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SAFE STRIP USE CASE GUIDE  

SAFE STRIP - “Safe and green 
Sensor Technologies for self-
explaining and forgiving Road 

Interactive aPplications” 
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SAFE STRIP Cooperative Solution  

SAFE STRIP introduces a disruptive technology that will achieve to embed C-ITS 
applications in existing road infrastructure, including novel I2V and V2I, as well as 

VMS/VSL functions. 

In order:  
• to make roads self-explanatory & 

forgiving 
• to reduce operational & maintenance 

cost and achieve full recyclability  
• to provide added value services (i.e. 

real-time predictive road maintenance 
functions).  

for ALL road users  
(cars, trucks, VRU, …) 

for ALL types of vehicles  
(equipped, non-equipped, autonomous) 
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By integrating micro/nano sensors, 
communication & energy harvesting modules in 
low-cost, integrated strips road pavement tapes/ 
markers on the road; that will provide advanced 
safety functions to all road users at a fraction of 
the cost of current I2V/V2I nodes and roadside 
equipment (VMS, VDS, etc.). 

 
 

• Development of a new road marking 
material  

• The best option proved to be the 
acrylic cold plastic - abrasion 
resistant, no length, width or colour 
restrictions, height restriction of ~ 12 
mm 

SAFE STRIP Cooperative Solution  
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Complementary Architectural approach  
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The “Strip” 
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1 Cooperative Safety for: 

    a) Equiped Vehicles

    b) Non-equiped Vehicles

2 Road Wear Level and Predictive Road Maintenance

3 Road Workzones and Railway Crossing Warnings

4 Merging/Intersection Support
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5 Personalised VMS’/VDS’ and Traffic Centre Information 
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6 Dynamic Trajectory Estimation and Interface to 

Automated Vehicles
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7 Supportive Value Added 

Services

    a) Virtual Toll Collection

    b) Parking Booking and 

Charging

On-Road-Unit (ORU)

On-Vehicle-Unit (OVU)

Communication Channel 
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Smartphone

Powered Two Wheeler (PTW)

+ = Equipped Vehicle

+ = Non-Equipped Vehicle

SAFE STRIP Proof of Concept applications  
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UC 1: Virtual Cooperative Safety function 

UC 2: Enhanced Cooperative Safety function 

UC 3: Road wear level and predictive road 
maintenance 

UC 4: Rail crossing and road works safety 
functions 

UC 5: Merging and Intersection Support: 
e2Call 

UC 6: Personalised VMS/VDS and Traffic 
Centre Information 

UC 7: Autonomous vehicles support 

UC 8: Virtual Toll Collection  
for non-autonomous vehicles 

1 

2 

Traffic 
Management 

Centre 

Use Cases Description 
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SAFE STRIP Partner(s): 
UNITN, PIAGGIO 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

 Passengers 
of 

Non-equipped vehicles 
 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 
 Vulnerable Road Users 

Traffic environment:  
 Urban 
 Highway 

Brief description: 
This application demonstrates the potential implementation of 2 virtual Mobile Cooperative safety functions already available 
in equipped vehicles, the ‘’Virtual VRU Protection’’ and the ‘’Wrong Way Driving’’. The first exploits the ability of the strip to 
detect the position and speed of vehicles as well as the presence of VRU at zebra crossing, producing a warning when there is a 
potential collision detected. The second application detects all vehicles (equipped and non-equipped) driving in the wrong 
direction and dispatches a warning to all other vehicles approaching the critical area. 

Benefits for the primary actor(s):  
 Implementation of virtual safety functions for non-equipped vehicles with minimal cost for the user (no need of on-board 

sensors; only mobile applications).  
 Drivers and passengers of equipped vehicles will benefit of wider information and more robust application performance 

since also not connected vehicles are detected. 
 Capability of SAFE STRIP to provide estimation of friction surface will improve the accuracy and consistency of the warning 

of safety functions. 

UC 1: Virtual Cooperative Safety function 
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Indicative Scenarios 

Virtual VRU Protection Wrong Way Driving 

 The strip detects vehicles approaching to the zebra crossing, stopped vehicles (cars, 

PTW’s) and people/ bicycle’s in the proximity of or on the crossing and sends this 

information to the Road Side Bridge (RSB) unit. 

 The RSB unit transmits the information to the C-ITS station of SAFE STRIP via LTE-

4G about the presence of people/ bicycle on the crossing. The RSB also provides the 

position in the lane and corresponding speed of approaching vehicles. 

 The Mobile Cooperative safety function running on the C-ITS station predicts the 

(ego) driver/rider manoeuvre and provides a warning about people/ bicycle 

crossing the road to the terminal of the non-equipped vehicle via LTE-4G. The 

warning is also adapted by taking into account the pavement friction coefficient of 

the road, if sent by the SAFE STRIP technology. 

 As soon as the Mobile Cooperative safety function detects driver/ rider proper 

deceleration, it deactivates the warning. 

 The strip detects vehicles moving in the wrong direction in the entrance lane of a 

rest area or gas station of a motorway and sends notification to the RSB about the 

presence, position and speed of the wrong way driving vehicle as well as the 

respective information of the ego vehicle(s) approaching. 

 The RSB unit transmits the above information to the C-ITS-S of SAFE STRIP via LTE-

4G.  

 The Mobile Cooperative safety function running on the C-ITS station issues a 

warning to the mobile terminal of the non-equipped vehicle via LTE-4G of the 

presence of an incoming vehicle driving in the wrong direction to all vehicles in the 

motorway approaching the entrance lane to the rest area/ gas station with the 

indication that the driver has to reduce speed and/or stop if it gets more critical. 

 Warning is deactivated when (wrong way driving) vehicle passes over the critical 

area. 
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SAFE STRIP Partner(s): 
UNITN, CRF 

Target vehicle(s):   
 Equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

 Passengers 
of 

Equipped vehicles 
 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 
 Vulnerable Road Users 

Traffic environment:  
 Urban 
 Highway 

Brief description: 
This application demonstrates the potential improvement of performance of 2 In-vehicle Cooperative safety functions developed by CRF for equipped 
vehicles, the ‘’VRU protection’’ and the ‘’Wrong Way Driving’’. The first is a function that using on-board sensors detects VRU and produces a warning 
to the driver when there is a potential collision. The second originally exploiting only Vehicle-to-Vehicle communication detects equipped vehicles that 
are driving in the wrong direction and dispatches a warning to all connected vehicles approaching the critical area. SAFE STRIP technology will enhance 
the performance of  “VRU protection” application by: 1) providing the position and speed at lane level of both equipped and not equipped vehicles in 
relation to pedestrian crossing location removing the need to use precise GPS positioning system, 2) providing the presence of VRU especially when 
they are not in the field of view of on-board sensors or hidden by other vehicles or buildings, 3) providing information of the road surface conditions 
such as friction. Similarly, SAFE STRIP technology will enhance the performance of “Wrong Way Driving” application supplying the position and speed 
(including direction) of both equipped and not equipped vehicles that are driving in the wrong direction. 

Benefits for the primary actor(s):  
 Implementation of virtual safety functions for non-equipped vehicles with minimal cost for the user (no need of on-board sensors; only mobile 

applications).  
 Drivers and passengers of equipped vehicles will benefit of wider information and more robust application performance since also not connected 

vehicles are detected. 
 Capability of SAFE STRIP to provide estimation of friction surface will improve the accuracy and consistency of the warning of safety functions. 

UC 2: Enhanced Cooperative Safety function 
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Indicative Scenarios 

Virtual VRU Protection Wrong Way Driving 

 The strip detects vehicles approaching to the zebra crossing, stopped vehicles (cars, 

PTW’s) and people/ bicycle’s in the proximity of or on the crossing and sends this 

information to the Road Side Bridge (RSB) unit. 

 The RSB unit provides directly to the equipped vehicle via ITS-5G the presence of 

people/ bicycle on the crossing through the corresponding I2X DENM with 

“Collision with Vulnerable Road User (VRU)” cause code and its coordinates. 

 The In-vehicle Cooperative safety function (running on-board), upon receipt of the 

information, predicts the ego driver/rider maneuver and provides a warning about 

upcoming people/ bicycle crossing the road with the indication that the driver has 

to decelerate. The information is particularly useful in case of stopped vehicles 

hindering the presence of VRU’s and the algorithm will take into account the 

friction of road surfaced if estimated by SAFE STRIP technology.. 

 As soon as In-vehicle Cooperative safety function detects the proper driver/ rider 

reaction, it deactivates the warning. 

 The strip detects vehicles moving in the wrong direction in the entrance lane of a 

rest area or gas station of a motorway and sends notification to the RSB about the 

presence, position and speed of the wrong way driving vehicle as well as the 

respective information of the ego vehicle(s) approaching. 

 The RSB unit generates a message through an I2X DENM with ‘’Wrong Way 

Driving’’ cause code to the equipped vehicle via ITS-G5. 

 The In-vehicle Cooperative safety function (running on-board) issues a warning of 

the presence of an incoming vehicle driving in the wrong direction to all vehicles in 

the motorway approaching the entrance lane to the rest area/ gas station. 

 Warning is deactivated when vehicle passes over the critical area. 
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VRU cooperative safety function 
SAFE STRIP technology extends  the “eyes” of equipped that in some situations  
cannot detect VRU using on-board sensors. Similarly it allows not-equipped vehicles to 
be warned by a “virtual VRU safety function”. 
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SAFE STRIP Partner(s): 
UPAT 

Target vehicle(s):   
Not Applicable 

Primary actor(s):  
 
 
 
 Traffic Management Centres (TMC) Operators or similar 

 

Type of vehicle(s):  
Not Applicable 

Traffic environment:  
 Highway 
 Interurban 

Brief description: 
By measuring pavement strains, the motorway operator can evaluate pavement response and cracking performance. Remaining 
service life of pavements will be predicted using the present pavement condition and the latest rehabilitation action performed 
on that particular pavement. Survival curves will be developed to obtain remaining service life of a pavement family. The 
objectives of this activity are to determine the average service life of pavements and to predict their remaining service life. Also, 
the critical values and types of pavement damage (for road safety) will be defined so as to feed prompt mitigation from the 
infrastructure maintenance departments and in-time notification to drivers/riders through VMS. 

Benefits for the primary actor(s):  

Remaining service life is used for planning and budgeting purposes and can facilitate: 

 Timing a major rehabilitation and assist infrastructure managers in forecasting long-term needs of the network. 

 Make optimal use of the structural capacity of in-service pavements, 

 Decision making in regard to strategies for reconstruction-rehabilitation of roads, thereby improve the process of 

allocating funds and resources for maintenance and rehabilitation of asphalt pavements. 

UC 3: Road wear level and predictive road maintenance 
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Indicative Scenarios 

Pavement remaining useful life estimation Structural health monitoring 

 The strip (ORU unit part with strain gauges), installed at the selected pavement 

sections is transmitting information regarding pavement thickness, traffic loading 

and measured tensile strain to the RSB, which in turn sends the information to the 

C-ITS-S of SAFE STRIP. 

 The Road wear level and predictive road maintenance application, running on the 

C-ITS-S, evaluates the types of distress (cracking) that are collected by the strain 

gauge measurements during the survey to determine whether the factors that 

trigger the selection of treatments are included. 

 The Road wear level and predictive road maintenance application evaluates the 

procedures that are used to convert pavement distress information into pavement 

condition indexes. 

 The strain measurements are provided from the C-ITS station to the infrastructure 

operator, who: 

 reviews its survey frequency to determine whether it is sufficient. 

 proceeds with the application of maintenance treatments. 

 The strip (ORU unit part with strain gauges), installed at the selected pavement 

sections is transmitting information regarding pavement thickness, traffic loading 

and measured tensile strain to the RSB which in turn sends the information to the 

C-ITS-S of SAFE STRIP. 

 The Road wear level and predictive road maintenance application identifies the 

types of distress (permanent deformations) that are collected by the strain gauge 

measurements after an event that causes failure of pavement. Sufficient dispersion 

of strain gauges will provide information for critical locations of the pavement that 

are prone to damage. 

 The user (highway operator) will identify treatments for repair and decide if prompt 

reaction or not is required. 

 Critical failure – direct corrective measure and information to the drivers via VMS of 

TMC. 
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Road wear monitoring and mantainance prediction 

SAFE STRIP technology continously monitor the road deformation on critical strech of 
road and evaluates the road wear level to help the road operator to predict the 
maintainance operations. 
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SAFE STRIP Partner(s): 
UNITN, CRF, PIAGGIO 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

 Passengers 
of 

Equipped & non-equipped vehicles 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 

Traffic environment:  
 Urban 
 Rural 
 Highway 

Brief description: 
Road works and railway crossings, from the safety function perspective, can be considered as “hot spots” where constraints to vehicle speed or position in specific 

lanes must be enforced. The target safety application will suggest the proper deceleration and speed to be reached or the need to stop in a given distance. The 

applications for the two driving scenarios are based on the artificial co-driver concept, which issues a warning when the estimated driver’s intention does not match 

the safest manoeuvre.  

Specifically, road work safety function detects at lane level approaching vehicles (equipped and non-equipped) and provides a warning if the speed is not properly 

adapted or the vehicle will not stop in time in case of traffic jam in the road work area. Additionally, based on vehicle’s lane position, lane change may be also 

suggested. SAFE STRIP technology will mainly provide 1) the position and speed at lane level of both equipped and non-equipped vehicles with respect to work zone 

starting point, 2) the available lanes or change in lane layout, 3) the speed limit in road work zone, and, secondarily, 4) the road surface conditions via the estimation 

of friction or environmental condition such as low visibility due to fog, and 5) the presence of traffic jam.   

Similarly, for railway crossing safety function, especially when unprotected, the function will generate a warning when the estimated driver’s intention does not 
match the safest manoeuvre to reduce the speed to the prescribed speed limit at the railway crossing or the vehicle will not be able to stop in case a train is 
approaching.  SAFE STRIP technology will provide 1) the position and speed of both equipped and not equipped vehicles approaching to the railway crossing, 2) the 
speed limit to satisfy, 3) the presence of approaching train (ETA - Expected Time of Arrival to the LC) provided by SAFER-LC project;  and, secondarily 4) the road 
surface conditions, such as friction or low visibility due to fog. 

Benefits for the primary actor(s):  
 New safety function for all vehicles (equipped and non-equipped) based on real time dynamic information. 

 Improvement of global safety level for passengers and drivers/riders. 

UC 4: Rail crossing and road works safety functions 
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Indicative Scenarios 

Workzone detection Railway crossing detection 

 The infrastructure operator communicates changed information about road work 

zone: Information about the existence of work zone, its layout/geometry (i.e. which 

are the occupied lanes) as well as speed limit in the area. 

 The strip detects, at lane level, equipped and non-equipped vehicles approaching 

the work zone and heavy traffic in the proximity of work zone. 

 The RSB unit provides directly to the equipped vehicle via ITS-G5 and to non- 

equipped via LTE-4G and the C-ITS-S the perceived and changed static (e.g. road 

layout changes)  information. 

 The Cooperative safety function (In-vehicle and Mobile for equipped and non-

equipped vehicles respectively) predicts the drivers maneuver and if it does not 

match the safest one (e.g. does not slow done as expected or change lane when 

required), it provides a warning. The application also suggests lane change if the 

case applies and takes into account road friction and visibility when information are 

sent by SAFE STRIP technology. 

 If the function understands that the driver is properly reducing the speed, changing 

lane or properly stopping due to heavy traffic, it deactivates the warning. 

 The strip detects, at lane level, equipped and non-equipped vehicles approaching 

the railway crossing. Additionally, for unprotected railway crossing. Information 

about speed limit at the crossing is also given. 

 The SAFE STRIP technology also broadcast to all vehicles (equipped and not 

equipped) the information about ETA of approaching train obtained from SAFER LC. 

 The RSB unit provides directly to the equipped vehicle via ITS-G5 and to the non-

equipped vehicle via LTE and the C-ITS-S the perceived information. 

 The Cooperative safety function issues a warning when the estimated driver’s 

intention does not match the safest manoeuvre to adapt the speed to the 

prescribed speed limit at the railway crossing or the vehicle will not be able to stop 

before the train crosses the road. Warning will also take into account road friction 

and visibility when information are sent by SAFE STRIP technology. 

 Warning is deactivated when the system understands that the driver is following 

the suggested manoeuvre/driving behaviour adaptation. 
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Railway crossing support 

Using data provided by SAFER LC via LTE and SAFE STRIP technology, both equipped and 
not equipped vehicles are aware of trains approaching unprotected railways and 
properly warned in case of danger. 
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Road work support 

SAFE STRIP technology detects equipped and not-equipped vehicles, position, speed in 
the lane and distance to closed lane ahead. Those information are used to suggest the 
driver in which lane to move and the safe speed. Even with fog! 
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SAFE STRIP Partner(s): 
UNITN, CRF 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

 Passengers 
of 

Equipped & non-equipped vehicles 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 

Traffic environment:  
 Urban 
 Highway 

Brief description: 
The application is an enhancement of the e2Call safety function developed by CRF for equipped vehicles. The original application is purely based on Vehicle-to-Vehicle 

communication that exchanges vehicle position, speed and intended future paths. Additionally, the application relies on precise GPS positioning and intersection, 

roundabout or road merging maps (for road layout and geometry). The output of the application is a warning to the driver when a potential conflict with other 

vehicles at intersection may happen or is imminent or when the driver is not going to respect give way right, stop sign or traffic light red signal. Since SAFE STRIP has 

the ability to estimate the road friction coefficient the information can be used by cooperative safety functions and in general ADAS to set proper acceleration’s limits 

improving their performance and warning/action reliability. SAFE STRIP technology will improve the performance of e2Call function in many ways: 1) by providing the 

position and speed at lane level of both equipped and non-equipped vehicles, 2) by removing the need to use precise GPS positioning system, 3) by supplying the local 

digital map close to the intersection, 4) by providing information of the road surface friction and visibility (e.g. fog presence), and 5) by providing info about the traffic 

jam. 

The same application will be implemented for non-equipped vehicles as well (currently not existing). The SAFE STRIP technology should be able to provide the relevant 
information to non-equipped vehicles via LTE communication. Due to the expected delay in the LTE communication the application will try to compensate for the 
delay and will not consider near potential collisions but only long range predictions (up to 5sec roughly). 

Benefits for the primary actor(s):  
 Enhancement of the robustness and performance of the intersection safety function already available for equipped vehicles and availability for non-equipped 

vehicles (that is not currently existing). 

 New safety function for all vehicles (motorway exit). 

 The friction coefficient can be used to improve the quality of the warnings, which can rely on the true limits on acceleration (and then braking and cornering) of 

the vehicle. 

UC 5: Merging and Intersection Support: e2Call 
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Indicative Scenarios 

Urban intersection Intersection with wet/dry road condition 

 The strip detects approaching and stopped vehicles (equipped and not equipped). 

Information intersection layout/geometry is provided. 

 The RSB unit provides directly to the equipped vehicle via ITS-G5 and to the non-

equipped vehicle via LTE-4G and the C-ITS-S of SAFE STRIP the perceived 

information. The RSB provides also the position in the lane of approaching vehicles. 

 The merging and intersection support function (In-vehicle and Mobile for the 

equipped and non-equipped vehicles respectively) collects the information coming 

from the RSB regarding equipped and non-equipped vehicles. Based on that it 

evaluates vehicles with conflicting trajectories and suggests the best corrective 

manoeuvres to avoid accidents. 

 If the function understands that the driver is reducing the speed and properly 

stopping for the intersection or avoid the collision with the other vehicle it 

deactivates the warning. 

 The strip detects vehicles approaching an exit lane of the motorway and vehicles 

stopped in the exit lane and sends this information to the RSB.  

 The RSB unit provides directly to the equipped the presence of stopped vehicles at 

the exit lane and road geometry at lane level. 

 The Cooperative safety function issues a warning if it predicts the drivers intends 

to exit and the speed is not compatible with the geometry or the traffic. 

 The warning is deactivated when vehicle passes over the exit lane or the driver exits 

with the right speed/deceleration. 

 The infrastructure receives traffic jam information and updates at motorway exit 

via cellular connectivity (info initially provided by RSB). 

Urban scenario for equipped 
vehicles 

Urban scenario for non-equipped 
vehicles 
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Merging intersection support 

SAFE STRIP technology provides accurate lane localisation that enhances the 
performance of C-ITS intersection safety functions allowing equipped and not equipped 
vehicles to “see” each others and be warned  of potential collisions if required by the 
situation. 
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SAFE STRIP Partner(s): 
CERTH/ HIT 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

 Passengers 
of 

Equipped & non-equipped vehicles 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 

Traffic environment:  
 Highway 

Brief description: 

This application corresponds to the replacement of the current VMS/VDS infrastructure. Main objective of the application is to 

depict the VMS’s messages to the passing vehicles but in a more accurate way (as the source of the information will be derived 

from the strip sensors replacing current surveillance systems) and, also, in a personalized manner. In specific, the VMS’s 

message will be presented either through audio or visual channels or in both ways as informative or warning to the driver/rider. 

The message will be presented according to driver’s profile, such as native language and the preferred way of presentation 

(along with the horizontal personalisation aspects that will be applied as in all SAFE STRIP applications). This function applies to 

both equipped and non-equipped vehicles. 

Benefits for the primary actor(s):  

 Replacement of costly VMS/VDS infrastructure leading to considerable cost saving.  

 Easy maintenance. 

 Personalised and reliable warnings to the road users. 

UC 6: Personalised VMS/VDS and Traffic Centre Information 
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Indicative Scenarios 

Personalised VMS/VDS’s and Traffic Centre information in equipped vehicles 

 The strip collects info about traffic density (by measuring vehicles population and 

speed) from the ORU with switches and send traffic classification metric to the RSB 

unit. 

 The RSB sends data to the C-ITS-S.  

 The In-vehicle application for personalised VMS/VDS and Traffic Centre 

Information processes this data and sends the appropriate decision making 

notification to the TMC of the operator. 

 The Operator validates the decision and sends back confirmation to the C-ITS-S and 

from there to the RSB. 

 The ego vehicle receives information on-board from the RSB. The information is 

depicted personalised according to user’s preferences and profile (e.g. in his/her 

language, according to the denoted driving intention, the type of vehicle, driving 

profile) but, also, according to current driving speed. The information sent consists 

of informative messages and speed or lane change recommendations. 

 If the In-vehicle application for personalised VMS/VDS and Traffic Centre 

Information detects that the event is no longer applicable, then the info/ warning/ 

recommendation is deactivated. 

 The RSB collects road data (e.g. ice, oil, fog,,…) from the strip and the information is 

then sent to the C-ITS-S.  

 The application for personalised VMS/VDS and Traffic Centre Information running 

in the cloud decides that one or more environmental conditions synthesize a critical 

traffic situation and that a warning has to be issued. 

 A decision for notification to the drivers is issued and is sent to the TMC of the 

operator. 

 The Operator validates the decision and sends back confirmation to the C-ITS-S. 

 The decision is sent from the C-ITS-S to the RSB which sends it to the equipped 

vehicle's (on-board). 

 The information is depicted personalised according to user’s preferences and 

profile (e.g. in his/her language, the type of vehicle) and current driving speed. The 

information sent consists of informative messages and speed or lane change 

recommendations. 
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Indicative Scenarios 

Personalised VMS/VDS’s and Traffic Centre information in non-equipped vehicles 

 The strip collects info about traffic density (by measuring vehicles population and 

speed) and sends traffic classification metric data to the RSB and from there data 

are sent to the C-ITS-S. 

 The mobile application for personalised VMS/VDS and Traffic Centre Information 

running on C-ITS-S, determines that there is heave traffic ahead on the lane of the 

ego-vehicle is running and a decision for notification to the drivers is sent to the 

TMC of the operator. 

 The Operator validates the decision and sends back confirmation to the C-ITS-S. 

 The mobile application for personalised VMS/VDS and Traffic Centre Information 

provides a notification to the mobile terminal of the non-equipped vehicle via LTE-

4G about heavy traffic ahead and recommends a change in lane and/or take next 

exit.  

 The driver/ rider of the non-equipped ego vehicle conforms to the 

recommendation and changes lane or takes next exit. 

 If the mobile application for personalised VMS/VDS and Traffic Centre 

Information detects that the event is no longer applicable the info/ warning/ 

recommendation is deactivated. 

 The RSB collects road data (e.g. ice, oil, fog, wind,…) from strip. 

 The RSB transfers data to the C-ITS-S. 

 The mobile application for personalised VMS/VDS and Traffic Centre Information 

running on C-ITS-S, determines whether a critical warning should be issued and 

sends the decision for notification to the TMC of the operator. 

 The Operator validates the decision and sends back confirmation to the C-ITS-S. 

 The mobile application for personalised VMS/VDS and Traffic Centre Information 

provides a notification to the mobile terminal of the non-equipped vehicle via LTE-

4G about liquid/ oil/ fuel in the ego lane in a personalised matter and informing the 

driver/rider at which point ahead the leak is detected and recommends a change in 

lane. 

 The driver/ rider of the non-equipped vehicle conforms to the recommendation 

and changes lane. 
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SAFE STRIP Partner(s): 
VALEO 

Target vehicle(s):   
 Autonomous vehicles 

Primary actor(s):  
 

 Drivers 
of 

Autonomous vehicles 

Type of vehicle(s):  
 Passenger cars 

Traffic environment:  
 Highway 
 Interurban 

Brief description: 

The key objective here is to improve automated functions for highway driving thanks to SAFE STRIP sensors data integration and 

therefore lower the frequency of the driver having to take back control of the vehicle. Four (4) specific enhanced perception 

applications for automated vehicles will be supported: 

 Dynamic trajectory estimation for automated vehicles 

 Definition of lane-level virtual corridors  

 Tollgates management 

 Work zones detection  

Benefits for the primary actor(s):  

 Enhancement of the robustness of automated driving. 

 Reduction of the frequency for the driver having to take back control of the vehicle. 

 Enhancement of the driver comfort. 

UC 7: Autonomous vehicles support 
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Indicative Scenarios 

Dynamic trajectory estimation for automated vehicles / ego lane 
trajectory information 

Definition of lane-level virtual corridors / multiple carriage way 

 The strip provides to the RSB the identification of the lane in which the vehicle is 

driving, the position of the vehicle in the lane, the GPS position of the center of the 

lane in which the ego - vehicle is driving and its width. 

 The RSB provides the above information to the equipped vehicle via ITS-G5. 

 The data provided by the RSB are merged with the data coming from the vehicle 

perception and localisation system of the on-board autonomous function to 

compute the dynamic trajectory. 

 The vehicle trajectory is then corrected. 

 The strip sends to RSB the information that a new lane is created, the center 

position and the width of the created lane. 

 The RSB provides the above information to the autonomous equipped vehicle via 

ITS-5G. 

 The vehicle receives at least 200m ahead this information from the RSB which 

allows the car to detect the updated data of available lanes and the information of 

in which lane the car is now located.  
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Indicative Scenarios 

Tollgates management Work zones detection 

 The autonomous vehicle is driving on a highway and the On-Board Unit (OBU) is 

receiving the information from the RSB that it is approaching a toll zone. 

 The vehicle receives at least 200m ahead this information from the RSB which 

allows the car to detect the updated data of available lanes and the information of 

in which lane the car is now located (besides data provided for dynamic trajectory 

estimation). 

 The RSB provides the above information to the equipped vehicle via ITS-G5. 

 The vehicle reaches the open gate. 

 The vehicle crosses the gate and follows the virtual lane (that is tagged by the strip) 

to reach a lane with road marking. 

 Τhe strip provides to the RSB the information that the vehicle is approaching a 

workzone and the information of the precise localization of the starting point and 

of the ending point of the work zone, that the Lane number 1 is closed and that the 

speed limit would be reduced over the entire work zone. 

 The RSB provides the above information to the equipped vehicle via ITS-G5. 

 The vehicle positions itself on the Lane number 2. 

 The vehicle reduces its speed to the temporary limit to cross the work zone.  
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SAFE STRIP Partner(s): 
RELAB 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
 Riders 

of 
Non-equipped vehicles 

 
& Traffic Management Operators 

Type of vehicle(s):  
 Passenger cars 

 Motorcycles/ PTWs 
 Trucks 
 Buses 
 Other 

Traffic environment:  
 Highway 

Brief description: 

In order to develop value added services, a virtual toll application will be developed by RELAB that will aim to replace real toll stations 

through the infrastructure provided by SAFE STRIP. The main advantages deriving from this solution include:  

 Reduce the pollution 

 Reduce the crossover time of the toll booth, improving the traffic flow and the driver satisfaction 

 Most importantly, reduce the tremendous manufacturing, operational and maintenance cost of real toll stations. 

RELAB will develop an application that emulates the interface of a toll charging, based upon vehicle type characterisations from the SAFE 
STRIP (truck, car or PTW) using a passive RFID transponder  installed on the vehicle. 

Benefits for the primary actor(s):  

 For the driver/rider: reduce the crossover time of the toll booth, improving the traffic flow and the driver satisfaction. 

 For the Traffic Management Operator: increase traffic efficiency and enable detection of frauds (non conforming vehicles). 

UC 8: Virtual Toll Collection - for non-autonomous vehicles 
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Indicative Scenarios 

Virtual toll collection (for non-autonomous vehicles) 

 The driver/rider enters the vehicle, opens the application and starts driving on the motorway heading a virtual toll gate. 

 The strip close to the virtual toll gate detects, identifies the passing vehicle and sends this information to the RSB. 

 The RSB provides the above data to the C-ITS-S which transmits it to the mobile terminal of the driver/ rider through LTE-4G. 

 Upon receipt of the information, the application for Virtual Toll Collection running on mobile terminal shows a pop-up to inform the driver/rider about 

approaching a virtual tollgate, giving a recommendation to slow down and that an automatic payment will be held in a specific timeframe (the amount of payment 

is also acknowledged). 

 The driver/rider passes over the next strip which is statically configured as virtual toll gate. 

 The strip reads the RFID tag and identifies the vehicle ID which is sent to the RSB. 

 The RSB forwards the information to the C-ITS-S where the toll application part running on C-ITS-S receives the information and processes the payment. 

 The toll application sends the payment status/result directly to the vehicle via LTE/4G communication channels. 
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SAFE STRIP Partner(s): 
CIDAUT 

Target vehicle(s):   
 Equipped vehicles 

 Non-equipped vehicles 

Primary actor(s):  
 

 Drivers 
of 

Equipped & non-equipped vehicles 

Type of vehicle(s):  
 Passenger cars 

Traffic environment:  
 Urban 

Brief description: 

The application optimises the available parking space. It provides information to the users about the availability and location of 

free parking lots. The application also includes payment capability through the mobile. Two scenarios are considered, parking 

with numbered places and street parking.  This second scenario is at the same time split in two: free of charge parking and 

regulated parking. 

Benefits for the primary actor(s):  

 The user minimizes the parking searching time and simplifies the payment process.  

 The parking manager offers an innovative product thanks to the booking application and an easier payment system so it 

gets a competitive advantage. 

UC 9: Parking booking and charging 
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Indicative Scenarios 

Numbered parking with payment 

 The driver is looking for a parking slot, he/she opens the application for parking 

booking and charging to find out about the availability and request for a parking 

place. 

 The information for request is sent to the C-ITS-S and from there to the parking 

operator. 

 The strip (located in the parking zone) sends information to the RSB about 

availability of parking places, from there to the C-ITS-S and the parking operator. 

 The parking operator, upon the information received by the strips, issues the 

answer for the driver regarding the availability of parking lots. The information is 

sent from the operator site to the C-ITS-S of SAFE STRIP. 

 C-ITS-S sends the information back to the driver mobile terminal and upon receipt 

of the information, the driver makes the booking through the app. 

 The booking information is sent through to the C-ITS-S and from there to the 

parking operator whose confirmation is sent back to the C-ITS-S and from there to 

the mobile terminal of the driver. 

 The driver parks in the booked place while the strip records the vehicle ID and 

marks the beginning of the parking time. 

 The information is sent to the RSB and from the to the parking operator about the 

occupied space. 

 After the desired parking time has passed the strip marks the end of the parking 

time, sends this information to the operator and the respective charging 

information is sent to the C-ITS-S and from there to the mobile terminal of the 

driver. 

 The charging transaction is accomplished from the mobile terminal of the driver. 
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Indicative Scenarios 

Street Parking 

 The driver is looking for a parking slot, he/she opens the application for parking 

booking and charging to find out about the availability and request for a parking 

place in the zone. 

 The information for request is sent to the C-ITS-S.  

 The strip (located in the parking zone) sends information to the RSB (through ITS-

G5) about availability of parking places and from there to the C-ITS-S. 

 The C-ITS-S, upon the information received by the strips, issues the answer for the 

driver regarding the availability of parking lots. 

 C-ITS-S sends the information back to the driver mobile terminal. 

 The driver is addressed by the application to the free lot parking and when the 

vehicle is parked the strip status is updated to ‘’occupied’’. 

 When the vehicle parks out the strip status is again updated to ‘’available’’. 


