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Executive Summary  

SAFE STRIP aims to introduce a disruptive technology that aims to achieve to enable 

C-ITS applications through utilisation of the existing road infrastructure, including 

novel I2X and V2X, as well as VMS functions. This is aimed to be achieved via low-

cost, integrated strips on the road pavement coupled with a cooperative communication 

framework. The goal is to make roads self-explanatory and forgiving for all road users 

(cars, trucks 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.  

Since the first year of the project, it has been decided that the vast potential of SAFE 

STRIP will be demonstrated through 12 Functions reflecting specific applications (or 

applications clusters) as follows:  

1. Mobile Cooperative safety function 

2. In-vehicle Cooperative safety function 

3. Road wear level and predictive road maintenance 

4. In-vehicle application for rail crossing and road works safety function 

5. Mobile application for rail crossing and road works safety function 

6. In-vehicle application for merging and intersection Support (e2Call)  

7. Mobile application for merging and intersection Support (e2Call) 

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

Information 

9. Mobile application for personalised VMS/VDS and Traffic Centre Information 

10. Autonomous vehicles support 

11. Application for Virtual Toll Collection 

12. Application for parking booking and charging 

The current Deliverable, entitled D6.3: Pilot results consolidation & Impact analysis is 

prepared in the context of WP6: User trials and summarises the pilot tests that have 

been conducted in three countries across Europe. In specific, trials have been conducted 

in A22 and Attikes Diadromes motorways in Italy and Greece respectively, as well as 

in CIDAUT premises in Spain. Some additional trials have been conducted also in 

Thessaloniki and France.  

Pilots execution has been based on the process that is described in the experimental 

plans of D6.2. Pilot results included in this Deliverable encompass system performance 

results, driver performance results and subjective results emerging through pre- and 

post- surveys and focus groups. Finally, a full impact assessment across safety, mobility 

traffic efficiency, environmental impacts and cost-efficiency has been carried out and 

included in this Deliverable.  

The trials, entailed in two rounds, started in Greece in December 2019 and ended in 

Greece again in July 2020. The COVID-19 pandemic and the subsequent lockdown in 

all European countries affected the test plans. A 4-month extension was granted by the 

EU, so that additional time could be provided to overcome lockdowns in Italy, Spain 

and Greece and to carry out testing to a satisfactory level.  
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Chapter 1 of this document introduces this document purpose, intended audience and 

interrelations, Chapter 2 gives and overview of the experimental planning, the logging 

mechanisms applied, the pilot process and path across the sites, as well as the challenges 

faced, the optimization processes and the lessons learned. Chapter 3 describes the 

results of the pilots including the system performance results, the driver performance 

results and the subjective results; all in their aggregated form. Chapter 4 summarises 

the results of the focus grous and the final event, whilst Chapter 5 demonstrates 

additional outcomes regarding the automated functions, the road pavement monitoring 

and the energy consumption. Chapter 6 summarises the impact assessment results, 

being supported by Annex 1 details, and, finally, Chapter 7 concludes the deliverable.  

Benefits have been revealed for both equipped and non-equipped vehicles, whereas all 

applications were accepted – at least to a moderate degree – by the users. SAFE STRIP 

Impact Assessment determined and measured (quantitatively or qualitatively) all 

changes to be brought by the project, and explored the possible impacts that different 

deployment scenarios will cause. With the Impact Assessment carried out, it has been 

made feasible to evaluate how it would affect safety, efficiency, mobility and 

environment and what would that mean in cost for user and operators. 

SAFE STRIP technologies support the driver/rider in the most critical and dangerous 

circumstances that may occur in a highway and urban environments, improving 

additionally drivers’/riders’ comfort and Quality of Life by getting personalised info 

in their language and according to their tasks. SAFE STRIP promotes equity on the 

road; non-equipped and low budget vehicles will be able to have low-cost access to 

safety and comfort functions that were so far available only in high-cost vehicles and 

could not be enjoyed by drivers/riders that need these functionalities. 

Concerning the impact on safety, the implementation of the SAFE STRIP functions 

provides a significant reduction of injuries due to the accidents avoided, or at least, 

due to a reduction of their severity. The reduction rate of the injuries depends on the 

frequency of the accidents that are avoided, and the characteristics and number of road 

infrastructures that implement them. Even reaching relatively low penetration rates 

(10%), it has been established that fatal accidents on highways can be reduced between 

6% and 9%. As SAFE STRIP functions implementation becomes more extensive 

(higher indices of penetration), the injuries reduction rate also reaches even higher 

values. In specific traffic scenarios, where the degree of penetration of the functions 

can be very high, the reduction of fatal injuries can exceed 55% (road work zones, 

rail crossing, etc.). 

Traffic efficiency (traffic volume, speed and density) of SAFE STRIP system was 

estimated by means of micro-simulation traffic models running on SUMO software. 

Therefore, the effects of SAFE STRIP (applicable) functions on vehicle traffic across 

different scenarios, evaluating their impact on the parameters related with mobility and 

traffic efficiency, were estimated employing micro-simulation traffic models 

(identifying the variations on the traffic variables, comparing previous (existing) and 

after situations). According to the traffic simulation results, SAFE STRIP functions 

analyzed improve the average speed (km/h) and the traffic volume (veh/h). 

Additionally, SAFE STRIP functions reduce the driving time (seconds) and the traffic 

density (veh/km), and the queue size (vehicles) where this variable is applied (toll 

station and road works zones. 
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A significant improvement of the environment could be achieved by means of the 

introduction of the SAFE STRIP functions, reducing the emissions of pollutants and 

the fuel consumption. 

SAFE STRIP applications are perceived by stakeholders as an innovative solution 

which bets for the integration of each strata of society. At the same time, it makes easy 

C-ITS integration and opens new working lines which will have an impact on 

European competitiveness. SAFE STRIP seems to serve as an enabling technology 

for the authorities to apply new legislation measures on road safety but, also, for the 

infrastructure operators who showed great interest in working in collaboration schemes 

to achieve the required penetration of such technology. 

From the point of view of road infrastructure operators, implementation of SAFE 

STRIP strips as personalised VMS or Virtual tolling systems, supposes a reduction of 

investment and exploitation cost of up to 90% compared to current systems. 

Employment of the SAFE STRIP strips as element of a smart parking system implies a 

good investment from a parking operator point of view. Additionally, from a road 

predictive maintenance point of view, the implementation of SAFE STRIP devices, as 

system for evaluation of the road pavement structural condition, implies overall life-

cycle savings of 30%. 

As main conclusion of the cost-benefit analysis, it is confirmed that all SAFE STRIP 

functions are beneficial to society. Some SAFE STRIP functions are beneficial 

immediately after their deployment. Other need more time to achieve the anticipated 

social benefits, but this is also achieved quickly respectively. 
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1 Introduction  

1.1 Purpose of the Document 

This document is prepared in WP6: User Trials and, in specific, in A6.3: “Pilot results 

consolidation” and A6.4 “A6.4: Impact assessment” and aims to present the outcomes 

of the user trials that were conducted in the SAFE STRIP project across 2 pilot rounds 

in 3 different test sites, namely A22 and Attiki Odos motorways and CIDAUT closed 

premises in Spain. Additional testing was also conducted in Thessaloniki, at 

CERTH/HIT premises to counterbalance pending tests due to COVID-19 as much as 

possible.  

1.2 Intended audience 

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

web site Library. The current deliverable, apart from informing about the SAFE STRIP 

solution performance and acceptance, can prove to be of interest of relevant initiatives 

dealing with evaluation of C-ITS.  

1.3 Interrelations  

This Deliverable is related to the technical validation plans of WP5 (D5.4 and D5.5). 

Whereas WP5 focuses on all different technical validation aspects of the project, WP6 

focuses solely on the user trials of the system. The evaluation was performed on the 

basis of the D6.2: Final report on Pilot framework and plans and it has fed among other 

the application guidelines of WP7.  
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2 Pilot planning, process and execution  

2.1 SAFE STRIP iterative evaluation overall planning & deviations   

The full validation plan is provided in D6.2: Final report on Pilot framework and plans. 

Still, pilot tests were finallt carried out with variations from the original plan, as 

described below: 
 

 

Figure 1: Final Schedule of SAFE STRIP iterative pilot testing.  

As shown above, the main dates and events have been as follows: 

 Greek final technical validation round and first user tests in ATTD: M31-M32 

 Italian technical validation in A22: M33  

 Italian first and second round of user tests (iterative) in A22: M34-M35  

 Spanish user trials (in the context of the 2nd round) in CIDAUT: M37-M38 

 Greek re-tuning and final user-trials in Thessaloniki (CERTH premises) & 

ATTD: M38-M39 

The pilots have been performed following the updated timing, as evident in Figure 1. 

The deviation with respect to the original planning was due to a series of technical 

challenges, and, finally, due to COVID. User tests completion has been the key reason 

the project has asked for a project extension. Still, and despite the fact that Partners 

have done their best to follow the challenging plan as much as possible, there have been 

some deviations with what is reported to D6.2. The key deviations are as follows:  

1. As mentioned, the first key deviation is the timing of the trials. The user tests 

were shifted and finally ended at M40 vs M33 that was foreseen initially.   

2. The second deviation refers to some slight reallocation of the scenarios that 

would be tested in each site vs the original plan in D6.2. The final one is depicted 

in section 2.2. The re-allocation was done mainly to exploit in the best possible 

way the time left as well as due to the fact that travelling was not allowed which 

implied that some scenarios could not be tested due to the non-physical presence 

of some Partners. 

3. Another deviation refers to the number of users testing SAFE STRIP. Thus vs 

the numbers that were planned in the context of D6.2, the numbers noted in 

section 2.3 were reached.  

4. Another deviation refers to the assessment of the automated functions by 

VALEO. COVID-19 did not allow the travelling of VALEO personnel – with 

their demonstrators – to Spain, as it was anticipated. Thus, only an 

interoperability testing was performed and, in turn, on the basis of the collected 

data, simulated tests were performed by VALEO in their premises – see 

section 5.1 for more; details are reported in D4.8.  

5. Another deviation is the fact that some additional fine-tuning was made in 

Thessaloniki before the final tests in Athens and after the tests in Spain. Still, 

the cause was to check and fine-tune all equipment and vehicles before the final 
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tests in the motorway to be on the safe side. And, also, conduct some pending 

tests– at CERTH premises – that were not feasible to test in other sites as well 

as in ATTD.  

6. According to the original plan, the strips installed for the last time in Athens, in 

the second pilots, would be painted to the infrastructure with SWARCO. Still, 

again due to COVID-19, traveling of SWARCO could not take place. As such, 

the strips were installed of course as in all sites, but not painted. Instead, a static 

demonstrator was prepared and demonstrated in the final event.  

7. During the final tests in ATTD, the PIAGIO demonstrator of CERTH/HIT was 

broken. Thus, the “equipped” scenarios for motorcycle could not go on.  

8. The railway testing in coordination with SAFER-LC could not be realised in 

field. The service was no longer available at the time of testing. Still, the 

application was developed and tested in CERTH premises in Thessaloniki from 

a technical point of view. Results are included in D6.3.  

9. The time restrictions in ATTD testing in the final round did not also allow 

testing of the personalisation scenarios. Still, UNITN performed limited 

simulation assessment on the basis of recorded data. Results are included in 

section 3.2. 

10. CRF did not exploit their test tracks; all Italian testing has been merged and 

conducted in Trento, in A22 motorway. No additional value would have been 

achieved from the installation of the strips in two different Italian test-sites. This 

would have cost additional delay in the project and more resources from all the 

partners, considering the delay accumulated throughout the project due to the 

technical challenges that have been faced.  The entire consortium has benefited 

from a unique Italian test site, because we have limited the installation effort to 

one test site focusing the effort to the technical test round and the user trials. 

Still, despite the above deviations and all challenges encountered, SAFE STRIP was 

transferred and tested in all anticipated tests. Starting from Athens in ATTD, then 

moved to Trento in Italy, then to Spain in CIDAUT premises (after an interruption due 

to COVID-19), then to Thessaloniki, and, finally to Athens, ATTD (and back to 

Thessaloniki). The system has been tested in operational context, as foreseen in ATTD 

and A22 motorways, all scenarios were covered and the CERTH/HIT demonstrators 

moved forth and back from Spain. The system was iteratively optimized, despite a 

series of failures of all types that took place in between, to reach its greater performance 

in the final round of tests in Athens and the final demonstration event. The logging 

mechanisms were applied and enough data was recorded to accommodate the impact 

assessment and the system performance analysis (see section 2.4 for more). Finally, all 

focus groups events were realized as planned in each site, with the final event 

constituting at the same time, the Greek one (see section 4 for more).  
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Figure 2: SAFE STRIP travelling around Europe.  

2.2 SAFE STRIP mobile “test bed” travelling around Europe  

For the pilot needs in Italy, Spain and Greece, different approaches for the ORUs and 

the powering of the RSBs were adopted. This strategic change was made for several 

reasons, but mainly to reduce the equipment volume during transport, to allow fix 

interventions in failure cases, and to minimize potential errors by applying simpler 

solutions. To this end, the electronic parts of the ORU that initially were placed inside 

the strip (this futuristic ORU versions was also implemented in limited number), were 

placed in a small box (ORU box) located next to the strips (that still host the RFID 

antenna and the VDIS switches) at the road-side. Thus, modules could be replaced, 

reprogrammed etc. in contrast to the previous design (elements inside the resin), in case 

of malfunction. Finally, a compact version of the RSB powering pillar was provided 

(unlike the harvesters version which is big for multiple transfers, the one provided was 

a small box), equipped with an energy meter to get the real energy consumption of the 

RSB. The design for the harvesters’ version does not rely on the real consumption but 

on the maximum requirements of the equipment referred to the specification manuals. 

Hence, for the three pilot locations and the different application scenarios, the following 

list of the SAFE STRIP integrated platform elements (also depicted below) were 

constructed: 

 8 SAFE STRIP strips of 4 parts each (32 pieces in total). The 2 out of 4 were 

equipped with the RFID antenna (see Figure 3). 

 8 SAFE STRIP ORU boxes 

 3 compact RSB powering pillars and 1 with harvesters (used initially in Athens pilot 

and replaced, which is depicted in the installation manual) (see Figure 5). 
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 3 RSBs  (see Figure 6). 

Figure 3: SAFE STRIP strip with 4 parts. 

Figure 4: ORU box. 

Figure 5: RSB power supply unit. 

 

Figure 6: RSB communication and sensing modules. 
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The relevant installation manual for all equipment is available in Annex 6 of D6.2.  

2.3 Overview of evaluation conducted  

The number of drivers, riders and infrastructure operators that did test the SAFE STRIP 

system across the test sites and the different phases are as follows:  

1. Greece 1st Phase: 5 drivers (CERTH/HIT), 5 riders (CERTH/HIT), 2 operators 

(ATTD)  

2. Italy 1st Phase: 7 drivers, 4 operators  

3. Italy 2nd Phase: 12 drivers (CRF personnel), 3 riders (PIAGGIO personnel), 2 

passengers of CIDAUT and 2 passengers of ATTD attended in addition and in 

addition 2 VALEO drivers drove their demonstrator in the context of the 

interoperability testing 

4. Spain 2nd phase: 10 drivers, 6 riders  

5. Greece 2nd phase: 20 drivers (CERTH/HIT & ATTD), 10 riders (CERTH/HIT 

& ATTD), 4 operators from ATTD (in addition, 11 drivers only for the 

intersection scenario in Thessaloniki) 

The following table depicts which scenarios were finally – after all adjustments made - 

tested in which sites in each round. The full experimental process is described in very 

much detail in D6.2 and, as such, it is not repeated herein. It is worth mentioning also 

that in the 1st round, only event diaries were completed by the participants. Also, as it 

has been mentioned also in section 2.6, while the number of iterations until the Spanish 

pilots were determined to be 3 per scenario, it was the decided to increase them to 10 

per scenario in order to have a richer performance data pool.   

Despite the challenges emerging as of COVID-19, an attempt was made that the vast 

majority of the scenarios would be tested in at least one test site. Also, due to the several 

implications caused that did not allow physical presence of attendees, it was also 

decided that the Italian site would focus on the equipped scenarios and the Spanish site 

on the non-equipped ones. The Greek site to both. As it can be seen in the following 

table, there are a few only scenarios not covered and no application that is not covered 

at all.  

Table 1: Overview of final testing held across test sites.  

No SAFE STRIP 

function  

Evaluation 

Scenarios (ES)
1
 

Test Sites 

Greece -

ATTD 

Italy – A22 Spain - 

CIDAUT 

1.  Mobile 

Cooperative 
safety function 

ES1.1: Virtual VRU 

protection 
(Pedestrian prompt 

to cross the zebra 

crossing with 
stopped vehicle) 

√ (drivers & 

riders) 

√ (riders) √ (drivers 

& riders) 

                                                             

 

 

1 Evaluation scenarios are described in detail in D6.2.  
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No SAFE STRIP 

function  

Evaluation 

Scenarios (ES)
1
 

Test Sites 

Greece -

ATTD 

Italy – A22 Spain - 

CIDAUT 

ES1.2: Wrong Way 

Driving   

√ (drivers & 

riders) 

√ (riders) √ (drivers 

& riders) 

2.  In-vehicle 
Cooperative 

safety function 

ES2.1: VRU 
protection 

(Pedestrian prompt 

to cross the zebra 
crossing with 

stopped vehicle)  

√ (drivers & 

riders) 
√ (drivers & 

passengers) 
 

ES2.2: Wrong Way 

Driving   

√ (drivers & 

riders) 

√ (drivers & 

passengers) 

 

3.  Road wear 

level and 
predictive 

road 

maintenance 

ES3: Road wear 

level and predictive 

road maintenance 

√ 

(operators) 

√ (operators) √ 

(operators) 

4.  In-vehicle 
application for 

rail crossing 

and road 
works safety 

function  

ES4.1: Work zone 

detection  

√(drivers & 

riders) 

√ (drivers & 

passengers) 
 

ES4.2: Work zone 

detection with more 

than one vehicles 

- - - 

ES4.3: Railway 

crossing detection 

- - - 

5.  Mobile 
application for 

rail crossing 

and road 

works safety 
function  

ES5.1: Work zone 

detection  

√(drivers & 

riders) 
√ (riders) √ (drivers 

& riders) 

ES5.2: Work zone 
detection with more 

than one vehicles 

  √ (drivers) 

ES5.3: Railway 

crossing detection 

- - - 

6.  In-vehicle 

application for 
merging and 

intersection 

Support 
(e2Call)  

ES6.1: Urban 

intersection  

 √ (drivers)  

ES6.2: Motorway 

exit 
- - - 

7.  Mobile 

application for 

merging and 
intersection 

Support 

(e2Call)  

ES7.1: Urban 

intersection  

√ (drivers)   

ES7.2: Motorway 

exit 

  √ (drivers 

& riders) 

8.  In-vehicle 
application for 

personalised 

ES8.1: Virtual 
VMS 1 – Critical 

case 

√(drivers,  

riders, 

operators) 

√ (drivers & 

passengers) 
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No SAFE STRIP 

function  

Evaluation 

Scenarios (ES)
1
 

Test Sites 

Greece -

ATTD 

Italy – A22 Spain - 

CIDAUT 

VMS/VDS 

and Traffic 

Centre 
Information  

ES8.2: Virtual 

VMS 2 – Critical 

case  

√(drivers,  

riders, 

operators) 

  

ES8.3: Virtual 

VMS 2 – Non- 

Critical case 

√(drivers,  

riders, 

operators) 

  

9.  Mobile 

application for 

personalised 

VMS/VDS 
and Traffic 

Centre 

Information  

ES9.1: Virtual 

VMS 1 – Critical 

case 

√(drivers,  

riders, 

operators) 

 √(drivers,  

riders, 

operators) 

ES9.2: Virtual 
VMS 2 – Critical 

case  

√(drivers,  

riders, 

operators) 

 √(drivers,  

riders, 

operators) 

ES9.3: Virtual 
VMS 2 – Non- 

Critical case 

√(drivers,  

riders, 

operators) 

 √(drivers,  

riders, 

operators) 

10.  Autonomous 
vehicles 

support  

ES10.1: Dynamic 
trajectory 

estimation for 

automated vehicles 
/ ego lane trajectory 

information  

 √ (drivers, 
interoperability 

testing) 

 

ES10.2: Definition 

of lane-level virtual 

corridors  

 √ (simulation at 

VALEO) 

 

ES10.3: Tollgates 

management  
 √ (simulation at 

VALEO) 
 

ES10.4: Work 

zones detection  
 √ (simulation at 

VALEO) 
 

11.  Application 

for Virtual 

Toll Collection  

ES11.1: Virtual 

Toll Collection  

  √(drivers,  

riders, 

operators) 

ES11.2: Virtual 

Toll Collection with 
two different types 

of vehicles 

- - - 

12.  Application 

for parking 

booking and 
charging 

ES12.1: Numbered 

parking with 

payment 

  √ (drivers, 

riders, 

operators) 

ES12.2: Free of 

charge parking  
- - - 
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No SAFE STRIP 

function  

Evaluation 

Scenarios (ES)
1
 

Test Sites 

Greece -

ATTD 

Italy – A22 Spain - 

CIDAUT 

ES12.3: Regulated 

parking (blue zone) 

- - - 

13.  Personalisation    √ (with 

simulations) 

 

 

2.4 Logging Mechanisms 

The SAFE STRIP system consists of several different entities, operating in different 

devices (ORU, RSB, OBU, server running the MQTT broker, servers running 

application services, end devices running HMI application). The project’s integrated 

solution can be only operational given the reliable function and inter-communication 

of all corresponding units. In order for the project to be correctly evaluated, a logging 

mechanism was proposed that offered a sense of compatibility among the entities and 

that could more easily relate time-relevant logs during the evaluation process. The 

overall picture is provided in D6.2 already; still below more details follow on how 

logging was actually applied.  

In pilot sites the common procedure of a user test run started with the selection of the 

fields shown in Table 2.  

Table 2: User selection fields. 

User Selection 

Field 

Input Method Description 

Scenario ID Drop down list An ID that describes the use case scenario that is 

going to be tested 

User ID Editable text An ID that denotes the user who is going to run the 

test (driver of the vehicle) 

Station ID Editable text The Station ID of the vehicle that the user will drive 

in the test 

All the above fields, together with the timestamp of the test run are perfectly capable to 

describe the current test and distinguish it from all other relative tests in the past or 

future. Therefore, these exact fields, together with a timestamp and the logging entity, 

can also be used in SAFE STRIP’s logs’ naming process to produce more meaningful 

results.  

In SAFE STRIP, the only existing user interface is the HMI application that runs in 

most cases on a smartphone or on a respective on-board device. Prior to each test run, 

the driver, with the help of the test conductor, fills the information described in   

Table 2 and initiates the test by pressing the start button in the HMI application. By 

that, the HMI application is triggered to publish a string message to the SAFE STRIP’s 

cloud MQTT broker with the following structure:  

“action,scenarioID,UserID,StationID” 

where action can take the values below 
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action = “1”, SAFE STRIP logging must start, 

action = “0”, SAFE STRIP logging must stop. 

and all the other fields are strings with values exactly as described in Table 2.  

The start/ stop log message is published in the MQTT topic: 

“SafeStrip/LOG/” 

All SAFE STRIP modules that are responsible for any kind of logging are obliged to 

subscribe to this topic and regulate their logging according to the action command. The 

information contained in the message is recommended to be used in the naming 

procedure of the newly created log files, together with the MQTT message reception 

timestamp in a UTC Date/Time human recognizable format and a section that describes 

the kind of information that is going to be logged in the file and with the different 

information values separated by an underscore character “_”.  Table 3 shows the 

different sections that are used in the log file naming process. 

Table 3: Log file naming process. 

Log file name field Remarks 

Scenario ID Selected by the driver/rider on the HMI application 

Logger module Describes the entity that is performing the logging and the type 

of contained information 

User ID Selected by the driver/rider on the HMI application 

Station ID Selected by the driver/rider on the HMI application 

UTC Timestamp The start logging message UTC timestamp in a human readable 

format 

(e.g. “YYYY-MM-DDTHH-MM-SS”) 

  

Table 4 contains an example of the naming of the log that the HMI application creates, 

for the recording of all receiving HMIinputsByApp_active messages in a case of VMS 

low visibility use case scenario.  

Table 4: Example of log naming. 

Log file name 

field 

Value Remarks 

Scenario ID ES9.3 A unique identifier for the VMS low 

visibility scenario 

Logger 

module 

HMI_ 

HMIinputsByApp_active 

HMI is the logger and contains 

HMIinputsByApp_active message data 

User ID 113 An identifier of the vehicle user 

(driver/rider) 

Station ID 401 An identifier of the used vehicle 

UTC 

Timestamp 

2020-06-09T11-34-41 The event took place on 11:34:41, 9 June 

2020 
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Produced log name: “ES9.3_HMI_ HMIinputsByApp_active_113_401_2020-06-09T11-34-

41.csv” 

 

In the example of Table 4, the log file contains row entries of MIinputsByApp_active 

message with every individual field of the message separated by a coma, hence the csv 

(coma separated values) type of the file.  Every log file should contain entries with 

information data combined with a UTC timestamp (in the form of milliseconds since 

01 January 1970 – Unix epoch) that marks the exact time of the corresponding message 

logging. 

University of Trento (UNITN) has developed a logging service that is connected to the 

SAFE STRIP’s MQTT broker, subscribed to all SAFE STRIP relevant topics and logs 

all transferred via MQTT messages. The RSB is responsible for logging all ORU 

transmitted messages since the ORU devices do not have the processing/storage 

capabilities to do that. The HMI application is responsible for logging all the 

HMIinputsByApp_active received messages. All other application owners are 

responsible to log any information that is critical for reliably evaluating the project’s 

pilot test runs.  

2.5 Pilot process  

The description of the test sites is provided in D5.4: Test sites set-up and experimental 

technical validation plan. As such, it is not repeated herein in detail. Also, the 

installation process followed across the test sites has been described in D5.2: Final 

Infrastructure integration report. Still, the process that was followed in each site as 

well as the challenges that were faced and the optimisation that followed are provided 

in the following sections. The issues faced during the technical walkthrough that 

preceded each user trial round in each site are also addressed. Also, the lessons learned 

from site to site are also highlighted.  

 

It should be stressed here that the process followed specifically for the installation 

in view of the Pilots is not necessarily the typical process that should be followed 

under a commercial deployment. Still, it was an inevitable process considering the 

specificities of the pilot operation.   

2.5.1 Attikes Diadromes (ATTD), Greece – 1st round  

Attiki Odos is the 70km long urban motorway bi-directionally separated by dual 

carriageways, each consisting for most of its length of three lanes and an emergency 

lane (hard shoulder). Attiki Odos is a modern motorway, connecting 28 municipalities 

of the Athens Metropolitan Area and it meets the transportation needs of millions of 

people every year. More than 230.000 motorists use Attiki Odos every day for their 

transportation needs. Attikes Diadromes S.A is the company which has undertaken the 

operation and routine maintenance of Attiki Odos motorway (Figure 7).  
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Figure 7: Attiki Odos Map. 

Attikes Diadromes is one of the partners in the SAFE STRIP project, and Attiki Odos 

premises served as a pilot test bed. In order to find the best location for the tests, 4 

different locations were examined. The location that was chosen was between the P10,6 

and P11,1 km of Imittos Western Peripheral Motorway, direction to Rafina, just before 

the Y8 (Pallini) exit. The location met the needs of the project partners, namely safety 

of partners and motorists and proximity to Attikes Diadromes premises. The SAFE 

STRIP pilot test area in Attiki Odos premises is depicted in the following figure. The 

strips are marked in blue colour, the acceleration/deceleration zones in red, while the 

RSB positions are shown as yellow squares. 
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Figure 8: The Attiki Odos test site, near Rafina Exit. 

The designated area was closed to traffic (right lane and emergency lane) using traffic 

cones and following all the relevant procedures established in Attikes Diadromes. The 

following precautionary measures were taken in order to ensure the safety of all people: 

 Only the stated pilot participants of the pilot tests and personnel from ATTD 

was present in the closed area and only for the days of the pilot tests. 

 All pilot participants wore reflective jackets at all times while in the closed area. 

 All pilot participants remained within the closed area at all times. 

 Transportation to and from the pilot site was carried out by ATTD personnel 

and vehicles. 

 All pilot participants drove the vehicles that took part in the pilot activities with 

care, without going outside the designated area’s boundaries, to ensure the 

safety of the participants and of the Attiki Odos users. 

Personnel from CERTH/HIT, CERTH/ITI, CTI, UNITN, UPAT and ATTD attended 

the tests. The vehicles used were the LANCIA Thesis and the PIAGGIO – MP3 Hybrid, 

along with one conventional passenger car (Ford Fiesta) from Attikes Diadromes’ fleet 

as a supporting vehicle for some scenarios (e.g. the Wrong Way Driving). Most of the 

equipment was shipped to Attikes Diadromes premises with cargo services. The rest 

was transferred by the participating partners’ personnel. The PIAGGIO – MP3 Hybrid 

was also shipped to Athens with cargo services and was insured for the tests. Lancia 

was driven from Thessaloniki to Athens by CERTH/HIT personnel.  

There has been a series of challenges faced regarding the installation of the system and 

the operational aspects, as this was the first time that the attempt to have the integrated 

system in field and operational was made.  
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It should be noted that all equipment procurement was performed in a short time period, 

so there was limited time to check all components for faults or deficiencies.  

The installation started with the separation of the test area from the traffic using cones 

to protect the staff and the equipment from the passing vehicles. Proper signage was 

installed, warning drivers to reduce speed. The installation of strips was performed on 

time, but the installation of the RSBs took longer than expected due to assembling 

needs.  

Some failures in the strips were presented as of their transport (cracks and 

deformations) and the same happened in some ORU boxes. Moreover, there were some 

failures regarding the communication between the RSBs and the ORUs that delayed the 

installation. Furthermore, the prevailing weather conditions at the time (rain) delayed 

the installation of the systems for some days. All the equipment was protected from the 

rain using plastic covers, but all equipment that could be moved to be protected from 

the rainfall (mainly ORUs and RFID readers) was disconnected and moved to a dry 

place whenever rainfall was heavy, while the cabling was protected with plastic wraps. 

This, in first place, caused a delay in the installation and integration process which was 

rather expected as it was the first time this was tried.  

The tests that followed were also very challenging. It was the first time that all systems 

were put together so that the full system could operate. The system, even though there 

were some delays and communication failures, worked as expected. After these failures 

and delays, the preparation and the installation of the equipment could be performed 

much faster and more easily in the next test rounds and this was the key added value of 

this round. Nevertheless, this first pilot was a great opportunity to test the duration of 

the installation and the communication between the modules and to find any 

malfunctions, so as to not to have the same problems during the next pilot rounds. 

Traffic cones were used to separate the trials lanes from the traffic. Proper signage and 

VMS notifications for speed reduction were also in operation, while a press release 

provided wide-spread information to the motorway users regarding the tests at the 

specific location. Also, traffic levels in the area were not particularly high in December 

2019.  

After the completion of the first round in Attiki Odos, an optimisation period followed 

before moving to Italy. The equipment was shipped with cargo services to Thessaloniki 

and Patras in Greece, to make some improvements prior to being shipped to A22 in 

Italy to perform the tests there. The strips, the RSBs, the multisensors and the cohdas 

were shipped to Thessaloniki, while the ORUs and the power boxes were shipped to 

Patras. The strips and the ORU boxes that presented some failures were fixed and 

switches were reordered and reintegrated for them. Also, UPAT carried out broadening 

of cable channels on strips to ensure proper cable protection and updated the installation 

manual following the experience accumulated from the first round in Greece. Several 

issues were considered to facilitate installation, such as control of temperature during 

installation; use of filling during bolt screwing; additional layer at strips edges during 

installation; abrasion/smoothening of road surface before installation; specific revisited 

guideline for the screwing depth. Regarding the ORUs (manufactured by CTI), 2 out of 

6 of them did not send signal. All improvements were made before the next shipping to 

A22.   
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The system’s range in real traffic situations was a maximum of 35 meters. It worked 

with the 3 RSBs, but it was planned to be checked whether the range could be increased. 

All RSBs (provided by CERTH/ITI) were optimized (one of them did not work at all 

in the first trials) and the installation manual was updated with more detailed 

instructions about the installation and the operation of the RSB. The multisensory 

function was also updated.  

2.5.2 A22, Italy – 1st & 2nd rounds  

The A22 has a length of 314 km and connects Brennero (km 0) to Modena (km 314), 

passing through four regions: Trentino – Alto Adige/South Tyrol, Veneto, Lombardy 

and Emilia Romagna. 

Figure 9: The A22 motorway and motorway exits. 

 

Figure 10: Aerial view of the test site. 

The SAFE STRIP pilot tests in Italy occurred within a closed section of the A22 

motorway, once used as a motorway exit, named Trento Centre. Nowadays, the exit – 

that is adjacent to the correspondent fully operational entry – is permanently closed to 

traffic. 
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All trials were conducted on this stretch of motorway. Thus, although performed within 

a real and adequately equipped motorway environment, the tests did not have to deal 

with traffic-related dangers.  

At the beginning – since motorways by their very nature do not have intersections – it 

was decided that the urban intersection scenario would be tested inside one of the truck 

parking managed by Autostrada del Brennero SpA. Initially Trento North truck parking 

(approximately 8 km from the main test site) was chosen, then it was changed in favor 

of Rovereto South truck parking (approximately 21km from the main test site).  

However, in light of the difficulties emerging while installing the equipment and in 

view of the upcoming pandemic situation, it was deemed appropriate to reconfigure the 

existing layout by using both deceleration lanes so that Trento Centre could host the 

urban intersection scenario too, by uninstalling and reapplying 2 strips only. 

Thus, the final configuration of the strips was chosen in order for the majority of trials 

to be carried out, then uninstalled and reapplied with another layout in the same test site 

so that urban intersection could be tested too. 

For the scenarios that would be tested, a total of 7 strips and 3 RSBs were installed.   

The installation of the Italian pilot lasted 5 five weeks (i.e. one week more than what 

stated in the original plan).  

The 1st week was completely dedicated to the installation of the infrastructure 

components and the preliminary testing activities of all SAFE STRIP applications. 

Since there was a very persistent rainy weather during the first two days, the installation 

of the system was furthermore delayed. The full operation of the integrated system did 

also take time despite the debugging that had preceded in the Athens.  

 

 

Figure 11: Test site layout. 
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At the 31st January, Italy decided to declare a state of emergency after confirmed 

coronavirus cases in the country. In February, eleven municipalities in northern Italy 

were identified as the centres of the two main Italian clusters and placed under 

quarantine. On 4th of March, the Italian government imposed the shutdown of all 

schools and universities nationwide for two weeks as the country reached 100 deaths 

from the outbreak. On 8 March 2020, quarantine was expanded to all of Lombardy and 

14 other northern provinces, and on the following day to all of Italy. Since SAFE STRIP 

trials in Italy were conducted in the midst of the COVID-19 pandemic outbreak, tests 

had to be stopped for 2 days (27 and 28 February) for health-related reasons. 

 

Figure 12: Installation on test site begins at Italina Pilot. 

After the installation of the system, checking of all the h/w components was carried out 

to ensure they were working as expected. Some minor damages occurred in the 

delivery: one RSB had LTE antenna, USB and ETH cables broken, one of the strips 

required soldering of the tape-switch cables. Also, the s/w needed to be configured to 

grant internet connectivity (vai LTE connection) to the RSBs and provide remote access 

to the test site. This was essential to run all the testing scenarios, to perform the 

debugging operations and to collect the logging data for post-processing analysis. 

In Figure 15, the s/w architecture installed for the Italian pilot operations is reported. 

The system was composed by the RSBs, including the Cohda Wireless V2X 

communication unit responsible to communicate with the Equipped Vehicles via ITS-

G5 standard, 1 Router and a Raspberry module (to provide additional external LTE 

connectivity that has been used to provide remote access to the RSB local area network 

for running the tests, debugging and download the logging data and as back-up channel 

in case of problems with the communication of one the RSBs). 

The best location for the RSBs, the ORUs and all the strips needed to be identified. The 

layout has already been described in D5.2, but some modifications on the height and 

orientation of RSBs have been made after measuring the actual link quality of the BLE 

channel. The maximum communication distance between RSBs and ORUs in the 

Italian pilot was below 40[m]. Each RSB could communicate with up to 4 ORUs during 

the Italian pilot operations. 

Then, the basic testing of the SAFE STRIP enablers was perfored: proper detection of 

the vehicles driving on top of the strips, correct data-format for both Equipped and Non-

Equipped vehicles, interoperability testing between demonstrators. 
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Figure 13: CRF and Piaggio testing. 

The 2nd and 3rd weeks were dedicated to the 1st technical validation round. 

5 demonstrators were available on the test site: Equipped vehicles: Fiat 500L and Fiat 

500X passenger cars (CRF demonstrators), Non-Equipped vehicles: Piaggio Beverly 

300 and (semi-equipped) Piaggio MP3 500 PTWs (PIAGGIO demonstrators) and 1 

Autonomous vehicle: Valeo Cruise4U (VALEO demonstrator). The calibration of the 

system and the debugging of the applications took more time than expected. The 

calibration of the system and the debugging of the applications took more time than 

expected. 

The 4th week was dedicated to the 2nd  validation round. 4 demonstrators were available 

on the test site: 2 Equipped vehicle: Fiat 500L and Fiat 500X (CRF demonstrators), 2 

Non-Equipped vehicles: Piaggio Beverly 300 and (semi-equipped) Piaggio MP3 500 

PTWs (PIAGGIO demonstrators).  

The 2nd testing iteration in Italy was more focused on the Equipped vehicles scenarios. 

The 5th week was dedicated to the testing activities of the Intersection scenario. The 

intersection scenario has required the modification of the layout of the strips (see 

following figure).   

 

 

Figure 14: Test site layout - Urban Intersection scenario. 
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 Figure 15: Final position of RSBs and ORUs in the Italian pilot. 
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Table 5: Final position of RSBs and ORUs in the Italian pilot. 

NAME MAC BLE Operational LAT LON NAME MAC BLE Operational LAT LON 

ORU_1 F0:06:D2:24:28:36 Y 46.07748603 11.10800010 ORU_5 C2:1E:57:39:F9:59 Y 46.07737142 11.10839918 

ORU_2 F1:A2:DA:26:C1:96 Y 46.07740406 11.10841190 ORU_6 FD:9F:5A:C3:D4:44 Y 46.07712087 11.10974425 

ORU_3 E3:93:05:D3:AF:FA Y 46.07729234 11.10881082 ORU_7 F3:25:79:99:5E:35 Y 46.07732412 11.10882508 

ORU_4 F5:4C:B1:20:52:1D Y 46.07756763 11.10759291 VRU EF:E4:46:66:0D:4B Y 46.07729234 11.10882508 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 16: S/w architecture installed for the Italian pilot operations. 
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The SAFE STRIP system have been proved successfully as a proof of concept during 

the Italian pilot; still several precautions should be adopted to properly launch the entire 

system and perform a successful user-trial.  

First of all, as already mentioned, some minor damages occurred in the delivery: one 

RSB had LTE antenna, USB and ETH cables broken, one of the strips required 

soldering of the tape-switch cables. Where the resin channels showed no space for 

fitting the cables without overlapping them, a milling machine was used to carve the 

resin and gain more space as well as round some dangerous edges that could damage 

the cables.  

Figure 17: A milling machine is used to round the angles of cracked resin channel. 

As several cables were ruined, a change of insulating coating was necessary: 

1) Cleaning of the resin near the junction of the cables where the sheath was ruined. 

2) 9 pins male connector was cut. 

3) Heatshrink was used to fix the damaged part of the sheath and to provide spare 

coating in case the problem would arise again in Spain. 

4) The numbering and the colouring of the connector was detected. 

5) The connector was cleaned and old wires removed. 

6) All the wires and the heatshrink on each individual wire were welded on the 9 pins 

male connector. 

 

Figure 18: An adhesive, soft material is put on the resin channel to help mitigate the shock of 

vehicles passing on the strips. 
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Whenever it was impossible to create more space for overlapping cables, a cushioning 

was made in order to protect the cables. Subsequently, a layer of strong duct tape was 

unfolded onto the cables in order to protect them. All the equipment was protected from 

the rain using plastic covers, but all equipment that could be moved to be protected 

from the rainfall (mainly ORUs and RFID readers) was disconnected and moved to a 

dry place whenever rainfall was heavy, while the cabling was protected with plastic 

wraps. 

Figure 19: The connectors. 

ORU boxes needed to be removed every night in order to avoid humidity/water 

problems All the equipment was protected from the rain using plastic covers, but all 

equipment that could be moved to be protected from the rainfall (mainly ORUs and 

RFID readers) was disconnected and moved to a dry place whenever rainfall was heavy, 

while the cabling was protected with plastic wraps.  

Strip connectors are not made to be screwed/unscrewed frequently. This created a series 

of issues that were tried to be fixed. Also, it became evident that RFID antennas 

installation needs to be done very carefully – a series of additional guidelines were 

extracted respectively as a lesson learned for the Spanish pilots that would follow.  As 

for example, the fact that RFID box batteries must be charged every 2 days (8 hours/day 

testing). If tension falls below 10V the RFID box will not work. 

It also became evident that the position and orientation of the RSB is crucial for the 

successful communication with the strips. The best position during the Italian pilot was 

obtained collecting the BLE link-quality data after several hours of packet transmission. 

A quicker installation procedure should be developed in the final software release to 

speed-up the process. The position of each strip should be accurately evaluated. In the 

Italian pilot it was computed using RTK GNSS receivers (which are able to provide 

centimetre level accuracy). 

Each strip is composed by several sensors: 8 tape switches, 2 RFID antennas, humidity, 

temperature and gas sensors. During the pilot was not easy to monitor all the data in the 

communication chain. A backup communication channel in addition to the BLE 

message should be introduced to simplify the validation of the system. This was another 

lesson learned. It also turned out that the RSB had some problems decoding the lane 

level positioning detected by the strips. The problem was solved during the 2nd week of 

testing activities. 

Some events like the presence of oil on road, or fog events, have been necessarily 

simulated to trigger the application during the trials. The process has created conflicts 
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between simulated data and real environment value creating inconsistent states between 

the remote service and local data.  

At the end of the Italian pilot, most of the applications were up and running, still some 

applications could not be tested by the users as anticipated due to the some many 

technical and COVID-19 related challenges encountered (the overview of section 2.3 

is the final valid one). 

During the pilots, some failures from the h/w components were identified: 

 The internal LTE communication module of one of the RSB was not working. This 

failure has not created problems during the pilot because the RSB could use the 

external LTE network available as back-up. 

 1 ORU out of 8 was not working. An additional ORU was available during the pilot 

therefore this failure has not created problems during the pilot operations. 

 The RFID antenna of some of the strips was working at limited range (30 

centimetres in respect to 1 meter).  

 Some damages have been spotted on the connectors connecting the strips to the 

ORUs. 

Overall, the system was working as expected without major h/w failures; some 

maintenance work was necessary before installing the equipment again in the Spain test 

site. Some software optimization (including the logging mechanisms) was also required 

for speeding up the post-processing analysis. After the completion of the tests, all the 

equipment was shipped to Spain to CIDAUT premises, in order to perform the tests 

there. 

2.6 CIDAUT, Spain – 2nd round  

Spanish Trials were carried out at CIDAUT’s facilities in Spain. Particularly, in the 

locality of Mojados in the province of Valladolid. The location of the test track is 

detailed in Figure 20. 

 

Figure 20: Location of the Test Track for the Spanish Pilots. 

CIDAUT’s Test Track is a restricted access area that has been designed and built for 

vehicle and infrastructure testing. Thus, CIDAUT’s facilities were adequately equipped 

for the needs of the spanish trials at SAFE STRIP project, allowing to carry out the test 

in a safe and flexible environment. 
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Figure 21: Bird’s-eye view of CIDAUT’s Test Track. 

The test site consisted of two main roads with one kilometre length each, which cross 

each other at 16º. In addition, there is a service road interconnecting all the track and 

making easy the movement around the roads. Spanish Trials employed the central road.  

 

Figure 22: Sight of Test Track from one RSB location. 

The system layout chosen is described in Figure 23. This system configuration allowed 

to carry out the maximum number of tests without changing the strips configuration, 

which is an important time saving resource. 7 strips were installed on the main road and 

two RSBs were suitably located.  
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Figure 23: System Configuration installed. 

The Lancia and Piaggio demonstrators of CERTH/HIT were transferred to Spain fromm 

Greece. Whilst the rest of the equipment was transferred from Italy, which was the 

previous site.  

Due to COVID, Spanish Pilots were stopped until 4th May. In that moment, it was 

impossible to travel for any of the partners involved in the Spanish trials. For this 

reason, important changes were introduced in the original planning, remote assistance 

was arranged with all the partners involved, the tests related to equipped vehicles were 

eliminated from the planning and the number and typology of test for non-equipped 

vehicles were notably increased. In addition, it was agreed to increase the number of 

repetitions for each user and scenario, going from three to ten. Attending to this, a 

rescheduling was performed that led to the conclusion of the Spanish tests in June 2020.  

The most important changes are mainly related to the fact that attending to the initial 

plan, some partners from CERTH (ITI and HIT), University of Trento and CRF were 

going to be present during the installation and/or testing phases of Spanish Pilots. The 

COVID-19 travelling restrictions have changed this scenario, so finally the support of 

the all the partners has been received virtually. It is important to notice that the contact 

mainly between CERTH, UNITN, CRF and Re:lab has been made on a daily basis. 

Still, although the collaboration between partners worked at a very high level, the 

telematics support is always less efficient than physical presense. 

The physical installation run smoothly and on time, thanks to the detailed instructions 

written in the installation manual of D6.2 and the lessons learned from previous rounds. 

The support from Greece and Italy, and the cooperation with CIDAUT’s technicians 

were crucial for solving the different problems.   A complete review of the 

communication installation was needed to fix all the drawbacks found. After that, the 

fine-tuning of the strip detection was needed, in order to ensure reliable results. Each 

of the sensors in the strips were checked to ensure the functionality of the whole system. 

The problems found were solved satisfactorily. Aspects related to vehicle direction, 

vehicle speed and vehicle identification were solved. The set-up was improved to 

increase the range of the different communication devices involved in the trials.  Once 

the installation defects were fixed, a large amount of tests were made in order to 

warranty the consistency of the measures.  

In the first user trials plan, the one created before COVID-19, two different 

configurations were planned for the tests. The first one was compatible with the 

development of seven out of ten scenarios to be performed at CIDAUT, and the second 
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configuration was compatible with eight out of ten. Attending to the restrictions 

overcame due to COVID-19, mainly time constraints and lack of face-to-face support, 

it was decided to modify the initial configuration, in order to be able to reproduce 

Virtual VRU protection and Motorway exit scenarios. In this situation, nine out of ten 

scenarios were possible to be reproduced without changing the configuration of the 

strips. The location of the strips were slightly adapted and, in this way, the number of 

tests was maximized (see following figure).   

 

Figure 24: Old topology (left) vs new topology (right). 

Still, a negative consequence was that the originally planned ES7.1: Urban intersection 

scenario could not be adapted to the new topology and it was not done. For this reason, 

it was done at Thessaloniki (see section 2.7). 

As already mentioned, CIDAUT handled an active alert state due to a global pandemic. 

In spite of the alert state, CIDAUT made the biggest possible effort to carry out the 

Spanish Pilots in the best and safest way. To achieve that, CIDAUT laid several 

hygienic rules down: 

 Antiseptic gel, facial masks, gloves and disposable paper were available and 

their usage was compulsory. 

 A vehicle cleaning methodology was developed. It was executed with each 

driver or rider change. An example of the minimum parts of the car which need 

to be cleaned is in Figure 25.  
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Figure 25: Vehicle Cleaning Areas (impact as of COVID-19). 

In Figure 26, there is an example of the methodology execution. 

 

Figure 26: Cleaning methodology execution (impact as of COVID-19). 

After Spanish Pilots, some useful lessons learned were extracted (and considered in the 

last installation in Athens that followed):   

 Using a fabric cover between the road and the strips is useful. After uninstalling 

strips a visual inspection was carried out, and it was observed that the damage 

suffered by the strips after the vehicles have gone several thousand times over them 

was quite limited.   

 Strip blue connectors of the cables seem to be fragile. Special care is needed while 

screwing or unscrewing. 

 Batteries of ORU (9V) and RFID (12V) must change if voltage falls down under 

8,6V and 10,8V respectively. 

 Sensors, RFID reader and ORU connectors need a periodic revision with the aim of 

detect troubles. 

 Internal cables of RFID module should be checked (screwing the black cable, it is 

possible that the cables inside RFID box could steer with the connector). 

 Minimising strip changeovers is crucial, as the system needs to be set up with each 

change. 

2.7 Thessaloniki, Greece (2nd round) 
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Prior to the final round in Athens, in Attiki Odos highway, the CERTH/HIT research 

vehicles, meaning the Lancia Thesis passenger vehicle and the PIAGGIO MP3 Hybrid 

PTW as well as the strips and RSBs were transferred to Thessaloniki for fine-tuning by 

the CERTH development teams before the final trials. That was deemed necessary after 

the transfer and operation in CIDAUT, Spain. Apart from that, after the conduct of the 

final trials in Athens, all the system pieces were again transferred to Thessaloniki in 

order to test the intersection scenario (ES6.1 & ES7.1) that required an urban-line 

context and, actually, a specific setting (the highway context of ATTD was not 

applicable for this reason) as the originally anticipated respective tests in Spain, 

CIDAUT could not be performed as already mentioned.  as well as the strips and RSBs 

were transferred to Thessaloniki for fine-tuning by the CERTH development teams 

before the final trials. That was deemed necessary after the transfer and operation in 

CIDAUT, Spain. Apart from that, after the conduct of the final trials in Athens, all the 

system pieces were again transferred to Thessaloniki in order to test the intersection 

scenario (ES6.1 & ES7.1) that required an urban-line context and, actually, a specific 

setting (the highway context of ATTD was not applicable for this reason) as the 

originally anticipated respective tests in Spain, CIDAUT could not be performed as 

already mentioned.  

For the sake of this scenario conduct, CERTH/HIT reached a verbal agreement with a 

private company, the “DIY & Home Improvement” shopping center “Praktiker Hellas”, 

that permitted us to use the parking area in the Thessaloniki’s branch, in non – working 

hours where the parking was closed for the people. Obviously permanent installation 

of the infrastructure was not allowed. Everything was installed temporarily at the start 

of the trials and uninstalled at the end of the day.  

A schematic representation of the used area can be seen in Figure 27. Six strips were 

used in total, three for each vehicle path and they were serviced by one RSB located 

near the intersection that covered the whole pilot area. In Figure 28 a satellite image of 

the pilot area with the vehicle paths highlighted is presented.  

 

Figure 27: Schematic representation of the pilot site. 
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Figure 28: Satellite image of the Pilot test site (vehicle paths for urban intersection scenario 

are integrated). 

Prior to the test conduct, a preliminary inspection of the pilot area was performed. On 

that day, strip and RSB installation locations that could facilitate the use case scenario 

that was going to be tested were selected and initial test runs were performed to ensure 

that successful pilots were feasible. Right after, the coming days, the actual pilot runs 

took place that involved two vehicle demonstrators (both of them being BMW i3 that 

played the role of Ego and Opponent vehicle respectively) and eleven pilot users in total 

conducted the trial. Those vehicles were used instead of the other research vehicles of 

HIT, as they were easier to operate in narrow areas. 

The main installation difference from the other pilot sites of SAFE STRIP is that the 

strips were not permanently screwed on the road surface. Since this pilot site was only 

concerned for one use case scenario, all pilots performed their test runs on a single day 

and any accidental strip movements, due to vehicles passing over and them not being 

securely screwed) were rectified after every run. Pictures of the user tests day are 

presented in Figure 29 to Figure 31. 

 

Figure 29: The intersection of the pilot site – Thessaloniki.  
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Figure 30: The Ego vehicle path. 

 

Figure 31: The “acting command center”. 

The Railway crossing detection scenarios for in-vehicle and mobile application (ES4.3 

and ES5.3 respectively) were originally scheduled to be conducted in Spring of 2020 in 

Thessaloniki. The COVID imposed protocols (lockdown) at that time made the trials 

impossible to be performed. These particular scenarios were postponed in order to be 

performed at a later time in summer of 2020. Live train related information was 

supposed to be collected from the Hellenic Railways Organization via a service from 

the EU project SAFER-LC. Unfortunately, this service was cancelled by the 

Organization without notification before the trials can be properly performed. So, it was 

impossible to carry out any real trials at the scheduled pilot area.  
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2.8 Attikes Diadromes (ATTD), Greece  - 2nd round 

The 2nd round of pilot tests was performed in Attiki Odos’ premises in July 2020. The 

location chosen was the same with the one during the 1st round of pilot tests in 

December 2019. The already predefined positions of the strips and the RSBs / 

Multisensors / Cohdas saved time to the installation procedure.  

Due to the COVID-19 pandemic, travelling abroad was restricted to many European 

countries. Only domestic travel was possible to happen. In this way only domestic 

partners attended the pilot tests. Apart from ATTD, personnel from CERTH, CTI and 

UPAT attended the tests. CERTH has been in specific the key integrator for the Greek 

pilots that also performed the full technical walkthrough before the field tests of both 

rounds. 

As in the first round, most of the equipment was shipped to Attikes Diadromes premises 

with cargo services. The rest was transferred by the participating partners’ personnel. 

The participants were transported using the test vehicles and their own cars to the test 

site. For the tests, 3 demonstrators were available on the test site: Lancia – Thesis 

(CERTH/HIT demonstrator), Ford Fiesta (owned by ATTD), PIAGGIO – MP3 Hybrid 

PTW (CERTH/HIT demonstrator). Because of technical issues occurred on PIAGGIO 

MP3 Hybrid PTW, the “equipped” scenarios for motorcycle could not be performed 

any more. Another motorcycle was rented instead that could be used for the non-

equipped scenarios. After the completion of the tests, the equipment was shipped with 

cargo services to Thessaloniki in Greece for the last trials on intersection scenario (see 

previous section). 

This time, there were no serious challenges regarding the installation of the equipment 

for the 2nd round. The knowledge gained from the previous rounds was valuable to the 

partners.  The most serious challenge was that due to the COVID-19 pandemic only a 

few people could attend the tests. This meant that any implications to the installation or 

communication of the modules should be solved with the partners remotely. Traffic 

again imposed a threat to the personnel and equipment on the road. The test area was 

separated from the traffic with cones, and proper signage was installed for remarking 

the test area and forcing drivers to reduce speed. All personnel was wearing reflective 

jackets in order to be seen clearly by drivers on the motorway. Moreover, all pilot 

participants remained within the closed-off area at all times. 
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3 Pilot Results  

3.1 System performance results 

3.1.1 Introduction 

This section presents the aggregated performance results of SAFE STRIP that was 

installed and tested in the project pilot sites. SAFE STRIP is a complicated system that 

combines various telecommunication types and technologies. The simplified 

telecommunications architecture is shown in Figure 32. 

 

 

Figure 32: SAFE STRIP’s simplified telecommunications architecture. 

There are three basic communications technologies in SAFE STRIP: a) Bluetooth Low 

Energy which is used to transfer the VDIS and environmental data form ORU to RSB. 

BLE operates in the ISM unlicensed band and is free to be used by anyone. b) LTE/4G 

which is used for the communications between cloud servers and edge devices. It is the 

typical, widely available cellular type of communications, used by the majority of smart 

and IoT devices. LTE/4G operates in licensed multi-frequency bands can be used by 

any subscribed user. c) V2X which is used for direct communications between RSB 

and vehicles. In this project, the 11p type of V2X communications has been used, which 

operate in the 5.9GHz licenced band and it is not free to be used from not certified users. 

Each type of the communications described above, has different characteristics with 

respect to reliability, packet loss, mean delay and contribute differently to the end-to-

end system performance. 

Besides telecommunications, the SAFE STRIP system also contains several software 

applications running in various places like cloud, vehicles, edge devices, etc. 

Theoretically, software applications affect also the overall system performance. It 

should be noted that from the system performance analysis point of view, the 

applications performance indicator was the execution time of various algorithms and 

procedures and not the time required for i.e. a state machine to generate an output. The 

contribution of the applications execution time in the system’s performance found to be 

negligible compared with telecommunications latencies, because modern computers, 

smartphones and in general the embedded devices have so strong processing power that 

can handle easily SAFE STRIP requirements. 
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3.1.2 Methodology 

The use case scenarios that have been tested and evaluated in the four test tracks, belong 

to different kind of applications and services with respect to their requirements, like 

safety critical applications (Wrong Way Driving, Intersection Collision Warning, etc.) 

commercial and informatic type of applications (Virtual Toll, Virtual VMS, Parking, 

etc.), maintenance type of applications, etc. Although this variety of applications has 

different communication requirements like packet delay, packet loss, communications 

range, power consumption, the communication technologies that have been selected are 

common for all the implemented use case scenarios, without the capability of 

reconfiguring the allocated network resources (like for example in the upcoming 5G 

network). 

Telecommunications affect system performance by two factors: a) the individual 

characteristics of each hop and b) the total number of hops for each end-to-end 

communication path. In the following sections, the telecommunications analysis is 

based on these two parameters. Considering that the telecommunication network is 

always the same for all pilot sites, the use case scenarios have been grouped according 

to their common attributes. 

From the telecommunications point of view, each pilot test in the SAFE STRIP system, 

practically is a time sequence of asynchronously generated events. Each event, triggers 

the exchange of packet data between the modules and sub-modules of the system. The 

telecommunication analysis has been based on the difference between the generation 

and reception time of these events. This time interval includes all the communication 

and processing time by the system modules. The data used for the analysis, are derived 

from the system logging mechanism. The SAFE STRIP’s logging mechanism is 

distributed in various modules like RSB, Cloud, RSU, smart devices, which are 

synchronised in UTC time via GNSS modules, or cellular network providers (see more 

D6.2 on this). 

SAFE STRIP system uses two types of vehicles: a) non-equipped, which are vehicles 

without any type of equipment installed on-board expect of a mobile smart device and 

b) equipped, which have all the necessary equipment on-board to implement V2X 

communications and services standardised by ETSI. Since these two types of vehicle 

have significant differences with respect to their communications implementation, the 

corresponding system performance analysis is separated into different sections. 

3.1.3 Vehicle detection system performance 

In SAFE STRIP the vehicle detection is crucial and the key element for the performance 

of the system. Additionally, the vehicle’s motion parameters like speed, direction and 

position in lane are significant for all applications. In order to evaluate the performance 

of the detection system in the pilot sites, additional expensive perception sensors, like 

LIDARs, RADARs and cameras required to be installed in the field, which was 

impossible. However, these tests had already be conducted during the development and 

validation of the detection system in previous test rounds. There is no reason to consider 

different behaviour of the system in the pilot sites. The performance of the velocity 

detection is shown in Figure 33. 
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Figure 33: Comparison between the detected and the real vehicle’s velocity. 

At the early stage of the project, vehicle’s detection rate was in the range of 70% 

accuracy. The main reason for this performance was the manufacturing tolerances, 

problematic installation, bad cable joints and environmental conditions. By continuous 

rework and fine tuning, the system performance reached the 95% performance accuracy 

in the final pilot site in Athens. 

3.1.4 Performance analysis of equipped vehicles 

From the telecommunications point of view, SAFE STRIP contributes to the equipped 

vehicles with V2X communications quite differently compared with the non-equipped 

with 4G/LTE communications. SAFE STRIP can be also considered as a type of a 

perception system that can detect and track the neighbour vehicles and also can sense 

the environmental conditions. Non-equipped vehicles don’t have themselves the 

capability to evaluate risks and potential dangers. SAFE STRIP fills the gap, by 

gathering all the required information from the road infrastructure, it feeds the 

applications running on cloud, it evaluates potential risks and finally communicates the 

results to the corresponding non-equipped vehicles. The case of the equipped vehicles 

is quite different. This type of vehicles has the ability to calculate risks themselves by 

gathering information from other equipped vehicles or road infrastructure equipment. 

What SAFE STRIP contributes to the equipped vehicles, is to provide additional 

information for their neighbourhood. For example, an equipped vehicle can’t detect a 

non-equipped vehicle coming from wrong direction. This type of information is 

provided by the SAFE STRIP system. SAFE STRIP feeds the C-ITS V2X ecosystem, 

by injecting perceptual and environmental information to the gateway points which are 

the RSBs. This information is then translated to the proper V2X messages and it is 

transferred to the equipped vehicles via dedicated direct communication channels. 

All the tested use case scenarios for equipped vehicles tested in all the pilot sites had 

the same architecture shown in Figure 34.  
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Figure 34: Abstract telecommunication architecture of non-equipped vehicles. 

All the communications to, from and between the equipped vehicles are handled by 

V2X technology. There are two types of V2X direct channels: a) the 11p also known 

as DSRC and b) the 5G-PC5 also known as side links. In SAFE STRIP, the DSRC type 

of direct V2X communications has been used. It is a CSMA-CA type of wireless 

communications, heavily based on the WiFi 11a/ac standards. CSMA-CA type of 

communications are asynchronous where all the client nodes share a common medium. 

DSRC V2X communication is standardized by ETSI to a specific frequency, 

bandwidth, data rate, QoS and mechanisms to resolve contentions and to avoid channel 

flood. So, the latency injected by the V2X communication channel is well 

predetermined and stable over time, with mean time around 150 milliseconds. 

SAFE STRIP uses strips to detect and identify vehicles on the road. This information 

is passed from the strips (ORU) to the RSB, via BLE communications channels in 

advertisement mode of operation. As in the V2X case the latency in the BLE 

communication path is practically always the same and stable over time, with mean 

time around 75 milliseconds. 

For the equipped use cases scenarios there is also a communication path from the TMC 

to the RSB unit. This is used by the operator to inject non-safety critical information to 

the V2X system, like VMS, or Virtual Toll billing information. This communication 

path is based on 4G/LTE technology. The latency caused by this path doesn’t affect the 

system performance, because this information is not an action trigger, but rather the 

payload of V2X messages. 

The analysis of V2X message communication path in SAFE STRIP involves the 

generation of a message by the RSB, the transmission over V2X communication 

channels, the reception by the vehicle’s OBU, the V2X sub-layers processing in the 

OBU, the translation of the message to the corresponding SAFE STRIP message, the 

publication to the local MQTT broker running on the OBU and finally the reception of 

this message by any interesting local subscriber. Figure 35 presents exactly this 

communication latency. The same latency pattern follows all the V2X messages in all 

pilot test sites.   
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Figure 35: End to End V2X message latency in milliseconds 

In conclusion, the system performance for the equipped use cases scenarios, is quite 

stable as it was initially expected and can support all the types of SAFE STRIP 

applications and services. 

3.1.5 Performance analysis of non-equipped vehicles 

As it was mentioned above the scenarios tested in all pilot sites, have been grouped 

according to their common characteristics. These groups are presented in the following 

sections. 

 Use Cases Group A 

This group includes the type of use cases that combine the vehicle detection events with 

fast varying notable incidents in the neighbour environment. This type of incidents are 

necessary preconditions to trigger the execution of the scenario and the moment of their 

detection is critical for vehicle’s safety. It includes the following use cases:  

 ES1.1: Virtual VRU protection of Mobile Cooperative safety function 

 ES1.2: Wrong Way Driving of Mobile Cooperative safety function 

 ES5.1: Work zone detection of Mobile application for rail crossing and road 

works safety function 

 ES5.3: Railway crossing detection of Mobile application for rail crossing and 

road works safety function 

 ES7.1: Urban intersection of Mobile application for merging and intersection 

support. 
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Figure 36: Timeline of events for Group A use cases. 

t1: DENM event detection that denotes the detection of the corresponding event for 

the specific use case. For example, the existence of a pedestrian or a vehicle moving 

in the wrong way. 

t2: time of the DENM event reception by the cloud application. 

t3: time of the vehicle detection event that is sent by the RSB to the cloud.  

t4: time of the vehicle detection event reception by the cloud application. 

t5: time of a message generation by the application (HMIInputByApp). For example, 

time of generation of a collision warning message, a warning clear message, a 

warning level change message, etc. 

t6: time of the visualization of the message in the HMI drivers display. 

Δt12,  Δt34: These time differences contain the telecommunications delay caused by 

the LTE/4G network and the delay from the MQTT broker processing time. 

Δt56 : This time difference contains the telecommunications delay caused by the 

LTE/4G network (starting from cloud), the delay from the MQTT broker processing 

time, the HMI application processing delay and the delay on the visualization device. 

Δte2e : This is the time difference between the detection of the trigger incident and the 

warning of the driver. This is practically the key performance indicator of the system, 

that denotes the overall end-to-end delay. 

 Use Cases Group B 

This group contains the use cases that are based mainly on vehicle detection events and 

may consider at most messages with environmental measurements or map messages 

with non-critical information. For these type of use cases, environmental change 

condition event, usually pre-exists in the system long time before the detection of the 

ego-vehicle and it doesn’t practically affect the system performance from the latency 

point of view. This doesn’t mean that these use cases are not critical. For example, oil 

on road is a safety critical condition, but this information exists in the system quite long 

time before the ego vehicle approaches the dangerous area. It includes the following 

use cases:  
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ES9.1, ES9.2, ES9.3: Virtual VMS – Critical case of Mobile application for 

personalised VMS/VDS and Traffic Centre Information (Heavy Traffic, Liquid on 

road, Low visibility). 

ES11.1: Virtual Toll Collection of Mobile application for Virtual Toll Collection 

ES12.1, ES12.2, ES12.3: Mobile application for parking booking and charging 

 

Figure 37: Timeline of events for Group B use cases. 

t1: time of the vehicle detection event that is sent by the RSB to the cloud.  

t2: time of the vehicle detection event reception by the cloud application. 

t3: time of a message generation by the application (HMIInputByApp). For example, 

time of generation of a collision warning message, a warning clear message, a warning 

level change message, etc. 

t4: time of the visualization of the message in the HMI drivers display. 

Δt12: This time difference contains the telecommunications delay caused by the 

LTE/4G network and the delay from the MQTT broker processing time. 

Δt34 : This time difference contains the telecommunications delay caused by the 

LTE/4G network (starting from cloud), the delay from the MQTT broker processing 

time, the HMI application processing delay and the delay on the visualization device. 

Δte2e : This is the time deference between the detection of the trigger incident and the 

warning of the driver. This is practical the key performance indicator of the system, that 

denotes the overall end-to-end delay. 

 Numerical Results and analysis 

Group A 
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Figure 38: Latency in milliseconds of event messages from RSB to cloud applications. 

 

Figure 39: Latency in milliseconds from cloud applications to HMI. 

 

Figure 40: End-to-End latency in milliseconds from trigger event to HMI. 
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Figure 41: Comparison of Δt34, Δt56, Δte2e. 

Group B 

 

Figure 42: Latency in milliseconds of event messages from RSB to cloud applications. 

 

Figure 43: Latency in milliseconds from cloud applications to HMI. 

 

Figure 44: End-to-End latency in milliseconds from trigger event to HMI 
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Figure 45: Comparison of Δt12, Δt34, Δte2e. 

 Analysis and conclusions 

From the previously presented charts, it is obvious that the dominant factor that affects 

and determines the overall system performance for the non-equipped case of vehicles, 

is the telecommunications latency. The most indicative performance metrics with 

respect to system latency are indicated in Table 6 and Table 7. 

Table 6: SAFE STRIP system overall end-to-end latency. 

Δte2e (msecs) Group A Group B 

Minimum 429 341 

Maximum 3025 2475 

Average 1126 1299 

Deviation 370 347 

 

Table 7: SAFE STRIP single hop latency from RSB to the Cloud broker. 

Δte2e (msecs) Group A Group B 

Minimum 85 100 

Maximum 1214 1200 

Average 625 595 

Deviation 270 251 

 

The services and applications for the non-equipped vehicles applications are based on 

LTE/4G networks. It is shown that from the telecommunications point of view there is 

no practical difference, between the safety critical applications and the non-safety 

applications. However, the impact on the service quality of these applications is very 

different. For the non-critical applications (VVMS, Parking, Virtual Toll, etc.) even the 

maximum end-to-end latency is acceptable with no actual impact on the provided 

service quality. For the safety critical applications like WWD, or VRU protection, the 

case is different. This type of applications requires more strict telecommunications 
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latencies with lower maximum values and more deterministic characteristics with stable 

and predictable QoS. 

In Figure 46, is noticed with the red dotted oval shapes that almost all peak values of 

end to end latency occur in a condition where both RSB to cloud and cloud to HMI 

display (smartphone) communication latencies have high values. Both of these paths of 

communication are affected by the fact that they use LTE channels in one of their 

sections. The RSB (publisher of the StripCAM, DENM etc) and the smartphone 

(subscriber of the HMI active messages) are both connected to the internet via LTE and 

are located in roughly the same area during the pilots. This means that most probably 

they are being serviced by the same LTE provider base stations and a possible network 

traffic overload, even a momentary one, can affect both of them for the same detected 

incident leading to unacceptable end to end latencies for at least the safety applications.   

    

 

 

Figure 46: LTE/4G peak latencies. 

Another factor that affected the overall system performance was the wide geographical 

spread of the servers hosting the applications. SAFE STRIP is a heavily distributed 

system and many modules and sub systems have been developed by different partners. 

All these modules have been virtually integrated under a common MQTT broker 

running on a cloud server in SWARCO company. This feature proved to be very helpful 

and productive during the design and development of the system and also during the 

pilot tests, but it had the drawback that injects delays to the overall system due to the 

addition of unnecessary communication hops. It is clear that, when the system will be 

integrated in a single or a more physical concentrated place, the overall latency will be 
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significantly reduced, and it will converge to latencies comparable to a single hop, as it 

is shown in Table 7. 

3.1.6 Conclusions 

The presented numerical results and analysis have showed that the SAFE STRIP can 

definitely support all the types of equipped services and applications. Furthermore, 

SAFE STRIP enhances the perceptual ability of equipped vehicles by providing 

information about detected vehicles in their neighbourhood. Perception sharing is a key 

concept that ETSI invests a lot of effort. Especially the Cooperative Perception Service 

(CPS) with the upcoming Cooperative Perception Message (CPM, ETSI TS 103 324), 

is the area where SAFESTRIP can have valuable contribution.  

For the non-equipped type of applications, the pilot tests analysis has shown that not all 

type of SAFE STRIP applications can be directly supported in all cases. It is obvious 

that non-safety applications which are not sensitive to communications latencies, are 

supported well and can serve vehicles, drivers and road operators. On the other hand, 

safety critical applications suffer for the unpredictable and unstable latencies of the 

4G/LTE carrier network. At the specific moment of SAFE STRIP development 

4G/LTE, was the only available network that could be used for pilot tests 

implementation. 4G/LTE is a fundamental part of SAFE STRIP, but it is not a 

prerequisite or a structural component of it. The transparent upgrade of 4G/LTE to the 

upcoming 5G network can overcome the problems caused by network latencies. The 

slicing capability of the 5G networks can easily support all the safety applications and 

services with efficient and cost-effective way. Considering also the support of 5G for 

direct V2X communications (via PC5 channels), the equipped and non-equipped 

application versions of SAFE STRIP can be merged into a common application 

framework in the C-V2X ecosystem. 

3.2 Driver/Rider performance results 

In order to evaluate quantitatively the effectiveness of the SAFE STRIP functions in 

terms of driver response, a number of measures have been identified with their target 

values in Deliverable D6.2. Each metric (or Evaluation Objectives as named in D6.2) 

may be mapped to more than one Key Performance Indicators (KPI’s) that respond to 

some Research Questions and describe, in an objective way, the effectiveness of the 

SAFE STRIP functions. In this section, the KPIs that aim at evaluating the effect of the 

SAFE STRIP functions on driver performance are of main interest. Their goal is to 

evaluate: 

 the correctness, accuracy and reliability of the warnings in terms of content and 

time to verify that the system function as expected under realistic conditions 

including user perception, 

 the driving performance and behaviour induced by the generated warning in 

relation to the context to assess what are the impacts on safety and mobility.  

The metrics selected to verify that the safety applications respect the above defined 

KPIs are herein described both in terms of significance and how they are calculated. 

Then in sections 3.2.2 and 3.2.3 the values calculated from the aggregated logged data 

of all SAFE STRIP user trials tests are presented and discussed. 

A note is here necessary regarding the number of experiments used for the driver 

performance analysis, which, for some use cases, may result less than the one actually 
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carried out. The driver performance analysis only refers to the actual number of 

experiments used. The reasons for having less usable logs than the number of 

experiments carried out depend on various causes such as temporarily communication 

errors (e.g. disconnection of the broker), which did not trigger the logger or human 

errors that incorrectly named the log file that makes it impossible to identify the 

associated use case. Most of these problems were not always detectable on-site, 

especially in the Italian pilot tests. Therefore, for Spain and Greece pilot tests an 

improved logging mechanism was developed to automatize as much as possible file 

naming and logging per use case. 

Time To Collision (TTC) 

The TTC represents the time that it takes to the vehicle to cover the distance from the 

danger ahead if moving at constant speed. It is an indicator of the correctness of the 

timing of the warning that must be displayed to the driver with sufficient anticipation 

with respect to the danger position. The TTC is a parameter not strictly related to the 

driver response but more related to the application correctness and helps the driver/rider 

to take the corrective action within sufficient time and comfortably. It is worth noticing 

that the Co-Driver performs a more detailed estimation of the possible manoeuvres the 

driver may execute with respect to the actual danger and the calculated speed profiles 

are highly affected by actual vehicle acceleration. Nevertheless, the time to collision 

computed at constant speed is still a good indicator to verify if the warning is sent too 

late and is computed as follows: 

𝑇𝑇𝐶 =
𝑣(𝑡0)

𝑠(𝑡0)
 

where s and v are respectively the distance from the obstacle/danger and the actual 

velocity of the vehicle. The time 𝑡0 corresponds to the instant at which the first yellow 

(first level warning) or red warning (second and final alert) is dispatched by the 

Co-Driver. In these pilots it is important to remark that 𝑡0 is not the time at which the 

message is sent by the strip or the vehicle passes the strip but it is the time at which the 

warning is communicated to the HMI application; in other words the time the 

driver/rider sees that on the on-board/mobile terminal screen. 

The target value for the Time To Collision (TTC) at first warning must be greater than 

3s in average. This value is 1 second less than the one presented in the D6.2 deliverable, 

and the decision was made to take into account delays in the communication. The 4 

seconds time to collision is considered a desirable value, and it is considered as target 

value only for equipped vehicles, that are less affected by communication delays. 

Reaction time 

The time elapsed from the warning before the driver reacts (i.e. the reaction time). This 

parameter is important to check that the system increases the promptness of the 

driver/rider reducing the effect of drivers’ distraction. It is calculated as the time interval 

between the time 𝑡0 (the instant at which the first yellow or red warning is dispatched 

by the Co-Driver) and the time 𝑡𝑟 when the driver presses the brake pedal or the 

acceleration become negative. Strictly speaking, it would be more correct to look at the 

brake pedal signal but this was not possible with all the experiments since most of the 

non-equipped vehicles do not expose the CAN bus data. 
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The target driver reaction time must be less than 1.5s, and favourably less than 1.2s. 

This is a measure of the quality of the system but it is also affected by the driver itself. 

Maneuver time 

It is the time interval 𝑇𝑚 from the dispatch of the warning 𝑡0 and the end of the 

maneuver 𝑡𝑒: 𝑇𝑚 =  𝑡𝑒 − 𝑡0. The time 𝑡𝑒 is the instant when one of these two conditions 

are met: the vehicle passes the obstacle/danger location (if possible), the vehicle stops 

(or reach a low velocity). Some of the use cases present different conditions but they 

are specified in the proper sections. A long manoeuvre duration allows the driver/rider 

to take the corrective action and reach a final safe state (e.g. stop before cross walk) 

with the minimum effort.  

The target manoeuvre time has to be greater than 3s. 

Average acceleration  

The average acceleration of the correction manoeuvre after the first warning is issued 

(time 𝑡0) is computed as the difference between actual and final velocity divided by the 

maneuver time 𝑇𝑚: 

𝑎𝑎 =
𝑣(𝑡0) − 𝑣𝑒𝑛𝑑(𝑡𝑒)

𝑇𝑚
 

Note that if the vehicle stops the final velocity 𝑣𝑒𝑛𝑑(𝑡𝑒) is zero. Low average 

acceleration means that the system warns the driver with a sufficient anticipation in 

order give him/her enough time to execute a smooth and comfortable safe manoeuvre 

to comply with the danger. This may have an impact to the general traffic safety and 

mobility avoiding late and abrupt response that may cause rear-end collisions. 

The expected average deceleration has to be less than 1m/s2. 

In order to verify the KPI and compute the corresponding metrics under realistic 

conditions a detailed experimental plan has been designed in the project. As mentioned 

in Deliverable D5.5: Updated experimental technical validation plan and results – final 

report, SAFE STRIP project adopted an iterative evaluation approach encompassing 4 

evaluation rounds in total. The first two iteration rounds were dedicated to technical 

validation solely, whereas the 3rd and the 4th evaluation rounds included the final 

technical validation phase, a 1st round of user trials, an iterative optimization phase and 

a 2nd round of user trials (4th iteration). The user trials aimed at capturing SAFE STRIP 

impact across the different aspects defined in the Research Questions and 

corresponding KPI. The objectives and the results reported in this section is to focus on 

the user trials of the 3rd and 4th rounds that took place in test sites set up in Italy, Spain 

and Greece. Those are based on the experimental scenarios, plans and research 

hypotheses, as described in D6.2, which are designed to evaluate the system 

performance and the driver response – behaviour. 

Special care was also dedicated to the personalization of the application response in 

order to increase the user acceptance and satisfaction. To this purpose, an experimental 

procedure was designed to identify the specific parameters that describe class of 

different drivers/riders’ behaviours. The final objective was to use those procedures to 

identify on-line the parameters that allow to personalize the application response to the 

specific driving styles. Dedicated scenarios have been also designed to evaluate the 

impact of the proposed approach and to assess the user acceptance. Unfortunately, due 
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to the interruption imposed by the Covid-pandemic the planned extensive experimental 

campaign to identify the driver profile personalization parameters in full detail was 

cancelled. Nevertheless, in the next section the procedures defined and the experiments 

conducted on a limited number of drivers are reported. The identified parameter values 

have been used as average behaviour in all user trials.  

After section 3.2.1 dedicated on driver profile-based personalization, the subsequent 

sections report and discuss the results of the user trials analysis for each use case, 

grouped for non-equipped vehicles (section  3.2.2) and for equipped vehicles 

(section 3.2.3).  

3.2.1 Driver profile-based personalization 

The safety applications developed in SAFE STRIP (i.e. Cooperative safety function for 

VRU and WWD, intersection and merging support and roadworks and railway crossing 

support) are all built on the Co-Driver framework. As described in D4.2, the Co-Driver 

uses the longitudinal motion primitives to evaluate the feasible manoeuvres that a driver 

may execute with respect to the perceived environment and potential danger. Those 

manoeuvres are parameterized solutions of human-like optimal control problems that 

connect actual vehicle state with desired final one (e.g. stopping before the intersection 

or crosswalk, or pass with a desired velocity) minimising the driver effort (i.e. 

longitudinal jerk). Each motion primitive, such as stop and pass manoeuvres, represents 

a family of possible driver behaviours that, given the initial state and final goal, can 

vary the way the goal is achieved. For instance, the stop manoeuvre primitive can 

predict an aggressive manoeuvre to reach the zero velocity with a retarded high 

deceleration or a smooth one that starts immediately to gently slow down the vehicle. 

In other words, it is possible to personalise the behaviour of how the Co-Driver 

evaluates the risk level from being more tolerant of aggressive manoeuvres to being 

stricter regarding safety and suggesting smooth and conservative ones.  

The Co-Driver designed for the SAFE STRIP safety applications uses several 

parameters that may change the way the warning is issued: 

- The final maximum velocity of the pass manoeuvre, 

- The jerk thresholds (i.e. the initial value of the jerk profile that is the derivative 

of the acceleration) that define the levels that separate between comfortable and 

less comfortable manoeuvres (i.e. first threshold) and aggressive and risky 

manoeuvres (i.e. second threshold), 

- The reaction time to take into account that drivers will not react immediately 

when they receive the warning. Changing the reaction time parameter in the 

Co-Driver retard or anticipate the warning given the same thresholds. In other 

words, distracted driver with longer reaction time, with a personalized setting 

of the Co-Driver will receive the warning in advance, given the same vehicle 

state, hopefully reducing the driver reaction. 

In SAFE STRIP project it was planned to consider only the last two parameters to 

customize the system behaviour according to a specific driving style, being the 

maximum pass velocity directly related to the actual traffic rule. In fact, one driver may 

desire to pass at a higher velocity than the legal velocity limit, but this is not considered 

safe in general and it is not legally allowed and here considered as a possibility.  

A procedure was defined to estimate the reaction time and the thresholds of the jerk for 

different classes of drivers. Initially, it was also planned to carry out a test campaign 
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with more drivers with different driving styles but, due to the Covid-pandemic, the 

extensive test campaign was cancelled and only the proof of concept of the estimation 

procedure was completed involving only two drivers. Therefore, we could not prove 

the effect the safety applications, parameterized with the jerk thresholds and reaction 

times, on the driver reaction and acceptability. Only in case of jerks, we estimated the 

values after the first warnings for the equipped vehicle use case and we prove that the 

application induced different efforts on the drivers (see 3.2.1.2).  

 Reaction time estimation procedure 

Taking into account the specific reaction time of a driver in the risk evaluation 

algorithm (as described in deliverable D4.2) changes the timing of the warning 

computed by the application given the same conditions. Long/short reaction time 

settings can respectively anticipate or retard the warning, given the same jerk 

thresholds. The expected consequences are that a distracted driver with long reaction 

time setting receives the warning in advance, given the same vehicle state, hopefully 

reducing his/her reaction time. On the contrary, a prompt driver with short reaction time 

setting receives the warning later (if he/she does not react to the danger) with hopefully 

better acceptability. In other words, it is like the Co-Driver algorithm knows that the 

driver is prompter and can react quicker when necessary, thus it warns him/her later. 

The reaction time is estimated with the difference between two measurements of two 

specific instants: the time when the warning is issued and the time when the driver 

reacts to the warning. The experimental set-up is composed by an equipped vehicle 

(equipped in the SAFE STRIP sense) and the HMI module. The user is told to stop 

when s/he receives a warning from the HMI. The warnings from the HMI are generated 

manually from a separated terminal on-board. The user is not aware of the danger and 

it is told to react only when the warning is yellow or red. 

The reaction time is then defined as the difference between the instant the warning is 

displayed on the HMI application and the one the brake pedal is pressed. The latter is 

measured directly from the vehicle CAN bus line of the equipped vehicle, with a proper 

threshold to reject the noise on the brake pressure signal. Taking into account that a 

reaction may be different from only pressing the brake pedal (i.e. he/she could just 

release the gas pedal), the users are told to use the pedal always as soon as they receive 

the warning. The experiment is repeated at least ten times for each driver (actually 12 

times and 17 times respectively for the two drivers). In Figure 47 and Figure 48 the 

results of driver 1 and 2 are shown. The driver 2 has more instances because some 

experiments regarding the driver 1 have unexpected errors in the timestamps, which do 

not allow the calculation of the time. 
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Figure 47: Results of reaction times for 12 experiments for driver 2. 

 

 

Figure 48: Results of reaction times for 17 experiments for driver 2. 

The two figures show numbers that are comparable with the literature results. Some 

values are lower than common numbers found in literature and this is perhaps due to 

the set-up of the experiment that allowed the driver to be always ready to react 

immediately since the duration of each test is quite short (and driver attention can be 

kept high). The mean of the two values are: 0.95 and 1.02 seconds respectively. An 

unpaired t-test was performed to verify the difference between the means with the 

hypothesis of that they are normally distributed. The outcome is that the hypothesis 

must be rejected therefore the two means are not statistically different. With the tests 
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performed we could not find a different value for the reaction time of each driver and 

the overall average of 0.99 seconds was used as reaction time in all pilot test. 

A more extensive experimental campaign should be carried out to estimate the reaction 

time for different classes of drivers. The parameter and the procedure can be also 

implemented in real time, on-board, to adapt the Co-Driver settings to actual reaction 

time of the driver (e.g. he/she is distracted and the reaction time will increase yielding 

an anticipation of the warning). Additionally, as anticipated in the previous section, it 

was not possible to carry out the pilot tests to prove the effect the safety applications, 

(parameterized with the reaction times) on the driver reaction and acceptability. The 

conclusion by this minimal testing are that for the reaction time there is no statistically 

significant difference and the use of an average reaction time in the safety application 

settings has the expected effect in anticipating the warning (i.e. greater TTC). Anyway, 

it is evident that a dataset for two drivers only is not enough to draw final conclusions 

on this topic. 

 Estimation procedure of jerk thresholds for warning levels 

The jerk thresholds are very important quantities of the Co-Driver to control the 

application response behaviour and specifically the warning timing, since they define 

the level of risk associated to the manoeuvres compatible with the actual danger in the 

scenario. The threshold values used in e2Call (i.e. the reference application for 

intersection support based on the same concept) were evaluated imposing a time to 

collision in precise conditions. In SAFE STRIP the Co-Driver response was 

personalized choosing the values of these parameters. A first threshold is needed to 

define the set of comfortable manoeuvres and a second threshold is used to define the 

set of aggressive and more risky manoeuvres.  

Two basic experiments have been defined to estimate the two thresholds. The driver is 

asked to reach a steady state velocity (30 km/h) and then to stop before the obstacle. 

The driver is aware of the obstacle since the beginning. The way the driver makes the 

stop manoeuvre differentiates the two thresholds.  

In the first experiment the users are asked to stop before an obstacle in a comfortable 

way according to their criteria. The longitudinal speed and acceleration time series are 

collected for jerk estimation of the first threshold. In the second experiment the driver 

is asked to stop as late as possible but in order to produce a safe stop manoeuvre before 

the obstacle. Again, the longitudinal speed and acceleration time series are logged for 

jerk estimation of the first threshold. 

The jerk profile of each manoeuvre is then estimated with the best fit of the longitudinal 

stop motion primitive (the minimum jerk manoeuvres used by the Co-Driver, see D4.2 

deliverable for the exact expression) with the time series data.  

The set of the initial jerks of all identified manoeuvre is then used for estimating the 

threshold for this parameter. 

As a double check also a polynomial fitting of the speed profile was done where the 

jerk is obtained with the second time derivative of the fitted speed profile.  

In Figure 49 an example of the fitting is shown for one manoeuvre. The polynomial 

performs an aggressive filtering on the acceleration, which is important because the 

high frequency noise on the acceleration signal highly affects the jerk estimation. The 

green line is the polynomial fitting on the acceleration. The red line is the fitted motion 
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primitive and the reader may appreciate how well it predicts the driver manoeuver. The 

blue dotted line is the actual logged acceleration and the yellow line is the actual 

velocity profile.  

 

Figure 49: Example of stop manoeuvre best fitting with motion primitive and polynomial 

fitting. 

The yellow line is the velocity profile, the red lines represent the motion primitives in 

velocity and acceleration, the dotted line is the true acceleration and the green line is 

the polynomial fitting. In parallel to the polynomial fitting is performed to verify their 

feasibility and their similarity with the polynomial fitting. 

The initial value of the jerk is the first point of fitted stop manoeuvre (i.e. the red line) 

as described in the deliverable D4.2. The estimated initial jerk of each experiment is 

reported in Figure 50. 

 

Figure 50: Initial jerk values of the smooth braking manoeuvre obtained with the polynomial 

fitting. 

The mean of the estimated initial jerk distribution is −1.80 𝑚/𝑠3 and this is the value 

used for all pilot test experiments. A more extensive experimental campaign for this 

value was planned to estimate the characterizing values for different class of drivers, 
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but the delays in the pilot tests due to the Covid-pandemic situation did not allow to 

complete the analysis. 

The personalization of the jerk thresholds is intended to be a potential feature of the 

system that could greatly improve the system performance and the driver behaviour and 

acceptability. In Figure 51 there is an estimation of the initial jerk of the 5 drivers for 

the VRU use case (equipped) at the first warning, computed as an average per driver. 

The results show different effort in the driver (re)action subject to the same warning 

(i.e. the first jerk threshold is the same for all). In other words, driver 3, 4 and 5 reacted 

strongly after the warning to change the acceleration and reduce the speed till the full 

stop. Instead, the average initial jerk for the other two drivers (1 and 2) is close to the 

first threshold value. This means that the system has overestimated the risk for driver 

3,4, and 5 and, on the contrary, was perfectly in line with the risk evaluation for driver 

1 and 2. In this case, a higher first threshold for the initial jerk of driver 3,4 and 5 would 

be beneficial for the system performance.  

It is also worth noticing that these data cannot be used for a direct analysis of the jerk, 

because the experiment was not designed for this estimation. Nevertheless the results 

provide an evidence that drivers react differently to the same warning and 

personalization of jerk thresholds become important for better application performance 

and driver behaviour and acceptability. 

 

Figure 51: Estimated initial jerk of the drivers in the VRU use case (average per each driver) 

at first warning. 

3.2.2 Driver performance results: non-equipped vehicles 

Non-equipped vehicles rely on the accurate vehicle position only when it passes over 

the strip. Additionally, the LTE 4G introduces a larger delay in the communication (as 

it is also proved in the system performance results section). All these aspects may be 

responsible of a TTC time of a higher variability. Additionally, the safety application 

cannot benefit of a continuous update of the vehicle state and does not have the 

acceleration value (as it is the case in the equipped vehicles). All these reduce the 

Co-Driver ability to infer the intentions and adapt to driver reaction.  
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All the above have to be considered when analysing the non-equipped use case results. 

 ES1.1: Virtual VRU protection of Mobile Cooperative safety function  

Figure 52 shows the TTC for more than 140 experiments of the VRU cooperative safety 
application. The TTC time presents a high variability for non-equipped vehicles since the 

communication is less reliable. In fact, the communication delays reduce the TTC of a warning.  

The target threshold of 3 seconds corresponds to the 80% percentile of the values, while if one 

takes 2 seconds as threshold, the percentile becomes 90%.  

 

Figure 52: Time to collision for experiments (non-equipped). Null TTC means the warning 

did not reach the warning level 1. 

The same variability is reflected in manoeuvre time, that is shown in Figure 53 where 

very short manoeuvres are also present. In this case the requirement of a manoeuvre 

time greater than 3s is not met by the user trials’ outcome. From the plot is evident that 

it happens even when the time to collision is sufficiently large. That means the driver 

ignored the first warning and reacted later (losing precious time however). Zero 

manoeuvre times correspond to situations that did not trigger any warning. If the 

manoeuvres have a quite short manoeuvre time but the average acceleration (the next 

parameter discussed) is not high, it means the driver received the warning at the end of 

his/her stopping manoeuvre. This can happen (and it does quite frequently) if one starts 

to stop passing over the second strip but does not slow down enough to make the 

situation safe and at the subsequent (the third strip) it gets the red warning. The goal of 

the Co-Driver is to handle also these situations and these results are a proof that it works 

as expected. 
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Figure 53: Manoeuvre time for VRU protection cooperative application for non-equipped 

vehicles. 

To close the understanding of the drivers’ performance against the system, the average 

acceleration must be analysed. In Figure 54 the average acceleration seems to better 

match the target value of being less than 1m/s2 where few experiments are over the 

target. The high values correspond to the low TTC cases, as shown in Figure 55. These 

lead to the conclusion that in these cases the driver was warned too late and this affected 

the urgency of the manoeuvre. Communication delays play a big role in these situations. 

 

Figure 54: Average acceleration for VRU protection cooperative application for non-equipped 

vehicle. 
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Figure 55: High accelerations cases compared to time to collision VRU protection cooperative 

application for non-equipped vehicles. 

Non-equipped PTW case  

The VRU use case was also carried out for a non-equipped PTW that works in hybrid 

case since it also publish a strip CAM with the gps position and acceleration collected 

from mobile device embedded sensors. A total of 18 experiments were performed but 

unfortunately (as already reported) the logs of some experiments were corrupted and 

did not allow to compute the metrics. As already mentioned above, the Co-Driver is 

designed in a way such that the time to collision is more than 4 seconds in case of 

nonnegative accelerations. Therefore, this is the expected TTC, unless significant 

delays in the transmission occur. Figure 79 reveals that the TTC is always above 3s and 

in the majority of cases (except 2) also above 4s. The values are less regular since the 

two wheeled vehicle made use only of the LTE communication. The peaks in the TTC 

values are due to high positive accelerations of the PTW. Moreover, riders behave in a 

more aggressive way than car driver and tend to trigger the system earlier. This suggests 

that a personalization would be beneficial to distinguish car drivers from PTW riders. 
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Figure 56: TTC of the VRU use case for a non-equipped PTW. 

The average acceleration (in Figure 82) is lower than the expected target value (-1m/s2), 

which is a smooth deceleration manoeuver. However, in two cases the average is 

positive and high because the riders drove aggressively. It is worth to notice that in 

these two cases the time to collision is higher because a high acceleration, according to 

the Co-Driver algorithm, corresponds to an anticipation of the warning. 

 

Figure 57: Average acceleration of the VRU use case for a non-equipped PTW. 

We can conclude that the system did work and performed in a very similar way for non-

equipped PTW and cars. Nevertheless, riders have a different riding style and car 

drivers which may require personalisation of the system response for these two class of 

drivers. 
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 ES1.2: Wrong Way Driving of Mobile Cooperative safety function  

Figure 58 shows the TTC for the Wrong Way Driving (WWD) cooperative safety 

functions where a large number of experiments did not trigger any warning. The 

missing warning in most of the experiments are due to an anticipation of the driver 

action that slows down before the first advisory warning would appear. In all the other 

experiments in which the warning occurs, the TTC is larger than the 3s target value due 

to the bigger distances used in the strip layout for this use case. Therefore, the warning 

can be sent quite in advance. Nevertheless, the increased distances reduce the ability of 

the Co-Driver to estimate the drivers’ intentions. The farther the vehicle is from the 

danger, the less reliable is the inference of intention mechanism. This may lead to 

situations of a driver not being warned when if s/he is not aware of the incoming danger. 

This problem occurred in two experiments that are discussed later with the average 

acceleration analysis. To avoid this problem the strip layout has to be designed in order 

to cover both long and short distances.  

 

Figure 58: TTC when yellow level warning was issued for WWD cooperative safety function 

of non-equipped vehicles. 

Differently than in other use cases, the length of the manoeuvre (the manoeuvre time) 

is measured from the blue warning (which is the very first notification mail sent), since 

the yellow one (second warning in the raw) rarely occurs. The parameter distribution is 

shown in Figure 59 with the dash line for the target value of 3s. The manoeuvre time is 

in general quite long but it is less representative than the one from the yellow warnings, 

since the blue warning is not invasive. Some experiments show a shorter manoeuvre 

(with yellow warning). Those are investigated in more detail analysing the average 

acceleration. 
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Figure 59: Duration of the manoeuvre in case (with the colour of the respective warning that 

triggers the count) for WWD cooperative safety function of non-equipped vehicles. 

The average acceleration (Figure 60) matches the target value for the 95% of the 

experiments. The few values that do not match this requirement are worth to be 

discussed. 

 

 

Figure 60: Average acceleration (blue and yellow with respect to the warning that triggers the 

start of the manoeuvre) for WWD cooperative safety function of non-equipped vehicles. 

In Figure 61 all the experiments that reveal a high acceleration are shown compared to 

the TTC of their yellow warning (if present). The first three show (in opposition to the 

VRU case), very high TTC, leading to the conclusion that the drivers in these cases did 

not interpret properly the warnings, or decided arbitrarily to break aggressively. The 

other two cases do not show any TTC value, since the warning did not reach the yellow 
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level. These are cases in which the high distance did not allow a proper estimation of 

intention of the driver. More precisely, the driver was driving slow enough not to 

activate the advisory warning, but s/he was not aware about the danger, it was too far 

to even start to react. The inference of intention based only on the state of the vehicle 

and to the promptness to react maybe not significant computed at a distance at which 

the driver can behave properly even if he/she is not aware of the danger.  

 

Figure 61: Comparison between highest accelerations and TTC for WWD cooperative safety 

function of non-equipped vehicles. 

 ES5.1: Work zone detection of Mobile application for rail crossing and 

road works safety function and ES5.2: Work zone detection with more than 

one vehicle of Mobile application for rail crossing and road works safety 

function  

To discuss the roadworks scenario results, a reminder of the experiment structure is 

worth it. The scenario is made of two lanes on a straight stretch of road where, one of 

the lanes is closed by the presence of the roadworks and the other is left open. The 

driver can decide to stop or to change lane if possible. 

The roadworks experiments are divided into three use case sub-categories: 

1. Closed lane - one vehicle: one vehicle is running in the closed lane and it can 

change lane instead of completely stop or slow down, 

2. Closed lane - two vehicles: two vehicles in the scenario, one is running in the 

closed lane and the other in the open lane. The vehicle in the closed lane cannot 

change lane since is already engaged by another vehicle.  

3. Open lane: one vehicle is already running in the open lane. 

Figure 62 reports the TTC for all use cases grouped and visualized using three different 

colours. The TTC values for the first two use cases is fairly homogeneous where 90% 

of the experiments satisfy the target value. The only noticeable difference is about the 

experiment in which the TTC is not defined since the warning did not reach the yellow 

level. In the closed lane with one vehicle, a significant amount of experiments revealed 
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that the drivers reacted properly changing lane in a way such that the Co-Driver 

recognized the intention removing the warning in the last part of the manoeuvre.  

The TTC of the third use case cannot be defined since only blue warning is issued to 

advice the driver of roadworks presence. In this case the TTC is the time to collision 

when the blue warning is issued, this led to higher values (except for two experiments 

in which the first strip did not detect the vehicle). 

 

Figure 62: TTC of the roadworks support function for non-equipped vehicles divided by use 

case. 

Figure 63 shows the manoeuvre time which almost always met the target value. The 

drivers responded in a particularly effective manner in this use case, this is proven by 

the duration of the manoeuvres that are always long enough to suggest a smooth 

response. In the chart of Figure 63 the color discriminates between stop and lane change 

manoeuvres. As one may notice only few manoeuvres (actually 3) resulted quite short 

(slightly above 1s). For the open lane case the manoeuvre is considered from the blue 

warning. 
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Figure 63: Manoeuvre time for the roadworks support function for non-equipped vehicles 

divided by use case. 

The average acceleration is particularly significant in this use case. While the 

manoeuvre time suffers from some variability, the average acceleration gives a better 

picture on the urgency of the manoeuvre. This is reflected in the variability among the 

different aforementioned use cases. In Figure 64 this quantity is shown divided by the 

three cases.  

 

Figure 64: Average acceleration, divided by case for roadworks support function for non-

equipped vehicles. 

The case of open lane is characterized by very low deceleration because essentially the 

driver can keep going since he/she only informed of the roadworks presence ahead (no 

check is done on actual speed even if in principle the Co-Driver has the ability to do it). 

In the case of closed lane and one vehicle (blue bars), the expected threshold is fully 
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respected: the driver had enough time to take a smooth corrective action after the 

warning. On the contrary, it is evident from the figure that in the case of an occupied 

lane the average deceleration is most of the time above the target value. In order to 

investigate the compliance with the threshold a one-samples and one-tailed t-test is 

performed between the values of these type of experiments and the target value 

required. The selected confidence is 5%. The test returns a rejection of the hypothesis 

than the difference between the acceleration average values appear to be not significant 

(p-value 0.35). The tests results are summarized in Table 8. 

Table 8: Test performed on the roadworks average accelerations data for roadworks support 

function for non-equipped vehicles. 

 

Despite the result of the test, the orange bars in the plot suggests a significant amount 

of high values. To investigate further the data, this set of experiments is isolated and 

divided based on the driver decision to stop or change lane. The orange bars represent, 

in the sub-set of the two-vehicle, closed-lane case, the manoeuvres that ended with the 

vehicle being stopped, the blue ones with a lane change manoeuver. 

 

Test type Data compared Result p-value Conclusions 

t-test single-

sample two-

tails 

Two-vehicles 

experiments average 

accelerations VS 

threshold (-1.5 ms-2) 

0 0.35 The overall mean of the 

two-vehicles experiment is 

not proven to be different 

from the threshold 

t-test double-

sample two-

tails 

Two-vehicles 

experiments average 

accelerations with 

change lane VS with 

stop 

1 0.00025 There is a difference 

between the mean of the 

two cases “change lane” 

and “stop” 

t-test single-

sample two-

tails 

Two-vehicles 

experiments average 

accelerations with stop 

VS threshold (-1.5 ms-

2) 

1 <10-7 The mean value for the 

“stop” cases deviates 

indeed from the threshold 
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Figure 65: Case of two vehicles- further divided in “stop decision” and “change lane 

decision” for roadworks support function for non-equipped vehicles. 

The plot shows that the stop manoeuvre requires a large average deceleration while the 

case in which the driver decided to change lane the average deceleration is quite 

smaller. The difference is confirmed by a two-samples one tail t-test. This test compares 

the mean values of the manoeuvres with the “stop decision” versus the “lane change 

decision”. The result is that the hypothesis is not rejected, and the mean value is 

different. The p-value is about 0.00026. In the tests in which the chosen option was to 

stop, the mean value of the acceleration is above the desired threshold by a significant 

amount. The null hypothesis is that the mean does not change. Different types of tests 

are performed to compare two set of data and to compare a set of data and a fixed value. 

 ES7.1: Urban intersection of Mobile application for merging and 

intersection support 

Figure 66 shows the TTC of the intersection and merging support application in case 

of motorway exit scenario. The TTC is almost always above the target value (black 

dash line in the chart). Only in few cases is slightly below the target value due to the 

communication delays. All the cases in which it is not shown are cases in which the 

warning level never reaches the yellow level, which means the driver took the right 

action and the Co-Driver is able to detect the correct behaviour. 
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Figure 66: Time To Collision for merging and intersection support of non-equipped vehicle, 

motorway exit use case. 

In more than half cases, the manoeuvre time is significantly small, which is quite 

surprising taking into account that TTC target was met. A careful investigation of these 

values revealed that they are not related to high negative accelerations except for few 

cases. 

 

Figure 67: Manoeuvre time for merging and intersection support of non-equipped vehicle, 

motorway exit use case. 

Figure 68 shows the average acceleration, where except for 5 experiments, all the 

reaming values are below the target. There are also experiments in which the 

acceleration is positive. In those cases, the ego vehicle saw the slow-moving obstacle 

and decided it was safe to follow it without even decelerating (this means that a 

deceleration took place before the warning).  
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Figure 68: Average acceleration for merging and intersection support of non-equipped 

vehicle, motorway exit use case. 

The plot in Figure 69 collects all the cases in which the average acceleration is above 

the target value. Three of them do not even have the blue warning; this means the drivers 

decided to decelerate without the yellow warning level, while the other two correspond 

to two actual severe manoeuvres after a yellow warning. 

 

Figure 69: Cases with high acceleration for merging and intersection support of non-equipped 

vehicle, motorway exit use case. 

The merging and intersection support function for non-equipped vehicles was also tests 

in Greek user trials for the intersection use case (in Thessaloniki spot). In this use case 

it was decided to do more repetitions since the scenario is more complex. A total of 30 

experiments were held. Every experiment has one ego vehicle and one opponent 

vehicle. All the data are collected from the ego vehicle. The vehicle is classified as non-

equipped. 
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The following figure shows the TTC in this experiment has variable values since it 

spans high values and low values. The low values are due to the delays in the 

communication. The reasonably high values are due to the fact that the Co-Driver starts 

to consider the danger of the intersection with a radius of 10 meters around the centre 

of the intersection (the latter retrieved from the MAP message). This offset affects the 

safe manoeuvres generated by the Co-Driver making them more conservative. The 

experiments in which the TTC does not appear in the bar plot are the ones in which no 

warning was issued. The very high value (experiment 21) is due to an error in the 

transmission of the velocity from the smartphone, which is lower than the real one 

(leading to a very high TTC). In opposition to the other use cases, the danger in an 

intersection is strongly related to the behaviour of the other vehicles. The cases where 

there is no warning are not false negatives, they are cases at which the other vehicle 

already passed, or the opponent vehicle was too slow to be a danger. The orange bars 

in the plot represents cases in which the velocity was not available at all and it is 

substituted by the one the driver was asked to have at the beginning (30km/h). 

 

Figure 70: Time to collision for merging and intersection support of non-equipped vehicle of 

intersection use case. 

In the following figure, the average acceleration is below the target value in all cases 

except for one peak that corresponds indeed to a low TTC. The delay in the warning is 

the reason for that peak.  
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Figure 71: Average acceleration for merging and intersection support of non-equipped 

vehicle of intersection use case. 

The manoeuvre time in the following figure, between the expected values, presents 

different cases in which the value is low. In experiments 20 and 21, the drivers reacted 

before the yellow warning, leading to a manoeuvre duration already cut by the fact that 

the manoeuvre actually started before. This can be easily seen in the values of the 

corresponding time to collision that are low. Experiment 24 is the one with the actual 

aggressive manoeuvre. The driver received the warning too late and s/he stopped 

suddenly (it can be recognized in the high average acceleration and the low TTC). 

 

Figure 72: Maneuver time for merging and intersection support of non-equipped vehicle of 

intersection use case. 
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 ES8.1 & ES9.1: Virtual VMS 1 – Critical case of In-vehicle/Mobile 

application for personalised VMS/VDS and Traffic Centre Information  

The VMS use case is actually divided in 3 use cases that are recalled in the titles of the 

respective sections. All of them require the same evaluation metric in terms of driver 

performances. The driver can react in one of the following expected ways: 

1. The driver decelerates 

2. The driver changes lane 

The quantitative indicator is the average acceleration after the dispatch of the warning. 

Differently from the other cases, there is no clear moment at which the manoeuvres end 

and a duration of 5 seconds is taken for the evaluation of the deceleration. 

The present section reports the first VMS use cases about traffic detection. This was the 

hardest detection to be made because of the limited availability of actual vehicles for 

the testing. Figure 73 reports the average acceleration. When missing a non-detection 

occurred. Since the traffic is simulated with the use of three vehicles, the missed 

detection cannot be considered full false-negative instances. In Figure 73 the empty 

spaces between bars are missed detection of the traffic. The average acceleration is 

shown as the bars, and the orange colour represent experiments in which the lane 

change occurs. The values are all negative and the ones that are low in deceleration 

corresponds to a lane change. This use case returned the expected results, even if the 

deceleration is not high, this may be due to the fact that the experiment did not render 

the traffic situation properly (only three vehicles) and the driver’s perception altered 

inducing a more relaxed behaviour. 

 

Figure 73: Average acceleration and lane change for VMS 1. Spain user trials 

 ES8.2 & ES9.2: Virtual VMS 2 – Critical case of Mobile application for 

personalised VMS/VDS and Traffic Centre Information  

This use case concerns the presence of fuel or oil on the road. The metrics are identical 

to the previous use case with the difference that no change lane took place. The plot in 

Figure 74 shows no lane change. Few values with low deceleration are present, but 

significantly less than the previous use cases in which lane change took place. 
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Figure 74: VMS 2 use case average acceleration. 

 ES8.3 & ES9.3: Virtual VMS 2 – Non- Critical case of Mobile application 

for personalised VMS/VDS and Traffic Centre Information 

The expected reaction to the message sent in this use case was to turn on the light.  The 

log of the light status is not available. It is then used the same metric as the other VMS 

cases to see if the driver reacted and how. In this use case the accelerations are slightly 

higher than the other use cases, several values reach 2 m/s2. The reason of this behaviour 

has no direct explanation. At least it is possible to conclude that the VMS was properly 

received and the drivers understood that a danger was present. 

 

Figure 75: Average acceleration of VMS 3. 

ES9.2 Average acceleration next 5 seconds

20 40 60 80 100 120 140 160 180
-3

-2.5

-2

-1.5

-1

-0.5

0

A
v
e
r
a
g
e
 
a
c
c
e
l
e
r
a
t
i
o
n
 
(
m
/
s

2
)

ES9.3 Average acceleration next 5 seconds

20 40 60 80 100 120 140 160 180 200
-3

-2.5

-2

-1.5

-1

-0.5

0

A
v
e
r
a
g
e
 
a
c
c
e
l
e
r
a
t
i
o
n
 
(
m
/
s

2
)



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   93 

 ES11.1: Virtual Toll Collection of Mobile application for Virtual Toll 

Collection  & ES11.2: Virtual Toll Collection with two different types of 

vehicles of Application for Virtual Toll Collection  

The virtual toll presents different metrics than the other use cases. Effectiveness of the 

application is measured with the time to cress the gate and the average acceleration 

in the time to cross the gate. The first is the time elapsed between the two strips that 

represent the virtual gate that should happen in a reasonable time. The second is the 

acceleration between them, that is expected to be negative (the vehicle decelerates to 

comply with the suggested speed between the strips). 

The time to cross the gate respects the expected values, as shown in Figure 76. While 

the acceleration is not always negative. On the contrary to the expected deceleration, 

the average acceleration during the cross (see Figure 77) is always small but it can be 

negative or positive. This suggests that the driver feels confident in crossing the gate 

without slowing down and because the vehicle speed is already below the maximum 

value. The assumption is proved by the average speed shown in Figure 78. In most 

cases small average speed (below 10m/s) corresponds to positive accelerations and high 

average speed correspond to negative decelerations. In case the vehicle is above the 

target speed but the driver does not decelerate, the message to slow down must be issued 

in a more effective manner. 

 

Figure 76: Time to cross the gate. 

ES11.2 Time to cross the gate

0 20 40 60 80 100 120 140 160 180
0

2

4

6

8

10

T
i
m
e
 
(
s
)



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   94 

 

Figure 77: Average acceleration during the gate crossing. 

 

 

Figure 78: Average speed during the gate crossing. 

 Impacts/added value of SAFE STRIP for non-equipped vehicles 

The results of the experiments with the user trials demonstrate that SAFE STRIP 

technology enables a number of applications that at the moment are only reserved for 

equipped vehicles.  

Specifically, for the safety-based applications the expected performances are achieved 

at a very high level reaching the identified target values in most of the cases (greater 

than 90% of the cases). The experiments also show that the Co-Driver algorithm, 

previously developed for connected vehicles, is able to properly handle situations where 

the driver is not reacting as expected and the warning is updated to push for an urgent 
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and a stronger action from the driver when it passes over the last strip before the danger. 

This is an important result for non-equipped vehicle since they cannot rely on the 

continuous update of the vehicle state typical of equipped vehicles. 

These results are achieved despite the fact that the sensorial system of SAFE STRIP 

provides the position and speed of the vehicle only at discrete locations before potential 

danger (VRU, WWD, etc.). Only in few conditions the performances are deteriorated 

and do not meet the desired target values. The main causes are the communication 

delays due to LTE 4G and an insufficient or well optimized distribution of the sensing 

strips before the danger location. A denser distribution would solve the problem in most 

cases. Nevertheless, the application warnings and information induced the driver to take 

corrective action within sufficient time (i.e. manoeuvring time greater than 3s) and low 

average decelerations (i.e. below 1m/s2). Also, the warning timing, measured via the 

TTC, is sufficiently large (greater than 3s). This means that the driver reaction is most 

of the time smooth and safer for the surrounding traffic and less prone to cause 

congestion therefore decrease the traffic flow. Therefore, the application has also a 

potential beneficial impact on mobility. 

Another benefit of SAFE STRIP is the information provided at lane level that allows to 

display the warning only to the vehicle that needs it. The roadworks applications proved 

the concept under real driving conditions implicitly suggesting the driver running on 

the closed lane to take the right action either stopping or changing the lane. 

3.2.3 Driver performance results: equipped vehicles 

With the equipped vehicles the safety application can run at a faster rate continuously 

updating the information and the warning issued. Additionally, the CAN bus data is 

available allowing better and more accurate response of the safety application. 

Additionally, the CAN bus provides the drivers’ commands time series to calculate to 

estimate the reaction time after the first warning is issued. However, this quantity is 

strongly affected on how it is calculated, and a threshold on the acceleration (0.5 m/s2) 

is used. This may influence the results archive that can slightly change using a different 

threshold. 

Here the TTC is less affected by communication delay (is smaller since the application 

is running on-board and makes use of CAN bus data). However, since CAN bus 

provides also the actual acceleration of the vehicle, which is used in the inference of 

intention by the Co-Driver, it may affect the actual TTC. Positive acceleration increases 

the TTC and negative deceleration decreases TTC. All these aspects have to be 

considered when analysing the results of the equipped vehicles use cases. As a design 

principle, the system is implemented to provide, in ideal and specific conditions (null 

acceleration and 50 Km/h velocity as well as no delay), 4 seconds of time to collision. 

The chosen minimum threshold is 3 seconds because of the aforementioned variability, 

while 4 seconds is considered, for equipped vehicles, a desirable value that can be 

attained thanks to a more stable communication. This is the reason for having in the 

following plots the TTC target value (black dash line) at 4s but the actual requirement 

being at 3s. 

 ES2.1: VRU protection of In-vehicle Cooperative safety function  

Figure 79 reports the TTC for the Italian test sites where the horizontal dash line is the 

target value. Essentially all experiments satisfied the requirement being the TTC less 

than the target value due to a negative acceleration of the vehicle when the warning was 
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first issued. Basically, the driver was already slowing down and the Co-Driver takes it 

into account (i.e. the driver is already acting in favour of safety). TTC lower than 4s 

occurred in experiment 4 and 15. The value is above the minimum target of 3 seconds. 

 

Figure 79: TTC of the cooperative VRU protection for equipped vehicle use case. On the x-

axis the number of experiments taken. The horizontal dash line denotes the target value for 

equipped. 

In Figure 80 the driver reaction time is shown with the target value set at 1.5 second 

(shown in black dash line). Only three experiments exceed this threshold, and only one 

experiment (experiment number 14) corresponds to severe manoeuvre (highlighted by 

the manoeuvre duration in Figure 81). In all other cases the driver reacted promptly. 

 

Figure 80: Estimated reaction time of the cooperative VRU protection for equipped vehicle use 

case. On the x-axis the number of experiments taken. The horizontal dash line denotes the target 

value. 

Figure 81 shows the manoeuvre time between the first warning and the stop or pass at 

the zebra crossing. The requirement is to be at least 3 seconds long, all the manoeuvres 
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fulfil the requirement except one, the experiment 15. In that experiment the driver 

decided to start the manoeuvre before the warning issue (this is made possible by the 

first phase of the warnings: the blue level). The low reaction time indicates that the 

decision to slow down was taken before the first yellow warning; this happens also in 

experiments 4 and 8, since the reaction time is too short. 

 

 

Figure 81: Manoeuvre duration of the cooperative VRU protection for equipped vehicle use 

case. On the x-axis the number of experiments taken. The horizontal dash line denotes the 

target value. I 

Figure 82 reports the average acceleration. Intuitively, the higher the value is (in 

absolute value) the more aggressive the manoeuvre is. The obtained values satisfy the 

specification of being less than 1m/s2, except for two peaks of slightly higher values. 

One of them corresponds to an experiment in which also the reaction time is high, which 

corresponds to a late response of the driver. The very low value that corresponds to 

experiment number 14 tells us that the high reaction time estimated for such an 

experiment was actually due to low values of deceleration in the manoeuvre. 
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Figure 82: Average acceleration of the cooperative VRU protection for equipped vehicle use 

case. On the x-axis the number of experiments taken. The horizontal dash line denotes the 

target value. 

 ES2.2: Wrong Way Driving of In-vehicle Cooperative safety function  

In the case of wrong way driving, the position at which the danger is supposed to be, is 

the intersection point between the merging lane from which the wrong way vehicle is 

coming, and the lane on which the ego vehicle is travelling. This aspect makes clear 

that the ego vehicle is not necessary intended to stop, but the requirement is to instead 

to be always ready to stop before that point. This means that if the driver pass the point, 

sooner or later the warning will be of the maximum level. The driver can also decide to 

stop to shut down the warning.  

In Figure 83 a total of 18 experiments have been analysed. In particular, the wrong way 

driving vehicle was always detected by the strip in these experiments. The TTC is again 

above 3 seconds in all the cases and except for one case that is 3.8s, all the values reach 

the desirable value of 4 seconds. 
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Figure 83: TTC for WWD use case for equipped vehicle. 

In Figure 84, the reaction time presents more peaks over the target value compared to 

the VRU case. This may be due to a different perception of the danger, which was 

directly noticeable in the case of VRU, and it was not in this case. Two values in 

particular are above 3.5 seconds that denotes a clear lack of action by the drivers. The 

rest of values are below the desired threshold, the ones indicated by 0 are these cases in 

which the driver starts to decelerate without waiting for the yellow warning. They 

decelerated as precautionary action knowing the danger presence by the very first 

message received. 

 

Figure 84: Reaction time for WWD use case for equipped vehicle. 

Figure 85 shows the average acceleration which meets the target values for all except 

two cases. One coincides with a corresponding high reaction time that confirms a lack 

of attention and the need to act strongly to decelerate. The other coincides with a low 

reaction time, which means a probable overreaction of the driver to the yellow warning. 
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Figure 85: Average acceleration for WWD use case for equipped vehicle. 

Figure 86 shows the manoeuvre time which is always above the expected minimum 

target value (except for distracted driver). This essentially tells us that no driver stopped 

prematurely, but they always complete the manoeuvre to escape the danger or to stop 

with a smooth manoeuvre. 

 

Figure 86: Manoeuvre time (duration) for WWD use case for equipped vehicle. 

 ES4.1: Work zone detection of In-vehicle application for rail crossing and 

road works safety function, ES4.2: Work zone detection with more than 

one vehicles of In-vehicle application for rail crossing and road works 

safety function  

In this use case, 18 experiments have been analysed. Differently from the cooperative 

safety functions, for the first time there is a false negative. In experiment 13, the 

warning was not sent, this cannot be caused by a misdetection of the strips, since the 
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since the vehicles are equipped. Fortunately, in this particular case the false negative 

case was due to a problem in the software (in the memory of the Co-Driver the property 

of the lane on which the vehicle is travelling was erroneously set on a non-closed lane). 

Figure 87 shows the TTC that are all above the target value, it is always higher than 3 

seconds (being experiment 13 the false negative case), and they are very close to the 

desirable value of 4 seconds. 

 

Figure 87: TTC of work zone detection use case for equipped vehicles. 

Figure 88 shows the reaction time is very volatile in these experiments, since sometimes 

the drivers act before the warning (the yellow one) sometimes very late. This is 

probably due to the fact that the driver has several options: 

 Slow down in advance once he/she knows the presence of the roadworks, 

 Slow down after the warning and change lane, 

 Change lane without slowing down. 

This multiplicity of the possible reactions makes the reaction time a less significant 

metric in this case. 
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Figure 88: Estimated reaction time of work zone detection use case for equipped vehicles. 

Figure 89 reports the average acceleration and, despite the multiplicity of the possible 

choices, is distributed in a more homogeneous way. The acceleration is low and 

negative for most of the cases, showing a general smooth response of the drivers. 

 

Figure 89: Average acceleration of work zone detection use case for equipped vehicles. 

Figure 90 shows the manoeuvre time, which is above the threshold except for one case, 

corresponding to a change lane without an activation of the red warning. The higher 

values correspond to the cases in which the driver tends to slow down before changing 

lane. It is worth noticing that even in those cases the acceleration is very low in absolute 

value. 
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Figure 90: Manoeuvre time of work zone detection use case for equipped vehicles. 

 ES6.1: Urban intersection of In-vehicle application for merging and 

intersection support (e2Call)  

In this use case, a total of 36 experiments have been analysed. Every experiment has 

one ego vehicle and one non-ego vehicle. All the data ia collected from the ego vehicle. 

Figure 91 shows the TTC which is significantly higher than the one in the other use 

cases. This is due to the fact that the Co-Driver starts to consider the danger of the 

intersection with a radius of 10 meters around the centre of the intersection (retrieved 

from the MAP message). This offset affects the safe manoeuvres generated by the 

Co-Driver making them more conservative. The experiments in which the TTC does 

not appear in the bar plot are the ones in which no warning was issued. In opposition to 

the other use cases, the danger in an intersection is strongly related to the behaviour of 

the other vehicles. The Co-Driver evaluates the behaviour of the drivers and calculates 

if there is a conflict or not, updating the outcome of every calculation (i.e. every 100 

ms). 

 

 

Figure 91: Time to collision for merging and intersection support for equipped vehicle. 
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Figure 92 shows the reaction time which is close to the target value but not always 

below it. The highest peak is more than 3 seconds. Except for this peak and another one 

the values do not fall far from the target value or are below the target (which is 

desirable). Some values are too small and probably the signal did not allow to accurately 

compute the parameter. 

 

Figure 92: Reaction time for merging and intersection support for equipped vehicle. 

In Figure 93 the average acceleration presents several peaks, but they never exceed the 

expected value for more than 20%; still these peaks represent about the 25% of the 

experiments. The reason of these peaks is difficult to investigate, it may be due to 

different driving styles or to specific perception of the situation. The intersection is the 

most heterogeneous use case and it can generate different behaviours.  

 

Figure 93: Average acceleration for merging and intersection support for equipped vehicle. 
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The manoeuvre time is more regular and it is always above the threshold, meaning that 

the manoeuvre was always completed in a comfortable time, as it is clearly shown in 

Figure 94. 

 

Figure 94: Manoeuvre time for merging and intersection support for equipped vehicle. 

 Impacts of SAFE STRIP innovations for equipped vehicles 

The main benefit of SAFE STRIP for safety applications of equipped vehicle is to 

guarantee a precise vehicle lane level localization without using expensive GPS sensors 

and HD maps. The experiment results of the user trials demonstrate that indeed this is 

possible since the objective target values defined for the metrics are reached in the 

majority of cases. The warnings are issued sufficiently in advance (TTC > 3s) giving in 

this way the driver enough time to take the corrective actions that results most of the 

time with an average acceleration below the desired target value (1m/s2). This means 

that induced driver reaction is smooth and safer for the surrounding traffic and less 

prone to cause congestion therefore decreasing the traffic flow. Therefore, the 

application has also a potential beneficial impact on mobility. 

Another benefit of SAFE STRIP is the information provided at lane level that allows to 

display the warning only to the vehicle that needs it. As for non-equipped vehicles the 

roadworks applications proved the concept under real driving conditions implicitly 

suggesting the driver running on the closed lane to take the right action either stopping 

or changing the lane. Additionally, the large TTC allows to take the lane change with a 

smooth manoeuvre and low decelerations.  

3.3 User experience results – Overview per round 

As the data collected and analysed is of significant volume, only the aggregated results 

are presented herein. All detailed outcomes (per round, site and function) are available 

upon request. The driver and PWT behaviour questionnaires did not reveal any risk 

related behaviours in the samples and therefore no relation to the function or system 

use was identified (i.e. risky driver profiles do not exist in the sample, so no further 

correlations were possible to conduct to investigate if risky behaviours are related to 

certain performance of subjective results). Furthermore, the formative data collected ad 
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hoc through the event diaries by the researchers at sites were utilised to validate the data 

entered and pre-processed before any analysis was performed. 

Results from the collected pre- and post-questionnaires are analysed in the sections that 

follow. The results are consolidated for all participants together, depending on whether 

they participated as drivers, riders or infrastructure operators.  

3.3.4 Drivers 

80% of the drivers participating were male. 22% of the participants have driven an 

autonomous car, 10 of whom a vehicle of SAE level 2 and one participant a vehicle of 

SAE level 3. 35% of the participants have been driving for less than 10 years, 37% 

between 11 and 20 years, 16% between 21 and 30 years, while 12% more than 30 years. 

Moreover, 2% drives less than 5.000km per year, 17% drives between 5.000 and 10.000 

km per year, 43% drives between 10.000 and 15.000 per year, 8% 15.000 to 20.000km, 

14% 20.000 to 25.000km, 2% 25.000 to 30.000km, 12% more than 30.000km and one 

participant (2%) states “Don’t know”. Most participants drive almost every day in the 

city and less often in highway, and in rural areas.  

The majority (41%) of the drivers most often a less than 5-year-old vehicle and a 1.1 to 

2.0 litter vehicle (84%) (Figures 1 to 5, Annex 4 present all the consolidated background 

information collected). In relation to the acceptance of the different SAFE STRIP 

functions, the drivers rated 9 different characteristics of each function. The rated 

characteristics were: a) Useful / useless, b) Pleasant / Unpleasant, c) Bad / Good, d) 

Nice / Annoying. e) Effective / Superfluous. F) Irritating / Likeable, g) Assisting / 

Worthless, h) Undesirable / Desirable, i) Raising alertness / Sleep inducing. Ratings 

were from -2 to 2. Figure 95 to Figure 104 present the acceptance of SAFE STRIP 

based on the theoretical understanding of the drivers, before the tests (pre-test) and then 

based on their experience after the tests (post-test).  

Mobile cooperation function: Slight increase in useful (0.5), nice (0.3) and alertness 

(0.4) is found from expectations to acceptance. Overall, the usefulness (1.2 ±0.63) and 

satisfaction (1.2 ±0.63) are quite high (Figure 95).  

 

Figure 95: Mobile cooperative safety function (pre/ post acceptance). 

In vehicle cooperative safety function: The expectations of users were exactly met with 

the function being perceived as both satisfactory (1±0.54) than useful (1,3±0.58), both 

are rated highly (Figure 96).  
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Figure 96: In-vehicle cooperative safety function (pre/ post acceptance). 

In-vehicle application for rail crossing and road works safety function: This 

application was perceived as more useful, nicer ,more effective, more alerting but less 

desirable than they were expecting it to be with both usefulness and satisfaction to be 

high (1±0.43) and (0.98±0.49), respectively (Figure 97).  

 

Figure 97: In-vehicle application for rail crossing and road works safety function (pre/ post 

acceptance). 

Mobile application for rail crossing and road works safety function: This application 

was perceived as more useful, more pleasant, better, more effective, more alerting than 

they were expecting it to be with both usefulness and satisfaction to be high compared 

to average expectations users had prior any testing; (1.1±0.55) and (1.2±0.39), 

respectively (Figure 98).  
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Figure 98: Mobile application for rail crossing and road works safety function (pre/ post 

acceptance). 

In-vehicle application for merging and intersection support (e2call): This app was 

perceived as more useful, more effective, more likeable and more desirable than it was 

expected. Both usefulness and satisfaction are high; (1±0.32) and (1.2±0.79), 

respectively (Figure 99).  

 

Figure 99: In-vehicle application for merging and intersection support (e2Call) (pre/ post 

acceptance). 

Mobile application for merging and intersection support (e2call): This application 

was perceived as more useful, more pleasant, more effective, and nicer than it was 

expected. Usefulness is high and satisfaction are above average; (1±0.39) and 

(0.8±0.33), respectively (Figure 100).  
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Figure 100: Mobile application for merging and intersection support (e2Call) (pre/ post 

acceptance). 

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

This app met exactly the expectations and it was perceived as slightly more effective 

than it was initially anticipated. Usefulness and satisfaction are above average; 

(0.7±0.44) and (0.6±0.36), respectively (Figure 101).  

Mobile application for personalised VMS/ VDS and Traffic Centre information: This 

app exceeded the expectations, and it was perceived as more useful, nicer, more 

effective, more assisting and more desirable than it was initially anticipated. Usefulness 

and satisfaction are high; (1±0.31) and (0.9±0.39), respectively (Figure 102).  

 

Figure 101: In-vehicle application for personalised VMS/VDS and Traffic Centre 

information (pre/ post acceptance). 
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Figure 102: Mobile application for personalised VMS/VDS and Traffic Centre information 

(pre/ post acceptance). 

 

Figure 103: Application for virtual toll collection (pre/ post acceptance). 

Application for virtual toll collection: This app exceeded the expectations, and it was 

perceived as nicer, more assisting, and more alerting than it was initially anticipated. 

Usefulness and satisfaction are high; (0.99±0.46) and (0.87±0.21), respectively (Figure 

103).  

Application for parking, booking and charging: This app exceeded the expectations, 

and it was perceived as more useful, nicer, more effective, more assisting and more 

desirable than it was initially anticipated. Usefulness and satisfaction are high; (1±0.31) 

and (0.9±0.33), respectively (Figure 104).  
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Figure 104: Application for parking booking and charging (pre/ post acceptance). 

The use of resources and the potential distraction and inattention was measured with 

the Driver Activity Load Index (DALI). The participants rated from 1 (Low demand) 

to 5 (High Demand) all SAFE STRIP functions. Figure 105 to Figure 114 are the 

boxplots for each SAFE STRIP functions as perceived by the drivers. 

Mobile cooperative safety function: Overall the demand is average (3.2±1.1), but it 

appears to be lower for auditory demand and situation stress (Figure 105).  

 

Figure 105: Mobile cooperative safety function demands. 

In-vehicle cooperative safety function: Overall the demand is below average 

(2.6±0.72) (Figure 106).  
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Figure 106: In-vehicle cooperative safety function demands. 

In-vehicle application for rail crossing and road works safety function: Overall the 

demand is just above average (2.7±0.96) with very low situation stress (Figure 107).  

 

Figure 107: In-vehicle application for rail crossing and road works safety function demands. 

Mobile application for rail crossing and road works safety function: the demand is 

average (3±1.2) with lower demand for auditory and situation stress (Figure 108).  

In-vehicle and mobile applications for merging and intersection support (e2Call): is 

just below average for in-vehicle (2.49±0.7) and just above average for mobile 

(2.8±0.99) with low situational stress for both but higher temporal and attention demand 

for the mobile app (Figure 109 and Figure 110).   

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

information: Average for in-vehicle (2.5±0.48) and just above average for mobile 

(2.7±0.96). Visual and temporal demand is higher in the mobile app (Figure 111 and 

Figure 112). 
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Figure 108: Mobile application for rail crossing and road works safety function demands. 

 

Figure 109: In-vehicle application for merging and intersection support (e2Call) 

demands 

 

Figure 110: Mobile application for merging and intersection support (e2Call) demands. 
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Figure 111: In-vehicle application for personalised VMS/VDS and Traffic Centre 

information demands. 

 

Figure 112: Mobile application for personalised VMS/VDS and Traffic Centre information 

demands. 
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Figure 113: Application for virtual toll collection demands. 

 

Figure 114: Application for parking booking and charging demands. 

It appears that most users (92%) are willing to pay up to 50 Euros to use the SAFE 

STRIP solution (Figure 115).  

Figure 115: Willingness to pay for the SAFE STRIP solution. 

Figure 116 to Figure 125 present the usefulness of the SAFE STRIP functions.  

Mobile cooperative safety function: All responses are higher than average, with highest 

the confidence, the appreciation and usefulness of the warning information, which were 

all above 4 with mean usefulness (3.7±0.71) (Figure 116).  



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   116 

 

Figure 116: Usefulness of the Mobile cooperative safety function. 

In-vehicle cooperative function: All responses are high, with higher for confidence, 

HMI satisfaction and usefulness of the warning/ information (3.6±0.89) (Figure 117).  

 

Figure 117: Usefulness of the In-vehicle cooperative safety function. 

In-vehicle application for rail crossing and road works safety function: Most 

responses are high, with confidence, system appreciation and warning/ information 

provision to be the highest; usefulness is overall high (3.7±0.91) (Figure 118). Mobile 

application for rail crossing and road works safety function: Most responses are high, 

with confidence, system appreciation HMI satisfaction and usefulness of the warning 

to be the highest; usefulness is overall high (3.8±0.76) (Figure 118).  
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Figure 118: Usefulness of the In-vehicle application for rail crossing and road works safety 

function. 

 

Figure 119: Usefulness of the Mobile application for rail crossing and road works safety 

function. 

In-vehicle application for merging and intersection support (e2Call): Most responses 

are high, with system appreciation, HMI satisfaction and usefulness of the warning/ 

information for monitoring events and in general to be the highest; usefulness is overall 

high (3.9±0.69) (Figure 120). 
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Figure 120: Usefulness of the In-vehicle application for merging and intersection support 

(e2Call). 

 

Figure 121: Usefulness of the Mobile application for merging and intersection support 

(e2Call). 

Mobile application for merging and intersection support (e2Call): Most responses are 

high, HMI satisfaction and usefulness of the warning/ information for monitoring 

events and in general to be the highest; usefulness is overall high (3.6±0.58) (Figure 

121).  

Application for virtual toll collection: Most responses are high, whereas confidence, 

trust, timing and HMI liking as well as usefulness of the warning/ information to be the 

highest; usefulness is overall high (3.9±0.58) (Figure 124).  

Application for parking, booking and charging: Most responses are high, whereas 

confidence, trust, timing and HMI liking as well as usefulness of the warning/ 

information to be the highest; usefulness is overall high (3.7±0.71) (Figure 125). 

 

Figure 122: Usefulness of the In-vehicle application for personalised VMS/VDS and Traffic 

Centre information. 
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Figure 123: Usefulness of the Mobile application for personalised VMS/VDS and Traffic 

Centre information. 

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

information: Most responses are high, confidence (for the mobile), HMI satisfaction 

and usefulness of the warning/ information for monitoring and critical events (for in-

vehicle only) and in general to be the highest; usefulness is overall high for in-vehicle 

(3.8±0.47) and mobile (3.8±0.59) (Figure 122 and Figure 123). 

 

Figure 124: Usefulness of the Application for virtual toll collection. 
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Figure 125: Usefulness of the Application for parking booking and charging. 

The trust and distrust levels of the SAFE STRIP solution are presented in Figure 126. 

Trust is overall rated high (4.7±0.98).  

 

Figure 126: SAFE STRIP Trust and Distrust levels. 

Users are willing to use and enjoy using the system, but they do not so much consider 

the pay separately for the solution. This is an important finding for consideration on 

building the business planning around the SAFE STRIP solution (Figure 127).  

 

Figure 127: SAFE STRIP Trust Scale. 

Moreover, the drivers rated the notifications/warnings feeling of the system. The 

drivers rated the usefulness of the notifications from 1(useful) to 5 (useless) and the 

satisfaction from the notifications from 1(pleasant) up to 5(annoying). The results are 

shown in Table 9. All ratings are positive with low discrepancy between usefulness and 

satisfaction. This finding is coherent with the acceptance ratings, where users were 

positive towards both dimensions across pilot sites.  

Table 9: Usefulness and satisfaction from the SAFE STRIP notifications/warnings. 
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Additional findings of the questionnaires are: 

 51% of the drivers state that they would pay up to 0-20€ to buy the SAFE STRIP 

solution, while 41% would give 20-50€. 

 55% state that they do not have any safety concerns regarding SAFE STRIP 

while 45% of them state that they have some safety concerns.  

 86% of them stated that SAFE STRIP will bring an added value/positive impact 

in their daily mobility.  

 86% stated that they would prefer to have all SAFE STRIP functions while 14% 

of them would prefer to have only part of them. From the drivers that answered 

“No” to the question “Would you like to have available all applications of SAFE 

STRIP you tried?” the 3 functions that were selected as more desirable were:  

a) In-vehicle Cooperative safety function 

b) Mobile Cooperative safety function 

c) Mobile application for rail crossing and road works safety function 

While the 3 functions that were less desirable were: 

a) Mobile application for merging and intersection Support (e2Call) 

b) Autonomous vehicles support 

c) Application for Virtual Toll Collection 

 An analysis was also performed using Τhe Net Promotion Score (NPS). The 

participants answered the question “How likely is it that you recommend this 

function to a colleague or friend?”. Answers between 0-6 were calculated as -

100 each, 7-8 as 0 each and 9-10 as +100 each. The total score from the 

questionnaire was +400 and the mean number is calculated as 

NPS=400/49=8,16 which indicates a positive Net Promotion Score, and a 

positive stance of the drivers to promote SAFE STRIP to other people. 

 The most frequent Key Expected Impacts from the SAFE STRIP were: 1) 

Road Safety, 2) Traffic Efficiency, and 3) Mobility.  

Function Useful Pleasant

Mobile Cooperative Safety Function 1,73 1,60

In-vehicle Cooperative Safety Function 1,68 1,63

In-vehicle application for Rail Crossing and 

Road Works Safety Function 1,97 2,11

Mobile application for Rail Crossing and Road 

Works Safety Function 1,97 1,97

In-vehicle application for Merging and 

Intersection Support (e2Call) 1,43 1,57

Mobile application for Merging and Intersection 

Support (e2Call) 1,97 1,87

In-vehicle application for Personalised 

VMS/VDS and Traffic Centre Information 2,03 1,86

Mobile application for Personalised VMS/VDS 

and Traffic Centre Information 1,63 1,63

Application for Virtual Toll Collection
1,50 1,47

Application for Parking Booking and Charging
1,40 1,43
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Finally, some Strengths, proposed changes and potential negative impacts 

identified by the drivers are shown in Figure 128. 

 

Figure 128: Perceived strengths, proposed changes and potential negative impacts of SAFE 

STRIP (drivers). 

3.3.5 Riders 

95% of the riders participating were male. 5% of them have driven an autonomous 

vehicle a SAE level 3. 16% of the participants has been driving for less than 10 years, 

42% between 11 and 20 years, 31% between 21 and 30 years, while 11% more than 30 

years. Moreover, 11% drives less than 5.000km per year, 16% drives between 5.000 

and 10.000 km per year, 26% drives between 10.000 and 15.000 per year, 5% 15.000 

to 20.000km, 11% 20.000 to 25.000km, 5% 25.000 to 30.000km and 26% more than 

30.000km. Most participants drive almost every day in the city and less often in 

highway, and in rural areas. 37% of the participants drives most often a less than 5-

year-old vehicle and 26% a vehicle between 6 and 10 years old. Most the participants 

drive most often a 1.1 to 2.0 litter vehicle (58%).  

 

STRENGTHS:

The system is able to provide an improved position of the vehicle that is 

passing on the strips. 

Continuously retrieves information from the road surface of the road, 

Acknowledgement of speed/driving direction/absolute positioning of all the 
vehicles. 

Audio warnings.

Being able to raise attention before the driver can perceive the danger.
Cooperative communication.

Easy to use, info is presented comprehensively.

Valid and timely warnings.
Information to the driver about something s/he has not seen or does not know.

It works also with mobile devices.

POTENTIAL NEGATIVE 

IMPACTS:

Too many warnings could create 

confusion while driving.

Missing alarms or wrong warnings 
could be a threat.

Security for vulnerable users.

Continuous maintenance of the 
system, otherwise it will become 

useless.

The driver can rely on the system too 
much and do not focus on the road.

Cyber attack to the application.

Shift of responsibility in case of 
accident.

PROPOSED CHANGES:

Better timing of the information 
(earlier warnings).

Better visual advise.

Need of robust improvement.

Changes/improvement ito HMI. 

Give more priority to audio warning 
rather that visual.

Reliability and the synchronization 
of the messages should improve .

Colour changes to interface.

Should be an adjustment period.
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The following figures present the acceptance results of the SAFE STRIP based on the 

theoretical understanding of the riders, before the tests (pre-test) and based on 

experience after the tests (post-test). It should be stressed that the in-vehicle functions 

rating are not always present herein, as they refer to equipped/semi-equipped PTWs 

that were not always the case in the trials. Even if they are present in Table 1, it might 

be the case that the riders participating in the equipped (in-vehicle) trials participated 

in the first trials of Greece, before the technical issues occured on the equipped 

PIAGGIO MP3 Hybrid PTW, where they completed, however, only event diaries.  

Mobile cooperation function: Slight increase in usefulness (0.5), pleasant (0.6) and 

effectiveness (0.7) and likeability (0.5) is found from expectations to acceptance. 

Overall, the usefulness (mobile: 1.1 ±0.69) and satisfaction (0.96 ±0.78) are quite high 

(Figure 129).  

 

Figure 129: Mobile cooperative safety function (pre/post acceptance). 

Mobile application for merging and intersection support (e2Call): Slight increase in 

effectiveness (0.5), goodness (0.5) and likeability (0.35) for in-vehicle and in usefulness 

(0.4), pleasantness (0.36) and alertness (0.5) for the mobile is found from expectations 

to acceptance. Overall, the usefulness (1.1±0.76) and satisfaction (1 ±0.69) are high. 
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Figure 130: Mobile application for rail crossing and road works safety function (pre/post 

acceptance). 

 

Figure 131: Mobile application for merging and intersection support (e2Call) (pre/post 

acceptance). 
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Figure 132: Mobile app for personalised VMS/VDS and Traffic Centre information (pre/post 

acceptance). 

Mobile application for personalised VMS/VDS and Traffic Centre information: 

Slight increase in usefulness (0.5), niceness (0.47), alertness (1.2) and assistance (0.42) 

for in-vehicle and in usefulness (1.25), effectiveness (1.3), assistance (1.15) and 

alertness (1.12) for the mobile is found from expectations to acceptance. Overall, the 

usefulness (1.48±0.52) and satisfaction (0.78 ±0.66) are very high, with usefulness 

being much higher than satisfaction (Figure 132). This application appears to offer the 

most accepted function for riders. The results point towards the need for this function, 

however further improvements in aesthetic elements prior commercialisation will 

increase user satisfaction.  

Application for virtual toll collection: Expectations were overall met. Overall, the 

usefulness (1.23 ±0.88) and satisfaction (1.19 ±0.74) are high (Figure 133). 

 

Figure 133: Application for virtual toll collection (pre/post acceptance). 

The following figures present the demands for each SAFE STRIP functions as 

perceived by the riders.  

Mobile cooperative safety function: Overall the demand is a bit higher than average 

(3.3±0.99) for the mobile (but it appears to be higher for visual and attentional demand). 

 

Figure 134: Mobile cooperative safety function demands. 
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Mobile application for rail crossing and road works safety function: Overall the 

demand is a bit higher than average (3.1±1.06); it appears to be higher for visual and 

auditory demand, but a bit lower than average for stress and emotional demand (Figure 

135). 

 

Figure 135: Mobile application for rail crossing and road works safety function demands. 

Mobile application for merging and intersection support (e2Call): Overall the demand 

is a bit higher than average (3±0.88); it appears to be higher for visual and auditory 

demand, but a bit lower than average for situational stress (Figure 136). 

 

 

Figure 136: Mobile application for merging and intersection support (e2Call) demands. 

Mobile application for personalised VMS/VDS and Traffic Centre information: 

Overall the demand is a bit higher than average (2.9±0.77); it appears to be higher for 

visual, situational and auditory demand (Figure 137). 
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Figure 137: Mobile application for personalised VMS/VDS and Traffic Centre information 

demands. 

Application for virtual toll collection: Overall the demand is average (2.88±0.69); it 

appears to be higher for visual and auditory demand (Figure 138). 

 

 

Figure 138: Application for virtual toll collection demands. 

Figure 139 to Error! Reference source not found. depict the usefulness chart of the 

SAFE STRIP functions. 

Mobile cooperative function: All responses are high, higher for the HMI satisfaction 

and usefulness of the warning/ information, with usefulness of the mobile app 

(3.4±0.91) (Figure 139). 

Mobile for rail crossing and road works safety function: All responses are high, higher 

for the HMI satisfaction and usefulness of the warning/ information, with usefulness of 

the mobile app (3.6±0.99) (Figure 140).   

Mobile application for merging and intersection support: All responses are high with 

usefulness of the mobile app (3.8±0.89) (Figure 141).  

Mobile application for personalised VMS/VDS and Traffic Centre information: All 

responses are high with usefulness of the mobile app (4.3±0.89) (Figure 142). 
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Figure 139: Usefulness of the Mobile cooperative safety function. 

 

Figure 140: Usefulness of the Mobile application for rail crossing and road works safety 

function. 

 

Figure 141: Usefulness of the Mobile application for merging and intersection support 

(e2Call). 
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Figure 142: Usefulness of the Mobile application for personalised VMS/VDS and Traffic 

Centre information. 

 

Figure 143: Usefulness of the Application for virtual toll collection. 

Application for virtual toll collection: All responses are high with usefulness 

(3.8±0.92) and higher for trustful and helpful warnings in managing an event (Figure 

143). 
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Figure 144: SAFE STRIP Trust and Distrust levels. 

The trust scale of the SAFE STRIP system is depicted in Figure 145. 

The trust (4.7±1.1) and distrust (3±0.99) levels are respectively high and below average 

of the SAFE STRIP solution. The users do trust the SAFE STRIP solution but they 

might be still hesitant to give it try. This finding is supported by their willingness to 

use being average (Figure 145).  

 

Figure 145: Trust scale of SAFE STRIP. 

Moreover, the riders rated the notifications/warnings feeling of the system. The riders 

rated all the usefulness of the notifications from 1(useful) to 5 (useless) and the 

satisfaction from the notifications from 1(pleasant) up to 5 (annoying). The results are 

shown in Table 10 and they demonstrate that the notifications are universally useful 

and pleasant. These findings agree with the overall usefulness and acceptance scores, 

which are generally above average.  

Table 10: Usefulness and satisfaction from the SAFE STRIP notifications/warnings. 

Function Useful Pleasant 
Mobile Cooperative Function 1.79 1.79 

Mobile Application for Rail 

Crossing and Road Works Safety 

Function 

1.53 2.05 

Mobile Application for Merging 

and Intersection Support (e2call) 
2.32 2.58 

Mobile Application for 

Personalised VMS/ VDS and 

Traffic Centre Information 

1.81 1.44 

Application for Virtual Toll 

Collection 
1.50 1.56 

 

Additional findings are: 

 58% of the riders state that they would pay up to 0-20€ to buy the SAFE STRIP 

solution, while 37% would give 20-50€.   

 53% of the riders state that they do not have any safety concerns regarding SAFE 

STRIP while 47% of them state that they have some safety concerns.  

 74% of the riders state that SAFE STRIP will bring an added value/positive impact 

in their daily mobility.  

 84% of the riders state that they would prefer to have all SAFE STRIP functions 

while 16% of them would prefer to have only part of them. From the riders that 
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answered “No” to the question “Would you like to have available all applications 

of SAFE STRIP you tried?” the 3 functions that were selected as more desirable 

were: a) Ιn-vehicle cooperative safety function, b) Mobile cooperative safety 

function, and c) Mobile application for rail crossing and road works safety function. 

 An analysis was also performed using Τhe Net Promotion Score (NPS). The 

participants answered the question “How likely is it that you recommend this 

function to a colleague or friend?”. Answers between 0-6 were calculated as -100 

each, 7-8 as 0 each and 9-10 as +100 each. The total score from the questionnaire 

was +100 and the mean number is calculated as NPS=100/19=5,16 which indicates 

a positive Net Promotion Score, and a positive stance of the riders to promote SAFE 

STRIP to other people. 

 Regarding the Key Expected Impacts from the SAFE STRIP the three most 

selected answers were: 1) Road Safety, 2) Mobility, and 3) Traffic Efficiency.  

 Most users (58%) are willing to pay up to 20 Euros for the SAFE STRIP solution. 

It seems that riders are willing to pay less than drivers for the solution.  

 

Figure 146: Willingness to pay for the SAFE STRIP solution. 
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Figure 147: Perceived strengths, proposed changes and potential negative impacts (riders). 

3.3.6 Operators  

Half of the operators participating in the trials are civil engineers who work in the 

operation and maintenance of a 314km long highway. The other half are employees 

who work in the operation and maintenance of a 70km long urban highway. Their 

average professional experience is 13.75 years. Operators stated that “Improve 

maintenance operations”, “Establish optimum frequency of maintenance” and 

“Improve maintenance organization” are the top maintenance priorities in their 

organisations.  The opinion of the operators about the current VMS infrastructure and 

Toll Infrastructure is shown in the following figures.  

 

Figure 148: S&W of current VMS infrastructure (left) and toll infrastructure (right).       

 

STRENGTHS:

Provides useful information, which can help in the managing of trip.

Useful warnings/notifications.

Many and different types of applications.

Quick messages.
Intuitive pictograms.

Easy to use.

POTENTIAL NEGATIVE 

IMPACTS:

Increased mobile use when riding 

which is dangerous.

Stability of the system.
Lack of attention to the road 

environment.

Driver distraction.

PROPOSED CHANGES:

Earlier notification of the rider.

Changes to warnings because of low 

visibility due to the sun.

Better and louder  acoustic warnings, so 
riders should be not concentrated on the 

phone all the time.

The device should be installed not 
portable.
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The operators assessed all relative functions of SAFE STRIP, namely the “Road wear 

level and predictive road maintenance”, the “Application for personalised VMS/VDS 

and Traffic Centre Information” and the “Application for Virtual Toll Collection”. The 

following figures present SAFE STRIP based on the theoretical understanding of the 

operators, before the tests (pre-test) and based on experience after the tests (post-test).  

Road wear level and predictive road maintenance: It was nicer (0.3), more effective 

(0.7) and more alerting (0.35) than expected, but also less likeable (0.5) and less 

assisting (0.3). Overall, the usefulness (0.8 ±0.77) and satisfaction (0.7 ±0.73) are 

average (Figure 152). Application for personalised VMS/VDS and Traffic Centre 

information: It was less nice (0.25), less effective (0.5), but more alerting (0.5) than 

expected. However, the overall, the usefulness (1.4 ±0.63) and satisfaction (1.3 ±0.59) 

are very high (Figure 153). Application for virtual toll collection: It exceeded by a lot 

the expectations of the operators; the usefulness (1.4 ±0.78) and satisfaction (1±0.64) 

are very high (Figure 154). 

 

 

Figure 149: Road wear level and predictive road maintenance (pre/post acceptance). 
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Figure 150: Application for personalised VMS/VDS and Traffic Centre information (pre/post 

acceptance). 

 

Figure 151: Application for virtual toll collection (pre/post acceptance). 

Figure 152 to Figure 154 present the usefulness scores of the SAFE STRIP 

Functions. 

 

Figure 152: Usefulness of the Road wear level and predictive road maintenance. 
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Figure 153: Usefulness of the Application for personalised VMS/VDS and Traffic Centre 

information. 

 

Figure 154: Usefulness of the Application for virtual toll collection. 

Road wear level and predictive road maintenance: All responses are above average -

with the important of others to be higher than other responses- with usefulness 

(3.3±0.97) (Figure 152). 

Application for personalised VMS/VDS and Traffic Centre information: All 

responses are considerably high -with the important of others to be higher than other 

responses as well as the usefulness of the information received and the appreciation for 

the system- with usefulness (4±1.2) (Figure 153). 

The trust (5.7±0.64) and distrust (2.2±0.28) levels of the SAFE STRIP solution are 

shown in Figure 155 and are respectively high and low.  

 

Figure 155: Trust and distrust of the SAFE STRIP solution. 

Operators reported that they are willing to pay for the system (3.5±0.58), they enjoy 

using it (4±0.66) and consider themselves as future users of the system (3.7±0.45).  

An analysis was also performed using Τhe Net Promotion Score (NPS). The 

participants answered the question “How likely is it that you recommend this function 

to a colleague or friend?”. Answers between 0-6 were calculated as -100 each, 7-8 as 0 

each and 9-10 as +100 each. The total score from the questionnaire was +100 and the 

mean number is calculated as NPS=100/8=15.50 which indicates a positive Net 
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Promotion Score, and a positive stance of the operators to promote SAFE STRIP to 

other people. 

The median amount that the operators are willing to pay for the SAFE STRIP solution 

is 1000€ per strip for installation and 200€ per strip for annual maintenance. In the 

following figures, the strengths and weaknesses of the functions are presented. 

Figure 156: Perceived strengths and weaknesses of Road wear level and predictive road 

maintenance (operators). 

Figure 157: Perceived strengths and weaknesses of Application for toll collection.  

STRENGTHS:

The system could give additional information regarding the condition of the pavement, 
thus implementing the already existing monitoring system in use.

Possibility of adding new information to the ones derived from the existing system .

The way that the system reacts to harsh weather is vital: not deteriorating upon being 
exposed to the elements plays a considerable role in relation to structural damage and the 
duration of its operational suitability. 

The use of technology to assess the fatigue properties of the road surface and therefore 
determine the integrity of the load-bearing structure is of very important. The new system, 
if integrated with the one already in use, could provide a great quantity of useful data 
while considerably reducing any problems with regard to safety.

Continuous information, can help the company's maintenance program, app is reliable, 
enjoyable application.

WEAKNESSES:

The main weakness is that the system monitors only specific points, not the entire length of 
the road. In that way there is no information on the condition of the road between 2 strips. 

STRENGTHS:

Faster payment of tolls. 

Lack of stops at stations.

Fairer charge depending on the length of the distance 
travelled by the vehicle2

WEAKNESSES:

The main weakness is that there is greater chance of non-
payment of tolls by users.
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Figure 158: Strengths and weaknesses of Application for personalised VMS/VDS and Traffic 

Centre Information (operators). 

Some possible legal/regulatory/operational barriers, conflicts with other existing or 

emerging technologies and security aspects identified by the operators are shown in 

Figure 159:  

 

Figure 159: Possible Barriers, Conflicts with other technologies and security aspects 

(operators). 

Overall, the main outcomes of the user acceptance results are as follows: 

 The applications and the solution were well-received and accepted by all user 

groups with mean scores ranging from average to high. No low scores were 

reported. 

 Riders find the use of the functions visually and attentionally more demanding, but 

no group found any application highly demanding. 

STRENGTHS:

The key advantages of SAFE STRIP in terms of road safety are providing timely and 
precise information to the driver about the road and traffic conditions, allowing not only a 
potential reduction of the time of intervention in case help is needed but also a decrease in 
the number of accidents.

Customized information.

Providing timely and precise information to the driver about the road and traffic conditions, 
allowing not only a potential reduction of the time of intervention in case help is needed but 
also a decrease in the number of accidents.

Tailored information, customized messages, precise and timely suggestions.

WEAKNESSES:

The main weakness is that users will need a certain amount of time to adjust to the system.

LEGAL/REGULATORY/OPERATIONAL 
BARRIERS:

Possibility of need of strip standardization in order to 
get commercial

CONFLICTS WITH OTHER EXISTING OR 
EMERGING TECHNOLOGIES:

There may be a conflict with the way autonomous 
vehicles operations, if the systems do not fully 
cooperate.

SECURITY ASPECTS: The height of the strips could 
cause an accident if someone is moving illegally at 
very high speeds.
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 Users show they trust the solution; however, they believe some changes in HMI 

elements and qualities would increase its commercialization potential.  

 Most users, regardless user group, find a price between 20 and 50€ highly 

acceptable and probable.  

 A repeated finding was- across different questionnaires- the high usefulness of the 

applications across sites and user groups, pinpointing the added value to the existing 

market, but also to road safety.  

  



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   139 

4 Focus Groups & Final Event  

The Pilots across the three test sites concluded with Focus Groups. The final 

demonstration event that was held in Athens in July 2020 constituted the Greek final 

event. Detailed minutes are provided in Annex 2, while summaries follow below. 

Reading the following, it should be reminded that not all functions were experienced in 

all test sites.  

4.1 Focus group - Italian pilot 

A focus group has been organized with the users that have tested the SAFE STRIP 

system during the Italian user-trials. The focus group was realized at 22 July 2020. 8 

participants (CRF/A22) + 2 moderators (CRF) participated.   

The event started with 10 minutes of presentation about the SAFE STRIP project, then 

moved to the Italian Test Pilot and the tested applications (i.e. VRU protection, Wrong 

Way Driving Warning, Road Works Warning, Intersection Collision Warning, and In-

Vehicle Variable Message Sign - FOG), and, finally, key questions about acceptance 

were introduced to the Focus Group. Key conclusions follow below:  

1. The motorway operators need a communication channel to reach the users with 

tailored warnings; as such, the mobile application of SAFE STRIP proved 

beneficial. Actually, A22 has already a warning smartphone application that 

provides informative messages based on the location and driving direction of the 

drivers but there are not many users that have installed it. Nobody in the focus group 

was aware of this app’s availability though.  

2. The A22 motorway operator has already the sensors to detect Wrong Way Driving, 

road anomalies (car accidents, trucks parked at rest areas). Strips need to provide 

more sophisticated information before they prove beneficial for the motorway with 

regard to the specific scenario (which proved to be the last one to introduce to the 

market).  

3. The application that was rated as the first to introduce in the market was the 

cooperative safety function, especially that one focusing on Vulnerable Road Users.  

4. The users believe the strips installed at the zebra crossing should be accompanied 

by cameras to improve the safety potential of SAFE STRIP.  

5. In-vehicle integration would be preferred (if it was possible), as users are not in 

favour of using their own smartphone – as they claimed, they do not have the proper 

space to look at the warnings and they think the applications will drain the battery. 

6. The users would not wish to pay for the application (neither the smartphone 

application nor the one integrated in the car). They would prefer installing the 

application in the android auto system, if available for free.  

7. Maintenance is a major activity for a motorway operator. Given the fact that the 

Brenner Motorway is subject to heavy snowfalls, road maintenance winter service 

staff is often at work, during winter time, with snow ploughs for removing snow 

from the road. There is a fear that the strips would be damaged under heavy snow 

conditions; as such experiments under adverse weather conditions are necessary 

before commercialization. 

8. Fog application: The fog system already in use on the A22 extends over 

approximately 65 miles along the most southerly section of the motorway (from 

Affi to Modena). It comprises LED guide lights and sensors to detect levels of fog. 

If visibility is restricted, the relevant section of the system is automatically 

activated. The lights may burn continuously, flash or form a light trail in accordance 
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with the speed limit stipulated. The system is connected with the User Service 

Centre (C.A.U.) and divided into 23 independent modules. Each section is fitted 

with its own light sensor and fog sensor (33 in total). It would be nice to have a 

system, like SAFE STRIP, that informs the users before they enter any fog bank, 

but what it is fundamental is guiding the user through the fog bank itself (which 

actually can be supported by SAFE STRIP in the way that has been done for 

automated vehicles). 

9. Being able to communicate with users is crucial for any motorway. Due to the fact 

that speed on motorway plays a major role, any obstacle on the road has to be 

promptly signalled and removed as quickly as possible. As far as Virtual VMS is 

concerned, it would be an amazing opportunity to inform the users in a timely and 

customized manner that on their path, in a specific position, they will find an 

anomaly (that could be a car stopped on the emergency lane or any obstacle, such 

as a wheel rim on the road) in such an easy way. VVMS could inform the drivers 

in the most efficient manner ever that they are about to reach something that can 

potentially be dangerous. This function, if integrated with the existing system that 

sees the User Service Centre having the role of nerve centre that receives every 

possible information and then sends the messages to the currently existing VMS, 

would truly have a tremendous positive impact on road safety. 

4.2 Focus group - Spanish pilot 

A focus group has been organized with the users that have tested the SAFE STRIP 

system during the Spanish user-trials. The Spanish Focus Group was carried out at 23 

July 2020 in the facilities of CIDAUT Foundation, in Technological Park of Boecillo. 

The meeting brought together several users from the Spanish trials and experts from 

both road infrastructure companies and Valladolid city council, in order to set an 

interesting mobility workshop around SAFE STRIP, whose feedback led to the 

extraction of useful qualitative results. 10 key questions were posed, where important 

subjective conclusions were reached. The Focus Group was managed by Javier Romo, 

Marta Ingelmo and Alejandro Martínezn from CIDAUT. 2 user trials participants were 

invited and the following participants also attended:  

 Roberto Riol from Valladolid city council, Leader of the Urban Mobility Center 

(attending virtually).  

 Modesto Mezquita from Valladolid city council, Innovation Area and Economic 

Development Coordinator (attending virtually).  

 Juan José Mostaza from Road Steel Engineering, Gonvarri Industries, Research 

Engineer. 

 José Miguel Perandones from AMAC Europe, I+D Responsible. 
 

 

Figure 160: Spanish focus group.  
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The meeting was managed in the way to maximize the feedback of the guests. It was 

split up in two main sections. The first one covered the SAFE STRIP presentation, the 

second one was focused on the participation of the guests, where several questions were 

raised aiming to accomplishe a debate between invited guests. The event closed with 

highlights of the conclusions drawn. Those are as follows:  

 Overall, in terms of the anticipated impacts on society, the SAFE STRIP system 

was perceived as both a driver support system but there is a fear that it would distract 

the drivers (causing stress or driving mistakes to the driver). Consequently and by 

average, the audience believed that it will have a moderate impact on mobility and 

safety, whilst more positive impacts are expected in terms of traffic efficiency (with 

positive environmental impacts associated too).  

 The SAFE STRIP solution was perceived by attendees as an innovative solution 

which seems to make easy C-ITS integration and to be opening new work lines, 

which will prove beneficial for European competitiveness. 

 In general terms, the favourite function of attendees was Work Zone detection, 

although they think that the function which is closer to production is Virtual Toll 

collection.  

 Finally, the participants highlighted that users’ satisfaction will depend on previous 

expectations of driver regarding the system – a careful commercialization campaign 

has to be done before introduction in the market. 

4.3 Final live demonstration event  

The final SAFE STRIP workshop that also constituted the Greek workshop was held at 

20 July 2020 in Athens, Greece, in ATTD premise. The final event page can be found 

at: https://safestrip.eu/safe-strip-final-event/. The workshop gathered 17 on-site 

participants and 89 virtual attendees. The aim of the workshop was to showcase SAFE 

STRIP’s solutions and technologies, as well as to discuss the future of such solutions 

in the framework of road safety. The workshop started with keynote speeches by 

Giannis A. Kefalogiannis, Vice Minister, Ministry of Infrastructure and Transport, 

Sergio Escriba’s substitute from INEA, Bill Halkias, President of International Road 

Federation (IRF), Geneva Programme Centre & Attikes Diadromes CEO, Athanasios 

Papadimos, Police Lieutenant Colonel, Traffic Policing Division/ Hellenic Police 

Headquarters and Natalia Dasiou, Vice President of the Hellenic Institute of 

Transportation Engineers. Following the keynote speeches, presentations were carried 

out by CERTH/HIT, SWARCO, VALEO and the University of Trento, showing the 

deployment of C-ITS through low-cost integrated strips and demonstrating SAFE 

STRIP’s safety applications. The workshop closed with a round-table discussion.  

Demonstrations were carried out both virtually and on-site. The second part of the 

workshop featured a panel discussion titled “Making roads safer and smarted”, with 

speakers from Attikes Diadromes, the Hellenic Institute of Transportation Engineers 

and SWARCO, moderated by ERTICO and CERTH/HIT. The workshop was well 

attended and was also covered by the Greek media. The on-site live demonstration of 

the system was performed on the closed lane in Attiki Odos. This was a first-class 

opportunity to extract impressions of high standing representatives in important 

positions of Greek authorities directly connected with the exploitation and 

implementation of the system. But, most importantly, SAFE STRIP showed that it can 

work as an enabler to mobilise actions on the part of the involved stakeholders. The 

event has been very successful in all aspects.  

https://safestrip.eu/safe-strip-final-event/
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Figure 161: Giannis A. Kefalogiannis, Vice Minister, Ministry of Infrastructure and 

Transport driving the HIT research car and trying SAFE STRIP.  

 

Figure 162: Lancia research car by HIT during live demonstration.  

 



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   143 

 

Figure 163: Snapshot from round table of the event.  

The most important moments and conclusions as of the workshop follow below:  

 According to Mr Giannis A. Kefalogiannis (Vice Minister, Ministry of 

Infrastructure and Transport), SAFE STRIP and the technological advancements it 

integrates give rise to the significance of the increase of road safety, for which a list 

of new actions are currenty being taken in Greece on political level. In particular, 

the Vice Minister announced the intention to legislate a National Road Safety 

Observatory, which should operate jointly with those of another 20 European 

countries, collecting and managing the relevant data. SAFE STRIP was recognised 

as a project in-line with the Greek National Strategic Plan for Road Safety for the 

upcoming years 2021-2030, with the main goal to reduce road fatalities and serious 

injuries by 50% and also as a technological symbol of the new era that Greece wants 

to enter. 

 Mr Bill Halkias (President of International Road Federation - IRF), stressed out 

the significant assistance which can be provided by SAFE STRIP to advance one 

step further the pavement monitoring procedures both in terms of road safety and 

infrastructure cost-effective maintenance. Also extensive and specific reference was 

made to the contribution of personalized driver information in the context of safety 

applications and VMS, which is also exploited to a very large extent by SAFE 

STRIP. 

 The Police Lieutenant Colonel Athanasios Papadimos talked about the need to 

modernise the surveillance systems and processes and presented the Integrated 

Traffic Policing Plan for 2020-2024 that foresees the extensive collaboration of 

public bodies and which can only materialised by systems like SAFE STRIP, which 

can provide the necessary data and interact with the new AI law enforcement 

technologies. 

The on-site live demonstration of the system was very successful and impressive. The 

attendees had the chance to experience the system both from the drivers’ side, but also 

as external attendants when other participants were driving. 3 scenarios of SAFE STRIP 

were selected for demonstration, namely the VMS (fog or heavy traffic), the wrong way 
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driving and the VRU protection where a pedestrian crossing was emulated on the side 

of the closed lane.  

A panel discussion followed the live demonstration, with Vladimir Vorotonic 

(ERTICO-ITS Europe) and Evangelos Bekiaris (CERTH/HIT Director) as moderators 

and the following panellists physically of virtually attending: 

 Dimitris Sermpis, Traffic Management Engineer, Attikes Diadromes 

 Natalia Dasiou, Vice President of the Hellenic Institute of Transportation 

Engineers (HITE) 

 Laura Coconea, Head of Innovation, SWARCO Mizar 

The innovation of the project initiated discussions among the attendees on the upcoming 

issues which will be introduced by SAFE STRIP technology and the expected 

challenges towards full deployment, which involved system standardisation & 

homologation, integration and interoperability with existing systems. 

5 Additional Outcomes 

5.1 Automated Functions 

The SAFE STRIP system has been experimented with the VALEO automated driving 

prototype vehicle and has enabled the management of several complex use cases, for 

which the vehicle has been warned of events ahead of the road and has been able to 

avoid dangerous situations, either by taking an alternate path or by requesting the driver 

to resume control of the vehicle. The four situations demonstrated are presented below. 

All the scenarios are situations that enhance the safety of the vehicle occupants. A 

summary of the results emerging are provided in the following sections. For a more 

detailed insight, please refer to D4.8: Final Autonomous vehicles functions report. 

5.1.1 Scenarios for automated driving vehicles 

 Scenario 1:  Dynamic trajectory estimation for automated vehicles 

 

Figure 164: Scenario 1 – Dynamic trajectory estimation for automated vehicles. 

In this first scenario, the vehicle arrives at a portion of the road where road markings 

are missing and where the automated vehicle will have difficulties at remaining in the 

lane because the sensors are mainly relying on road markings for the lateral control of 

the vehicle. Thanks to the SAFE STRIP system, the vehicle is detected early before the 

dangerous area and is warned of the end of road markings. The vehicle is able to request 

a takeover to the driver early enough and to plan a stop maneuver before arriving on 

the area without road markings. 
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 Scenario 2: Definition of lane-level virtual 

corridor. 

 

Figure 165: Scenario 2 – Definition of lane-level virtual corridor 

In this second scenario, the vehicle is passing on a strip and warned by the SAFE STRIP 

system that an obstacle lies ahead on the road and that it needs to make a slight offset 

in the lane to avoid the obstacle. To do so, a virtual corridor is defined and transmitted 

to the vehicle, which is translated with regard to the real lane. The vehicle automated 

driving system is expected to follow the virtual corridor and to avoid the obstacle. 

 Scenario 3: Tollgates management 

 

Figure 166: Scenario 3 – Tollgates management. 

In this third scenario, the SAFE STRIP system enables the automated vehicle to manage 

the arrival on a toll gate. The vehicle is detected on its lane when he is passing on the 

road strip and guided by the SAFE STRIP towards a specific tollgate lane. The SAFE 

STRIP system indicates to the vehicle which gates are open and which gates are closed. 

The automated vehicle is expected to perform a lane change to the lane corresponding 

to the indicated gate and to stop before the toll gate. 

 Scenario 4: Work zones detection 

 

Figure 167: Scenario 4 – Work zones detection. 

In this fourth and last scenario, the SAFE STRIP system enables the automated vehicle 

to manage a work zone without requesting the driver to resume manual control of the 

vehicle. As soon as the vehicle is arriving on the road strip, it is warned that a working 

zone is ahead on the right lane while the left lane remains open. The vehicle is expected 

to change lane to the free lane. As soon as the work zone ends, the vehicle arrives on a 

second strip and receives a message indicating that it can return to the right lane. 
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5.1.2 First pilot tests – setup and results 

The first pilot test session, in Trento in Italy, has enabled to validate the interoperability 

of the SAFE STRIP system with the Valeo vehicle, equipped with V2X connectivity. 

The interoperability has been successfully validated after the resolution of several 

issues and data have been recorded by the automated vehicle for the first scenario. The 

results of the tests are summarized in Table 11. 

Table 11: First pilot tests results. 

Objective Road Side Bridge  Data recordings 

1- Interoperability validation Succeeded N/A 

2- Scenarios tests in 
open loop and 

recordings 

Scenario 1 

Succeeded 

(DENM generated and 

received by the vehicle) 

Recorded 

Scenario 2 
Succeeded 

(DENM generated) 
Not recorded 

Scenario 3 
Succeeded 

(DENM generated) 
Not recorded 

Scenario 4 
Succeeded 

(DENM generated) 
Not recorded 

 

The SAFE STRIP Road Side Bridge has been able to successfully generate the DENM 

messages for all scenarios. Reception of the DENM message by the Valeo vehicle and 

recording of the scenario has been only succeeded for the first scenario, because some 

issue were still under resolution at the end of the vehicle timeslots for the three other 

scenario. These issues have been solved by adjusting the configuration of both the Road 

Side Bridge and the Valeo on-board unit. 

5.1.3 Second  pilot tests – setup and results 

The second and final pilot test session, initially planned in CIDAUT in Spain, had to be 

cancelled for the automated vehicle because of travel restrictions in the COVID-19 

context. The validation of the automated vehicle behavior in the defined scenario has 

instead been conducted in simulation. A simulation environment has been set up in 

order to generate virtually the different scenario including a virtual vehicle equipped 

with the Valeo automated driving system. The simulation environment is illustrated in 

Figure 168. It is composed of a virtual road including virtual ORUs, connected to a 

DENM generator which replaces the Road Side Bridge. A vehicle model, controlled by 

an instance of the Valeo automated driving software, enables to validate the behavior 

of the vehicle in the defined scenario. 
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Figure 168: Valeo simulation environment. 

The validation results are successful for all the scenarios and are detailed below. 

Scenario 1: The vehicle (initially stopped) accelerates to reach the speed limit of the 

virtual road (50 km/h), then slows down and stops before the area without road 

markings (Figure 169). 

 

Figure 169: Scenario 1 - Vehicle speed in function of the distance driven. 

Scenario 2: A soon as the vehicle receives the information of the virtual corridor in the 

DENM message, the lateral control starts to make an offset in the lane in order to remain 

at the center of the virtual corridor and to avoid the obstacle (Figure 170). 

 

Figure 170: Scenario 2 - The vehicle trajectory follows the virtual corridor. 
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Scenario 3: The vehicle is receiving the information that the tollgate on the current lane 

(right lane) is close and that it needs to perform a lane change in order to go to the left 

gate. The vehicle is successfully changing lane and stopping before the left tollgate 

(Figure 171). 

 

Figure 171: Scenario 3 - The vehicle changes lane and stops before the left tollgate. 

Scenario 4: The vehicle arrives on the (virtual) strip and is warned that its current lane 

is closed ahead by a work zone. The automated driving system makes a lane change in 

order to go on the left lane and the vehicle passes along the work zone. After a certain 

distance, the vehicle is detected by a second strip on the left lane and is informed that 

the work zone has ended. The automated driving system makes another lane change to 

return to the right lane (Figure 172). 

 

Figure 172: Scenario 4 - The vehicle executes two lane change to avoid the work zone. 

5.2 Energy Consumption  

The designs and final implementation of both ORU and RSB are based on the energy 

requirements of the equipment referred on the corresponding provider technical manuals. 

However, experiments mentioned in D5.5, confirm the assumption made in D3.1 and D3.2, that 

the energy consumption of the ORU is around 5mA in 3.3V.  

On the other hand, regarding the RSB, its energy consumption is measured on-situ during the 

pilots' experiments. In particular, we resulted to the consumption measurements shown in the 

following table. Thus, assuming the production of 1500 messages by the ORUs, the RSB 

consumes 20 Wh (9,8 + 1500 * 0.0076) to perform its operation tasks. Finally, we wish to 
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highlight once again that the RSB power supply unit is designed to support 121 Watts as 

required in D3.2.  

Table 12: RSB consumption during pilot experiments. 

Consumption 

by RSB (Wh) 

Time in 

secs 

Messages 

received by 

RSB 

Consumption 

hourly (Wh) 

Message 

cost (Wh) 

Consumption 

without 

messages 

(Wh) 

8,150 48 50 10,188  9,80625 

33,450 200 30 10,035  9,80625 

    0,007625  

 

The first column refers to the actual consumption between two reports from the energy 

meter, while the second column refers to the time difference of those reports. The third 

column gives us the number of received messages by the RSB and the fourth the hourly 

consumption. The last two columns, present the energy cost per message as well as the 

static, message independent consumption of the RSB system. 

5.3 Road predictive maintenance 

Apart from the subjective evaluation of the interface of the application developed, the 

site tests were performed to verify that the system will not show any failures due to 

vehicle load, while measuring strain amplitudes expected from previous analyses. 

5.3.1 First Pilot tests - Athens 

During the first Pilot tests held at Attiki Odos, a single sensor was utilized to monitor 

the pavement strain. As the Strain Module was not implemented to the RSB unit yet, 

the data was retrieved locally, using a portable computer. All vehicle passing-through 

were successfully recorded. The system was triggered correctly, and the relative data 

were logged and plotted (Figure 173). 

  

Figure 173: Data recording application during pilot test. 

Each vehicle passing, recognized as an “event”, produces a data line which contains the 

sensor ID, the maximum amplitude of the recorded signal, its duration and a damping 

component (Figure 174). 



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   150 

 

Figure 174: Strain data file. 

This data file, which is populated continuously, is analyzed by the relative application, 

and it finally produces an estimation of the probability of failure of the pavement in the 

region of the strain measurement (Figure 175).  

 

Figure 175: Application screen. 

A reconstruction of the event amplitude (vehicle crossings) is given in the plot of Figure 

176a. A typical vehicle crossing (event) is zoomed-in for clarity (Figure 176b). 
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Figure 176: Strain gage signal plots of in-situ tests. 
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The local strain measurement system performs as anticipated. Maximum amplitude of 

the recorded signals during the pilot tests were higher than expected, which is attributed 

to the lack of adhesive bonding of the ORU part (sensing element) to the pavement 

surface. This makes the part to flex more under a given excitation, so the higher 

amplitude values are justified. The data analysis application executes the algorithm 

correctly, and in order for its accuracy to be assessed, a large data set has to be produced 

and analyzed in real-life conditions.   

Finally, the road operator has the PoF (Probability of Failure) value for each location a 

Strain Gage Module is installed. A more or less dense sensor grid can be selected, 

giving respectively higher or lower information resolution. In every case, training of 

the algorithm in real-life conditions is necessary, to correlate the PoF to actual pavement 

conditions, thus enhancing the confidence level of the Predictive Maintenance Tool. 

5.3.2 Final tests - Athens 

Following the pilot tests of the first round, the GUI underwent some minor 

changes/improvements. Less unnecessary information is given in the main screen, 

while the option for multiple sensors was added. This setup was used during the final 

pilots held in Spain and Greece (2nd round).  

Data collection was performed in the last Greektests. As in the previous case, a single 

sensor was utilized, and the data as locally accessed using a laptop and the relative 

software. Vehicles passed over the strips at various speeds, varying from 7 km/h, and 

up to 65 km/h (Figure 177).  

 

Figure 177: Vehicle passing over Strip during recording session. 

The strain recordings are shown in the screenshot of the application (Figure 178). In the 

same figure, the charts of another two sensors are visible, but empty, since they are not 

connected. Each location has its own PoF indication and an alarm associated with the 

specific readout. A lot of information that was present in the previous version of the 

software is removed, as it provided little added value (if any) to the operator. Only the 

PoF value remains, along with the thresholded alarm indicator. Also, the multiple 
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sensor locations option is evident, enabling the overview of the entire installed sensor 

array through simultaneously. 

 

Figure 178: Screenshot of the road predictive maintenance app's second version running. 

For clarity reasons, the Amplitude chart of the strain sensor is given in Figure 179, 

where the July pilot tests are shown in the highlighted region.  

 

Figure 179: Strain history chart of strain gage. 

A versatile tool for pavement condition was developed, through quantification of a 

damage index. This index, correlated with the strain response of the pavement upon 
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vehicle crossings (excitations), led to a hardware design and implementation, along 

with the respective software development. Thus, an autonomous system was realized, 

producing a robust end-to-end solution, from road installation to final pavement 

condition monitoring, rendering possible for any operator to maintain the pavement in 

a predictive manner. This tool, fully upgradeable and with high integration capabilities, 

can help improve the safety of the road transport infrastructure while reducing 

maintenance cost and effort.  

6 Impact Assessment 

6.1 Introduction  

Impact Assessment is a structured process for considering the implications, for people 

and their environment, of proposed actions while there is still an opportunity to modify 

(or even, if appropriate, abandon) before moving to a commercialisation phase. The 

process involves the identification and characterisation of the most likely impacts of 

proposed actions (impact prediction/forecasting), and an assessment of the social 

significance of those impacts (impact evaluation) [1]. 

Within the SAFE STRIP project, a detailed impact assessment has been carried out. 

Firstly, an impact assessment framework was defined before the user trials first round 

and along with the experimental pilot plans, defining the indicators and measures and 

tools of assessment per type of SAFE STRIP impact, namely: safety, driving 

behaviour, traffic efficiency and cost sustainability, technical performance, 

acceptance and usefulness, plus penetration potential of SAFE STRIP. That impact 

assessment framework was part of D6.1 and D6.2.  

6.2 Impact Assessment Framework  

6.2.1 Approach 

The objective of the SAFE STRIP impact assessment is to assess in a quantitative or 

qualitative way the key changes to be brought by SAFE STRIP C-ITS solutions and to 

explore the possible impacts that will be inferred. Therefore, the aim of the SAFE 

STRIP Impact Assessment is to determine and measure (quantitatively or qualitatively) 

all changes to be brought by the project, and to explore the possible impacts that 

different deployment scenarios will cause.  

For example, under different assumptions in each specific function, where SAFE 

STRIP would penetrate at different levels, with the Impact Assessment carried out, it 

has been made feasible to evaluate how it would affect safety, efficiency and mobility 

and what would that mean in cost for user and operators. The impact of the SAFE 

STRIP functions varies, based on their level of penetration (penetration rates) on road 

network. Penetration rate at time “t” indicates the proportion of infrastructure sites 

(intersections, railway crossing, motorway exits, road work zones, etc.) with the SAFE 

STRIP strips, among the overall infrastructure sites at time “t”, in a specific area (Spain, 

Europe, etc.). This reveals the percentage of infrastructure sites benefiting from the new 

SAFE STRIP functions. 

For each SAFE STRIP function and for different scenarios, with this analysis technique, 

it could be determined if the operators will provide the same or higher level of safety 
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with less cost from their side, which will mean that the SAFE STRIP implementation 

should be considered as a success.  

To define the framework for SAFE STRIP Impact Assessment, the key starting points 

and prerequisites have been the definition of the project Research Hypotheses and the 

definition of appropriate Key Performance Indicators (KPIs) as found in D6.2. The 

latest are objectively verifiable measurements which indicate direction and magnitude 

of change or result targeted by a project. To allow a robust assessment, the indicators 

must be able to describe quantitatively or qualitatively the project impacts.  

KPIs had to be defined to investigate the system performance, all the expected impacts 

of the system as well as the usage, acceptance and satisfaction of the SAFE STRIP 

solution. KPIs have been accommodated through the collection of both 

subjective/qualitative (questionnaires, event diaries, focus groups) and objective 

measuring tools (logging mechanisms). Additionally to the objective and subjective 

data gathering, other tools, such as the micro-simulation traffic models, were an 

interesting support for the evaluation of the SAFE STRIP functions.  

These models can extend the scope of the trials carried out in the demonstration sites 

(use cases). Trials findings are in principle limited by the low number of user (vehicles) 

involved. A non-representative number of users may influence significantly the 

relevance and reliability of the results. Therefore, in relation with the traffic impact, 

micro-simulation traffic models have allowed the modelling of changes in driving 

behaviour due to the use of SAFE STRIP solutions at a larger scale than the pilot 

demonstrators.  

Below, the key elements and results of the impact assessment carried out are 

summarised supported by the details provided in Annex 1.  

6.2.2 Impact Assessment Framework 

In the following sections, the impact assessment results for the RQs related with the 

consequences of the SAFE STRIP’s solutions on safety, mobility, traffic efficiency, 

environment, infrastructure, user acceptance and socioeconomic issues (see more 

in D6.2) are summarised.   
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Figure 180: Simplified scheme for the evaluation of the Research Questions (RQs) (i.e., 

socioeconomic, mobility, efficiency or environmental impact) [Source: D6.2]. 

The full impact assessment framework is provided in D6.2; the analysis performed is 

based on that. Still, some indications/clarifications are reminded herein for convenience 

of the reader:  

 For the evaluation of the impact on the safety (i.e. VRU protection), it is important 

to associate the changes in driving behaviour due to the implementation of the 

SAFE STRIP solution and (number/severity of) accidents/incidents. Several 

variables should be taken into account during the finding of this relation, which 

were logged and explored during the trials (such as speed, deceleration, time-to-

collision, maneuver time, etc.). 

 During the estimation of the impact on safety due to the SAFE STRIP functions 

implementation, a conservative criterion was employed. Clearly, due to the SAFE 

STRIP implementation, an increase in the road safety is achieved. Applying this 

conservative criterion implies a reduction of the severity of the accidents (and 

consequently, a reduction of the injuries caused). For example, employing this 

criterion during the evaluation of the new injuries distribution, a part of the initial 

fatal accidents are changed by the action of the SAFE STRIP, toward less severe 

events, reducing the overall level of injuries caused, even though the accident has 

not been completely avoided. Therefore, previously injuries classified as “fatal”, do 

not disappear completely; they are moved towards “serious injuries” classification 
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due to the effect of the SAFE STRIP functions. That criterion is also used for the 

other types of injuries. 

 On the other hand, when the SAFE STRIP functions are implemented, for each one 

of them an estimate has been made of the percentage of accidents and injuries 

that could actually be avoided in each case. In any case, in the impact analysis on 

safety, each SAFE STRIP function does not address 100% of 

previously/historically recorded accidents. This is because there is a possibility 

of occurring missed / false alarms, or human error and warnings ignorance. For each 

type of SAFE STRIP function, based on the technical literature available and the 

data from the trials carried out in the pilot sites, it has been established which could 

be the degree of previous injuries that would be avoided, in order to establish the 

new redistribution of injuries, after the implementation of the SAFE STRIP 

applications. 

 The impact on mobility has been analysed in micro-simulation traffic models, 

monitoring the effect of the SAFE STRIP solutions on traffic variables such as the 

timing of journeys and the quality of travel (feeling of safety and comfort, user 

stress and uncertainty). In this case, an association was established between 

performances parameters that were asked to users during the trials.  

 The efficiency (speed, traffic volume and traffic density) of a traffic system can 

be also estimated by means of micro-simulation traffic models in relation to the 

optimum levels of these properties given the traffic demand and the physical 

properties of the road network. Efficiency benefits are typically composed of two 

effects. They involve:  

o Direct efficiency effects resulting from impact on vehicle operations (car-

following, speed selection, etc.) and smoother traffic flow, improving mean 

speeds by encouraging safe car-following behaviour. Direct efficiency 

effects are reflected in changes of time costs, fuel consumption costs and 

reliability changes. The investigation of direct efficiency effects can involve 

microscopic traffic flow simulation together with data logging during trials.  

o Indirect efficiency effects resulting from reduction of number of 

accidents/incidents (e.g. reduced delays). Indirect efficiency effects occur 

when the number—as well as the severity—of accidents is reduced and 

transport network becomes more efficient (less congestion, therefore 

reducing journey times and fuel consumption).  

 Exhaust emissions include many different substances like HC, CO, NOx, PM, 

CO2, and SO2. Greenhouse gases—mainly CO2—represent the same society cost 

anywhere, while costs for other substances depend on the geographical position. 

There are two alternatives for quantifying exhaust emissions: measured exhaust 

emissions or calculated. Because of the high complexity and costs of such 

measurements, calculated emissions are in most cases the only reasonable 

alternative. That was the proposal within the SAFE STRIP proposal, determining 

the emissions through traffic activity evaluation, by means of micro-simulation 

traffic models. 

 Concerning investments, the costs of SAFE STRIP solutions have to be elaborated 

through the compilation of economic information and data. The system cost of the 

SAFE STRIP solutions has been broken down to production costs, i.e. the costs 

induced by manufacturing the systems, operating and maintenance costs of the 

systems as well as infrastructure (adaptation) costs. In a first stage, the SAFE 

STRIP solution costs have been provided by the cost of the prototypes employed 

in the pilot sites. However, in order to fine tune the assessment impact, the cost at 
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industrial/production level has been determined, taking into account the forecast 

of the penetration rate of each SAFE STRIP solution (and upon different 

deployment scenarios). This estimated cost has been also employed in the Cost-

Benefits analysis proposed for the evaluation of other aspects. Cost Benefit 

Analysis (CBA) estimates benefits and costs in monetary terms and it has been used 

to assess the absolute efficiency of SAFE STRIP solutions, allowing finding 

whether a proposed objective is economically efficient and how efficient it is. As a 

result of the analysis, a quantitative relationship between benefits and costs has been 

calculated (Cost benefits ratio – CBR).  

 Implications on society can be considered as an impact which summarises all the 

prior impacts (safety, mobility, efficiency, environmental and economical). 

Therefore, this impact assessment is fed from all the above evidence collected and 

aggregated during pilot activities of the project. For the valuation of the social 

impact, the consolidated findings from CBA have been used.  

 The impact of the SAFE STRIP functions varies, based on their level of penetration 

(penetration rates) on road network. Penetration rate at time “t” indicates the 

proportion of infrastructure sites (intersections, railway crossing, motorway exits, 

road work zones, etc.) with SAFE STRIP, regarding all the infrastructure sites at 

time “t”, in a specific area (Spain, Europe, etc.). This reveals the percentage of 

infrastructure sites benefiting from the new SAFE STRIP functions. Achieving a 

full penetration rate in a geographical area may not be economically feasible 

because the huge amount of SAFE STRIP functions than should be implemented to 

cover all the specific road infrastructures (as example, zebra crossings in a city). 

Therefore, for each of the SAFE STRIP functions analyzed, different penetration 

rates have been determined and used to analyze their effect on the reduction of 

injuries in traffic accidents. The values of the possible penetration rates were 

determined once the total number of sites in which SAFE STRIPS functions could 

be implemented were evaluated (specifically, in Spain, which has been the 

geographical area where the type and severity of injuries have been analyzed in 

detail, for different types of accidents). 

6.3 Impact Assessment Consolidated Results  

According to the user trials results, the SAFE STRIP safety applications produced a 

smoother driver reaction with an average deceleration after the first warning that 

was most of the time less than 1m/s2 (in absolute value). This is possible since the time 

to collision (in case of VRU, WWD, intersection/merging point) of the first warning is 

always above 3s which gives enough time to the driver to correct the manoeuvre and 

reduce the risk level. In other words, SAFE STRIP allows to warn the drivers well 

in advance providing more time to smoothly adapt the manoeuvre or to understand and 

implement the correct action. This was particularly evident with the road works safety 

application, that complemented with the lane information provided by SAFE STRIP, 

warns the driver in the closed lane ahead to move on the free lane with a good amount 

of time resulting in almost smooth and mild speed reductions. The smooth manoeuvres 

have also a beneficial impact on traffic flow and reduce the risk of rear end collisions. 

For the evaluation of the impact on road safety, the changes in driving behaviour due 

to the implementation of the SAFE STRIP solution were related with their effect on 

number/severity of accidents/injuries. Several variables were taken into account in 

this analysis, which could be logged or explored during the trials (such as location, 

speed, acceleration, etc.). The needed accidents data to carry out the impact assessment 
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from a safety point of view were extracted from the Spanish national road accidents 

database, provided by the Spanish Directorate-General for Traffic (DGT). This 

database was chosen due to their accessibility and the grade of detail in the accident 

and injuries description. Different characteristic of the accidents recorded within the 

database were related with each and every one of SAFE STRIP functions in order to 

evaluate their probable impact on safety. Therefore, SAFE STRIP functions 

implemented in different road infrastructures have different impacts on safety, which 

were properly identified in each situation, as are summarized in the next table, taking 

into account different penetration rates on infrastructure.  

Table 13: Estimation of injuries reduction in a Spanish scenario, due to SAFE STRIP, valuated 

with information from experimental trials and DGT accident data base. 

 
Penetration 

rates 

Number of 

SAFE STRIP 

on 

infrastructure 

Reduction 

of 

Fatalities 

Reduction 

of seriously 

injured 

Reduction 

of lightly 

injured 

Zebra crossing 
5% 32050 5,45% 4,25% 4,18% 

1% 6410 1,82% 0,94% 0,83% 

Road Work Zone 
100% 1025 58,3% 32,9% 53,8% 

25% 256 16,7% 12,7% 13,4% 

Motorway Exits 
20% 1874 20,8% 14,6% 9,87% 

10% 937 8,33% 8,33% 4,93% 

Urban 

Intersections  

20% 2460 16,5% 17,8% 17,9% 

10% 1230 8,67% 8,86% 8,94% 

Wrong Way 

Driving 

20% 1874 17,6% 7,14% 10,9% 

10% 937 5,88% 3,57% 5,49% 

Personalised 

VMS 

20% 1880 18,1% 13,8% 17,4% 

10% 940 8,62% 7,09% 8,71% 

 

Concerning the impact on safety, as it is summarised in the previous table, the 

implementation of the SAFE STRIP functions provides a significant reduction of 

injuries due to the accidents avoided, or at least, due to a reduction of their severity. 

The reduction rate of the injuries depends on the frequency of the accidents that are 

avoided, and the characteristics and number of road infrastructures that implement 

them. 

Traffic efficiency (traffic volume, speed and density) of SAFE STRIP system was 

estimated by means of micro-simulation traffic models running on SUMO software. 

Therefore, the effects of SAFE STRIP (applicable) functions on vehicle traffic across 

different scenarios, evaluating their impact on the parameters related with mobility and 

traffic efficiency, were estimated employing micro-simulation traffic models 

(identifying the variations on the traffic variables, comparing previous (existing) and 
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after situations). Attending to the traffic simulation results, SAFE STRIP functions 

analyzed improve the average speed (km/h) and the traffic volume (veh/h). 

Additionally, SAFE STRIP functions reduce the driving time (seconds) and the traffic 

density (veh/km), and the queue size (vehicles) where this variable is applied (toll 

station and road works zones. 

Table 14: Estimation of traffic efficiency impact due to the SAFE STRIP functions on 

infrastructure, estimated through micro-traffic simulation. 

 

Average 

Speed 

(Km/h) 

Traffic 

Density 

(veh/km) 

Traffic 

Volume 

(veh/h) 

Time 

consumption 

per vehicle 

(second) 

Queue 

Size 

(vehicles) 

Virtual Toll, (against 

Electronic Toll) 

(2085 veh/h) 

Increase 

66,0% 

Reduction 

26,0% 

Increase 

22,9% 

Reduction 

49,2 % 

Reduction  

26,0% 

Road works zones 

(2085 veh/h) 

Increase  

277,0% 

Reduction 

56,7% 

Increase 

63,6% 

Reduction 

71,43% 

Reduction 

56,6 % 

Personalised VMS 

(without alternative 

route) 

(840 veh/h) 

Reduction 

4,67% 

Increase 

6,38% 

Increase 

1,42% 
-------- -------- 

Personalised 

VMS  

(with 

alternative 

route) 

(840 veh/h) 

Main 

Road 

Reduction 

4,47% 

Reduction 

40,4% 

Increase 

1,54% 
-------- -------- 

Alternat. 

Road 

Increase 

19,3% 

Reduction 

65,9% 

Parking booking 

(335 veh/h) 

Increase 

33,4% 

Reduction 

32,1% 

Equivalen

t 

Reduction 

23,5% 
-------- 

 

To evaluate the impact of the SAFE STRIP (applicable) functions on environment, the 

traffic models set-up for the traffic efficiency evaluation were also employed, 

determining in this case, the pollutants emissions through traffic activity evaluation 

(mainly CO2 emissions), but also the fuel consumption. For SAFE STRIP functions, 

data per vehicle and cumulated data (all vehicles) was evaluated through the SUMO 

software, such as shown in the next table. Attending to the results, a significant 

improvement of the environment could be achieved by means of the introduction of the 

SAFE STRIP functions, reducing the emissions of pollutants and the fuel 

consumption. 
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Table 15: Estimation of environmental impact due to the SAFE STRIP functions on 

infrastructure, estimated through micro-traffic simulation on SUMO. 

 

CO2 emissions Fuel Consumption 

Cumulated 
Per vehicle  

(at 3600 s) 
Cumulated 

Per vehicle  

(at 3600 s) 

Virtual Toll, (against 

Electronic Toll) 

(2085 veh/h) 

Reduction  

5,0% 

Reduction 

21,74% 

Reduction  

4,93 

Reduction  

21,73% 

Road works zones 

(2085 veh/h) 

Reduction 

28,47% 

Reduction  

34,0 % 

Reduction 

28,47% 

Reduction 

34,0 % 

Personalised VMS  

(without alternative 

route) (840 v/h) 

Reduction 

8,72% 

Reduction  

8,72 % 

Reduction 

8,83% 

Reduction 

8,83 % 

Personalised VMS  

(with alternative 

route) (840 v/h) 

Reduction 

9,42 %  

Reduction  

9,10 % 

Reduction 

9,52 % 

Reduction 

9,18 % 

Parking booking 
Reduction  

17,250 

Reduction  

8,05% 

Reduction  

20,4 

Reduction  

11,54% 

 

In order to determine the acceptance level of the SAFE STRIP function, during the 

SAFE STRIP trials on pilot sites, drivers and riders were required to complete a series 

of questionnaires. All users (drivers, riders, but also, infrastructure operators) were 

provided with a “pre/post test questionnaire” to be filled. Different questions were 

asked, both before the test as well as after the test, in order to evaluate the consequences 

of the use of the SAFE STRIP functions, attending among other subjects, to their 

acceptance level. That has been evaluated, as a forecast on their future penetration. 

Subjective views of stakeholders from Focus Groups have been also taken into 

account. 

Based on the results from the Focus Groups, SAFE STRIP applications are perceived 

by stakeholders as an innovative solution which bets for the integration of each strata 

of society. At the same time, it makes easy C-ITS integration and opens new working 

lines which will have an impact on European competitiveness. 

Concerning the SAFE STRIP Final Event, interest was very big and SAFE STRIP 

seems to serve as an enabling technology for the authorities to apply new legislation 

measures on road safety but, also, for the infrastructure operators who showed great 

interest in working in collaboration schemes to achieve the required penetration of such 

technology. 

To evaluate the impact related with the implementation of the SAFE STRIP strips on 

the infrastructure operation, a simplified cost analysis has been carried out. The aim 

of this analysis was to determine investment, operational and maintenance costs of 

current systems, against the alternative approach given by the SAFE STRIP functions. 

Therefore, internal costs of SAFE STRIP implementation and operational (namely 

costs incurred by the infrastructure operator) have been taken into account, for this 



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   162 

simplified approach, which is perceived from the operator point of view, as this is in 

reality the client of SAFE STRIP.  

Implementation of SAFE STRIP strips as personalised VMS or Virtual tolling 

systems, supposes a reduction of investment and exploitation cost of up to 90% 

compared to current systems. 

For the employment of the SAFE STRIP strips as element of a smart parking system, 

their implementation implies additional annual revenue per parking space unit, 

estimated on 960 €. Considering a lifespan of more than one year, the annual cost per 

parking spaces is lower than the estimated additional annual revenue per unit, which 

implies a good investment from a parking operator point of view. 

Additionally, from a road predictive maintenance point of view, the implementation 

of SAFE STRIP devices, as system for evaluation of the road pavement structural 

condition, implies overall life-cycle savings of 30%. 

For social impact evaluation, Cost Benefit Analysis (CBA) estimates benefits and 

costs in monetary terms and it can be used to assess the absolute efficiency of SAFE 

STRIP solutions, allowing finding whether a proposed objective is economically 

efficient and how efficient it is. As a result of the analysis, a quantitative relationship 

between benefits and costs has been calculated.  

Within the SAFE STRIP CBA, the cost-benefit ratio (CBR) is the indicator that has 

been used. The value of the CBR expresses the absolute profitability of the SAFE 

STRIP solutions. The value of this ratio indicates whether the implementations of SAFE 

STRIP functions are favourable from a socio-economic point of view. A CBR value of 

more than “1“, indicates that the benefits exceed the costs. Consequently, the 

introduction of the SAFE STRIP solutions would be beneficial to society. 

 Costs of SAFE STRIP solutions were elaborated through the compilation of 

economic information and data. The system cost of the SAFE STRIP solutions 

was broken down to production costs (i.e. the costs induced by manufacturing 

the systems), operating and maintenance costs of the systems as well as 

infrastructure (adaptation) costs. 

 Benefits due to the implementation of the SAFE STRIP-functions were 

estimated from the findings previously detected when their impact on safety, 

traffic efficiency and environmental was determined. Thus, there has been a 

saving of money (social benefits), thanks to the reduction of injuries in traffic 

accidents, to the reduction of damages caused by the emission of polluting gases 

and to a lower consumption of fuel. 

Within the CBA, for the valuation of cost and benefits, two parameters have been also 

taken into account, the combinations of which provide different scenarios: penetration 

rates and useful lifetime. During their lifespan, the SAFE STRIP associated 

operational and maintenance costs, can be considered recurrent along the years. These 

annual costs have to be added to the initial investment costs (production and installation 

costs). 

In the next table it is shown under what situation the different SAFE STRIP functions, 

enabled through the integrated road solution, turn to be beneficial to society (CBR>1), 

taking into account the balance between benefits and costs, attending to different 

scenarios given by penetration rates and useful lifetimes. 
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Table 16: Estimation of socio-economic impact due to the SAFE STRIP function deployment 

on infrastructure. 

Cost-Benefit ratio (CBR) 
Penetration  

Rate 
Years 

Vulnerable Road User (VRU) 

Protection (at zebra crossing) 

For any 

value 

For any value 

CBR <<< 1 

Wrong Way Driving 

20% 
3 years 

CBR = 1,04 

4 years 

CBR = 1,22 

10% 
3 years 

CBR = 1,36 

4 years 

CBR = 1,60 

Unprotected railway crossings 

100% 
2 years  

CBR ≈ 1 

3 years  

CBR = 1,24 

50% 
2 years  

CBR ≈ 1 

3 years  

CBR = 1,24 

Road works zones 

25% 
1 year 

CBR  = 7,25 

5% 
1 year 

CBR =6,22 

Urban Intersections 

5% 
1 year 

CBR  = 7,3 

1% 
1 year 

CBR =7,3 

Motorway exits 

20% 
1 year 

CBR = 1,21 

2 years  

CBR = 1,79 

10% 
1 year 

CBR ≈ 1 

2 years  

CBR= 1,58 

Personalised VMS 

5% 
1 year 

CBR  = 21,2 

1% 
1 year 

CBR =21,5 

Virtual Toll 

Lower implementation costs than electronic toll, 

and in addition, better traffic efficiency and 

lower environmental impact 

Parking booking 
Smart parking system increases the revenues 

for the operator, reducing the impact of the 

initial investment. From the second year, the 
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Cost-Benefit ratio (CBR) 
Penetration  

Rate 
Years 

implementation of the SAFE STRIP parking 

function is social beneficial, including benefits 

related with the traffic efficiency and a lower 

environmental impact. 

 

For simplicity, an independent CBA has been carried out for each SAFE STRIP 

function. Consequently, with this approach, the implementation of each function is 

stand-alone evaluated, in order to determine if their implementation is interesting on its 

own. However, it is necessary to underline here, that if several SAFE STRIP functions 

were implemented at the same time (as example, VMS, motorway exits and wrong way 

driving functions), that would mean reducing the cost of implementations, due to 

equipments that would be shared between all the systems, while the full social benefits 

would be conserved, which would imply even a better value for the CBA indicators. 

As the main conclusion of the cost-benefit analysis, as also indicated in the table above, 

it is confirmed that all functions are beneficial to society. Some SAFE STRIP functions 

are beneficial immediately after their deployment. Other need more time to achieve the 

anticipated social benefits, but this is also achieved quickly respectively.  

Just the implementation of the VRU protection seems to be not beneficial, but, here, we 

have to take into account the huge amount of zebra crossings within any city, and the 

lower amount of accident and injuries specifically recorded on zebra crossings. There 

are usually pedestrians or cyclists run over when they cross a street, but when this 

happens, they usually do not do it through a zebra crossing. In any case, as soon as the 

effectiveness of the SAFE STRIP solution is proven at zebra crossings, its 

implementation is recommended by the SAFE STRIP consortium in those specific 

zebra crossings with the highest incidence of accidents on vulnerable users, selecting 

them according to recorded data in each area. 

The quality of daily road travel affects the lives of almost all European citizens. Daily 

road trips have several implications on society due to it impact on safety, mobility, 

efficiency, environment and costs. SAFE STRIP project contribute to achieve 

ambitious societal targets (aligned with those proposed by organizations such as OECD, 

European Commission, WHO, etc.), through the development of road safety systems. 

SAFE STRIP technologies support the driver/rider in the most critical and dangerous 

circumstances that may occur in a highway and urban environments, improving 

additionally drivers’/riders’ comfort and Quality of Life by getting personalised info in 

their language and according to their tasks. SAFE STRIP promotes equity on the road; 

non-equipped and low budget vehicles will be able to have low-cost access to safety 

and comfort functions that were so far available only in high-cost vehicles and could 

not be enjoyed by drivers/riders that need these functionalities. 

Based on the results obtained from the Impact Assessment, it can be stated that the 

initial expectations regarding the following key performance indicators have been 

confirmed: 

 Reduction of highway fatal accidents: After analyzing the impact of SAFE 

STRIP functions on road safety, even reaching relatively low penetration rates 
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(10%), it has been established that fatal accidents on highways can be reduced 

between 6% and 9%, depending on their cause. As SAFE STRIP functions 

implementation becomes more extensive (higher indices of penetration), the 

injuries reduction rate also reaches even higher values. 

 In specific traffic scenarios, where the degree of penetration of the functions 

can be very high due to the fact that with few units, an important part of the 

infrastructures is improved (road work zones, rail crossing, etc.), the reduction 

of fatal injuries can exceed 55%. In other scenarios, where penetration rates 

can be of a medium/low order (20% -25%), such as urban intersections or 

motorway exits, the degree of reduction in fatal injuries can be of the order of 

15% -20 % 

 Cost saving for infrastructure: Implementation of SAFE STRIP as personalised 

VMS or Virtual tolling system, supposes a reduction of investment and 

exploitation cost of up to 90% compared to current systems. Deployment of 

the SAFE STRIP strips as an element of a smart parking system implies 

additional revenue per unit of parking space. Annual cost per parking spaces 

is lower than the estimated additional annual revenue per unit, which implies a 

good investment for operators. Additionally, from a road predictive 

maintenance point of view, the implementation of SAFE STRIP, as asystem 

for evaluation of the road pavement structural condition, implies overall life-

cycle savings of 30%.  
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7 Conclusions  

The roads will become safer as more information about the road conditions will be 

provided through personalized messages to drivers from the road infrastructure through 

the SAFE STRIP V2X setup. The system prototype has been tested at the test pilots and 

the overall outcome was positive, since pilot test results confirmed the system’s 

potential. The main aspects of the system that need further investigation and detailing 

entail the manufacturing and installation way to ensure that the system is durable and 

appropriate for its intended use. Equally, communication needs to be more robust as it 

deals with safety critical situations in most cases.  

Along the way, the system and its components faced many challenges, as expected 

when developing a prototype of this complexity. These challenges brought about a 

series of other challenges in the assessment of the solution as well. Next to that, the 

COVID-19 pandemic to affect even more the situation.  

Still, against all the odds, and despite all the optimisation that is clearly denoted in this 

Deliverable that has to take place prior to any commercialization and deployment phase, 

the SAFE STRIP Consortium is proud to claim that has developed and assessed - with 

evidence – a truly novel and challenging system under equally challenging conditions 

in the best possible manner, paving the way for further innovation and the opening of 

new fields in the C-ITS sector.  
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Annex 1: Impact Assessment Analysis 

1.1 Impact on safety  

Different scenarios have been evaluated within the project, in order to facilitate the 

safety impact assessment of the project. Therefore impact of SAFE STRIP on safety 

has been assessed, where a baseline scenario was considered as a reference, in order 

to be compared with a novel situation due to the deployment of SAFE STRIP. In this 

comparison, depending of the function, several parameters were evaluated before 

(existing situation) and after the SAFE STRIP deployment, under different 

penetration level, which allows determining their impact from a safety viewpoint. 

1.1.1 Accidents and injuries descriptions 

Attending to the United Nations Economic Commission for Europe (UNECE) 

definitions, a road traffic accident is an accident which occurred or originated on a 

way or street open to public traffic; resulted in one or more persons being injured or 

dying, and at least one moving vehicle was involved. Concerning the grade of damages, 

Injured is considered any person who was not killed but sustained one or more serious 

(severe) or slight injuries as a result of the accident. Serious (severe) injuries, means 

fractures, concussions, internal lesions, crushing, severe cuts and laceration, severe 

general shock requiring medical treatment and any other serious lesions entailing 

detention in hospital. Therefore, they are casualties which require hospital treatment 

and have lasting injuries, but the victim does not die within the fatality recording period. 

Slight injuries include secondary injuries such as sprains or bruises. They are casualties 

whose injuries do not require hospital treatment or, if they do, the effect of the injury 

quickly subsides Persons complaining of shock, but who have not sustained other 

injuries, usually are not considered in the statistics as having been injured unless they 

show very clear symptoms of shock and have received medical treatment or appeared 

to require medical attention. 

The needed accidents data to carry out the impact assessment within the SAFE STRIP 

project were extracted from the Spanish national road accidents database, provided 

by the Spanish Directorate-General for Traffic (DGT)2. In order to eliminate any bias, 

at least a three years period was used as a baseline (2015-2017). The accident figures 

in Spain can be considered as a representative data of the average injuries figures and 

types of accidents that occur in Europe, as shown in the following graph. 

                                                             

 

 

2 The Directorate-General for Traffic (also known as DGT) is an autonomous body under the Ministry 

of the Interior in Spain whose purpose is to develop actions intended to improve road users’ behaviour 

and training and to enhance road safety and the smooth flow of vehicle traffic as well as to provide the 

citizen with all the administrative services related to these issues. 
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Figure 181: Number of road deaths in selected European countries from 2018 to 2019  

(in deaths per million population) [2]. 

1.1.2 Vulnerable road user (VRU) at road crossing 

1.1.2.1 Accidents and injuries on zebra crossing 

The number of accidents related with vulnerable users (pedestrians and cyclists) in 

zebra crossings, in years 2016, 2017 and 2018, was extracted from the Spanish accident 

database (DGT). After filtering and averaging data related with accidents of vulnerable 

users in pedestrian crossings in urban areas, the following figures emerge:  

Table 17:  Average annual data of accidents in pedestrian crossings in urban areas in Spain. 

 Fatalities 
Seriously 

injured 
Lightly injured 

Uninjured, with 

property 

damage 

Absolute data 55 424 2893 3458 

Per 100,000 

inhabitants 
0,117 0,902 6,155 7,357 

 

That means that for one million of population in Spain, there are 71 injured pedestrians 

(1 fatally injured, 9 seriously injured and 61 lightly injured).  

1.1.2.2 Zebra crossings on infrastructure 

For further analysis of the implementation effect of SAFE STRIP, it was necessary to 

estimate the number of pedestrian crossings existing in Spain. Common street designing 

guides recommend to establish zebra crossings every 80-100m in urban environments, 

avoiding distances over 200m. Considering this, 200m will be the distance between 

each crossing for taking into account also old areas of cities which cannot be planned 
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according to the aforementioned strategy. To sum up, it will be considered that there 

are 5 pedestrian crossings per urban road kilometre. 

To conclude the estimation of pedestrian crossings in Spain, the number of road 

kilometres in urban areas in that country has to be known. From data of Spanish 

Government it can be said that in this country there are 128179 km of urban roads [3]. 

Thus, in conclusion, there are approximately 641000 zebra crossings in urban areas 

in Spain. 

1.1.2.3 SAFE STRIP scenarios – Penetration Rates 

Taking into account the estimation of the pedestrian zebra crossings in Spain, different 

penetration scenarios for the SAFE STRIP solution have been assumed. In each 

scenario, as a general rule, the most relatively safety critical zebra crossings (higher 

accident concentration) will be equipped with SAFE STRIP, to eliminate the incidents 

with pedestrians.   

Low penetration rates are assumed in order to allow a first conservative view on the 

anticipated impact. The assumed penetration rates are summarised in the next table, 

showing also the number of associated zebra crossings that would be equipped with 

SAFE STRIP.  

Table 18: Number of equipped zebra crossings according to penetration rates assumed. 

Penetration rates Amount of zebra crossings with SAFE STRIP 

5% 32050 

2.5% 16025 

1% 6410 

0.5% 3205 

 

1.1.2.4 SAFE STRIP scenarios – Reduction rates of accidents and injuries 

In order to assess the impact of SAFE STRIP in this specific case, we should stress the 

relevance of the vehicle speed to the pedestrian collision. SAFE STRIP warns vehicles 

about the presence of a pedestrian in a zebra crossing. Thus, the vehicle has time to stop 

or, at least, to reduce significantly its speed.  

When a pedestrian is struck by a motorized vehicle, then there is a considerable risk of 

injuries. The severity of those injuries and the probability of survival are highly 

dependent on several factors such as the age of the pedestrian, the vehicle type and the 

collision speed. The collision speed is the most direct way to measure the degree of 

the impact and to obtain a statistically significant relation with the injury severity. 

Even though the risk of fatality increases with higher speed, the majority of interactions 

between vehicles and pedestrians are at urban speeds (while pedestrians are often 

separated from car traffic in higher speed areas), and exposure is therefore one of the 

main variables for determining the speed levels at which the accidents occur.  

Concerning the influence of speed level on severity outcome, it is recorded that the 

minor injury accidents occur with mean speeds up to around 55km/h, such as is 
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published in technical papers [4]. 93% of the severe injury accidents occurred at 

locations with a mean speed below 50 km/h and almost half at locations with a mean 

speed below 40 km/h. 79% of the fatal accidents occurred at locations with a mean 

speed below 50km/h and 63.2% at locations with a mean speed between 40 and 50km/h. 

Additionally, the figures show that at lower speeds, there is a lower probability to 

suffer a collision with a vehicle. Other studies confirm that a strong dependence on 

collision speed is found, with the fatality risk at 50 km/h being more than twice as high 

as the risk at 40 km/h and more than five times higher than the risk at 30 km/h.  

Concerning the frequency of crash for each speed, a publication established an 

analysis concerning the frequency of crashes from pedestrian accidents, based on 

German In-Depth Accident Study (GIDAS) database [5]. The sample used consisted of 

490 pedestrians aged 15–96 years. Table 19 shows the number of observed cases at 

different collision speed intervals. The distributions of injured pedestrians in the 

GIDAS sample (N= 490) was 44,4% slightly injuries, 48,2% serious injuries, and 7,3% 

fatalities. 

Table 19: Total number of observed cases by impact speed. 

Speed (km/h) 
Observed cases   

Speed (km/h) 
Observed cases 

Number Frequency Number Frequency 

1–9 35 7,14% 60–69 18 3,67% 

10–19 93 18,98% 70–79 8 1,63% 

20–29 99 20,20% 80–89 2 0,41% 

30–39 103 21,02% 90–99 4 0,82% 

40–49 99 20,20% 100–109 1 0,20% 

50–59 27 5,51% 110–119 1 0,20% 

 

Injuries reduction estimation: The model used to estimate the percentage of reduction 

in different injuries severity for pedestrians is based on the ‘Dose-Response model’, 

which is a statistic method used for assessing the safety benefit of systems.  

Applying the methodology, as SAFE STRIP function is an active safety solution, the 

curve of the frequency of crash for each speed (blue line), has to be displaced for a new 

scenario (SAFE STRIP function implementation). Consequently, once the function is 

running, reducing the speed for a hypothetical collision, it implies moving the blue 

dashed curve to the left (represented now by the blue solid line). In accordance with the 

data recorded during the trials of this SAFE STRIP application on the pilot sites, the 

reduction of vehicles speed was established here by 50km/h. This means a complete 

stop for vehicles travelling at a speed equal to or less than 50 km / h, and a significant 

reduction in speed for vehicles travelling above 50 km / h. 

Once the blue curve due to the effect of SAFE STRIP strips is modified, the red curve 

is modified too (represented now by the red solid line). The variation of area, under the 

red lines between previous (without SAFE STRIP) and new scenario (with SAFE 

STRIP), is the estimation of the reduction of casualties, which is remarked in the graphs 

for each type of injuries level. 
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Figure 182: Reduction of 

slightly injured VRU with 

SAFE STRIP. 

Figure 183: Reduction of 

seriously injured VRU with 

SAFE STRIP. 

Figure 184: Reduction of 

fatally injured VRU with 

SAFE STRIP. 

 

Therefore, according with the obtained rates for the injuries reduction (on fatally 

injured, serious injuries and slight injuries figures), the redistribution of annual injuries 

data in Spain has been estimated for different penetration rates of SAFE STRIP. 

Applying the conservative redistribution criterion for changing the injury figures, part 

of the "fatally injuries" are avoided, changing them to "serious injuries". Part of the 

preliminary "serious injuries" has changed to "slight injuries". However, the rest remain 

as "seriously injured" and they are added to the number of injuries that comes from the 

change in "fatally injuries ". This approach is shown in the tables where the new 

distribution of injuries figures is established, due to the implementation of each SAFE 

STRIP function. Therefore, the new figures for each type of injury are a combination 

of injuries not avoided, and injuries coming for a more severe type of injury, which 

have been relieved in severity. For this reason, in the following tables, the final figures 

that appear in each type of injury are the sum of the figures shown in parentheses. 

Table 20: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP on zebra crossing. 

FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Without SAFE STRIP 55 424 2893 3458 

With SAFE 

STRIP  

(as function of 

penetration rate) 

0,5% 55 422 (422+0) 2881 (2879+2) 3455 (3441+14) 

1% 54 420 (419+1) 2869 (2864+5) 3452 (3423+28) 

2,5% 

54 415 (414+1) 2833 

(2822+10) 

3442 (3372+71) 

5% 

52 406 (403+3) 2772 

(2751+21) 

3427 (3285+142) 
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Due to the high number of zebra crossings where injuries related to vulnerable users 

can occur, just a limited reduction in injuries can be achieved with reasonable 

penetration rates of this SAFE STRIP function. In the scenario where more than 30000 

SAFE STRIP strips were implemented, only three deaths would be yearly prevented in 

the best case (as the association between speed and fatalities is not definite any way), 

despite the high investment required.  

1.1.3 Unprotected railway crossings 

1.1.3.1 Accidents and injuries figures on level crossing 

By filtering the Spanish accident database (DGT), the annual data of vehicle accidents 

in railway crossings without barriers were identified. The averages of Years 2015, 2016 

and 2017 are shown in the next table. Pedestrian accidents in rail crossings have not 

been considered within these figures; just accidents where vehicles were involved.  

Table 21: Averaged annual injuries data from the Spanish database, out of three consecutive 

years, related with accidents at level crossings. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 2 0 4 9 

Per 100,000 

inhabitants 
0.00425 ------ 0.00851 0.01915 

 

1.1.3.2 Railway crossings on infrastructure 

For analysing the impact of implementing SAFE STRIP in unprotected rail crossings, 

it was necessary to estimate the number of this type of rail crossings in Spain. In Spain, 

there are 14 passive level crossings per 100 line-km and 7.6 active level crossings per 

100 line-km. The number of kilometres of rail network in Spain according to ADIF3 is 

15595 km. In conclusion, there are approximately 2183 passive level crossings in Spain, 

out of a total of more than 3300 level crossings in the country. In 2014, there were 

108196 level crossings in the EU Member States [6]. 

1.1.3.3 SAFE STRIP scenarios – Penetration rates 

From the estimation of railway level crossing in Spain (2183 passive level crossings), 

different penetration scenarios for the SAFE STRIP solution have been proposed. As 

in previous case, the most conflictive level crossings (higher accident concentration) 

should be equipped with SAFE STRIP strips, in order to achieve a higher rate of 

efficiency in the reduction of injuries on users. The proposed penetration rates are 

                                                             

 

 

3 ADIF -  Administrador de Infraestructuras Ferroviarias, is the Spanish rail infrastructure manager 
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summarised in the next table, showing also the number of associated level crossing 

with SAFE STRIP strips. 

Table 22: Proposal of penetration rates for SAFE STRIP solution on railway crossings. 

Penetration rates 
Amount of level crossings with SAFE 

STRIP 

100% 2183 

50% 1092 

20% 436 

5% 109 

1.1.3.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

It is assumed that SAFE STRIP would ensure an at least 90% of accidents reduction in 

passive level crossings (with the respective consequences on injuries) due to the 

increased compliance of drivers and the reduction of observation errors. Therefore, for 

the Spanish scenario, the annual injuries distribution will move to the following figures. 

Table 23: New allocation of injuries figures, due to implementation of SAFE STRIP on 

passive level crossings. 

FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 

Lightly 

injured 

Uninjured 

with property 

damage 

Without SAFE STRIP 2 0 4 9 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 2 0 4 9 

20% 2 0 3 8 (7+1) 

50% 1 1 2 7 (5+2) 

100% 0 2 0 5 (1+4) 

 

Despite of using a conservative criterion (previously injuries classified as fatal or 

serious injuries, do not disappear completely; they are moved towards a less severe 

injuries level due to the effect of the SAFE STRIP functions), a relatively high 

investment (covering 100% of the passive level crossings) would drastically reduce the 

injuries associated with vehicle accidents in these sites. 

1.1.4 Road Work Zones 

1.1.4.1 Accidents and injuries figures on work zones 

After filtering the Spanish accident database (DGT), the averaged annual data of 

accidents in work zones in Years 2015, 2016 and 2017 are placed in the next table. A 

total of 1452 accidents were registered along those three years, which include collisions 

with operators.  
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Table 24: Averaged annual injuries data from the Spanish database, related with accidents at 

road work zones. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 12 71 677 542 

Per 100,000 

inhabitants 
0.0255 0.151 1.44 1.153 

 

1.1.4.2 Work zones on infrastructure 

In order to quantify the possibility to reach a work zone on the infrastructure, a technical 

publication showing data concerning Italian work zones [7] has been used as a valuable 

reference. This study provides data from the Italian motorway network managed by 

Autostrade per l’Italia (ASPI). The company manages about 3000 km of motorways 

throughout Italy. In this study, a motorway segments database contains details about 

the roadway characteristics of about 2100 km of motorways’ carriageways (each 

segment has two carriageways). As it is introduced in the handled report, more than 

30000 stationary work zones were installed on the motorway network from January 1, 

2007 through December 31, 2012. That means 5000 stationary work zones per year (on 

average), in 2100 km of motorways with double carriageway (1,19 stationary work per 

km- year).  

Consulting the data provided by the Spanish General Directorate of Roads, in Spain 

there are available 17228 Km of infrastructure, allocated among multilane highways, 

dual carriageways and highways (free and toll). Here, single carriageways have not 

been considered, to match with the data provided by the Italian data covered by the 

reference report. Therefore, as a first approximation, it can be considered that the annual 

number of stationary work zones installed on the motorway network in Spain, is 

approximately 20500. 

1.1.4.3 SAFE STRIP Scenarios - Penetration Rates 

As in previous cases, a proposal concerning the SAFE STRIP penetration rates is 

shown. Considering the estimation of annual work zones in Spain (20500 stationary 

work zones), different penetration scenarios for the SAFE STRIP solution have been 

proposed are summarised in the next table, showing also the number of associated work 

zones with SAFE STRIP. 

Unlike the previous cases (zebra crossing and railway level crossing), in this one, SAFE 

STRIP strips can be considered as movable. That is, once a work zone is dismantled, 

the SAFE STRIP strips can be reused elsewhere. Therefore, another assumption needs 

to be introduced, such as the degree of reuse of each strip. In the following calculations 

(number of strips per each penetration rate), it has been considered that each strip is 

(re-)employed 10 times a year. 
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Table 25: Proposal of penetration rates for SAFE STRIP function on road work zones. 

Penetration 

rates 

Work zones with SAFE 

STRIP 
Amount of SAFE STRIP solutions 

100% 20500 2050 

50% 10250 1025 

25% 5125 512 

5% 1025 102 

 

1.1.4.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

In a recent technical publication [8] based on data from more than 11000 accidents, 

which occurred between January 2010 and December 2014, it is shown that the majority 

of the crashes occurred in work activity and buffer areas irrespective of the road 

classification. Among other characteristics, in this publication, the crashes monitored 

by the traffic control devices available at the moment of the accident at the work zone 

are studied.  

The results from this study indicate that the odds of getting involved in a crash in the 

activity and transition areas are lowered if warning signals are activated or if traffic is 

controlled by human operators compared to when no control at all is present. Human 

control seems to be the most effective method to reduce the numbers of accidents in 

work zones (so far). Traffic is sometimes controlled by workers in the work zone areas. 

Therefore, the involvement of humans to control traffic alerts the drivers in the work 

zone areas. This could be because drivers may be more cautious when they see workers 

working in the work zone area. As a second most safety alternative there is the use of 

warning signals, well above the rest of the options analyzed. Concerning the data shown 

in the paper, the odds of getting involved in an accident at work zone when warning 

signals are implemented is significantly reduced, and is also reducing the severity of 

injuries, in comparison to other solutions deployed such as “no human control” (“stop 

sign”, “stop and go signal”, “warning sign”, “double yellow / no passing zone” and 

other types of traffic control) or “no control” at all. 

From these findings, for the Spanish scenario, the annual injuries evaluation has moved 

to the following figures, taking into account the different proposed scenarios according 

to the penetration rates assumed. 

Table 26: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP on work zones. 

FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 

Lightly 

injured 

Uninjured 

with property 

damage 

Without SAFE STRIP 12 71 677 542 

5% 12 69 659 (657+2) 546 (526+20) 
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FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 

Lightly 

injured 

Uninjured 

with property 

damage 

With SAFE 

STRIP  

(as function of 

penetration rate) 

25% 

10 62 (60+2) 586 (575+11) 562 

(461+101) 

50% 

8 53 (50+3) 495 (474+21) 583 

(379+204) 

100% 

5 36 (29+7) 313 (271+42) 623 

(217+406) 

 

Despite the fact that a conservative criterion has been used (previously injuries 

classified as fatal or serious injuries, do not disappear completely; they are moved 

towards a less severe injuries level due to the effect of the SAFE STRIP functions), a 

limited investment (covering 100% of the road work zones) would significantly reduce 

the injuries associated with vehicle accidents in those road events. 

1.1.5 Motorway Exits 

1.1.5.1 Accidents and injuries figures on motorway exits 

Information from Spanish accident database was analysed in order to estimate the 

number of accidents, and the number of associated injuries related with motorway exits. 

From the 4020 crashes recorded during three consecutive years, the most frequent types 

of accidents that were documented in motorway/highway exits, and their relevancy, are 

the following: Rear-end crash (45.2%), Crash against a fixed object on the road 

(15.9%), Rollover (12.0%), and Multiple Collision (11.1%), revealing that almost a 

85% of the total number of accidents are linked with motorway exits in Spain. The types 

of injuries recorded yearly in Spain, concerning accidents at motorway exits, are 

summarized in the next table. 

Table 27: Averaged annual injuries data from the Spanish database,  

related with accidents at motorway exits. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 24 96 2 047 1 689 

Per 100,000 

inhabitants 
0.0510 0.204 4.355 3.594 

1.1.5.2 Amount of Motorway exits on infrastructure 

In order to find the relationship between the amount of accidents at motorway exits and 

the number of this kind of road infrastructure, in this section, different types of 

highways in Spain were analysed, listing the number of existing road exits. Below, four 

cases of different types of infrastructure in Spain have been introduced, to determine 

how often it is possible to find a motorway exit, driving on these motorways.  
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As such, in the data from the chosen sample roads near the centres of population 

concentration, it is possible to see, that the frequency of exits is significantly higher 

than in the case of highways crossing rural areas. To carry out the analysis here, an 

average has been selected, considering that is possible to find 0,544 exits per km of 

road, in one of the two carriageways (one exit every 3,68 km, travelling in one direction 

of the road). 

Table 28: Number of exits, per km of motorways, concerning the chosen Spanish road 

infrastructures. 

Motorway 
Length 

(Km) 

Total number of Exits 

(taking both 

carriageways) 

Ratio 

(exits/road km) 

A-1 Madrid - San 

Sebastián 
465 308 0,66 

A-66 Gijón-Sevilla 730 300 0,410 

M-50 (Madrid) 85 82 0,965 

VA-30 (Valladolid) 21,6 18 0,833 

AVERAGE 1301 708 0,544 

 

Considering that, in Spain, the network of this type of roads is made up of 17288 km of 

infrastructure, implies, that in this study, an estimation of 9370 exits may be taken into 

account. 

1.1.5.3 SAFE STRIP Scenarios - Penetration Rates 

For the Spanish assessment, the number of possible exits where SAFE STRIP can be 

implemented is quite high. As in other previously described functions, the most efficient 

way of acting would be to implement SAFE STRIP in those exits that suffer a greater 

flow of vehicles and a greater concentration of traffic jams, as, due to this, 

hypothetically, there is where the greatest number of accidents can occur, and therefore, 

also where they can be avoided. 

As in the previous functions, a proposal concerning the SAFE STRIP penetration rates 

is shown in the next table, considering the estimation of applicable motorways exits in 

Spain (9370 exits). Different penetration rates for the SAFE STRIP function are 

proposed here, employing fixed strips per each improved exit from a safety point of 

view. 

Table 29: Proposal of penetration rates for SAFE STRIP function on motorway exits. 

Penetration rates 
Amount of motorway exits with SAFE 

STRIP 

20% 1874 

10% 937 

5% 468 
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Penetration rates 
Amount of motorway exits with SAFE 

STRIP 

1% 94 

 

1.1.5.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

The principal cause of accidents in motorway exits is inappropriate speed. SAFE STRIP 

warns the driver to adjust their speed to the exit conditions. In that sense, the impact on 

safety of this application has been established.  

To estimate the reduction of accidents using SAFE STRIP, accident rates in motorways 

were taken as a reference [9]. It compares the accident modification factors (AMF) of 

two different speed limits on motorways links, exits and entrances. Thus, the effects in 

safety of a reduction in speed by 20km/h in those zones can be known. From the 

following table it can be assumed that the speed reduction can decrease only property 

damage crashes at 6%, the slightly injured at 18% and the killed and seriously injured 

at a 34%. As it was checked during the SAFE STRIP trials, the reduction of speed in 

the vehicles due to received warning signal was higher than 20 km/h. That means that 

the reduction of injuries will also be higher than the commented figures within the 

Danish study. Therefore, the figures have been increased here three times for the 

evaluation of the impact on safety.   

Table 30: Accident modification factors for speed limit on motorways links, exit diverges and 

entrance merging. 

 

From these findings, for the Spanish scenario, the annual injuries evaluation leads to 

the following figures, taking into account the different proposed scenarios for 

penetration rates. 

Table 31: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP function on motorway exits. 

FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 
Lightly injured 

Uninjured with 

property damage 

Without SAFE STRIP 24 96 2047 1689 

With SAFE 

STRIP  

(as function of 

penetration rate) 

1% 24 95 2037 (2036+1) 1607 (1686+11) 

5% 23 92 (91+1) 1997 (1992+5) 1729 (1674+55) 

10% 22 88 (86+2) 1946 (1936+10) 1760 (1650+111) 

20% 19 82 (77+5) 1845 (1826+19) 1849 (1628+221) 
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A not negligible investment (covering a 20% of the motorway exits) would lightly 

reduce the injuries associated with vehicle accidents in those road infrastructures. 

1.1.6 Intersections (Junctions) 

1.1.6.1 Amount of at-grade junctions on infrastructure 

In order to estimate the quantity of intersections in urban areas, a comparison with the 

implantation of roundabouts is done. Approximately, the installation rate of these 

intersections is ⅓ of the installation rate for the roundabouts. For the particular analysis 

of the Spanish scenario, knowing that Spain had 36,762 roundabouts in 2017 [10], the 

number of “X” or “T” intersections in urban areas has been estimated at 12300 

junctions. 

1.1.6.2 Accidents and injuries figures on at-grade junctions 

As in previous cases studied, the number of accidents and types of injuries that occur 

at intersections has been determined on the basis of the data recorded in the Spanish 

database. Concerning the information linked to crashes at junctions, data shows that the 

greatest number of accidents, in the period analyzed, occur in roundabouts, and “X” or 

“T” junctions, due to the large number of infrastructures of this type existing in the 

Spanish road network. 

Table 32: Accident breakdown in Spanish network, related with different types of junctions. 

 Frequency % 

"X" junctions 46908 53,0% 

"T" junctions 23906 27,0% 

Multiple arms junctions 116 0,13% 

Roundabouts 15815 17,9% 

Rail Way crossing 15 0,02% 

Motorway links, exit diverges or entrance 

merges 
370 0,42% 

Others 1296 1,47% 

TOTAL 88426  

 

Related with the almost 71000 accidents recorded during the analysed period in road 

junctions in Spain, the annual figures of casualties have been determined and 

summarized in the next table. 
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Table 33: Averaged annual injuries data from the Spanish database,  

related with accidents at urban intersections. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 127 1 705 28 976 23 369 

Per 100,000 

inhabitants 
0.2702 3.628 61.65 49,72 

 

1.1.6.3 SAFE STRIP Scenarios - Penetration Rates 

As in previous functions, a proposal concerning the SAFE STRIP penetration rates is 

shown in the next table, considering the estimation of intersections in Spain (12300 

exits). Different penetration rates for SAFE STRIP deployment are proposed here, 

under the assumption that SAFE STRIP will be implemented in those intersections that 

suffer a greater flow of vehicles and/or a greater concentration of accidents. 

Table 34: Proposal of penetration rates for SAFE STRIP function on intersections. 

Penetration rates Amount of intersections with SAFE STRIP 

20% 2460 

10% 1230 

5% 615 

1% 123 

 

1.1.6.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

Accidents reduction rates of SAFE STRIP in intersections can be estimated through the 

impact of a similar system called ‘dynamic intersection assistance system’, based on 

V2V technology, which is already installed in 32 junctions in Spain by the DGT [11]. 

These ‘intelligent intersections’ have been deeply tested in different roads and junction 

types in USA. Depending on the type of intersection a different Crash Modification 

Factor (CMF) [12] can be defined to estimate the system impact on safety. The CMF 

represents the ratio between accidents after using the system and accidents before using 

the system. Consequently, the lowest CMF is the greatest reduction of accidents.  

In trials carried out in Spain the implementation of these intersections has achieved a 

reduction of 65% in crashes, with a reduction of 83% of seriously injured and 67% of 

fatalities [13]. After analysing the data recorded in the trials carried out at pilot sites, it 

has been considered that SAFE STRIP could offer a better performance than the 

reference figures. After increasing the rate of injuries reduction, annual accidents data 

in Spain can be estimated as follows: 
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Table 35: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP function on intersections. 

FUNCTION 

application on road 

INFRASTRUCTURE 

Fatalitie

s 

Seriously 

injured 
Lightly injured 

Uninjured with 

property damage 

Without SAFE STRIP 127 1705 28976 23605 

With SAFE 

STRIP  

(as function of 

penetration 

rate) 

1% 126 1690 (1689+1) 28717 (28701+16) 23656 (23381+275) 

5% 122 1629 (1624+5) 27681 (27600+81) 
23860 

(22484+1376) 

10% 116 
1554 

(1543+11) 

26385 

(26223+162) 

24115 

(21363+2753) 

20% 106 
1402 

(1381+21) 

23795 

(23471+324) 

24625 

(19120+5505) 

1.1.7 Wrong Way Driving 

1.1.7.1 Accidents and injuries figures by Wrong Way Driving 

Accidents have been filtered from the database at Spain (time period 2015-2017), for 

this specific SAFE STRIP function. The number of accidents that have occurred in 

different types of road infrastructures adds up a total of 178 accidents in the indicated 

triennium. Taking into account the road kilometres related with each type of 

infrastructure, the occurrence of "wrong way" driving accidents, for each type of road, 

is shown in the following table. 

Table 36: Occurrence of "wrong way" driving accidents, for each type of road (Spanish 

network). 

Type of road infrastructure 

Spanish network 
Annual accidents / 

1000 km (Kilometers) 
Percentage 

(%) 

Conventional single 

carriageway 
148396 km 89,6 % 0,182 

Conventional dual 

carriageway 
1645 km 0,99 % 2,837 

Free Highway / Expressway 12626 km 7,62 % 1,980 

Toll Highway 2957 km 1,78 % 0,902 

TOTAL 165624 km 100,0 % 0,358 

 

From the Spanish data base, 178 accidents under the classification of “wrong way” 

recorded during three years, imply different types of annual injuries, as it is shown 

below. 
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Table 37: Average annual injuries data from the Spanish database, related with accidents at 

motorway exits. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 17 28 91 61 

Per 100,000 

inhabitants 
0.0362 0.0596 0.1936 0.130 

1.1.7.2 Amount of sites related to Wrong Way Driving 

Normally, entry points for wrong-way driving are the exit ramps at interchange areas. 

Therefore, for this function, the number of exit ramps implemented in roadway 

infrastructure has to be considered. 

For the Spanish network, the amount of this specific infrastructure was previously cited 

during the analysis of the “Motorway exits” section. Then, it was estimated that is 

possible to find 0,544 exits per km of road, in one of the two carriageways (one exit 

every 3,68 km, travelling in one direction of the road). 

For the complete Spanish network, evaluated in 165624 km, considering all the road 

types, the amount of places where an accident related with a “wrong way” driving event 

can happen, have been estimated at 90100 sites (exit ramps and exit diverges). 

If the study focuses on the infrastructures where more cases have been recorded 

(Conventional dual carriageway, Free Highway, Expressway, Toll Highway), leaving 

conventional single carriageway roads out of the study, now, the length of the road 

network is just of 17228 km, but with the most amount of crash by wrong way driving 

events. Under this new assumption, the number of problematic sites has been reduced 

to 9370 exits. 

1.1.7.3 SAFE STRIP Scenarios - Penetration Rates 

Taking into account the estimation of motorway exits in Spain, different penetration 

scenarios for the SAFE STRIP function to avoid accidents due to wrong way driving 

events have been assumed. In each scenario, as a general rule, the most conflictive sites 

(higher accident concentration) will be equipped with SAFE STRIP, in order to achieve 

a higher rate of efficiency in the reduction of accidents. 

Attending to the estimation of motorway exits in Spain (9370 exits), not high 

penetration rates are handled here, in first place, which is completely adequate for the 

evaluation of their impact due to their implementation. 

Table 38: Proposal of penetration rates for SAFE STRIP function on motorway exits. 

Penetration rates 
Amount of intersections with SAFE 

STRIP 

30% 2811 

20% 1874 
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Penetration rates 
Amount of intersections with SAFE 

STRIP 

10% 937 

5% 468 

1.1.7.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

A recent study [14] analysing principal factors influencing wrong-way driving crashes 

has been used as a reference to estimate the impact of SAFE STRIP. It is said that the 

majority of this type of crashes (82%) are in exit ramps, whereas 18% of the crashes 

are due to median crossover. To sum up, the estimation of the crash reduction rate with 

SAFE STRIP functions in wrong-way driving events would be 80% when strips are 

located in exit ramps. Consequently, the new injuries allocation, taking into account the 

different selected penetration rates is the following. 

Table 39: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP function on motorway exits. 

FUNCTION application on 

road INFRASTRUCTURE 
Fatalities 

Seriously 

injured 

Lightly 

injured 

Uninjured 

with property 

damage 

Without SAFE STRIP 17 28 91 61 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 16 28 (27+1) 88 (87+1) 63 (59+4) 

10% 16 27 (26+1) 86 (84+2) 62 (56+7) 

20% 14 26 (23+3) 81 (76+5) 65 (51+14) 

30%  13 25 (21+4) 76 (69+7) 68 (46+22) 

1.1.8 Personalised VMS 

1.1.8.1 Accidents and injuries figures by lack of early information about road 

events 

In order to evaluate the efficiency of this SAFE STRIP function, it has been identified 

on the Spanish accident database, those accidents that occurred in interurban areas, 

classified as rear end accidents, multiple collision or collisions with fixed objects on 

road. These accidents can be avoided with the implementation of the SAFE STRIP 

VMS, which warns, for example, about the presence of oil on the road, about the 

existence of heavy traffic and/or about low visibility conditions due to fog, as example. 

More than 37000 accidents were spotted in a period of three years, as it is summarized 

in the next table. From the injuries point of view, 37596 accidents in total gave the next 

annual injuries breakdown. 
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Table 40: Averaged annual injuries data from the Spanish database, related with accidents 

due to unexpected traffic congestions. 

 Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured with 

property 

damage 

Absolute data 116 508 15662 17660 

Per 100,000 

inhabitants 
0,247 1,081 33,32 37,57 

1.1.8.2 Amount of VMS on infrastructure 

For the specific application of SAFE STRIP project, it has been agreed to deploy a 

similar number of Variable Message Sign systems to current systems that exist on 

motorways or highways, that are physically located on gantries or poles. Most of those 

VMS are large constructions, mounted on gantries and positioned over the road; some 

are mounted on poles at the side of the road. For the amount estimation of VMS to take 

into account in our impact assessment, the M-30 orbital motorway has been analysed, 

which circles the central districts of Madrid and probably has been the busiest Spanish 

road. It is the innermost ring road of the Spanish city, and the length is 32,5 km. It 

connects to the main Spanish radial national roads that start in Madrid.   According to 

data provided by the city of Madrid through a public portal of traffic data [15], there 

are currently 54 Variable Message Signs on M-30. Therefore, the VMS rate in this 

infrastructure is 1,66 VMS/km, which has been applied to determine an hypothetical 

deployment of SAFE STRIP VMS on Spanish road network, along the free/toll 

highways and expressways (roads totalling counts around 15600 km). Consequently, 

in the Spanish roads around 9400 VMS could be installed, covering the most relevant 

roads network. 

1.1.8.3 SAFE STRIP Scenarios - Penetration Rates 

Regarding the estimation of VMS deployment for the Spanish road network (9400 

exits), not high penetration rates are considered here,  in first place, similar to what it 

has been considered for the evaluation of the impact due to the implementation of other 

SAFE STRIP functions. 

Table 41: Proposal of penetration rates for SAFE STRIP VMS function. 

Penetration rates 
Amount of VMS with SAFE STRIP 

function 

20% 1880 

10% 940 

5% 470 

1% 94 
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1.1.8.4 SAFE STRIP Scenarios - Reduction rates of accidents and Injuries 

From the scenarios of the VMS modelling in SUMO, the traffic flow in veh/h was determined. 

Together with the results from experimental trials for the SAFE STRIP VMS function, it was 

possible to determine the probability of being involved in an accident, and experimenting 

different kind of injuries, which is exposed in the following Table 42. 

Table 42: New allocation of injuries figures, in different scenarios, due to implementation of 

SAFE STRIP function as VMS. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Fatalities 
Seriously 

injured 
Lightly injured 

Uninjured with 

property damage 

Without SAFE STRIP 116 508 15662 17660 

With SAFE 

STRIP  

(as function of 

penetration 

rate) 

1% 115 504 (503+1) 15526 (15521+5) 17642 (17501+141) 

5% 111 490 (485+5) 14928 (14957+23) 17570 (16865+705) 

10% 106 
472 

(462+10) 
14298 (14252+46) 

17480 

(16071+1410) 

20% 95 
438 

(417+21) 
12934 (12843+91) 

17300 

(14481+2819) 

 

1.2 Impact on Mobility and Efficiency  

1.2.1 General Overview 

The impact on mobility can be analysed estimating the effect of the SAFE STRIP 

solutions on traffic variables such as amount of travel (number of journeys, their length 

and duration), travel patterns (timing of journeys, used modes and routes) and the 

quality of travel (feeling of safety and comfort, user stress and uncertainty). In this case, 

an association has to be established between performance parameters logged during the 

trials and other that are self-reported. Depending on how efficient the traffic is, users 

will perceive mobility in one way or another, being able to modify their traveling 

options. Therefore, the mobility parameters are affected by the traffic efficiency 

parameters. 

1.2.2 Micro-simulation traffic models 

To estimate effects of SAFE STRIP on vehicle traffic across different scenarios, 

evaluating their impact on the parameters related with mobility and traffic efficiency, it 

is necessary to employ Micro-simulation traffic models (identifying the variations on 

the traffic variables, comparing previous (existing) and after situations), as it is shown 

in the following figures.  
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Figure 185: Proposal for the impact evaluation on mobility and traffic efficiency  

(microscopic traffic flow simulation model). 

For this purpose, the tool "Simulation of Urban MObility" (SUMO) has been used. 

"SUMO" is an open source, microscopic, multi-modal traffic simulation. It allows to 

simulate how a given traffic demand which consists of single vehicles moves through 

a given road network. The simulation allows addressing a large set of traffic 

management topics. It is purely microscopic: each vehicle is modelled explicitly, has 

an own route, and moves individually through the network. SUMO was developed by 

the Institute of Transportations Systems at the German Aerospace Center and is licensed 

under an Eclipse Public License. Since 2001, SUMO has been continuously enhanced.  

SUMO has been used in several projects, which have been co-funded by the European 

Commission within the Horizon 2020 Programme. Some of these projects have 

improved the performances of the software, developing and extending the emissions 

model of SUMO, which also have been used within the SAFE STRIP project. 

1.2.3 SAFE STRIP functions 

1.2.3.1 Virtual Toll 

For the efficiency evaluation of the cited toll systems, from a traffic congestion point 

of view, those were emulated in the software SUMO, as it is described below. For all 

the scenarios, a five lane toll station on a single carriageway has been considered. 

Although in a real scenario, all the toll systems have to live together, in order to simplify 

the models, here a unique system has been considered in each scenario. The three 

different toll systems (Conventional toll system, electronic toll and SAFE STRIP 

proposal – Virtual toll), have been modeled, taking into account three different 

scenarios for each case, as function of the expected traffic density (input in the SUMO 

model): 

• 10000 vehicles/day (aprox 420 vehicles/hour) (black line) 

• 20000 vehicles/day (aprox 840 vehicles/hour) (cyan line) 

• 50000 vehicles/day (aprox 2 085 vehicles/hour) (light green line) 

The results obtained for the different scenarios are shown in the next set of tables, 

where different traffic parameters have been analysed. 
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Table 43: Vehicles in the toll queue at 3600s, for different scenarios. 

Scenarios  

(Five lanes toll) 
Toll System 

Vehicles in the toll queue  

(units at 3600s) 

420 v/h 

Conventional Toll 221 

Electronic Toll 18 

Virtual Toll (Safe Strip) 16 

840 v/h 

Conventional Toll 286 

Electronic Toll 39 

Virtual Toll (Safe Strip) 33 

2 085 v/h 

Conventional Toll 286 

Electronic Toll 150 

Virtual Toll (Safe Strip) 111 

 

That better efficiency also can be confirmed attending to other traffic parameters, such 

as the vehicle density, the traffic density and the mean speed, variables that are related 

among them. The variation along the time of these traffic parameters for each analysed 

scenario is shown in the next set of graphs: 

 Average Speed of vehicles, in each time period, is related with the size of the 

toll queue. As the queue length increases, the average speed decreases, until it 

reaches a constant value for the input/output vehicles balance. Lower average 

speed values indicate that the toll queue is greater than when the average speed 

is higher. 

 Traffic density (Vehicles per unit of road length). This parameter also shows the 

grade of congestion achieved at the toll station. The higher the value, the greater 

the congestion reached. 

 Traffic volume (Vehicles per unit of time). Finally, as a variable calculated from 

the previous two, this variable shows the number of vehicles that cross a section 

of road, per unit of time. A lower value of the calculated parameter, less 

efficiency of the analyzed toll system. 

Table 44: Summary of traffic parameters, for the efficiency evaluation of the toll systems. 

 

Scenarios  

(Five lanes 

toll) 

Toll System 
Mean Speed  

(km/h)) 

Traffic 

density 

(veh/km) 

Traffic 

Volume 

(veh/h) 

420 v/h 

Conventional Toll 3,2 74,9 240,0 

Electronic Toll 62,0 6,10 378,2 

Virtual Toll 76,5 5,42 414,7 

840 v/h Conventional Toll 2,1 96,9 198,96 



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   190 

As summary of the efficiency of the toll systems, the time to complete the full operation 

of fee payment, including the time spent in the queue, has been evaluated for each 

scenario. Obviously, the greater amount of time is consumed the lower efficiency for 

the payment system is resulted. As the toll queue increases, the time each vehicle needs 

to complete the process also increases. 

Table 45: Summary of the full operation duration for fee payment, in the toll station. 

Scenarios  

(Five lanes toll) 
Toll System 

Duration of full operation for fee toll 

payment (second) 

Vehicle # 

200 

Vehicle # 

400 

Average for 

1000 veh 

420 v/h 

Conventional Toll 1900 4100 4000 

Electronic Toll 175 175 175 

Virtual Toll (Safe Strip) 140 140 140 

840 v/h 

Conventional Toll 2900 5330 5000 

Electronic Toll 175 175 175 

Virtual Toll (Safe Strip) 140 140 140 

2 085 v/h 

Conventional Toll 3250 5330 5250 

Electronic Toll 260 325 315 

Virtual Toll (Safe Strip) 150 165 160 

 

The improvement in the payment efficiency related with the implementation of the 

virtual toll also has impact in the environment. 

1.2.3.2 Road works zones 

By means of the SUMO software, the impact on the traffic efficiency due to the SAFE 

STRIP implementation on a work zone is analysed. During road preservation activities, 

different work zone configurations can be employed (lane closure, lane shift, crossover, 

shoulder or median, intermittent, etc.). For the traffic efficiency impact assessment, in 

this section, the selected work zone configuration has been the option lane closure on a 

two lanes road, where one lane is closed on the mainline and traffic from the closed 

lane merges with the other open lane(s). 

Electronic Toll 64,0 12,9 824,9 

Virtual Toll 74,3 10,8 806,0 

2085 v/h 

Conventional Toll 2,2 96,9 212,9 

Electronic Toll 32,4 50,8 1647,4 

Virtual Toll 53,8 37,6 2025,1 
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As in the previous SAFE STRIP function, three different scenarios for each case (with 

and without SAFE STRIP) have been modeled to anticipate the corresponding traffic 

density (input in the SUMO model): 

• 10000 vehicles/day (aprox 420 vehicles/hour) (black line) 

• 20000 vehicles/day (aprox 840 vehicles/hour) (cyan line) 

• 50000 vehicles/day (aprox 2085 vehicles/hour) (light green line) 

The results obtained for the different scenarios are shown in the next set of tables, where 

different traffic parameters have been analysed. 

Table 46: Vehicles in the traffic jam at 3600s, for different scenarios. 

Scenarios  

(lane closure on a two 

lanes road, due to road 

works) 

Works zone 

Accumulated vehicles in 

the road traffic jam  

(units at 3600 s) 

420 v/h 
Without SAFE STRIP 21 

With SAFE STRIP 21 

840 v/h 
Without SAFE STRIP 45 

With SAFE STRIP 45 

2 085 v/h 
Without SAFE STRIP 609 

With SAFE STRIP 264 

 

For lower traffic density scenarios, SAFE STRIP function seems to be not relevant for 

the traffic efficiency. However, these changes for high traffic density scenarios, show 

a significant efficiency (quite lower amount of accumulated vehicles on the work zone 

due to the lane closure). That better efficiency due to the SAFE STRIP function can be 

also confirmed attending to other traffic parameters, such as the vehicle density, the 

traffic density and the mean speed, variables that are interrelated. 

Table 47: Summary of traffic parameters, for the efficiency evaluation of the work zones. 

Scenarios  

(lane closure on 

a two lanes road, 

due to road 

works) 

Works zone 

Mean 

Speed  

(km/h) 

Traffic 

density 

(veh/km) 

Traffic 

Volume 

(veh/h) 

420 v/h 

Without SAFE 

STRIP 
62,53 5,526 345,6 

With SAFE STRIP 62,57 5,526 345,8 

840 v/h 

Without SAFE 

STRIP 
65,92 11,84 781,08 

With SAFE STRIP 64,37 11,84 762,28 

2085 v/h 
Without SAFE 

STRIP 
7,668 160,3 1228, 9 
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Scenarios  

(lane closure on 

a two lanes road, 

due to road 

works) 

Works zone 

Mean 

Speed  

(km/h) 

Traffic 

density 

(veh/km) 

Traffic 

Volume 

(veh/h) 

With SAFE STRIP 28,94 69,47 2010,8 

 

As summary of the efficiency, the time to complete the full operation of driving through 

the work zones, including the time spent in the queue, has been evaluated and graphed 

in the next figures for each scenario ( the greater the time consumed the lower efficiency 

is).  

Table 48: Summary of the full operation driving through the road work zone. 

Scenarios  

(lane closure on a 

two lanes road, due 

to road works) 

Works zone 

Duration of crossing the road work zone 

(second) 

Vehicle # 

200 

Vehicle # 

400 

Average for 

1000 veh 

420 v/h 
Without SAFE STRIP 200 200 200 

With SAFE STRIP 200 200 200 

840 v/h 
Without SAFE STRIP 200 200 200 

With SAFE STRIP 200 200 200 

2085 v/h 
Without SAFE STRIP 380 500 1050 

With SAFE STRIP 225 245 300 

 

The improvement in the efficiency related with the implementation of SAFE STRIP 

function for the higher traffic density scenario, has also impact in the environment. 

1.2.3.3 Personalised VMS/VDS and Traffic Centre Information 

A VMS, according to the SAFE STRIP function, has been implemented in SUMO, to 

analyze their benefit on traffic efficiency, in comparison with an equivalent road with 

a high traffic volume, but without any display with information about traffic. Two 

different traffic cases have been taken into account: 

 In the first one, VMS supplies warning information, in advance, to the drivers, 

in order to reduce its speed to reduce the risk regarding some dangerous event 

on the road, such as oil on the road, or low visibility conditions (fog, fumes, 

heavy rain, etc.). In this case, the vehicles change its driving speed to the speed 

suggested by the VMS, without changing the route. 

 In the second, VMS provides warning information about heavy traffic 

conditions ahead on the road. In this case, the vehicle changes its driving speed 

to the speed suggested by the VMS, but the option to change the route to an 

alternative road is also generated, to avoid the detected traffic congestion. 
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Dangerous event on the road (oil/fog) 

Three different scenarios have been analysed for the first traffic case (with and without 

SAFE STRIP function) as function of the traffic density: 

 10000 vehicles/day (aprox. 420 vehicles/hour) 

 20000 vehicles/day (aprox. 840 vehicles/hour) 

 50000 vehicles/day (aprox. 2085 vehicles/hour) 

The results obtained for the different scenarios during the evaluation of the traffic 

efficiency are shown in the next set of tables, where different traffic parameters have 

been analysed. 

Table 49: Vehicles at 3600 s, for different scenarios. 

Scenarios Road 

Accumulated 

vehicles in the 

VMS area  

(units at 3600 s) 

Vehicles that 

have passed 

through the 

VMA area 

(units at 

3600 s) 

Overall 

vehicles 

(units at 3600 

s) 

420 v/h 
Without SAFE STRIP 20 399 419 

With SAFE STRIP 21 398 419 

840 v/h 
Without SAFE STRIP 47 787 834 

With SAFE STRIP 53 781 834 

2085 v/h 
Without SAFE STRIP 121 1964 2085 

With SAFE STRIP 135 1949 2084 

 

At the end of the calculation time of the traffic simulation, for each traffic volume case, 

in each scenario, the running vehicles are the same (419, 834 and 2084 vehicles 

respectively). But during one hour of driving, vehicles on the road, in the case of the 

SAFE STRIP implementation, those vehicles have adapted their nominal speed, to the 

required speed given by the VMS, reducing it to improve the traffic efficiency, and 

indirectly, the safety and the environmental impact. Consequently, at the end of the 

simulation timing, in the case of the SAFE STRIP implementation there are more 

vehicles on the road, due to their lower driving speed. 

However, the lower average speed in each volume traffic case does not mean lower 

traffic efficiency. For each scenario, where SAFE STRIP function is or is not 

implemented, the values of traffic density and the traffic volume are quite similar. 
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Table 50: Summary of traffic parameters, for the efficiency evaluation of SAFE STRIP as 

VMS (dangerous event on the road (oil/fog)). 

Scenarios  Road 
Mean Speed  

(km/h) 

Traffic 

density 

(veh/km) 

Traffic 

Volume 

(veh/h) 

420 v/h 

Without SAFE 

STRIP 
90,94 4 363,7 

With SAFE STRIP 87,26 4,2 366,5 

840 v/h 

Without SAFE 

STRIP 
86,36 9,4 811,8 

With SAFE STRIP 82,33 10 823,3 

2085 v/h 

Without SAFE 

STRIP 
85,86 24,2 2077,8 

With SAFE STRIP 75,99 27 2051,9 

 

Traffic congestion ahead  

For this specific case, just one scenario has been analysed where the traffic volume was 

20000 vehicles/day (840 vehicles/hour). In this case, as assumption, 50% of the vehicles 

take the alternative route proposed, while the rest driving in the initial road, adapting 

their speed. The results of this new case are compared with the previous situation 

(where an alternative route is not given). 

Table 51: Summary of traffic parameters, for the efficiency evaluation of SAFE STRIP as 

VMS (traffic congestion ahead). 

Scenario

s  
Road 

Mean 

Speed 

(km/h) 

Traffic 

density 

(veh/k

m) 

Traffic 

Volume 

(veh/h) 

840 v/h 

Without SAFE STRIP function 86,36 9,4 811,8 

With 

SAFE 

STRIP 

function 

Without alternative route 82,33 10 823,3 

With 

alternative 

route 

Main road 82,5 5,6 462,1 

Alternative 

road 
103,0 3,2 329,7 

Both roads 85,9 9,6 824,3 

 

Implementation of SAFE STRIP VMS means improvement in road safety and in 

driving comfort, due to the drivers can safely adjust their driving options when they get 

a message that there are dangerous events ahead on the road. 
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In the case of oil on road event or low visibility conditions (without route change), from 

the traffic efficiency viewpoint, the main contribution of this function is to provide an 

appropriate driving speed for all the vehicles, which has relevancy on the safety and 

comfort, but also on the environment. When a portion of the drivers choose to drive on 

an alternative route due to a warning for traffic congestion ahead, safety and traffic 

efficiency are improved in both roads (initial and alternative road). 

1.2.3.4 Parking booking and charging 

The impact on traffic related to the use of the parking booking application has been 

analyzed in SUMO.  A simplified model of a section of urban streets with a length of 

2,5 km has been implemented, where the vehicles are running at different traffic 

volumes. As it has been determined from the literature, the implementation of systems 

that allow finding easily a parking slot has a direct effect on the traffic volume, reducing 

it by a 10%. Therefore, in order to evaluate the effect of the parking application on 

traffic efficiency and on environment, two scenarios have been implemented in SUMO, 

with a baseline model (200 veh/h by direction of traffic flow), and a scenario with a 

lower traffic volume, reduced by a 10% (180 veh/h). The results obtained for the two 

scenarios cited (baseline, without SAFE STRIP parking function, cyan-line, and 

reduced traffic volume, with SAFE STRIP parking function, black line) concerning the 

evaluation of the traffic efficiency, are shown in the next set of graphs, where the usual 

traffic parameters have been analysed (traffic density, traffic volume and average 

speed).  For a different nominal traffic volume, the estimated traffic volume in each 

scenario becomes very similar (in both cases, approximately 335 veh/h).However, 

when the SAFE STRIP parking function is running, there is a more efficient traffic 

situation (higher average speed, lower traffic density and lower duration to complete 

the predefined route within the model). 

As it has been commented, in each scenario, the needed time by the vehicles for 

completing the route is different, due to the effect of the parking app on the traffic 

volume. In the next graph the needed time to complete the defined route by each vehicle 

in the modeled streets section is shown. As the volume of traffic is increasing in the 

simulation (more amount of vehicles are coming to the modeled streets), the times 

needed to perform the route also increase; though in a different way in each scenario. 

Therefore, as an example, the vehicle number 200 in the simulations employs, as 

average, 1700 seconds in the baseline scenario, while in the other scenario the 200th 

vehicle just consumes 1300 seconds to satisfy the route implemented in the model. 

Consequently, attending to the simulations results, there is a time saving of 400 seconds 

per vehicle (each hour), due to the traffic efficiency, in a section of urban streets with a 

length of 2,5 km.  

The improvement in the traffic efficiency due to the use of the SAFE STRIP function 

for parking, also has impact in the environment (lower pollutant emissions and lower 

fuel consumption). 

1.3 Impact on Environment (RQ5) 

1.3.1 General Overview 

Traffic, especially motor vehicles, causes many kinds of detrimental impact on the 

environment and health, due to emission of greenhouse gases, deterioration of air 

quality and noise.  
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 Vehicle pollutants cause immediate and long-term effects on the environment. 

Vehicle exhausts emit a wide range of gases and solid matter, causing global 

warming, acid rain, and harming the environment and human health. Traffic 

congestion is a big problem for everyone within the city. The higher the traffic 

density is, the higher the air pollution tends to be. Additionally, wasted fuel in 

traffic jam increasing air pollution and carbon dioxide emissions is due to 

increased idling time, acceleration and braking. 

 Road traffic noise is one of the most relevant sources in the environmental noise 

pollution of the urban areas where dynamics of the traffic flow are much more 

complicated than uninterrupted traffic flows. 

 In addition, staying in a traffic jam increases the fuel consumption of vehicles. 

The engine is running (idling) but the vehicles are not moving anywhere. 

Consequently, to evaluate the impact on the environment, it is necessary to study the 

effect of SAFE STRIP on the greenhouse emissions at specific traffic network spots, 

on fuel consumption and also on noise emissions. 

1.3.2 SAFE STRIP functions 

The environmental impact associated to the implementation of SAFE STRIP can be 

anticipated, at least qualitatively, analyzing similar research approaches carried out in 

the last years. 

1.3.2.1 Virtual Toll 

To evaluate the environmental impact of the SAFE STRIP virtual toll, a model 

representing a five lanes toll has been considered. Together with the results concerning 

traffic efficiency, also pollution emissions have been estimated for each model 

configuration, as follows. Three different toll systems (Conventional toll system, 

electronic toll and SAFE STRIP proposal – Virtual toll) have been modelled, with three 

different scenarios for each case, as function of the traffic density: 

 10000 vehicles/day (aprox. 420 vehicles/hour) (black line) 

 20000 vehicles/day (aprox. 840 vehicles/hour) (cyan line) 

 50000 vehicles/day (aprox. 2085 vehicles/hour) (light green line) 

Looking at the obtained results, the conventional toll is congested with any traffic 

density scenario. The mean speed of the running vehicles on the stretch of road before 

the toll is very lower in comparison with the other two toll configurations, which means 

higher pollution emissions. 
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Table 52: Summary of CO2 emissions linked to different scenarios on several toll systems. 

Scenari

os  

(Five 

lanes 

toll) 

Toll System 

Cumulati

ve CO2 

emissions  

(at 3600 

s) (kg) 

Running Vehicles 
CO2 emission per 

vehicle (at 3600 s) 

Vehicle

s 

Before 

Toll 

Vehicl

es that 

has 

paid 

TOTA

L 

Vehicl

es 

Value 

(kg/ve

h) 

Variation 

(regards 

Electronic

)  

420 v/h 

Conventional 

Toll 
629 221 196 417 1,51 --- 

Electronic Toll 251 18 399 417 0,603 --- 

Virtual Toll  238 16 401 417 0,571 ↓ 5,23% 

840 v/h 

Conventional 

Toll 
1118 286 195 481 2,33 --- 

Electronic Toll 508 39 795 834 0,609 --- 

Virtual Toll  480 33 801 834 0,576 ↓ 5,47% 

2085 

v/h 

Conventional 

Toll 
1295 286 197 483 2,68 --- 

Electronic Toll 1460 150 1551 1701 0,858 --- 

Virtual Toll  1387 111 1955 2066 0,672 ↓ 21,74% 

 

Table 53: Summary of fuel consumption linked to different scenarios on several toll systems. 

Scenarios  

(Five lanes 

toll) 

Toll System 

Cumulative 

fuel 

consumptio

n (litres) 

Fuel consumption per 

vehicle at 3600 s) 

Value 

(l/veh) 

Variation 

(regards 

Electronic) 

420 v/h 

Conventional Toll 209,62 0,5027 --- 

Electronic Toll 110,13 0,2641 --- 

Virtual Toll  (SAFE 

STRIP) 
104,37 0,2503 ↓ 5,23% 

840 v/h 

Conventional Toll 490,21 1,0192 --- 

Electronic Toll 222,57 0,2669 --- 

Virtual Toll  (SAFE 

STRIP) 
210,41 0,2523 ↓ 5,46% 

2085 v/h Conventional Toll 567,28 1,1745 --- 
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Scenarios  

(Five lanes 

toll) 

Toll System 

Cumulative 

fuel 

consumptio

n (litres) 

Fuel consumption per 

vehicle at 3600 s) 

Value 

(l/veh) 

Variation 

(regards 

Electronic) 

Electronic Toll 639,41 0,3759 --- 

Virtual Toll (Safe Strip) 607,86 0,2942 ↓ 21,73% 

1.3.2.2 Road works zones 

To evaluate the environmental impact of the SAFE STRIP located at work zones, a 

model representing a lane closure on a two lanes road has been defined. Together with 

the results concerning traffic efficiency, also pollution emissions have been estimated 

for each model configuration, as follows. Three different scenarios for each case (with 

and without SAFE STRIP function) have been calculated as function of the traffic 

density: 

 10000 vehicles/day (aprox. 420 vehicles/hour) (black line) 

 20000 vehicles/day (aprox. 840 vehicles/hour) (cyan line) 

 50000 vehicles/day (aprox. 2085 vehicles/hour) (light green line) 

The main results from an environmental point of view are shown as follows. 

Table 54: Summary of CO2 emissions linked to different scenarios at roads work zones. 

Scenarios  

(lane 

closure 

on a two 

lanes 

road, due 

to road 

works) 

Works zones 

Cumulat

ive CO2 

emission

s (kg) 

Running Vehicles 
CO2 emission per 

vehicle 

Vehicle

s at 

Work 

Zone 

Vehicle

s after 

Work 

Zone 

TOTA

L 

Vehicle

s 

Value 

(kg/veh

) 

Variation  

420 v/h 

Without SAFE 

STRIP 
294,1 21 397 418 0,705 --- 

With SAFE 

STRIP 
290,9 21 397 418 0,696 

Aprox. 

= % 

840 v/h 

Without SAFE 

STRIP 
616,5 45 789 834 0,739 --- 

With SAFE 

STRIP 
589,3 45 789 834 0,707 

Aprox. 

= % 

2085 v/h 

Without SAFE 

STRIP 
2682,3 609 1314 1923 1,395 --- 

With SAFE 

STRIP 
1918,6 264 1820 2084 0,921 ↓ 34,0 % 
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Table 55: Summary fuel consumption linked to different scenarios at roads works zone. 

Scenarios  

(lane closure on a two 

lanes road, due to road 

works) 

Work zones 

Cumulative 

fuel 

consumptio

n (litres) 

Fuel consumption per 

vehicle 

Value 

(l/veh) 
Variation  

420 v/h 

Without SAFE 

STRIP 
128,8 0,308 --- 

With SAFE STRIP 127,4 0,305 Aprox. = % 

840 v/h 

Without SAFE 

STRIP 
269,9 0,324 --- 

With SAFE STRIP 258,2 0,310 Aprox. = % 

2 085 v/h 

Without SAFE 

STRIP 
1175,0 0,611 --- 

With SAFE STRIP 840,4 0,403 ↓ 34,0 % 

1.3.2.3 Personalised VMS/VDS and Traffic Centre Information 

To evaluate the environmental impact of the VMS SAFE STRIP function, a model 

representing two lanes road with vehicles at different driving speeds has been created. 

VMS supplies information in advance to the drivers, in order to reduce the speed for 

avoiding dangerous event on roads (oil on road, low visibility conditions or heavy 

traffic). In this case, the vehicles change their driving speed to the speed suggested by 

the VMS, without or with choice of an alternative route. Together with the results 

concerning traffic efficiency, also pollution emissions have been estimated for each 

model configuration, as follows.  The main results for this SAFE STRIP function 

(VMS), from an environmental point of view, are shown below, where it is 

demonstrated that this function implies lower environmental impact, both accumulated 

and on individual level (for each vehicle). 

Dangerous event on the road (oil/fog) (with alternative route) 

Table 56: Summary of CO2 emissions linked to different scenarios at roads with VMS 

function (without alternative route). 

Scenari

os 
Road 

Cumulativ

e CO2 

emissions 

(kg) 

Running Vehicles 
CO2 emission per 

vehicle 

Vehicles 

at Work 

Zones 

Vehicl

es 

after 

Work 

Zone 

TOTA

L 

Vehicl

es 

Value 

(kg/veh

) 

Variati

on  

420 v/h 
Without SAFE 

STRIP 
482,71 20 399 419 1,152 --- 
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Scenari

os 
Road 

Cumulativ

e CO2 

emissions 

(kg) 

Running Vehicles 
CO2 emission per 

vehicle 

Vehicles 

at Work 

Zones 

Vehicl

es 

after 

Work 

Zone 

TOTA

L 

Vehicl

es 

Value 

(kg/veh

) 

Variati

on  

With SAFE 

STRIP 
450,37 21 398 419 1,075 

↓ 

6,70 % 

840 v/h 

Without SAFE 

STRIP 
1007,97 47 787 834 1,209 --- 

With SAFE 

STRIP 
920,07 53 781 834 1,103 

↓ 

8,72 % 

2085 

v/h 

Without SAFE 

STRIP 
2557,27 121 1964 2085 1,227 --- 

With SAFE 

STRIP 
2534,03 135 1949 2084 1,216 

↓ 

0,86 % 

 

Table 57: Summary of fuel consumption linked to different scenarios at roads with VMS 

function (without alternative route). 

Scenarios Road 

Cumulative fuel 

consumption 

(litres) 

Fuel consumption per 

vehicle 

Value 

(l/veh) 

Variatio

n  

420 v/h 
Without SAFE STRIP 208,82 0,498 --- 

With SAFE STRIP 194,64 0,465 ↓ 6,79 % 

840 v/h 
Without SAFE STRIP 436,34 0,523 --- 

With SAFE STRIP 397,83 0,477 ↓ 8,83 % 

2085 v/h 
Without SAFE STRIP 1107,1 0,531 --- 

With SAFE STRIP 1069,3 0,526 ↓ 0,93 % 

 

Traffic congestion ahead (with alternative route) 

Table 58: Summary of CO2 emissions linked to different scenarios at roads with VMS 

function (with alternative route). 
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Scenar

ios 
Road 

Cumulati

ve CO2 

emissions 

(kg) 

Running Vehicles 
CO2 emission 

per vehicle 

Vehicl

es at 

VMS 

area 

Vehicl

es 

after 

VMS 

areae 

TOT

AL 

Vehi

cles 

Value 

(kg/ve

h) 

Variat

ion  

840 v/h 

Without SAFE STRIP 1007,97 47 787 834 1,209 --- 

With 

SAFE 

STRIP 

Without 
alternative 

route 
920,07 53 781 834 1,103 

↓ 

8,72 % 

With 

alternative 

route 
913,0 

44 

(28+16

) 

790 

(450+3

40) 

834 1,099 
↓ 

9,10 % 

 

Table 59: Summary of fuel consumption linked to different scenarios at roads with VMS 

function (without alternative route). 

Scenari

os 
Road 

Cumulative 

fuel 

consumption 

(litres) 

Fuel consumption per 

vehicle 

Value 

(l/veh) 

Variatio

n  

840 v/h 

Without SAFE STRIP 436,34 0,523 --- 

With SAFE 

STRIP 

Without alternative 

route 397,83 0,477 ↓ 8,83 % 

With alternative route 
394,8 0,475 ↓ 9,18 % 

 

1.3.2.4 Parking booking and charging 

In the cities, the employment of systems to help the driver to find a parking slot, implies the 

reduction of the traffic volume in the surrounding of the parking areas, but also means 

a reduction of the needed time to park (with lower fuel consumption) and also, a 

reduction of the pollutants emissions. The SUMO model has been employed to check 

these findings. Here, obtained results from an environmental point of view are shown. 

Two scenarios are compared: baseline, without help to find parking slot (cyan line), and 

an alternative scenario, where the SAFE STRIP function is implemented (black line), 

which means a lower traffic volume because the driver finds parking slot easily, and 

the traffic volume is reduced. 

In the alterative scenario (with SAFE STRIP function), the accumulated CO2 emissions 

and fuel consumption are lower, according to the results from the SUMO model 

(specific urban streets section, with 2,5 km, during 1 hour, 335 vehicles). Additionally, 
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the individual (per vehicle) CO2 emissions and fuel consumption are also lower in the 

alternative scenario with the SAFE STRIP parking function. Therefore, for the specific 

model implemented with SUMO, the environmental impact is summarized in the 

following table.  

Table 60: Summary of CO2 emissions and fuel consumption linked to different scenarios 

regards parking function. 

Parking 

Cumulativ

e CO2 

emissions 

(kg) 

CO2 emission per 

vehicle Cumulative 

fuel 

consumptio

n (litres) 

Fuel consumption 

per vehicle 

Value 

(kg/veh

) 

Variatio

n  

Value 

(l/veh) 

Variatio

n  

Without SAFE 

STRIP function 
745,0 1,862  ------ 339,2 0,848  ------ 

With SAFE 

STRIP function 
616,5 1,713 ↓ 8,05% 270,0 0,750 ↓ 11,54% 

 

In socioeconomic impact section, the environmental impact due to the use of the SAFE 

STRIP parking function, is also taken into account within the Cost-Benefit analysis. 

1.4 Impact on infrastructure operation 

To evaluate the impact related with the implementation of SAFE STRIP on the 

infrastructure operation, a simplified cost analysis has been carried out. For this 

simplified approach, which focuses just from the operator point of view, only 

internal costs of SAFE STRIP operation have been taken into account, namely costs 

incurred by the infrastructure operator. Societal costs or benefits were not included 

within this Cost Benefit Analysis, i.e. neither benefits resulting from reduced 

accident/risk, nor time savings due to reduced traffic jams and no reduced environment 

effects were included.  

SAFE STRIP functions related with infrastructure (such as Road wear level and 

predictive road maintenance, In-vehicle & Mobile application for Personalised 

VMS/VDS, Application for Virtual Toll or Application for Parking booking and 

charging), have been studied in a comparative way (current approach vs. novel SAFE 

STRIP), under this simplified cost analysis. 

The aim of this analysis is determine investment, operational and maintenance costs for 

VMS and tolls, as well as of parking facilities and management of national pavement 

network, against the alternative approach given by SAFE STRIP. 

1.4.1 Motorway Tolling system 

Tolling related technologies have made tremendous progress over the past decade, and 

today developing and implementing nationwide solutions present fewer technological 

risks than it was the case decades ago. Additionally, the technologies are able to make 

use of ever greater performance from mobile telecommunication networks which make 

operational processes [16].  
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The main difference between SAFE STRIP toll system and the electronic tolling system 

are due to the simplification of technologies needed for the roadside Infrastructure, but 

also due to the total replacement/redundancy of infrastructure.  

1.4.1.1 ETC (Electronic Toll Collection) [16]. 

Dedicated short-range communications (DSRC) technology is the most widely adopted 

across Europe. This solution is generally referred to as ETC (Electronic Toll 

Collection).  

In terms of investment for the setting up of this system, a part of the costs are the same 

as for more traditional manual and/or self-service toll collection solutions, as such 

solution is still integrated within a toll plaza environment. There is still a need to build 

a toll plaza (involving land acquisition and civil works). 

The road users are equipped with a DSRC based OBU, the procurement cost of which 

is in the range of 10 to 15 EUR, depending on the procured quantities and on the design 

of the OBU, especially in terms of HMI. 

The handling of the toll collection and enforcement operations are managed in a very 

similar way as for the manual and self-service toll collection. The same lane architecture 

is in fact typically adopted, with the functions of vehicle detection and classification 

integrated with the radio communication with the OBUs.  

Depending on the specific solution adopted by the toll operator, in particular in terms 

of redundancy, the cost for the procurement and installation of an ETC only lane can 

be in the range between 20000 and 50000 EUR (for comparison with the SAFE STRIP 

virtual toll, a mean value is considered – 35000 EUR per lane). 

1.4.1.2 SAFE STRIP Virtual Toll 

The estimated costs for the full implementation of the SAFE STRIP function as virtual 

toll is shown in this section. The strips needed for each toll lanes have been determined. 

That means that this SAFE STRIP function needs 2 ORUS and 0,5 RSBs per road lane. 

In the SUMO model that was employed to determine the impact of the SAFE STRIP 

virtual toll on traffic efficiency and on environment, a toll station with five lanes was 

considered, Therefore, in the CBA the implementation cost of 10 ORUS and 3 RSBs 

has been considered, as it is summarized in the next table. 

Table 61:  SAFE STRIP function costs, per site (toll station with 5 lanes). 

Manufacturing 

Costs (EUR) 

Installation 

Cost (EUR) 

Operational 

Cost (EUR) 

Maintenance 

Cost (EUR) 

Overall 

Costs  

(EUR) 

9500 3600 192 2620 15912 

 

Therefore, SAFE STRIP function for a toll application is a more cost competitive 

alternative than the electronic toll system described before. The implementation costs 

for a SAFE STRIP virtual toll with 5 lines is valuated in less than 16000 EUR, against 

the cost of 175000 EUR for the equivalent system for an electronic toll.  
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Consequently, concerning an electronic toll system implemented at five toll lanes, the 

SAFE STRIP function means saving around 160000 EUR. 

1.4.2 Road wear level and predictive maintenance 

Integrated sensor can provide many benefits to highway agencies by helping facilitate 

more effective pavement maintenance and rehabilitation/preservation decision making 

by detecting possible damage, monitoring mechanical load history, and predicting the 

fatigue life of the monitored pavements. 

A system for evaluation road pavement structural condition was developed within the 

SAFE STRIP project. The system consists of the sensing element, the data processing 

and storage unit, and a graphical user interface with post-processing features. 

Based on previous experience, literature, and best practice, aggregation of the data 

collected in SAFE STRIP is averaged to 100 m long segments for network level 

planning.  

Table 62:  SAFE STRIP predictive maintenance function costs, per km per year. 

Manufacturing 

Costs (EUR) 

Installation 

Cost (EUR) 

Operational 

Cost (EUR) 

Maintenance 

Cost (EUR) 

Overall Costs  

(EUR) 

1500 1000 160 0 2660 

 

Based on a simplified life cycle cost analysis for a 10 km road segment against traditional 

road maintenance planning, the findings are shown in the next table. 

Table 63:  Life cycle cost with and without predictive maintenance for 10 kms segment. 

Alternate Year 0 

PV 

factor 

=0,7 

PV 

factor 

=0,6 

PV 

factor 

=0,5 

END OF 

LIFE 
Present 

value 

totals 

Tota

l 

savi

ngs Year 10 Year 15 Year 20 Year 27 

No 

predictive 

maintenanc

e 

New 

pavemen

t 900000 

€ 

No 

action 

Overlay 

1400000

€ 

No 

action 
 

Total 

investment 

life  

(27 years) 

 

PV cost 
900000 

€ 
 

840000 

€ 
  1740000 € 0% 

With SAFE 

STRIP 

predictive 

maintenanc

e 

New 

pavemen

t 900000 

€ 

Asphalti

c surface 

treatmen

t 

200000€ 

 

Asphalti

c surface 

treatmen

t 350000 

€ 

 

Total 

investment 

life  

(27 years) 

 

PV cost 
900000 

€ 

140000 

€ 
 

175000 

€ 
 1215000 € 30% 
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This means that a total investment of 1215000 € /10 km using predictive maintenance 

and preventive repairs, against an investment of 1740000 € /10 km without preventive 

treatments, gives an overall life-cycle savings of 30%. 

1.4.3 Personalised VMS/VDS 

Conventional VMSs are very expensive systems. An average cost can be somewhere in 

the vicinity of 70-80000€, just for the VMS, without the gantry that supports it. 

Additionally, cost depends on size, number of lines, colors, etc. Indicatively, a 3-line 

VMS costs around 70000 € and a Full-Matrix one around 110000 €.  

The operational and maintenance cost of a VMS is something very difficult to 

calculate as this cost is directly dependent on the road network, the organisation of the 

TMC, the type of the VMS sign (led, highly efficient Led) and many more. As far as 

operation and maintenance costs are concerned, we calculate a 4-5% of the cost of 

purchase, which falls in the range 3000 - 4000 €. 

The estimated costs for the full implementation of the SAFE STRIP VMS are 

introduced here. It has been considered that the SAFE STRIP function is implemented 

in a highway carriageway with two lanes. Each lane needs two ORUs. That means that 

this SAFE STRIP function needs 4 ORUS and 1 RSBs. 

Table 64:  SAFE STRIP function costs, per site (VMS), taking into account different values 

for its useful lifetime. 

Manufact. 

Costs 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(68 €/y) 

Maintenance 

Cost (EUR) 

(960 €/y)) 

Overall 

Costs  

(K EUR) 

3400 1400 68 960 5,83 

 

Thus, the use of the SAFE STRIP function as VMS implies a significant cost reduction, 

mainly in terms of the initial investment of the system (the investment for a SAFE 

STRIP system can be assumed to be around 10% of the cost of a conventional system), 

but also presents lower operating and maintenance costs. 

1.4.4 Smart Parking 

Smart Parking brings together all aspects of parking management technology into one 

integrated system, from sensor-based vehicle detection, communication gateway, 

informative boards, kiosks for payments, mobile application for drivers and information 

system, simplifying the life of the system manager. Thus it is a parking management 

solution in real time, which collects key performance data and translates them into 

knowledge to make better policy and optimised management [17]. 

In order to evaluate the total economic impact of the sector in Europe, EPA published 

in the cited report, estimations for the annual turnover provided by each type of 

parking slots.  

In a traditional parking regime, it is impossible to ensure that the parking facilities 

available are being efficiently utilized. Due to lack of information, some slots might 

remain empty – With the real-time information from parking sensors drivers might not 

know about them, especially when there is high demand. With respect to the optimal 
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usage of parking spaces, through real-time information management, some studies 

consider an increase in monthly revenue per parking space, attributable to smart 

parking technologies, which is valuated in 80 EUR [19]. Additionally, it could be 

considered a decrease in the management costs, due to, for example, a more automated 

and less manual activity, achieving savings on labor cost and resource exhaustion. The 

highest management cost in an on-street parking system is the cost of enforcement, 

which needs to be compared with income. It is also one of the main components of 

effective parking management. Indeed, the more effective enforcement is, the more 

motorists comply with the parking policy, which leads to a higher turnover rate and 

lower occupancy rate. Traditional on-street parking may have required investments in 

parking meters or parking inspectors. Smart Parking technology can reduce these 

overheads by automated processes and providing targeted enforcement activity. 

Concerning the evaluation of the implementation costs of SAFE STRIP parking 

function, it has been considered that each parking slot has got one ORU, and that one 

RSB system manages four ORUs (0,25 RSB per ORU). Therefore, the SAFE STRIP 

function cost (per parking slot) is the one shown in the table, taking into account 

different useful lifetime of the systems. 

Table 65: SAFE STRIP function costs, per parking slot, taking into account different values 

for its useful lifetime. 

Lifetime 

(years) 

Manufact. 

Costs 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(17 €/y) 

Maintenance 

Cost (EUR) 

(240 €/y)) 

Overall 

Costs  

(K EUR) 

Yearly 

Costs  

(K EUR) 

1 

850 350 

17 240 1,46 1,46 

2 34 480 1,71 0,857 

3 51 720 1,97 0,657 

4 68 960 2,23 0,557 

 

Concluding, taking into account the cited estimation for the increase in 80 EUR for the 

monthly revenue per parking space, attributable to smart parking technologies, an 

additional annual revenue per unit of about 960 EUR is estimated, without 

considering other possible benefits related to a more effective parking management. On 

the other hand, the previous table shows the estimation of the implementation costs of 

the SAFE STRIP function. Considering a lifespan of more than one year, the annual 

cost per parking space (857 EUR or less) is lower than the estimated additional annual 

revenue per unit (960 EUR), which implies a good investment from the parking 

operator point of view. 

1.5 Impact on User Acceptance  

During the SAFE STRIP trials on pilot sites, drivers and riders were required to 

complete a series of questionnaires. During the pilot trials, all users (drivers, riders, but 

also, infrastructure operators) were provided with a “pre/post test questionnaire” to be 

filled-in. The Pre-post questionnaire includes a “Driver/Rider Behaviour 

Questionnaire” that helped classifying them in drivers’ clusters that are later taken into 

consideration in the test outcomes consolidation. 
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Also, in the “pre/post test questionnaire” for drivers, riders and infrastructure operators, 

different questions were asked, both before the test as after the test, in order to evaluate 

the consequences of the use of the SAFE STRIP solution, attending mainly to the 

following subjects: workload, acceptance, and feeling of trust. Comparable questions 

were included in the pre- and the post- questionnaire. Therefore, from the information 

collected through the questionnaires, a comparison between before and after SAFE 

STRIP can be carried out. 

To measure user experience, standardized scales were applied in the questionnaires, 

which were applicable to all scenarios and respective services. In each use case, the 

acceptance level of the SAFE STRIP has been evaluated, as a forecast on their future 

penetration.  Subjective views of stakeholders from Focus Groups have been also taken 

into account. 

Results are provided in section 3.3 of the document.  

1.6 Socioeconomic Impact 

Once different types of impacts have been evaluated, Implications on society can be 

considered as an impact which summarises all the prior impacts (safety, mobility, 

efficiency, environmental and economical). Therefore, this impact assessment is fed 

from all the above evidence collected and aggregated during pilot activities of the 

project.  

In addition to what has been analysed in the previous RQs, in this part of the impact 

assessment, it is determined the societal benefit that implies the reduction of the 

accidents and injuries that are avoided with the implementation of the developed 

solutions, quantifying them monetarily, based on the obtained results in the analysis of 

RQ3, which is added to the rest of the hypothetical advantage s provided by the new 

systems (RQ4 - mobility and traffic efficiency, RQ5 - environment, and RQ6 - 

infrastructure operation).  

For the evaluation of the societal impact, the consolidated findings from Cost Benefit 

Analysis (CBA) have been used. Cost Benefit Analysis (CBA) estimates benefits and 

costs in monetary terms and it can be used to assess the absolute efficiency of SAFE 

STRIP solutions, allowing finding whether a proposed objective is economically 

efficient and how efficient it is. As a result of the analysis, a quantitative relationship 

between benefits and costs was calculated (Cost benefits ratio – CBR). 

To consider the CBA for the SAFE STRIP solutions it is necessary to estimate what 

would happen if no countermeasure is implemented, that is, if new solutions would not 

be introduced (reference case – current roads infrastructure). Additionally it is 

necessary to evaluate what injuries mitigation and traffic improvement would be related 

with the SAFE STRIP solutions, attending to several penetration rates on the roads 

(SAFE STRIP Infrastructure). The difference between both scenarios allows 

determining the social impact of the implementations of the SAFE STRIP solutions. 

1.6.1 Cost-benefit analysis (CBA) tool overview 

Cost-benefit analysis (CBA) is broadly-accepted as a sophisticated, objective 

evaluation instrument. In general, the CBA compares the potential economic benefits 

across a set of impacts with all relevant potential costs deriving from the 

implementation of a technology/ measure. As a result of the analysis a quantitative 

relationship between benefits and costs is calculated.  
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1.6.2 CBA Indicators 

Various measures of efficiency are used to perform a comparison between benefits and 

costs on society level. The most common are the net present value (defined as 

difference between the monetized benefits and the costs required to realise the 

measure), the internal rate of return (defined as the interest rate that makes the net 

present value equal to zero) and the cost-benefit ratio. That last one is the one used in 

the SAFE STRIP Cost-Benefit analysis. 

Although all the previously cited indicators express the comparison between benefits 

and costs, the most common indicator is the cost-benefit ratio (CBR). The value of the 

ratio indicates whether the implementations of SAFE STRIP solutions are favourable 

from a socio-economic point of view. A CBR of more than “1“ indicates that the 

benefits exceed the costs.  

1.6.2.1 Needed data for Cost-Benefit Analysis 

In order to apply a Cost Benefit Analysis, it is also necessary to handle the monetization 

values of all the benefits related with the system under study. For their estimation, 

societal benefits provided by the SAFE STRIP functions were classified into main 

groups, related with the safety (safety benefits) and the traffic flow (mobility, efficiency 

and environmental benefits), as follows.  

Safety Benefits 

The impacts on safety are based on findings obtained during the safety impact analysis, 

identifying and quantitatively assessing the relevant safety mechanisms of SAFE 

STRIP functions, e.g. accident avoidance, changes in exposure and crash consequences. 

Potential economic benefits of each SAFE STRIP function have been estimated based 

upon predicted injuries reducing for the different scenarios defined. The valuation of 

the injuries to take into account in the CBA, are aligned with the accident definition 

used in the different member states is in most of European countries (EUNET 

definition). 

In the CBA within the SAFE STRIP project, economic valuation for the accident 

injuries is shown in the following table. The values can be considered as an updated 

European average.  

Table 66: Accident cost components and accident severity types per 2020 in the EU member 

states (in 1000 €) (Source: own elaboration from different sources, such as HIPEBA project 

[18]). 

 Fatality 
Seriously 

Injury 
Slight Injury 

Only 

property 

damage 

Value of life per se € 2103 € 283 € 23 ------ 

Loss of productivity € 740 € 28 € 3.2 ------ 

Property damage € 14 € 5.5 € 3.2 ------ 

Medical costs € 10 € 17 € 1.4 ------ 

Administration costs € 2.8 € 0.5 € 0.2 ------ 
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 Fatality 
Seriously 

Injury 
Slight Injury 

Only 

property 

damage 

Total (in 1000 €). € 2869.8 € 334 € 31 € 4 

 

Traffic Benefits (mobility, efficiency and environmental benefits 

Any transport project may generate relevant non-market impacts on safety and the 

environment that always need to be evaluated (travel time savings, accidents savings, 

variation in noise emissions, air pollution and GHG emissions, etc.). Congestions lead 

to time losses, higher fuel consumption, higher air pollution and CO2-emissions. 

Therefore, if these effects are avoided, they have to be considered as a benefit, due to 

the avoided traffic costs. 

Concerning the evaluation for any traffic occurrence, eImpact project [20] [21] 

provided an extensive study concerning the overall cost related with a road accident, 

based on the results of several selected studies about travel delay costs. A part of the 

values provided by the eImpact project (summarized in the next table), has been used 

on the SAFE STRIP CBA to calculate the potential benefits.  

Table 67: Cost-unit Rates of Varying Benefit Components (Valid for period 2010-2020)  

(Source: Deliverable D3 eIMPACT project). 

 

For the estimation of the travel time cost, 20€/vehicle-hour has been considered, in 

alignment with the proposal from the eImpact project. 

Climate change 

As it was introduced in the explanation of the traffic efficiency impact assessment, 

through SUMO, the Greenhouse gases emissions (CO2 and HC emissions) related with 

different scenarios was determined, and the findings have been used now within the 

CBA. From literature references [20] [21] [22], the cost linked to the emissions of 1 kg 

of CO2eq is accounted to be 60 EUR/ton. 

Noise 

Noise costs vary depending on the time of the day, population density near the noise 

source and existing noise level. There are several methods to evaluate the effects (either 

a reduction or an increase) generated by transport projects on noise. However, because 

of the difficulties found in its application within the SAFE STRIP project, it has finally 

been decided not to evaluate the effect of noise in the cost-benefit analysis as a rather 

indirect impact that cannot be assessed in a reliable way. 

Vehicle Operating Costs for Road users 
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The amount of fuel consumption avoided due to the SAFE STRIP deployment is one 

of the parameters to take into account in the Cost-Benefit Analysis, taking into account 

the fuel prices along Europe. The price data from a year ago have been used in the CBA. 

Current prices are highly influenced by the drop in oil prices due to the collapse of 

demand due to the COVID-19 pandemic, and therefore today prices are not very 

representative of the cost of the fuel along the last times. A unique representative cost 

has been taken for both diesel and gasoline, for which a value of 0.575 EUR/liter has 

been used for determination of the Vehicle Operating Cost. 

1.6.3 Cost Benefit Analysis, for SAFE STRIP functions 

In this section of the document, a CBA has been carried out for each SAFE STRIP 

functions taking into account the estimations for costs and benefits, which have been 

valuated such as is following introduced in each case. 

1.6.3.1 Overall Costs Overview 

Equipments Cost 

The following table summarises the cost of the integrated SAFE STRIP road system 

for both ORU and RSB systems, with respect to the prototype version (cost can be 

possibly reduced in an extensive production), as it is introduced in D3.2.  

Table 68: Cost of the integrated SAFE STRIP road system for both ORU and RSB systems, 

with respect to the prototype version (EUR/unit). 

ORU RSB 

VDIS 800 Main Unit 500 

Encapsulation 600 Multisensor 2000 

Supportive Hardware 250 Cohda MK5 2000 

TOTAL COST 1650 TOTAL COST 4500 

 

These costs have been re-evaluated for their use in the Cost-Benefits analysis taking 

into account the manufacturing and purchasing of a high volume of components, such 

as it will be needed for an extensive deployment of the SAFE STRIP functions on road 

infrastructure.  

Therefore, due to the experience in the strip manufacturing because of a massive 

production, and a higher volume of electronic component purchasing, in the CBA, a 

cost of 350 EUR for ORU has been estimated. 

In the case of the RSB, it is also feasible to achieve an important reduction in the costs, 

due to a proper selection of more economical solutions. A reduction of a 55% in their 

cost can be considered due to a higher volume of component purchasing and a good 

components selection. 

Consequently, new values for the objective costs to be considered within the Cost-

Benefit Analysis are summarized in the table, as follows. 
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Table 69: Objective costs of the integrated SAFE STRIP road system, when deployment of 

functions is considered (EUR/unit). 

ORU RSB 

Objective COST 350 Objective COST 2000 

 

As a general rule, the estimation of costs for each SAFE STRIP function deployment is 

considering the individual implementation cost for each individual function, taking into 

account the number of strips and peripheral equipment required for its operation. It is 

necessary to underline here, that if several SAFE STRIP functions were implemented 

at the same time, that would mean reducing the cost regarding its individual 

implementations, while all the benefits will be retained, which would imply even better 

value for the CBA indicators. 

Installation Costs 

In section 5 within D3.2, the guidelines for a proper installation of SAFE STRIP were 

introduced. The principles for installation defined in D3.2 have been considered during 

the experimental trials carried out in the project. From these installation trials an 

estimation of the costs for setting up SAFE STRIP has been induced, both in labour 

hours and in necessary facilities and equipment, as it is summarised in the next table. 

Table 70: Installation Costs per unit. 

   
Hours Cost (EUR/h) 

Installation Costs 

(EUR/unit) 

ORU Installation 3 100 300 

RSB Installation 2 100 200 

 

Useful lifetime 

In the study of the deployment of each SAFE STRIP function, the lifespan of the strips 

is considered as an analysis parameter, within the Cost–Benefits Analysis. Taking into 

account that there are maintenance activities that renovate/replace the components that 

fail during this useful lifetime, the lifespan of the SAFE STRIP function can be 

extended until the value that make it interesting from a cost-benefit analysis, beyond 

the useful lifetime of its individual components. 

Maintenance Costs  

As it is introduced in D3.2, SAFE STRIP parts are designed and manufactured as 

maintenance free. That means, that there are two conditions: either they are working or 

not. In case of not working, the part is replaced, since it is not serviceable.  Batteries 

replacement is included within these maintenance costs. The estimated useful lifetime 

of the batteries is two years. In case of non-replacement, SAFE STRIP applications 

would have a maximum lifetime of two years. By replacing them during maintenance 

activities, the overall lifespan of the SAFE STRIP applications is extended. 
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As an assumption for the calculation of the annual maintenance costs, a percentage of 

the total costs (20%) related with the manufacturing and installation of SAFE STRIP 

has been considered. Those maintenance costs include the substitution of all 

components that fail during the useful lifetime of SAFE STRIP.  

Operational Costs  

Under this cost category, the electricity consumption during the continuous operation 

of SAFE STRIP (24 for hours, seven days per week) is considered. No other costs 

related to the SAFE STRIP operation have been considered, as the painting from 

SWARCO is designed in order to prevent from any wear from traffic and environmental 

conditions (for the anticipated lifetime). 

The estimation of electricity consumption was calculated from the experimental trials 

carried out in the different sites. The estimation for the electricity consumption of SAFE 

STRIP was related with the estimated average power demand of 3W for the ORU 

(including RFID), and 25W for the RSB. The cost of electricity was also considered as 

0,20EUR/kWh.  

Taking into account the most conservative approach (worst work conditions and high 

electricity cost), the operational cost could be considered as negligible in comparison 

with the other costs considered in the study. 

1.6.3.2 Vulnerable road user (VRU), at zebra crossing 

Implementation Costs 

In this section, the estimated costs for the full implementation of the SAFE STRIP 

function in one zebra crossing, are introduced, including all the required equipment 

cost, but also, their installation and maintenance costs. It has been considered that the 

SAFE STRIP function is implemented at a zebra crossing in an urban street with four 

lanes (two in each direction of traffic flow), considering different values for its lifetime. 

This SAFE STRIP function needs 14 ORUS and 4 RSBs. 

Table 71:  SAFE STRIP function costs, per zebra crossing, taking into account different 

values for its useful lifetime 

Lifetim

e 

(years) 

Equipment 

manufact. 

Cost (EUR) 

Installation 

Cost (EUR) 

Operational 

Cost (EUR) 

(260 €/y) 

Maintenance 

Cost (EUR) 

(3580 €/y)) 

Overall 

Costs  

(KEUR) 

Yearly 

Costs  

(KEUR) 

1 

12900 5000 

260 3580 21,74 21,74 

5 1300 17900 37,1 7,42 

10 2600 35800 56,30 5,63 

15 3900 53700 75,50 5,03 
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Table 72: Estimation of costs for SAFE STRIP deployment of the zebra crossing function. 

Penetration 

rates 

Amount of 

zebra 

crossings with 

SAFE STRIP 

Total cost of SAFE STRIP function deployment, at 

different useful lifetime (K EUR) 

1 years 5 years 10 years 15 years 

5% 32050 696767,0 1189055,0 1804415,0 2419775,0 

2.5% 16025 348383,5 594527,5 902207,5 1209887,5 

1% 6410 139353,4 237811,0 360883,0 483955,0 

0.5% 3205 69676,7 118905,5 180441,5 241977,5 

 

Benefits related with penetration rates 

In the next table the social benefits (negative costs) – tackling with safety impacts - 

related with the implementation of SAFE STRIP under different penetration rates is 

shown. A higher penetration rate, a greater reduction of each type of injuries, and 

therefore, greater social benefits, as it is shown in the last column of the following table. 

Table 73:  Estimation of social benefit for SAFE STRIP deployment of the zebra crossing 

function. 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K 

EUR/year) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 

STRIP  

(as function of 

penetration rate) 

0,5% 0 2 12 3 1052,0 

1,0% 1 4 24 6 4973,8 

2,5% 1 9 60 16 7799,8 

5,0% 3 18 121 31 18496,4 

 

Taking into account the use of the SAFE STRIP devices along different periods of 

time, the overall benefits have been estimated for its lifetime, as follows. 

Table 74: Estimation of benefits for SAFE STRIP deployment of the zebra crossing 

function, due to safety improvement. 

Penetration 

rates 

Amount of zebra 

crossing with 

SAFE STRIP 

Total benefits of SAFE STRIP function deployment  

(K EUR) at different useful lifetime 

1 years 5 years 10 years 15 years 

5% 32050 18496,4 92482,0 184964,0 277446,0 

2,5% 16025 7799,8 38999,0 77998,0 116997,0 
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Penetration 

rates 

Amount of zebra 

crossing with 

SAFE STRIP 

Total benefits of SAFE STRIP function deployment  

(K EUR) at different useful lifetime 

1 years 5 years 10 years 15 years 

1% 6410 4973,8 24869,0 49738,0 74607,0 

0,5% 3205 1052,0 5260,0 10520,0 15780 

 

CBA results 

Once the costs of the SAFE STRIP function implementation are calculated, together 

with the anticipated benefits due to the protection of the vulnerable road users (impact 

on safety), the CBA indicators are estimated in order to evaluate the suitability of the 

system from a societal point of view.  

Table 75:  Cost Benefit Analysis for SAFE STRIP function on zebra crossing. 

FUNCTION 

application on road 

INFRASTRUCTURE 

Wrong 

Way 

SAFE 

STRIPS 

functions 

Cost-Benefit ratio (vs Useful Lifetime)  

(Benefits/Costs) 

5 years 10 years 

With SAFE 

STRIP  

(as function 

of 

penetration 

rate) 

5,0% 32050 92482,0 / 1189055,0 <<1 184964,0 / 1804415,0 <<1 

1% 6410 38999,0 / 594527,5 <<1 77998,0 / 902207,5 <<1 

2.5% 16025 24869,0 / 237811,0 <<1 49738,0 / 360883,0 <<1 

5% 32050 5260,0 / 118905,5 <<1 10520,0 / 180441,5 <<1 

 

Unlike the rest of the functions studied in the CBA, the extended deployment of this 

function on zebra crossings is not socially beneficial, mainly due to the large number 

of existing zebra crossings in any city, which implies a very high investment, even to 

cover a small penetration rate. 

Despite the proven effectiveness of this SAFE STRIP function at zebra crossings, a 

wide deployment of this solution along a large amount of zebra crossings in a city is 

not advisable. Therefore, its implementation is recommended in those zebra crossings 

with the highest incidence of accidents on vulnerable users, selecting them according 

to recorded data. 

1.6.3.3 Wrong way driving of motorway 

Implementation Costs 

The estimated costs for the full implementation of the SAFE STRIP function for the 

detection of a vehicle driving in wrong way is introduced here. It has been considered 

that the SAFE STRIP function is implemented, as example, at exit ramps at 

interchange areas on a motorway. This SAFE STRIP function needs 7 ORUS and 2 

RSBs. 
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Table 76:  SAFE STRIP function costs, per site (wrong way driving), taking into account 

different values for its useful lifetime 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(130 €/y) 

Maintenance 

Cost (EUR) 

(1790 €/y)) 

Overall 

Costs  

(K 

EUR) 

Yearly 

Costs  

(K 

EUR) 

1 

6450 2500 

130 1790 10,87 10,87 

2 260 3580 12,79 6,40 

3 390 5370 14,71 4,90 

4 520 7160 16,63 4,16 

 

The same approach has been followed as in previous function for the estimation of 

costs related to this function.  

Table 77: Estimation of costs for SAFE STRIP deployment of the Wrong way driving 

function. 

Penetration 

rates 

Amount of 

motorway exits 

with SAFE 

STRIP 

Total cost of SAFE STRIP function deployment  at 

different useful lifetime (K EUR) 

1 years 2 years 3 years 4 years 

30% 2811 30555,57 35952,7 41349,81 46746,93 

20% 1874 20370,38 23968,5 27566,54 31164,62 

10% 937 10185,19 11984,23 13783,27 15582,31 

5% 468 5087,16 5985,72 6884,28 7782,84 

 

Benefits related with penetration rates 

Against the costs, in the Cost-Benefits Analysis, the benefits have to be also determined. 

In the next table the annual social benefits (negative costs) due to the impact on safety 

are shown, related with the deployment of different amount of SAFE STRIP functions 

under different penetration rates. For this SAFE STRIP function, benefits due to traffic 

efficiency or environmental Impact have not been considered. 

Table 78: Estimation of annual social benefits for SAFE STRIP deployment of the Wrong 

way driving function (negative values mean increase). 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction YEARLY 

Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 
Seriously 

injured 

Lightly 

injured 

Uninjured 

with property 

damage 
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With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 1 0 3 -1 2958,8 

10% 2 1 6 -2 6251,6 

20% 3 2 10 -5 9567,4 

30% 4 3 15 -7 12918,2 

 

The accumulated social benefit due the safety improvement, across the years, is 

depicted in the next table. 

Table 79: Estimation of benefits for SAFE STRIP deployment of the Wrong way driving 

function, due to safety improvement. 

Penetration 

rates 

Amount of 

motorway 

exits with 

SAFE STRIP 

Total benefits of SAFE STRIP function deployment (k 

EUR) at different useful lifetime 

1 years 2 years 3 years 4 years 

30% 2811 12918,2 25836,4 38754,6 51672,8 

20% 1874 9567,4 19134,8 28702,2 38269,6 

10% 937 6251,6 12503,2 18754,8 25006,4 

5% 468 2958,8 5917,6 8876,4 11835,2 

 

CBA results 

Table 80:  Cost Benefit Analysis for Wrong Way driving SAFE STRIP function. 

FUNCTION 

application on road 

INFRASTRUCTUR

E 

Wrong 

Way 

SAFE 

STRIPS 

function

s 

Cost-Benefit ratio (vs Useful Lifetime)  

(Benefits/Costs) 

2 years 3 years 4 years 

With SAFE 

STRIP  
(as function of 

penetration 

rate) 

30% 2811 
25836,4 / 35952,7 <1 

38754,6 / 41349,8 <1 

51672,8 / 46746,9 = 

1,11 

20% 1874 
19134,8 / 23968,5 <1 28702,2 / 27566,5 = 

1,04 

38269,6 / 31164,6 = 

1,22 

10% 937 
12503,2 / 11984,23 = 

1,04 

18754,8 / 13783,3 

=1,36 

25006,4 / 15582,3 = 

1,60 

5% 468 
5917,6 / 5985,7 ≈ 1 8876,4 / 6884,3  = 

1,29 

11835,2 / 7782,8 = 

1,52 

 

As a main conclusion, remark here that the implementation of SAFE STRIP function 

on motorway exits, in order to prevent wrong way driving events, is beneficial to society 

from the third year of their installation (such is shown in the previous table), but as 

function of the achieved penetration rate. 
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1.6.3.4 Unprotected railway crossings 

Implementation Costs 

The safety improvement of an unprotected railway crossing by means of a SAFE STRIP 

device in a conventional road, with a lane per direction of traffic flow, implies the 

implementation of 2 ORUS and 1 RSB. 

Table 81:  SAFE STRIP function costs, per site (railway crossing), taking into account 

different values for their useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(56 €/y) 

Maintenance 

Cost (EUR) 

(700 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 

2700 800 

56 700 4,26 4,26 

2 112 1400 5,01 2,51 

3 168 2100 5,77 1,92 

 

Table 82: Estimation of costs for SAFE STRIP deployment of the Railway Crossing 

function. 

Penetration 

rates 

Amount of 

railway crossing  

with SAFE 

STRIP 

Total cost of SAFE STRIP function deployment  at 

different useful lifetime (K EUR) 

1 years 2 years 3 years 

100% 2183 9290,85 10941,2 12591,5 

50% 1092 4647,55 5473,10 6298,6 

20% 436 1855,62 2185,23 2514,85 

5% 109 463,90 546,308 628,7 

 

Benefits related with penetration rates 

In the next table the social benefits (negative costs) related with the implementation of 

different amount of SAFE STRIP functions, due to their impact on safety, are shown 

under different penetration rates. 

Table 83: Estimation of social benefits for SAFE STRIP deployment of the railway crossing 

function (negative values mean increase). 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

5% 0 0 0 0 0,0 
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FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 

STRIP  

(as function of 

penetration rate) 

20% 0 0 1 1 35,0 

50% 1 -1 2 2 2605,8 

100% 2 -2 4 5 5215,6 

 

Table 84: Estimation of benefits for SAFE STRIP deployment of the railway crossing 

function, due to safety improvement. 

Penetration 

rates 

Amount of railway 

crossing  with 

SAFE STRIP 

Total benefits of SAFE STRIP function 

deployment (K EUR) at different useful 

lifetime 

1 years 2 years 3 years 

100% 2183 5215,6 10431,2 15646,8 

50% 1092 2605,8 5211,6 7817,4 

20% 436 35,0 70,0 105,0 

5% 109 0,0 0,0 0,0 

 

CBA results 

Table 85:  Cost Benefit Analysis for Railway Crossing SAFE STRIP function. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Railway 

Crossing 

SAFE 

STRIPS 

functions 

Cost-Benefit ratio (vs Useful Lifetime)  

(Benefits/Costs) 

1 year 2 years 3 years 

With SAFE STRIP  

(as function of 

penetration rate) 

100% 2183 5215,6 / 9290,85 <1  10431,2 / 10941,2 ≈ 1 15646,8 / 12591,5 = 1,24 

50% 1092 2605,8 / 4647,55 <1 5211,6 / 5473,10 ≈ 1 7817,4 / 6298,6  = 1,24 

20% 436 35,0 / 1855,62 << 1 70,0 / 2185,23 << 1 105,0 / 2514,85 << 1 

5% 109 0,0 / 463,90 <<<1 546,308 <<<1 628,7 <<<1 

 

Here it can be concluded that the implementation of SAFE STRIP function in 

unprotected railway crossing is fully beneficial for society from the third period of its 

installation (as shown in the table above), and only for high penetration rates. 
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1.6.3.5 Road works zones 

Implementation Costs 

Here the estimated costs for the full implementation of the SAFE STRIP function in 

road work zones are introduced. It has been considered that the SAFE STRIP function 

is implemented at a work zone (lane closure on a two lanes road). The implementation 

of this solution means that 6 ORUS and 2 RSBs. are needed The following table 

summarizes the cost estimation for this SAFE STRIP function. 

Table 86:  SAFE STRIP function costs, per site (work zone), taking into account different 

values for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(124 €/y) 

Maintenance 

Cost (EUR) 

(1660 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 
6100 2200 

124 1660 10,08 10,08 

2 248 3320 11,87 5,93 

 

Table 87: Estimation of costs for SAFE STRIP deployment of the Work Zone function. 

Penetration 

rates 

Amount of on 

road work zone 

with SAFE 

STRIP 

Total cost of SAFE STRIP function 

deployment  at different useful lifetime 

(K EUR) 

1 years 2 years 

100% 2050 20672,2 24329,4 

50% 1025 10336,1 12164,7 

25% 512 5163,0 6076,4 

5% 102 1028,57 1210,5 

 

Benefits related with penetration rates 

Safety Impact 

The following table shows the social benefits (negative costs) for the impact on safety, 

related to the implementation of different amount of SAFE STRIP functions, for 

different penetration rates. 
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Table 88: Estimation of safety benefits for SAFE STRIP deployment of the work zones 

function. 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 0 2 18 -4 1210,0 

25% 2 9 91 -20 11486,6 

50% 4 18 182 -41 22969,2 

100% 7 35 364 -81 42738,6 

 

Impact due to Traffic Efficiency 

As was introduced in section 1.1.4.2 Work zones on infrastructure, it was considered 

that the annual number of stationary work zones installed in the motorway network in 

Spain, was approximately 20500 units. 

On the other hand, by means of the SUMO software, the impact on the traffic efficiency 

due to the SAFE STRIP implementation on a work zone was analysed. Attending to the 

obtained results, the SAFE STRIP function provides lower time consumption. The 

implementation of SAFE STRIP saves 700 seconds per vehicle, especially when the 

traffic density is high (above 1500 vehicles per hour). For estimating the time saving 

along a year in Spain, the following data has been employed. 

Table 89: Estimation of traffic efficiency benefits for SAFE STRIP deployment of the work 

zones function. 

FUNCTION application on 

road INFRASTRUCTURE 

Work 

zones with 

SAFE 

STRIPS 

Hours 

with high 

traffic 

density 

per work 

zone 

Affected 

vehicles 

during 

high 

traffic 

density in 

each 

work 

zone (per 

hour) 

Total 

time 

saving 

per 

vehicle 

(seconds) 

Social 

Benefits due 

to traffic 

efficiency  

(K EUR)  

(at 15 

EUR/veh h)  

With SAFE 
STRIP  

(as function of 

penetration rate) 

5% 1025 
10 hours 

1500 

veh/h 

700 

seconds 

2989,6 

25% 5125 14947,9 

50% 10250 
2916 veh h (per work zone) 

29895,8 

100% 20500 59791,6 
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Environmental Impact 

Table 90: Estimation of Environmental impact Costs due to CO2 emission reduction, on work 

zone scenarios. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Work zones 

with SAFE 

STRIPS 

Hours 

with high 

traffic 

density 

per work 

zone 

Affected 

vehicles 

during 

high 

traffic 

density in 

each work 

zone (per 

hour) 

Individual 

avoided 

CO2 

emission  

(g per 

vehicle) 

Total 

avoided 

CO2 

emission 

(tonnes) 

Social 

Benefits due 

to avoided 

CO2 emission 

(K EUR)  

(at 60 

EUR/tonne) 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 1025 
10 hours 1500 veh/h 

475 g CO2 / 

veh 

7303 438,2 

25% 5125 36515 2190,9 

50% 10250 
7,125 tonnes CO2 per work zone 

73031 4381,9 

100% 20500 146062 8767,7 

 

Table 91: Estimation of Environmental impact Costs due to fuel consumption reduction, on 

work zone scenarios. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Work 

zones with 

SAFE 

STRIPS 

Hours 

with high 

traffic 

density 

per work 

zone 

Affecte

d 

vehicles 

during 

high 

traffic 

density 

in each 

work 

zone 

(per 

hour) 

Individu

al 

avoided 

fuel 

consump

t.  

(litres 

per 

vehicle) 

Total 

avoided 

fuel 

consump

t. (k 

litres) 

Social 

Benefits due 

to avoided 

fuel 

consumptio

n 

(K EUR)  

(at 0.575 

EUR/litre) 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 1025 
10 hours 

1500 

veh/h 
0,20 

3075 1768,1 

25% 5125 15375 8840,6 

50% 10250 3000 litres of fuel per work 

zone 

30750 17681,25 

100% 20500 61500 35362,5 

 

CBA results 

Once the costs of the SAFE STRIP function implementation are calculated, the value 

of the overall social benefits (i.e. benefits from safety improvement, traffic efficiency 

and environmental impact), the value for the CBA indicators is estimated in order to 

evaluate the suitability of the system. 
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Table 92: Annual benefit related with SAFE STRIP function on work zone scenarios. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Work 

zones 

with 

SAFE 

STRIPS 

Social Benefits Annual 

overall 

social 

benefits 

(K EUR) 

Safety impact  

(K EUR) 

Traffic 

efficiency  

(K EUR)  

Environmen

tal Impact 

(K EUR) 

With SAFE 

STRIP  

(as function of 

penetration rate) 

5% 1025 1210,0 2989,6 2206,3 6405,9 

25% 5125 11486,6 14947,9 11031,5 37466,0 

50% 10250 22 969,2 29895,8 22063,1 73928,1 

100% 20500 42738,6 59791,6 44130,2 146660,4 

 

Table 93:  Cost Benefit Analysis for Work Zone SAFE STRIP function. 

FUNCTION 

application on road 

INFRASTRUCTURE 

Work zone 

SAFE 

STRIPS 

functions 

Cost-Benefit ratio (vs Useful Lifetime)  

(Benefits/Costs) 

1 year 2 years 

With SAFE 

STRIP  
(as function of 

penetration rate) 

100% 1025 146660,4 / 20672,2 = 7,1 293320,8 / 24329,4 = 12,1 

50% 512 73928,1 / 10336,1 = 7,15 147856,2 / 12164,7 = 12,2 

25% 256 37466,0 / 5163,0 = 7,25 74932,0 / 6076,4 = 12,3 

5% 51 6405,9 / 1028,57 = 6,22 12811,8 / 1210,5 = 10,6 

 

This SAFE STRIP function is even more beneficial to society than the previous ones, 

also from the first implementation period (as shown in the previous table), regardless 

of the penetration rate achieved. 

1.6.3.6 Urban Intersections 

Implementation Costs 

The estimated costs for the full implementation of the SAFE STRIP function for urban 

intersection is introduced here. It has been considered that the SAFE STRIP function is 

implemented in an “X” intersection, with two lanes in each arm (one per direction of 

traffic flow). That means that this SAFE STRIP function needs 12 ORUS and 3 RSBs. 

Table 94:  SAFE STRIP function costs, per site (urban “X” junction), taking into account 

different values for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(204 €/y) 

Maintenance 

Cost (EUR) 

(2880 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 
10200 4200 

204 2880 17,48 17,48 

2 408 5760 20,57 10,28 
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Table 95: Estimation of costs for SAFE STRIP deployment urban junction function. 

Penetration 

rates 

Amount of urban 

“X” junction with 

SAFE STRIP 

Total cost of SAFE STRIP function 

deployment  at different useful lifetime (K 

EUR) 

1 years 2 years 

20% 2460 43010,6 50597,3 

10% 1230 21505,3 25298,6 

5% 615 10752,7 12 649,3 

1% 123 2150,5 2529,9 

 

Benefits related with penetration rates 

Table 96: Estimation of social benefits for SAFE STRIP deployment of the urban junctions 

function. 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 

STRIP  
(as function of 

penetration rate) 

1% 1 15 259 -51 15704,8 

5% 5 76 1295 -255 78858,0 

10% 11 151 2591 -510 160282,8 

20% 21 303 5181 -1020 317998,8 

 

CBA results 

Table 97:  Cost Benefit Analysis for SAFE STRIP function on urban intersection. 

FUNCTION application 

on road 

INFRASTRUCTURE 

Urban 

Intersections 

with SAFE 

STRIPS 

functions 

Cost-Benefit ratio (vs Useful Lifetime)  

(Benefits/Costs) 

1 year 2 years 

With SAFE 
STRIP  

(as function of 

penetration rate) 

20% 2460 317998,8 / 43010,6 = 7,4 635997,6 / 50597,3 = 12.6 

10% 1230 160282,8 / 21505,3 = 7,4 320565,6 / 25298,6 = 12,7 

5% 615 78858,0 / 10752,7 = 7,3 157716,0 / 12649,3 = 12,5 

1% 123 15704,8 / 2150,5 = 7,3 31409,6 / 2529,9 = 12,4 
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The cost-benefit analysis concluded that the implementation of the SAFE STRIP 

function in urban intersections is fully beneficial for society, immediately achieving a 

high cost-benefit ratio (from the first year of its implementation). 

1.6.3.7 Motorway exits 

Implementation Costs 

The implementation of this SAFE STRIP function is equivalent to the previously cited 

Wrong way driving function. Therefore, that means that this SAFE STRIP function 

needs 7 ORUS and 2 RSBs such as was previously indicated. The implementation costs 

are again shown in the next tables, for different useful lifetime and penetration rates 

scenarios. 

Table 98: SAFE STRIP function costs, per site (Motorway exits), taking into account 

different values for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(130 €/y) 

Maintenance 

Cost (EUR) 

(1790 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 
6450 2500 

130 1790 10,87 10,87 

2 360 3580 12,79 6,40 

 

Table 99: Estimation of costs for SAFE STRIP deployment of the Motorway exits function. 

Penetration 

rates 

Amount of 

motorway 

exits with 

SAFE STRIP 

Total cost of SAFE STRIP function 

deployment  at different useful lifetime (K 

EUR) 

1 years 3 years 

20% 1874 20370,38 27566,54 

10% 937 10185,19 13783,27 

5% 468 5087,16 6884,28 

1% 93 1010,91 1368,03 

 

Benefits related with penetration rates 
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Table 100: Estimation of social benefits for SAFE STRIP deployment of the motorway exits 

function. 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 
STRIP  

(as function of 

penetration rate) 

1% 0 1 10 -8 612,0 

5% 1 4 50 -40 5595,8 

10% 2 7 101 -80 10888,6 

20% 5 14 202 -160 24647,0 

 

Table 101: Estimation of benefits for SAFE STRIP deployment of the Motorway exits 

function, due to safety improvement. 

Penetration 

rates 

Amount of 

motorway exits 

with SAFE STRIP 

Total benefits of SAFE STRIP function 

deployment (K EUR) at different useful 

lifetime 

1 years 2 years 

20% 1874 24647,0 49294,0 

10% 937 10888,6 21777,2 

5% 468 5595,8 11191,6 

1% 93 612,0 1224 

 

CBA results 

Table 102:  Cost Benefit Analysis for Motorway Exits SAFE STRIP function. 

FUNCTION application 
on road 

INFRASTRUCTURE 

Motorway 

Exits SAFE 

STRIPS 

functions 

Cost-Benefit ratio (vs Useful Lifetime) (Benefits/Costs) 

1 year 2 years 

With SAFE 

STRIP  
(as function of 

penetration rate) 

20% 1874 24647,0 / 20370,4 = 1,21 49294,0 / 27566,5 = 1,79 

10% 937 10888,6 / 10185,2 ≈ 1 21777,2 / 13783,3 = 1,58 

5% 468 5595,8 / 5087,2 = 1,1 11191,6 / 6884,3  = 1,63 

1% 93 612,0 / 1010,91 <1 1 224 / 1368,03 <1 

 

Taking the results of the CBA into account, it can be affirmed that the implementation 

of the SAFE STRIP function in motorway exits is socially beneficial, from the second 

year on, regardless of the penetration rate.  
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1.6.3.8 Personalised VMS/VDS and Traffic Centre Information  

Implementation Costs 

The estimated costs for the full implementation of the SAFE STRIP function as VMS 

is introduced here. It has been considered that the SAFE STRIP function is implemented 

in a highway carriageway with two lanes. Each lane needs two ORUs. That means that 

this SAFE STRIP function needs 4 ORUS and 1 RSBs. 

Table 103:  SAFE STRIP function costs, per site (VMS), taking into account different values 

for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(68 €/y) 

Maintenance 

Cost (EUR) 

(960 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 
3400 1400 

68 960 5,83 5,83 

2 136 1920 6,86 3,43 

 

Table 104: Estimation of costs for SAFE STRIP deployment of the VMS function. 

Penetration rates 

Amount of SAFE 

STRIP devices as 

VMS 

Total cost of SAFE STRIP function 

deployment  at different useful lifetime (K 

EUR) 

1 years 2 years 

20% 1880 10956,6 12889,3 

10% 940 5478,3 6444,6 

5% 470 2739,1 3 222,3 

1% 94 547,8 644,5 

 

Benefits related with penetration rates 

Impact on Safety  

Table 105: Estimation of social benefits (safety impact) for SAFE STRIP deployment of the 

VMS function. 

FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

With SAFE 

STRIP  

(as function of 

penetration rate) 

1% 1 4 136 18 8493,8 

5% 5 18 682 90 41863,0 

10% 10 35 1364 180 83392,0 
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FUNCTION application on 

road INFRASTRUCTURE 

Annual Injuries reduction Social 

Benefits 

from safety 

impact  

(K EUR) 

Fatalities 

Seriousl

y 

injured 

Lightly 

injured 

Uninjured 

with 

property 

damage 

20% 21 71 2728 360 169987,8 

 

Traffic Efficiency 

This impact is considered as not relevant, as it was already commented in a previous 

section. 

Environmental Impact 

Table 106: Estimation of environmental impact costs due to CO2 emission reduction, for 

SAFE STRIP deployment of the VMS function. 

FUNCTION application 

on road 

INFRASTRUCTURE 

VMS sites 

with 

SAFE 

STRIPS 

Annual 

hours  

where 

VMS are 

needed 

Affected 

vehicles 

during 

VMS use 

(per hour) 

Individual 

avoided 

CO2 

emission  

(g per 

vehicle) 

Total 

avoided 

CO2 

emission 

(tonnes) 

Social 

Benefits 

due to 

avoided 

CO2 

emission 

(k EUR)  

(at 60 

EUR/tonne

) 

With SAFE 

STRIP  

(as function of 

penetration rate) 

1% 94 
1000 h 1000 veh/h 

100 g CO2 / 

veh 

9400 564 

5% 470 47000 2820 

10% 940 
100 tonnes CO2 per site with VMS 

94000 5640 

20% 1880 188000 11280 

 

Table 107: Estimation of environmental impact costs due to fuel consumption reduction, for 

SAFE STRIP deployment of the VMS function. 

FUNCTION application 

on road 

INFRASTRUCTURE 

VMS sites 

with 

SAFE 

STRIPS 

Hours 

with high 

traffic 

density 

per work 

zone 

Affected 

vehicles 

during 

high 

traffic 

density 

in each 

work 

zone 

(per 

hour) 

Individua

l avoided 

fuel 

consumpt

.  

(litres per 

vehicle) 

Total 

avoided 

fuel 

consumpt

. (k litres) 

Social 

Benefits due 

to avoided 

fuel 

consumptio

n 

(K EUR)  

(at 0,575 

EUR/litre) 

1% 94 0,05 l/veh 4700 2702,5 
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FUNCTION application 

on road 

INFRASTRUCTURE 

VMS sites 

with 

SAFE 

STRIPS 

Hours 

with high 

traffic 

density 

per work 

zone 

Affected 

vehicles 

during 

high 

traffic 

density 

in each 

work 

zone 

(per 

hour) 

Individua

l avoided 

fuel 

consumpt

.  

(litres per 

vehicle) 

Total 

avoided 

fuel 

consumpt

. (k litres) 

Social 

Benefits due 

to avoided 

fuel 

consumptio

n 

(K EUR)  

(at 0,575 

EUR/litre) 

With SAFE 
STRIP  

(as function of 

penetration rate) 

5% 

470 1000 

hours 

1000 

veh/h 

23500 13512,5 

10% 940 
50 k litres of fuel per work zone 

47000 27025 

20% 1 880 94000 54050 

 

CBA results 

Table 108: Annual Benefit related with SAFE STRIP function as VMS. 

FUNCTION application on 

road INFRASTRUCTURE 

VMS sites 

with SAFE 

STRIPS 

Social Benefits Annual 

overall social 

benefits 

(K EUR) 

Safety  

impact  

(K EUR) 

Traffic 

efficiency  

(K EUR)  

Environmen

tal impact 

(K EUR) 

With SAFE 

STRIP  
(as function of 

penetration rate) 

1% 

94 

8493,8 

Not 

applicable 

3266.5 11760,3 

5% 

470 

41863,0 

Not 

applicable 

16332.5 58195,5 

10% 

940 

83392,0 

Not 

applicable 

32665 116057,0 

20% 
1880 

169987,8 

Not 

applicable 
65330 235317,8 

 

Table 109: Cost Benefit Analysis for SAFE STRIP as VMS function. 

FUNCTION application on 

road INFRASTRUCTURE 

VMS sites 

with SAFE 

STRIPS 

Cost-Benefit ratio (vs Useful 

Lifetime) (Benefits/Costs) 

1 year 

With SAFE STRIP  

(as function of 

penetration rate) 

20% 1880 235317,8 / 10956,6 = 21,5 

10% 940 116057,0 / 5478,3 = 21,2 

5% 470 58195,5 / 2739,1 = 21,2 

1% 94 11760,3 / 547,8 = 21,5 
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The employment of SAFE STRIP devices as VMS is fully beneficial for the society due 

to high benefits (mainly on safety but also on environment), and their low cost 

implementation (see section 1.4.3 Personalised VMS/VDS). That occurs since the first 

instance that the system is deployed, at any penetration rate. 

1.6.3.9 Virtual Toll 

Implementation Costs  

Taking into account the estimation of costs shown in the section 1.4.1.2 SAFE STRIP 

Virtual Toll, the costs SAFE STRIP virtual toll function (toll station with 5 lanes, with 

10 ORUS and 3 RSBs), are introduced in the table, taking into account different values 

for their useful lifetime. 

Table 110:  SAFE STRIP function costs, per site (toll station with 5 lanes), taking into 

account different values for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(192 €/y) 

Maintenance 

Cost (EUR) 

(2620 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 
9500 3600 

192 2620 15,91 15,91 

2 384 5240 18,72 9,36 

 

The implementation cost of an electronic toll system has been estimated at 35000 EUR 

as an average cost per toll lane (175000 for a toll station with five toll lanes). Therefore, 

attending to the implementation cost, SAFE STRIP virtual toll implies a cost saving of 

160000 EUR, which has been taken into account in the CBA, together with the 

improvement in the traffic efficiency and in the environmental impact, as follows. 

Benefits  

From the traffic efficiency evaluation viewpoint, SAFE STRIP virtual toll mainly 

implies a reduction of the time needed to pass through the toll station, avoiding traffic 

congestion due to the forming of queues in each toll lane. At moderate traffic volumes, 

virtual toll will be as efficient as electronic toll, and much more efficient than manual 

toll. However, at high and very high traffic volumes, virtual toll is more efficient than 

electronic toll, and much more efficient than manual toll. 
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Table 111: Overall time cost for each individual hour of incoming vehicles to the toll station, 

for the different scenarios. 

Toll System 

Average 

duration 

of toll 

passing 

operation, 

per 

vehicle  

 

(second) 

Scenarios  

(Five lanes 

toll) 

(nominal 

amount of 

incoming 

vehicles per 

hour– 

units) 

Accumulated 

time, per 

nominal 

amount of 

incoming 

vehicles 

(hours) 

Time cost  

(EUR/veh-

h) 

Overall 

Time Cost 

per hourly 

event on 

toll 

(K EUR) 

Conventional 

Toll 
5250 

2085 veh 

3040,6 

20 

60,81 

Electronic Toll 315 182,4 3,65 

Virtual Toll 160 92,7 1,85 

 

In a first approach it is considered that the toll system is well defined to manage 

low/medium traffic volume and that in just eight times per year it needs to manage 

flows of 2000 v/h, during at least four continuous hours. Under these assumptions, 

the employment of virtual toll can avoid excess of travel time, valuated in the figures 

shown in the next table.  

Table 112: Estimation of benefits related with SAFE STRIP deployment of the Virtual Toll 

function. 

Scenarios (Five lanes toll) 2085 v/h 

Toll System Electronic Toll 
Virtual Toll  

(Safe Strip) 

Overall Time Cost per hourly event on toll (K 

EUR) 
3,65 1,85 

Amount of yearly events with high traffic volume 

(times) 
8 

Hour per event with vehicles incoming at high 

traffic volume (hours) 
4 

Estimated yearly Time Cost (K EUR) 116,8 59,2 

Cost reduction due to implementation of the Virtual 

Toll (K EUR) 
---- 57,6 

 

This function (SAFE STRIP Virtual toll) has also been evaluated taking into account 

its environmental impact, analysing the fuel consumption and the CO2 emissions to 

the atmosphere (findings from previous section RQ5). 
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Table 113: Estimation of environmental impact costs due to reduction of CO2 emissions, for 

different toll systems (per toll station). 

Scenarios (Five lanes toll) 2085 v/h 

Toll System 
Electronic 

Toll 

Virtual 

Toll  
(SAFE 

STRIP) 

Amount of annual events with high traffic volume (times) 8 

Hour per event with vehicles incoming at high traffic volume 

(hours) 

4 

Overall number of vehicles incoming to toll (units) 66720 

Individual CO2 emission (kg per vehicle) 0,86 0,67 

Accumulated CO2 emission (tonnes) 57,26 44,81 

Annual Social Benefits due to avoided CO2 emission(k EUR)  

(at 60 EUR/tonne, vs electronic toll) 
----- 0,747 

 

Table 114: Estimation of environmental impact costs due to avoided fuel consumption, for 

different toll systems (per toll station). 

Scenarios (Five lanes toll) 2085 v/h 

Toll System 
Electronic 

Toll 

Virtual 

Toll  

(SAFE 

STRIP) 

Amount of yearly events with high traffic volume (times) 8 

Hour per event with vehicles incoming at high traffic volume 

(hours) 
4 

Overall number of vehicles incoming to toll (units) 66720 

Fuel consumption per vehicle (litres/veh)) 0,376 0,294 

Accumulated fuel consumption (k litres) 25,08 19,63 

Annual Social Benefits due to reduction of fuel consumption 

(K EUR) (at 0,575 EUR/litre, vs electronic toll) 
----- 3,13 

 

CBA results 

The implementation of this specific SAFE STRIP function in road infrastructure does 

not imply a high cost. Furthermore, with respect to electronic tolls, it represents a 

considerable cost savings from the point of view of the necessary investment. 

Moreover, SAFE STRIP virtual toll implies a better traffic efficiency and less 

environmental impact, so its implementation is absolutely social beneficial, regardless 

its lifespan. 
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Table 115:  Benefit Analysis for SAFE STRIP function as Virtual toll (per toll station with 

five tool lanes), regards electronic toll system. 

Toll System 

Total avoided 
cost due to 

function 

deployment  

(K EUR) 

Annual Social Benefits Annual 

overall 

benefits  

(K EUR) 
Safety impact  

(K EUR) 

Traffic 

efficiency  

(K EUR)  

Environmenta

l impact 

(K EUR) 

Virtual Toll (Safe Strip) 
160,0 Not 

applicable 
57,6 3,877 221,5 

1.6.3.10 Parking booking 

Implementation Costs 

The impact on the traffic efficiency due to the SAFE STRIP parking function 

implementation was analysed by means of the SUMO software. Attending to the 

obtained results, the SAFE STRIP function provides a better traffic efficiency in urban 

areas regards when the users are not helped during their search for parking slots. 

Additionally to the specifically reduction for these drivers (regards the spent time 

looking for a parking slots), all the drivers in the area take advantage due the reduction 

of the traffic volume, achieving a lower level of pollutant emissions and fuel 

consumption. 

To monetize, within the CBA, the results obtained in the software SUMO concerning 

this SAFE STRIP function, the model findings are extrapolated to a realistic case, 

taking as reference the city of Valladolid (Spain). Its centre area, where the main 

parking troubles are registered, presents around 40 km of urban streets, which supposes 

about 15 times the urban section reproduced into the SUMO model. This specific area 

of Valladolid offers to the drivers 3000 off-street parking spaces (publically or 

privately managed) and approximately 9500 on-street regulated parking spaces.  

Concerning the evaluation of the implementation costs of SAFE STRIP parking 

function, remark that each parking slot has got one ORU, and that 1 RSB system 

manage four ORUs (0,25 RSB per ORU). Therefore, the SAFE STRIP function cost 

(per parking slot) is the one shown in the table, taking into account different useful 

lifetime of the systems. 

Table 116:  SAFE STRIP function costs, per parking slot, taking into account different 

values for its useful lifetime. 

Lifetime 

(years) 

Equipment 

manufact. 

Cost 

(EUR) 

Installation 

Cost 

(EUR) 

Operational 

Cost (EUR) 

(17 €/y) 

Maintenance 

Cost (EUR) 

(240 €/y)) 

Overall 

Costs  

(K 

EUR) 

Annual 

Costs  

(K 

EUR) 

1 

850 350 

17 240 1,46 1,46 

2 34 480 1,71 0,857 

3 51 720 1,97 0,657 

4 68 960 2,23 0,557 
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Accordingly, estimation of costs for SAFE STRIP function deployment is calculated 

from the individual implementation cost for an individual function (see previous 

section), taking into account the number of devices to introduce into their deployment 

on the infrastructure. Four different penetration rates have been considered in the 

Valladolid use case, attending to the previously commented availability of parking 

spaces within the centre of the city. 

Table 117: Estimation of costs for SAFE STRIP parking function deployment. 

Penetration 

rates 

Amount of 

on parking 

spaces with 

SAFE 

STRIP 

Total cost of SAFE STRIP function deployment  at different 

useful lifetime (K EUR) 

1 years 2 years 3 years 

100% 12500 18212,5 21425,0 24637,5 

50% 6250 9106,25 10712,5 12318,75 

25% 3125 4553,13 5356,25 6159,375 

10% 1250 1821,25 2142,5 2463,75 

 

In the section where it was carried out an analysis about the impact on the infrastructure 

operation, it was concluded that for a lifespan of the SAFE STRIP parking function of 

more than one year, the yearly cost per parking spaces (857 EUR or less) is lower than 

the estimated additional yearly revenue per unit (960 EUR), which implies a good 

investment from the parking operator point of view. 

Therefore, along the year of the SAFE STRIP function lifespan, the economic 

exploitation of the parking becomes profitable once the initial investment is reached, 

which occurs during the second year. Actualizing the previous table, the increase on the 

parking revenues are the following ones. Consequently, as is it shown on table, from 

the second year of the implementation of SAFE STRIP function on parking spaces, this 

become to be economical profitable since the operator point of view, even without 

taking into account the impact due to the traffic efficiency and the lower environmental 

impact. 

Table 118:  Estimated incomes of SAFE STRIP parking function deployment, at different 

penetration rates and useful lifetime. 

Penetrat. 

rates 

Amount 

of on 

parking 

spaces 

with 

SAFE 

STRIP 

Total cost of SAFE STRIP function deployment  at different 

useful lifetime (K EUR) 

1 years 2 years 

Implem. 

Cost 

(K EUR) 

Revenue

s 

increase 

(0,96 K 

EUR 

/Slot) 

Incomes  

(K EUR)  

(- cost / 

 + 

benefit) 

Implem. 

Cost 

(K EUR) 

Revenue

s 

increase 

(0,96 K 

EUR/Slo

t) 

Incomes  

(K EUR)  

(- cost / 

 + 

benefit) 

100% 12500 18212,5 12000,0 - 6212,5 21425,0 24000,0 2575,0 
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Penetrat. 

rates 

Amount 

of on 

parking 

spaces 

with 

SAFE 

STRIP 

Total cost of SAFE STRIP function deployment  at different 

useful lifetime (K EUR) 

1 years 2 years 

Implem. 

Cost 

(K EUR) 

Revenue

s 

increase 

(0,96 K 

EUR 

/Slot) 

Incomes  

(K EUR)  

(- cost / 

 + 

benefit) 

Implem. 

Cost 

(K EUR) 

Revenue

s 

increase 

(0,96 K 

EUR/Slo

t) 

Incomes  

(K EUR)  

(- cost / 

 + 

benefit) 

50% 6250 9106,25 6000,0 - 3106,25 10712,5 12000,0 1287,5 

25% 3125 4553,13 3000,0 - 1553,1 5356,25 6000,0 643.75 

10% 1250 1821,25 1200,0 - 621,25 2142,5 2400,0 257,5 

 

Benefits related with penetration rates 

In the next tables, the social benefits (negative costs), related with the implementation 

of SAFE STRIP parking function attending to different penetration rates, due to their 

impact on traffic efficiency and on the environment, respectively are shown. 

Taking into account that the inner area at Valladolid represents around 40 times the 

model defined in SUMO for this SAF STRIP function, the estimated improvement in 

traffic efficiency and environment would be the following one, under the assumption 

of a traffic volume of 360 veh/h within the main city boulevards. An additional 

assumption is considered, concerning the frequency by which the city suffers from high 

demand of parking slots, with occupancy of parking slots higher than 95 %. That 

frequency is considered as 300 hours per year (300 times the period of time calculated 

in the SUMO simulation). 

Traffic efficiency 

Following data have been employed for estimating the time saving, along a year, in the 

centre of Valladolid (Spain), employing the SAFE STRIP parking function, at different 

penetration rates.  

Table 119: Estimation of traffic efficiency benefits for SAFE STRIP parking function 

deployment. 

% 

Parking 

slots with 

SAFE 

STRIP 

function 

Annual hours 

with high 

demand of 

parking slots 

Affected 

vehicles 

during high 

demand of 

parking slots  

(per hour) 

Time saving 

per hour and 

vehicle 

(seconds/h) 

Annual 

avoided 

wasting 

time 

(hours) 

Social 

Benefits 

due to 

traffic 

efficiency  

(K EUR)  

(at 15 

EUR/veh 

h) 

100 %  

300 h 

335 veh * ½ 

40 sections =  

6 700 veh 

400 second/hour 

223333 h 3 350 

50 % 116667 h 1 675 



 

D6.3 Pilot results consolidation & Impact analysis Version 2.0   235 

% 

Parking 

slots with 

SAFE 

STRIP 

function 

Annual hours 

with high 

demand of 

parking slots 

Affected 

vehicles 

during high 

demand of 

parking slots  

(per hour) 

Time saving 

per hour and 

vehicle 

(seconds/h) 

Annual 

avoided 

wasting 

time 

(hours) 

Social 

Benefits 

due to 

traffic 

efficiency  

(K EUR)  

(at 15 

EUR/veh 

h) 

25 % 
300 h * 6700 veh * 400 s/veh*h  = 223333 h 

55833 h 837,5 

10 % 22333 h 335,0 

 

Environmental Impact 

Additionally, the benefits related with the environmental impact also have been estimated as 

follow. 

Table 120: Benefits estimation for SAFE STRIP parking function deployment. 

% 

Parking 

slots with 

SAFE 

STRIP 

function 

Annual 

avoided 

CO2 

emissions 

(tonnes) 

Social 

Benefits due 

to avoided 

CO2 

emission 

(K EUR)  

(at 60 

EUR/tonne) 

Annual 

avoided fuel 

consumption  

(k litres) 

Social 

Benefits due 

to avoided 

fuel 

consumption 

(K EUR)  

(at 0,575 

EUR/litre) 

Overall 

environmental 

Benefits  

(K EUR) 

100 %  1542 92,52 830,4 477,5 570,0 

50 % 771 46,26 415,2 238.7  285,0 

25 % 385,5 23,13 207,6 119.4 142,5 

10 % 154,2 9,25 83,04 47,75 57,0 

 

CBA results 

Table 121: Benefit related with SAFE STRIP parking function (Valladolid scenarios),  

at several years from their implementation). 

Smart Parking 

Incomes due 

to function 

deployment  

(K EUR) 

Social Benefits 
Overall 

benefits  

(k EUR) 
Safety 

impact  

(K EUR) 

Traffic 

efficiency  

(K EUR)  

Environmen

tal impact 

(K EUR) 

With SAFE 

STRIP  

(as function of 

penetration rate) 

100 % 

One Year 
- 6212,5 

Not 

applicable 
3350,0 570,0 

- 2201,5 

Two Years 
2575,0 

Not 

applicable 
6700,0 1140 

10415,0 
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Smart Parking 

Incomes due 

to function 

deployment  

(K EUR) 

Social Benefits 
Overall 

benefits  

(k EUR) 
Safety 

impact  

(K EUR) 

Traffic 

efficiency  

(K EUR)  

Environmen

tal impact 

(K EUR) 

50 % 

One Year 
-3106,25 

Not 

applicable 
1675 

285,0 -1146,25 

Two Years 
1287,5 

Not 

applicable 
3350 

570,0 5207,5 

25 % 

One Year 
-1553,1 

Not 

applicable 
837,5 

142,5 -573,1 

Two Years 
643,75 

Not 

applicable 
1675,0 

285,0 2603,75 

10 % 

One Year 
-621,25 

Not 

applicable 
335,0 

57,0 -229,25 

Two Years 
257,5 

Not 

applicable 
670,0 

114,0 941,5 

 

As shown in the table, from the second year, the implementation of the SAFE STRIP 

parking function is socially beneficial, once the initial investment is compensated by 

the benefits related to higher revenues, but also, by the benefits related to traffic 

efficiency and less environmental impact. 

 

 

 

 

 

 


