry, wet, etc.) 

vs tyre type 

(winter/summer). 

Such data is 

partially 

valuable. D4.1 

& D4.2 discuss 

the way those 

data can be of 

value for 

SAFE STRIP 

and similar 

cooperative 

solutions.  

Road strip does 

not provide 

lateral position 

and speed 

Lateral position and 

speed for detected 

vehicle in the lane is 

vital for accurate 

vehicle tracking and 

achieve good 

performance of 

intersection support 

application. 

Increase road strip 

density or alternative 

design of road strip 

with matrix of sensors 

instead of one-line 

sensors array. 

In all pilots the 

accuracy of the 

road strip was 

excellent 

(30cm 

accuracy in 

later position 

and less 1% in 

speed 

detection). A 

very few 

missed 

detections 

observed, 

mainly caused 

by prototypes 

manufacturing 

problems. 

Variations on 

spatiotemporal 

profiles of 

environmental 

harvesting 

methods 

Energy harvesting 

methods which rely on 

outer sources, not 

controllable by the 

system designer are 

prone to low reliability 

of energy efficiency, 

e.g. solar harvesting in 

Different 

combinations of 

harvesting 

methodologies will be 

investigated. 

No such 

problems 

observed in all 

pilots. The 

energy 

consumption 

of the system 

was really low 
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Barrier/obstacle Description Mitigation actions Pilot outcome 

a dark environment. after applying 

a hybrid 

energy 

management 

of the system 

(more in D3.1 

and D3.2). 

Driver 

smartphones 

cannot connect 

to the on-board 

SAFE STRIP 

system. 

The on-vehicle status of 

driver/passengers 

monitored by 

smartphones sensors 

cannot be transmitted to 

the on-board unit.  

The smartphone 

application will then 

send info, through 

2G/3G/4G connection, 

to a remote server. 

No such 

problems 

observed in all 

pilots. The on-

board units 

provide 

reliable WiFi 

connections 

inside the 

vehicle. 

Behavioural  

Info provided 

distracts the 

driver/rider. 

The added/enhanced 

functionalities may 

require attention by the 

driver/rider (especially 

of non-equipped 

vehicles), thus causing 

distraction. 

Carefully selected & 

evaluated HMI 

principles & elements 

and excessive, 

iterative evaluation. 

The designed 

HMI used in 

all pilots was 

carefully 

designed with 

minimal 

design with no 

need for user 

interaction 

(more info can 

be found in 

D5.1). 

Operational  

Sensor 

Installation in 

open road 

The road operator 

might restrict the access 

to open roads, 

especially for on road 

installations that will 

require partial/full 

closure of the road. 

Road closures might 

induce severe cost 

penalties. Partial road 

closures will create 

extra cost for possible 

traffic management 

(detour signalization) & 

work zones safety 

installations. 

Rapid application 

protocols and 

appropriate operation 

framework included 

within A7.5 

infrastructure 

responsiveness 

guidelines (See 

chapter 7). 

Installing the 

parts takes ca. 

30 minutes, 

masking with 

LIMPOPLAST 

D480 takes 

another 30 

minutes.  

Road closing 

for this time 

cannot be 

avoided but it 

is considered 

relatively easy 

to be included 

in the current 

routines for 

maintenance.  
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Barrier/obstacle Description Mitigation actions Pilot outcome 

Operational & Legal  

Roadway 

Operator 

Contractual 

Obligations 

Any retrofitting of 

equipment on or near 

the motorway may not 

be allowed due to 

severe liability issues. 

This problem can be 

avoided by approval 

of responsible Public 

Authority. Again, to 

be considered within 

the A7.5. 

infrastructure 

responsiveness 

guidelines.  

The total 

height of the 

prototype 

system that 

was installed 

on-road was 9 

mm, which is 

acceptable by 

most of the 

road operators. 

However, the 

total height can 

be reduced 

further for 

more strict 

regulations 

environment. 

Other than 

that, no other 

issue has been 

detected.  

Sustainability  

Relatively high 

cost of integrated 

system. 

The integration of all 

requires sensors and 

communication 

modules may result in a 

higher than anticipated 

cost. 

Modular design & 

integration, based on 

very low cost sensor 

& communication 

elements. Various 

alternatives 

recognised & 

followed. 

The cost of the 

strip system is 

relatively low. 

The cost to 

provide the 

same 

information 

with 

conventional 

systems would 

be very much 

higher (more 

info can be 

found in D6.3). 

6.2 Contributions to existing standards 
In general, the SAFE STRIP system complies nearly completely with the s/w 

standards and requirements as detailed in D2.1 (Kehagias, 2017, ) and D2.2 

(Kehagias, Sougles et al., 2017). Some standards do not cover all possible application 

areas in detail. In SAFE STRIP, whenever standards were not concise enough or did 

not cover the project’s requirements, the consortium partners have developed 

solutions that were later proposed as possible contributions to these standards.  

 

 

ETSI TS 103 324 
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 For the Infrastructure to Vehicle communication of the RSB/Equipped 

Vehicles (WP4/WP5 – Andrea Steccanella, CRF) the standard ETSI TS 103 

324 was not ready at the time of development (and still is not). The 

developments were based on the current version 0.0.14 Draft from 2019-10-08 

during the time of development. By the time this deliverable is finalized, the 

most current version is: ETSI TS 103 324 version 0.0.19 Draft, 2020. The 

rapporteur is Hendrik-Jörn Günther.  

 

ETSI TS 102 687 (2018) 

 For the OBU/RSU component (WP3 – Dionysios Kehagias, CERTH/ITI - 

Sarah Cros, VCDA), modifications in DENM (in standard ETSI TS 102 687) 

were made to pass specific information to automated vehicles. 

 

ETSI EN 300-220-1 (2017) 

 Regarding TPMS tire sensor (WP3 – David Guerrero, Continental): The 

standard ETSI EN 300-220-1 may cause a conflict to the FCC standard 47 

CFR Part 15 C in NAFTA. However, it was decided not to attempt to submit 

an amendment to NAFTA, since it seems more reasonable to implement 

another solution (e.g. BLE) when implementing SAFE STRIP in areas relying 

on NAFTA.  

 

In addition to the above, enhancements of DENM (ETSI EN 302 637-3 & ETSI TS 

102 894-2) could be recommended, so that other actors can more easily adopt the 

same message formats. 

6.3 Road safety regulations 
We did not identify any road safety regulations that would hinder the implementation 

of the SAFE STRIP system. Consequently, we do not propose any changes in existing 

road safety regulations.   
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7 Infrastructure responsiveness guidelines 
To facilitate the implementation of the SAFE STRIP system, the project consortium 

has produced the SAFE STRIP Infrastructure Responsiveness Guidelines (IRG) as 

part of the activities reported in this Deliverable.  

 

The IRG contain information on the following topics:  

 Installation and uninstallation of the system  

 Maintenance of the system 

 Recycling of the STRIP  

 Resilience guidelines 

 

A full Installation Guide has already been prepared as part of the pilot planning 

activities – annexed in D6.2: “Final report on Pilot framework and plans” - and is 

available upon request from the Coordinator of the SAFE STRIP project (ERTICO). 

The IRG will be made available to  

 the European Commission and the reviewers of the SAFE STRIP project, and  

 public bodies or private organization that build or operate road infrastructure.  

 

The reason that the full installation guidelines are not published here is that they 

contain confidential information that should only be available to actual end-users.  

 

In the upper right corner of each guideline, the verification level is indicated:  

 EG = Existing Guideline (from State of the Art procedures) 

 VG = Verified Guideline (i.e. verified through the project results).  

 NG = Not (yet) verified Guideline 

7.1 Guidelines for installation  
 

INST #1 At installation, follow the SAFE STRIP 

Installation Guide (available upon request from the 

Coordinator of the SAFE STRIP project 

(ERTICO). The installation is described in the 

correct sequence in INST #2 through INST #8.  

 

 VG 

 

Aetiology: The SAFE STRIP project has created an installation manual that 

covers the installation procedure in detail. This manual was created 

alongside the pilot preparation.  

Rationale: The SAFE STRIP Installation Guide contains confidential 

information that is not placed in this public deliverable. The 

following guidelines serve as a short summary for advanced users, 

as well as for orientation of future users interested in implementing 

the system.  

 

INST #2 To install the ORU (the On-Road-Unit, including 

the STRIP) on the road, prepare the surface 

following these steps:  

1. Select a location free of defects (bumps, 

crevices, loose gravel).  

2. Use a STRIP’s part or another template to 

drill the holes for the M10 screws and their 

 

VG  
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anchoring inserts.  

3. Leave 1 cm space between each pair of 

parts (casing) of the STRIP 

4.  Clean the surface after drilling with a high-

power vacuum cleaner.  

5. Apply a layer of EPOXOL putty (or 

similar) to the road surface to even out 

irregularities in the tarmac.  

Aetiology: Experience from the sequence of SAFE STRIP pilots.  

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #3 To install the ORU (the On-Road-Unit, including 

the STRIP) on the road, apply a layer of EPOXOL 

putty (or similar) to the bottom of the part (casing).  

 

VG  

Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #4 To install the prepared ORU (the On-Road-Unit, 

including the STRIP) on the prepared road surface, 

follow these steps for all parts:  

1. Place 6 M10 inserts into the holes 

2. Place the part according to the holes and 

into the correct direction: when looking at 

the STRIP in the direction of traffic flow, 

the switches cables need to be at the left 

side of each part).  

3. Insert the 6 M10 bolts 

 

 VG 

 

Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #5 To connect the cables of the ORU in one single 

STRIP follow these steps:  

1. Place the RFID antenna cable in the 

specially formed channel (starting from the 

part furthest from the RSB) and connect the 

RSB unit.  

2. Place the Switch cable in the specially 

formed channel. 

3. Fix the antenna cable with 2 screws and 

washers per part. 

4. Apply tape to the open parts (sensors, cable 

canals) to protect them from the coating to 

be applied later. 

 

 VG  
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Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #6 To connect the different parts of the ORU in one 

single STRIP follow these steps:  

1. Fill the gaps between each pair of parts 

with EPOXOL (or similar material),  

2. After curing, cover the filled gaps with the 

pre-fabricated curved metallic sheets, and 

fix the sheets by bolting.  

 

 VG 

 

Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #7 Connect the ORU box at the roadside. Anchor it 

safely.  

 

 VG 

 

Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #8 Apply the coating material (e.g. LIMBOPLAST 

D480 profile) according to the manufacturer’s 

instructions. For LIMBOPLAST D480, this 

process should be followed:  

1) Put on B71 primer and application of 

the encapsulation 

2) 15min curing time 

3) Overlay the encapsulation with cold 

plastic material RP15 by rolling 

application 

4) Sand the wet cold plastic with anti-skid 

material 

5) 15-20min curing 

6) Stripe is ready for traffic  

 

 VG 

 

Aetiology: Experience from the sequence of SAFE STRIP pilots. If using 

LIMBOPLAST D480, the expected total layer thickness is of 5-7 

mm (2-3 mm base layer thickness + 3-4 mm profile elevation).  

Rationale: This guideline serves as a short summary for advanced users, as well 

as for orientation of future users interested in implementing the 

system. 

 

INST #9 Rapid installation guideline:  

Installing the STRIP requires a temporary closing 

of the road. To speed up the installation process:  

 

 VG 
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 Check if all tools and materials are there 

(all ORU parts functional, 6 screws and 

inserts per part, drilling machine, prepared 

with ORU parts prepared with EPOXOL 

base before going on-site. 

 Two teams work in parallel, one screws the 

ORU parts onto the road, the other team 

prepares the masking material. 

Aetiology: The time that the installation takes was identified as a possible 

disadvantage to the implementation of the technology, since it 

requires closing of the road and setting up of a work zone.  

Rationale: Closing lanes for a short period cannot be avoided but it can be 

limited to a necessary minimum following this guideline.   

 

INST #10 Ensuring acceptable STRIP height:  

 Before application, test under laboratory 

conditions if the STRIP can be installed 

without exceeding the locally permitted 

maximum protrusion.  

 Masking with the proposed material will 

lead to minimum of 5 mm protrusion.   

 

 VG  

Aetiology: The protrusion of the STRIP is a critical variable that determines 

whether it may be installed at certain locations or not.  

Rationale: In the SAFE STRIP pilots, a total of 9 mm protrusion was achieved. 

However, less protruding strips can be made using the SAFE STRIP 

technology if alternative configurations are put in place.  

 

7.2 Guidelines for road maintenance planning 
 

RMP #1 Appoint a responsible maintenance data specialist 

from maintenance division to assess SAFE 

STRIP’s pavement monitoring system. 

 

 NG 

 

Aetiology: The maintenance data specialist will be in charge of collecting the 

data (from the SAFE STRIP system and from other systems 

providing validation criteria), ensuring data security, analysing the 

data, and providing the respective feedback for planning of 

maintenance and safety-related activities.  

Rationale: To allow for efficiently using the SAFE STRIP system alongside 

existing (mandatory) methods of data collection, the validation 

activity requires a continuous collection of data, and repeated 

analyses. Appointing a responsible expert is meant to ensure that the 

work is carried out in a coherent manner.  

 

RMP #2 Validate the outcome variable 

probability_of_failure produced by the SAFE 

STRIP monitoring system as an indicator of a 

structural failure and thus of the need to realize 

different types of maintenance work.  

 

NG  
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Aetiology: The purpose of this assessment is to find out how the outcome of the 

SAFE STRIP monitoring system may be used to enhance 

organizational efficiency regarding the planning and realization of 

maintenance work. This means that cut-off values of the SAFE 

STRIP system’s output are created that (depending on contractual or 

legal regulations) complement or substitute existing measures that 

trigger maintenance activities.  

 

The recommended steps to be taken are:  

1. From existing maintenance directives, extract relevant 

activity categories of interest (e.g. rehabilitation of road 

layers; resealing; …). Categories shall refer to works on the 

layers, rather than works outside the surface course (since the 

SAFE STRIP outcome is only indicative to structural 

integrity of the pavement layers). If directives do not exist, 

create the categories based on the organization’s needs.  

2. Collect SAFE STRIP data in parallel to existing measures 

(e.g. laser scanning on drive-by; time – for periodic measures 

done at fixed intervals).  

3. For each activity category, measure at least 40 cases. A case 

contains the SAFE STRIP measurement at the time the 

activity is planned (for non-periodic activities) or the 

measurement by the time the activity starts (for periodic 

activities), the activity triggering measure (e.g. combined 

measure from laser scanning and manual vehicle count), and 

a validation criterion (e.g., estimation of how much the 

activity had been required once it is completed).  

4. For the SAFE STRIP measure, calculate Mean (M), Standard 

Deviation (SD) in each activity category (that is, when the 

trigger crosses its threshold). Define the desired confidence 

interval (e.g. 90%) to create a cut-off of the SAFE STRIP 

outcome variable.  

5. Once more than 100 data points are available, use structural 

equation modelling (SEM) to determine the incremental 

validity of the SAFE STRIP outcome over the existing 

measures.  

6. Repeat steps 2-5 at fixed intervals.  

Rationale: Assessing the fatigue properties of the road surface and determining 

the integrity of the load-bearing structure is of vital importance for 

successful and efficient road operation. Currently, road operating 

organizations have conventional pavement monitoring systems in 

place, the use of which may even be compulsive, e.g. due to 

contractual obligations.  

 

The SAFE STRIP pavement monitoring (based on strain sensors) 

may provide additional benefits but its output needs to be integrated 

in the existing procedures through an empirical evaluation of the 

incremental validity provided by the new measurement. The aim is 

to provide a more continuous and more reliable estimation of  the 

remaining useful life of the pavement, to estimate the intervals for 
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and scope of maintenance and replacement work, and finally to 

improve structural quality and the resulting long operational 

suitability of the road surface.  

 

Ideally, the SAFE STRIP system results should be confirmed both 

by visual inspection as well as by conventional testing, so as to be 

able to correlate the probability of failure with other parameters of 

structural integrity (whether there exists a conventional pavement 

monitoring system or not). Over time, the maintenance team will be 

able to understand what the different probabilities actually relate to 

and to set realistic thresholds from the particular pavement type. 

Then, the SAFE STRIP system results will act as a reliable 

additional pavement monitoring system, with the added benefit of 

24/7 measurements.  

 

RMP #3 Use the SAFE STRIP vehicle counting as a 

supplement to existing measures of manual 

counting. 

 

 NG 

 

Aetiology: In comparison to manual counting methods, the SAFE STRIP 

system may provide continuous, fine-grained (regarding locations), 

and reliable counting of vehicle passing.   

Rationale: Today, infrastructure operating organizations often have manual 

counting measures in place. Compared to the SAFE STRIP system, 

the use of manual measures is expensive and provides less data from 

less locations.  

 

RMP #4 Use the SAFE STRIP temperature measures to 

plan de-icing procedures. 

 

 NG 

 

Aetiology: In comparison to manual measurement methods, e.g. with passing 

vehicles or relying on local weather stations, the SAFE STRIP 

system may provide continuous, fine-grained (regarding locations), 

and reliable estimations of the pavement surface temperature. 

Currently, measurement stations for wind, humidity, precipitation, 

etc. can only be positioned at variable points a considerable distance 

from one another. 

Rationale: A better assessment can be obtained from an almost blanket 

coverage and the mapping of temperatures along the entire length of 

the route. Such imaging includes the collection of data about the 

temperature of the road surface in relation to its geographical 

location. This form of data presentation provides a thermal profile of 

a particular section of road based on a geographical determination. 

Road maintenance winter service staff are able to use this data to 

identify locations on the temperature map where temperatures lie 

below the critical limit thus indicating that these areas are more 

likely to develop a layer of ice and they are therefore able to decide 

whether they should apply chemical agents. 

7.3 Guidelines for uninstallation 
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UNINST #1 Follow the installation guideline in reverse order:   

 VG 

 

Aetiology: Experience from the sequence of SAFE STRIP pilots. 

Rationale: This guideline serves as a short summary for advanced users, as 

well as for orientation of future users interested in implementing 

the system. 

7.4 Guidelines for STRIP Recycling 
 

RECY #1 Choose a method of recycling the STRIP by the 

end of its lifetime, based on the following 

reasoning.  Available methods are:  

 Mechanical Recycling 

 Incineration 

 Pyrolysis 

For all recycling methods, the following rules 

apply: 

 Directive 2000/53/EC 

 Directive 2009/125/EC 

 

EG  

Aetiology: Based on the state-of-the-art literature on how to recycle resins and 

composites, these options are available. Regarding resins and 

electronic components, all used in SAFE STRIP are RoHS 

compliant. 

Rationale: When an installed STRIP is no longer needed or broken (including 

having reached the end of its lifetime), it should be disposed of in a 

responsible manner. End-of-life resins and composites waste is a 

challenge in the recycling world. Thermosets cannot be remoulded 

for next generation applications and are not generally biodegradable.  

 

RECY #2 Choose mechanical recycling (shredding) for low 

energy consumption. Recyclates may, for example, 

be used as a reinforcement in polymer concrete. 

Mechanical recycling may be chosen for the glass 

fibre components of the STRIP.  

 

EG  

Aetiology: Based on the state-of-the-art literature on how to recycle resins and 

composites, mechanical recycling is an option. The estimated energy 

consumption is between 0.3 MJ/kg (shredding at 150kg/h) and 2.0 

MJ/kg (shredding at 10kg/h).  

Rationale: Mechanical recycling, or size reduction, is the simplest approach, 

which involves a moderate setup cost and comes with well-

established shredding technology to produce different grade of 

recyclates. The recyclates are general grouped into either powder or 

fibrous form. This approach is limited to glass fibre reinforced 

composite used in SAFE STRIP as the recyclates are generally used 

as fillers for low grade applications. Nevertheless, shredding still 

plays a very import role in other composite recycling technology as 

shredding is a necessary step to reduce bulkiness of the end-of-life 

composite parts. Shredding is still playing an important role in 

recycling by re-granulating the composite for re-moulding. 
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RECY #3 Chose incineration for a medium energy 

consumption level; as a result, waste volume may 

be reduced up to 95%, and heat energy can be 

harvested.  

 

EG  

Aetiology: Based on the state-of-the-art literature on how to recycle resins and 

composites, incineration is an option. The estimated energy 

consumption is between 6 MJ/kg (feed rate 12 kg /h/ m2) and 40 

MJ/kg (feed rate 3 kg /h/ m2). Incineration procedures have been 

tested that allow 

Rationale: Incineration is a conventional waste treatment process that involves 

the combustion of organic substances. 

 

RECY #4 Pyrolysis may be chosen for a high energy 

consumption level, with the benefit of recovering 

more flexibly usable recyclates. 3 Pyrolysis plants 

are available in Europe:  

 CFK Valley Stade Recycling (Germany) 

 Karborek RCF (Italy) 

 ELG (UK) 

 

  
EG 

 

Aetiology: Based on the state-of-the-art literature on how to recycle resins and 

composites, pyrolysis is available. The estimated energy 

consumption is 30 MJ/kg (feed rate unavailable).  

Rationale: Pyrolysis is a heating process without the presence of oxygen. 

Under an inert environment between 350°C and 800°C, all the 

organic matter decomposes into gases and is then partially 

condensed into a liquid.  

 

Note: Future implementations could use bio-degradable PCBs, when these will 

become available.  

7.5 Road Infrastructure Resilience Guidelines  
Hollnagel (2011) defined resilience as “the intrinsic ability of a system to adjust its 

functioning prior to, during or following changes and disturbances, so that it can 

sustain required operations under both expected and unexpected conditions.”  

 

This definition of resilience is at the centre of the resilience engineering approach, 

also labelled safety II approach. This approach is based on the assumption that 

modern sociotechnical systems are so complex that failure-focused approaches, i.e. 

defining strategies for specific disruptive scenarios, will not be enough to maintain 

system functioning. This is because the system will face unpredictable combinations 

of subsystem malfunctioning. The single elements interact in a way that produces 

non-linear outcomes, resulting in intractability of the system.   

 

In a resilient system, human operators deal successfully with the uncertainty created 

by its unpredictable and intractable behaviour (Jackson, 2010). The basic approach of 

resilience engineering is to empower human operators by providing them with the 

means to make decisions under uncertainty and coping with the local impacts of 

overall system variability (Hollnagel, 2006).  
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With respect to both, urban and interurban roads, promoting resilience means taking 

organizational measures that ensure that the roads will remain functioning as desired 

to allow for vehicles to pass safely and with the foreseen speed from their origins to 

their destinations. The resilience approach views the socio-technical system from a 

resources point of view, in order to create the buffers required to deal with 

disturbances. With respect to roads, the most relevant resources are: pavement surface 

quality (allowing for safe travel and speed), pavement surface status (e.g. ice, wet), 

number of vehicles per lane and length unit (roads capacity), as well as the 

availability of maintenance teams, and mitigation teams for accidents. Resources are 

always scarce and need to be deployed carefully. One example of how the SAFE 

STRIP system supports resilience is by allowing to monitor the resources in real time 

(traffic volume / congestion, weather conditions, road condition, etc.). It also supports 

executing resilience-functions, e.g. influencing travellers’ behaviours through VMS or 

preventing accidents through its safety applications.   

 

RIRG #1 Apply the SAFE STRIP vehicle counting (vehicle 

passes) and the speed measurement of vehicle 

passes (through the vehicle detection system) to 

estimate vehicle density and thus to detect / predict 

traffic congestions.  

 

  
NG 

 

Aetiology: Road Infrastructure Resilience requires avoidance of traffic 

congestions wherever possible, and reaction once they are 

happening. This protects available road space, one of the key 

resources of the road network.  

Rationale: The SAFE STRIP system supports road infrastructure resilience by 

helping protect key resources.  

 

RIRG #2 When a traffic congestion is predicted or detected, 

apply one or several of the following measures (if 

possible):  

 Slow down follow-up traffic using the SAFE 

STRIP VMS / VSL and other existing VMS / 

VSL functionalities 

 Deviate follow-up traffic to other routes 

 

 NG 

 

 

Aetiology: Road Infrastructure Resilience requires avoidance of traffic 

congestions wherever possible, and reaction once they are 

happening. This protects available road space, one of the key 

resources of the road network.  

Rationale: The SAFE STRIP system supports road infrastructure resilience by 

helping protect key resources. 

 

RIRG #3 Apply the SAFE STRIP weather/pavement 

information to predict dangerous road conditions 

(e.g. snow/ice).  

 

 NG 

 

 

Aetiology: Road Infrastructure Resilience requires avoidance of infrastructure 

damage and reaction once it is happening.  

Rationale: The SAFE STRIP system supports road infrastructure resilience by 

helping protect key resources. 
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RIRG #4 When a dangerous weather/pavement condition is 

predicted or detected, apply one or several of the 

following measures (if possible):  

 Carry out the respective maintenance activity 

(e.g. de-icing).  

 Slow down follow-up traffic using the SAFE 

STRIP VMS / VSL and other existing VMS / 

VSL functionalities 

 Deviate follow-up traffic to other routes 

 

  NG 

 

 

Aetiology: Road Infrastructure Resilience requires avoidance of traffic 

congestions and promotion of traffic safety/ prevention of accidents.  

Rationale: The SAFE STRIP system supports road infrastructure resilience by 

helping protect key resources. 

 

RIRG #5 Promote the SAFE STRIP cooperative safety 

applications to prevent accidents/incidents 

involving road users and/or infrastructure.  

 

 NG 

 

 

Aetiology: Road Infrastructure Resilience requires avoidance of infrastructure 

damage and protection of human lives using it.  

Rationale: The SAFE STRIP system supports road infrastructure resilience by 

helping protect key resources. 
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8 Conclusions  
This Deliverable summarises the technical standards and legal regulations that were 

considered at the time the SAFE STRIP system was developed, and that were still 

valid while this Deliverable was submitted. These standards and regulations are 

relevant for future (partial of full) exploitation of the technology developed in the 

project.  

 

After a general short introduction to the SAFE STRIP system and its components that 

are relevant from the perspective of standardisation, two main areas of standardisation 

have been presented: SAFE STRIP as a C-ITS enabling system, and the SAFE STRIP 

ORU as a road marking element.  

 

In summary, the SAFE STRIP system is compliant with most existing standards. 

However, for a future large-scale implementation of the system, the following aspects 

require attention:  

 

1. The STRIP, with 10 mm height, protrudes too much from the road surface to 

be installed in several European countries motorways (e.g. Italy, Germany), 

given limitations provided for paint coatings.  Still, SAFE STRIP is not 

actually opposing to the standards as it is not a conventional element; is more 

a newly introduced element.  

2. The use of RFID in virtual tolling is not in line with the latest respective 

European Directive. Still, RFID is widely used in Europe and US for similar 

applications and a key advantage is the maturity of the particular technology 

and its future potential. Also, other means than RFID can be used instead, 

keeping the same key solution in all other aspects.   

3. To introduce the C-ITS applications enabled by SAFE STRIP, it would be 

recommended to audit the system as described in chapter 5.1. However, this 

would also require developing these applications from the project’s proof-of-

concept level to a full market-ready level. This applies particularly to the use 

of PKI, which is out of the scope of a research project like SAFE STRIP.  

4. With respect to 3 communication standards, the project has not been fully 

compliant; in one case (ETSI TS 103 324), the final standard was not available 

(yet SAFE STRIP is compliant with the draft standard and actually contributes 

to), in another case this means the project actually contributes to the standard 

by adding specifications (ETSI TS 102 687); and in a final case, a European 

standard (ETSI EN 300-220-1) that has complied with is incompatible with an 

FCC standard.  

 

Based on the aforementioned, the SAFE STRIP system could now be applied in some 

European countries as it is (e.g. in Greece). Although the system does not meet all 

criteria written in existing (infrastructure related) standards or legal conventions (such 

as the Vienna Convention on Road Signs and Signals) for its application in all 

European countries, a future deployment of the system, during its commercialisation, 

should explore configurations that are totally feasible and would just include 

replacement of technological elements with smaller (and more expensive) ones (e.g. 

batteries and sensors).   
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Annex A: List of relevant European standards 
 

Number Name Latest 

version 

EN 1423 + AC:2013 Road marking materials – Drop on materials – 

Glass beads, antiskid aggregates and mixtures of 

the two 

03/2013 

EN 1424:1997 + 

A1:2003 

Road marking materials – Premix glass bead  08/2003 

EN 

1436:2007+A1:2008 

Road marking materials – Road marking 

performance for road users 

01/2009* 

EN 1463-1 Road marking materials – Retroreflecting road 

studs – Part 1: Initial performance requirements 

07/2009 

EN 1463-2 Road marking materials – Retroreflecting road 

studs – Part 2: Road test Performance 

specifications 

03/2000 

EN 1790:2013 Road marking materials – Preformed road 

markings 

12/2013 

EN 1824:2011 Road marking materials – Road trials 12/2011 

EN 1871:2000 Road marking materials – Physical properties 03/2000** 

EN 12802:2011 Road marking materials – Laboratory methods 

for identification 

12/2011 

EN 

13197:2011+A1:2014 

Road marking materials – Wear simulator 

Turntable 

07/2014 

EN 13212 Road marking materials – Requirements for 

factory production control 

12/2011 

EN 13459:2011 Road marking materials – Sampling from 

storage and testing 

12/2011 

* draft European standard (prEN 1436:2016; 05/2016): Road marking materials - 

Road marking performance for road users and test methods  

** draft European standard (prEN 1871:2008; 09/2008): Road marking materials – 

Paint, cold plastic and thermoplastic marking materials – Physical properties 

 

Annex B: List of relevant Greek directives 
 

Annex C: List of relevant Italian directives 

Name Latest 

version 

Προσωρινές Εθνικές Τεχνικές Προδιαγραφές ΠΕΤΕΠ 05-04-02-00: 

Οριζόντια σήμανση καταστρωμάτων κυκλοφορίας 

2006 

Name Latest 

version 

D.M. 10/07/2002 Disciplinare tecnico relativo agli schemi segnaletici, 2002 
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Annex D: List of relevant French directives 
 

Annex E: List of relevant German directives 

Annex F: List of relevant Spanish directives 
 

differenziati per categoria di strada, da adottare per il segnalamento 

temporaneo 

D.P.R. 16/12/1992 n. 495 Regolamento di esecuzione ed attuazione del 

Nuovo Codice della Strada  
1992 

D.Lgs. 30/04/1992 n. 285 Nuovo Codice della Strada 1992 

Circolare n. 9540 "Segnaletica autostradale" dd. 20/12/1969 1969 

Name Latest 

version 

Décret n°84-74 du 26 janvier 1984 fixant le statut de la normalisation 2009 

Name Latest 

version 

Straßenverkehrsordnung (StVO) (§§ 39, 41, 42) 2013 

Allgemeine Verwaltungsvorschrift zur Straßenverkehrsordnung VwV-

StVO 

 

Zusätzliche Technische Vertragsbedingungen und Richtlinien für 

Markierungen auf Straßen (ZTV M 13) 

2013 

Richtlinien für die Markierung von Straßen, Teil 1: Abmessung und 

geometrische Anordnung von Markierungszeichen (RMS-1) 

1993 

Richtlinien für die Markierung von Straßen, Teil 2: Anwendung von 

Fahrbahnmarkierungen (RMS-2) 

1980 

Hinweise für Markierungen auf neuen Fahrbahnoberflächen 2014 

Standardleistungskatalog für den Straßen- und Brückenbau (STLK) 2002 

Technische Lieferbedingungen für Markierungsmaterialien (TL M 06) 2006 

Technische Prüfbedingungen für Markierungssysteme und -elemente (TL 

M 97) 

1997 

Merkblatt für Agglomeratmarkierungen 2006 

Name Latest 

version 

Pliego de prescripciones técnicas generales para obras de carreteras y 

puentes 
2014 

Norma de Carreteras 8.2-IC 1987 

Guía para el proyecto y ejecución de obras de señalización horizontal 2012 

Criterios para la redacción de los proyectos de marcas viales (Nota 

técnica) 
1998 
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