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EXECUTIVE SUMMARY 

In SP 4 the evaluation and assessment of the data gathered in the different Field 

Operational Test of the TeleFOT project is addressed. Herein the assessment of the 

effects of the use of nomadic devices on various impact areas, like safety and mobility, is 

evaluated. 

In WP 4.6 environmental impacts are covered. This means that influencing factors like a 

change of speed, acceleration or number and length of journeys can be changed by using 

aftermarket and NDs. In the course of the project a huge amount of data will be logged 

that have to be processed subsequent to the tests. This challenging task has to be 

covered by means of the central TeleFOT database. 

To assure that the analysis of the impact areas inside TeleFOT can be conducted properly 

and to avoid repetitions inside the project analysis plans have to be set up. In these 

analysis plans the aims and the theoretical basis, developed in SP 2, of the impact 

assessment are described. 

With the information regarding data, like research questions, hypotheses and 

performance indicators, given in this report the researcher will be enabled to define the 

methodology to follow during the processing of the data and the evaluation of the 

results. 

In the general approach for the impact assessment the partners involved in WP 4.6 are 

addressed and their role inside the WP is defined. The hypotheses analysis strategy 

contains a description for each of the TeleFOT core set hypotheses addressed during the 

evaluation of environmental impacts. This assures that the effects caused by the systems 

will be estimated in the same way by the different partners involved. Beneath the 

evaluation of the given hypotheses other analysis approaches like micro simulations will 

be shown. 

To avoid risks already identified in the forefront of the tests several risks that can occur 

during the conduction of the tests or during the evaluation of the data are addressed. For 

each risk a suggestion how to avoid or manage the risk and a solution in case the risk is 

appearing is given. 
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1. INTRODUCTION 

TeleFOT is a Large Scale Collaborative Project under the Seventh Framework Programme, 

co-funded by the European Commission DG Information Society and Media within the 

strategic objective "ICT for Cooperative Systems". 

Officially started on June 1st 2008, TeleFOT aims to test the impacts of driver support 

functions on the driving task with large fleets of test drivers in real-life driving conditions. 

In particular, TeleFOT assesses via Field operational Tests the impacts of functions 

provided by aftermarket and nomadic devices, including future interactive traffic services 

that will become part of driving environment systems within the next five years. 

Field Operational Tests developed in TeleFOT aim at a comprehensive assessment of the 

efficiency, quality, robustness and user friendliness of in-vehicle systems, such as ICT, 

for smarter, safer and cleaner driving. 

The analysis undertaken within the TeleFOT project aims to assess the impact of 

aftermarket nomadic devices in five distinct assessment areas; Safety (WP4.3 leader 

LOUGH), Mobility (WP4.4 leader VTT), Efficiency (WP4.5 leader CERTH/HIT), 

Environment (WP4.6 leader IKA) and Business Models for User Uptake (WP4.7 leader 

CHALMERS). In order to measure the impacts, SP2 in collaboration with SP4 has 

developed core research questions and hypotheses for each assessment area that also 

take into account the functionality of the devices specifically under consideration in 

TeleFOT. The next stage is to provide details regarding the analysis techniques that will 

be used to answer each hypothesis. Thus, each analysis plan deliverable details the 

proposed approach to be followed and does not give analysis outputs. 

The primary objective of each analysis plan therefore is to take each hypothesis and 

identify the most appropriate analysis approach for testing the hypothesis and to identify 

the type and amount of data that will be used including whether from an LFOT, a DFOT 

or a combination of both. This builds further upon the tables (III.i – III.v) in D2.2.1 and 

delivers important information to SP3 regarding the finer detail of the FOT experimental 

design and sample size requirements. There will be, as indicated in WP4.2 – co-

ordination and review, a coordinated approach in developing the analysis plans across 
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the impact areas so that the analysis methods are harmonised where there is hypothesis 

overlap between the impact areas. 

It is anticipated that some data required for the analyses will need to be derived from 

logged / collected data. In such instances, the analysis plans will provide details of the 

variables that require scripting. These scripts will be applied to the data during post 

processing. The scripting rules will be determined within the data working group.  

In addition the analysis plans will; 

- Establish which analysis will be undertaken at a local level (test site FOT data) and 

which will be carried out at the SP level (combined FOT data) 

- Determine the partner responsibilities for undertaking analyses 

The analysis plans also aim to provide strategies to; 

- Avoid excessive duplication of effort across the impact areas 

- Deal with the inevitable variability within the data collection 

- Accommodate the assessment of devices with multiple functionalities 

- Plan for detailed long term and more immediate short term output to stakeholders 

- Provide a global assessment 

It is anticipated that the analysis plans will provide the final link, along with information 

from SP2 and the capabilities of the data loggers, that will allow the data specification to 

be completed within the Data Working Group (WP2.3 task 2.3.1) and the data base 

structure to be finalised (WP2.3, WP3.7, WP4.1). 

It is however important to realise that these are initial analysis plans and that there is a 

need to be adjusted when taking into account the outcomes of the pilot analysis. 
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2. DATA 

In the TeleFOT project subjective data, gathered from test participants, and objective 

data, gathered from test participants and test vehicles / test devices, will be logged and 

evaluated in a subsequent analysis. To assure that the relevant data will be logged 

during the tests a systematic approach has to be passed in advance to the tests to 

determine the needed information and to fix the Core set of parameters, which have to 

be recorded in the vehicles of all test sites of this project. In the following the different 

steps of the determination of Research questions according to the top down approach 

(described in D2.2.1) and the linked development of hypotheses will be introduced for 

the environmental impact assessment. 

2.1. Research questions 

At first the research question for the environmental impact assessment has to be 

formulated. Herein the emissions discharged by the vehicle will be considered. These 

emissions can consist of pollutants or noise emissions. Due to the fact that noise 

emissions of the vehicle are very hard to separate from other surrounding noises, the 

noise emissions will not be considered in this project. Pollutants, like CO and CO2, can be 

determined on the one hand via measurements or on the other hands by calculation from 

fuel consumption and simulation of the power train. 

In the TeleFOT project no specially equipped vehicles for the direct measurement of 

emissions is used. Therefore the Information about CO- and CO2-emissions can be 

gathered only by calculation from fuel consumption and/or simulation of the power train, 

including specific vehicle parameters. The emissions will be determined by means of 

engine maps, in which the CO- and CO2-emissions can be read out in the simulation for 

every operation point of the engine. Other emissions like NMHC, HC, PM, NOx, NH3, SO2 

are not included inside these maps and cannot be considered in the simulation of the 

power train. 

Besides the direct effects determined in the simulation of a single vehicle the use of 

ADAS functions can arouse interactions between all traffic participants, equipped or not 
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equipped. These effects lead to knock-on effects, which means an increase or decrease of 

fuel consumption for other traffic participants, even if they are not equipped with such 

systems. In the evaluation only vehicle related parameters, that are contained inside the 

simulation model, can be considered. This means that only parameters like CO- and CO2-

emissions or travel speed (average speed, speed homogeneity) can be estimated. Other 

parameters like the change of traffic density in special regions are not part of the 

simulation and therefore cannot be determined. 

Based on this the following research questions have been developed. 

With regard to the fuel consumption [DOR03] and the associated emissions speed and 

acceleration are large factors of influence on fuel consumption. 

- RQ-EN1: Speed 

In case of speed different parameters will be determined. These parameters are vehicle 

speed, average speed and speed homogeneity. With the effects on speed the impact on 

the driving resistance (mainly air resistance) and therefore fuel consumption and 

emissions can be determined. 

- RQ-EN2: Acceleration 

The acceleration and deceleration of the vehicle will be logged absolute in m/s2 and in 

case the information is available the actuation of throttle and brake pedal can be 

recorded additionally (mostly available in DFOTs). The acceleration affects the driving 

resistance (acceleration resistance) and therefore has an influence on fuel consumption. 

With these speed and acceleration data conclusion on the driver’s behaviour with and 

without the systems can be drawn, which can be integrated subsequently in the driver 

model of the simulation tool. 

- RQ-EN3: Gear number 

In case a manual transmission is used by the driver the choice of gear can be logged via 

CAN or OBD gateway (mostly available in DFOTs). The choice of gear determines the 

operating point the engine is working in and therefore the efficiency of the engine. With 

this parameter the engine speed for changing between gears can be determined and 

integrated into the driver model. 

- RQ-EN4: Road type 
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The choice of road type is affecting the average velocity the driver is travelling at. This 

data should also be derived from the speed logs. 

- RQ-EN5: Transport mode 

The use of transport mode will have an effect on fuel consumption. Unfortunately no 

information about fuel consumption or emissions of other transport modes, like trains or 

busses etc., is available. That’s why these changes cannot be implemented into the 

simulation properly. 

- RQ-EN6: Number and length of journey 

The change of number and length of journeys has a direct effect on the fuel 

consumption. With an increasing number of journeys (with constant average journey 

length) and an increasing length of journey (with constant journey length) or a 

combination of both the covered distance and therefore the fuel consumption is 

increasing. The duration of journeys only holds an indirect impact on fuel consumption, 

because it is made up of the length and the average speed of the journey, which are 

determining the fuel consumption. 

- RQ-EN7: Fuel consumption 

In case of fuel consumption, the total amount of fuel used can be measured directly, by 

OBD or CAN gateways, and the average fuel consumption can be determined by means 

of the journey length from GPS data. With this information the amount of CO2 emissions 

can be calculated directly from the quantum of fuel used. 

A question on change of vehicle or used engine type is not included in the travel diary 

and cannot be determined by the data logger. Therefore this Research questions will not 

be addressed inside the environmental impact assessment. 

The same applies for the encouragement of a competitive driving style. Information 

about the effect on the driver can only be gathered by travel diaries or questionnaires. In 

this question only a tendency can be determined, which cannot be specified numerically 

so that it is not possible to include this statement properly into the traffic flow simulation. 
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2.2. Hypotheses to be tested 

In the environmental impact assessment different hypotheses, based on the research 

questions described above, will be addressed. During the work undertaken in the data 

working group the following hypotheses have been derived from the research questions, 

based on a defined selection procedure common for all impact areas, documented in the 

annex (see Table 6.1 to 6.4). 

- H-EN1: Speed 

With regard to research questions related to speed it is assumed that speed distribution 

on defined road types will be affected by the use of nomadic devices. This means that the 

speed on varying roads will decrease or increase due to the use of nomadic devices or to 

the combination of nomadic devices and ADAS. Another speed hypothesis is that the 

speed homogeneity is affected. This means that variances between the speeds driven on 

a road segment are changing (increase/ decrease) due to the usage of NDs. The third 

hypothesis related to speed is that the overall average speed is increasing or decreasing 

respectively. 

- H-EN2: Acceleration 

Besides the influence on the speed acceleration can also be affected. This means that the 

mode of braking and accelerating might be changed by using NDs, so that the driver is 

accelerating or braking more or less often and harsh. 

- H-EN3: Gear number 

For some functionality it can be assumed that they will have an influence on the choice of 

gear. This is especially foreseen for green driving support where the choice of gear by the 

driver in cars with manual transmission is directly influencing the operation point of the 

engine and therefore the engine efficiency. 

- H-EN4: Choice of road types and transport mode 

For the evaluation of the influence on the choice of roadway the variation in the selection 

of road type and the choice of routes driven will be analyzed during the tests of the ND 

application. 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 14  

of 61 

 

Alongside the variation in choice of roadway the driver has the choice of transport mode. 

As mentioned in chapter 2.1 no data about fuel consumption or emissions of the 

transport modes the driver changes to, like trains or busses etc., is available. Therefore 

these changes will not be implemented into the simulation. 

- H-EN5: Number and length of journeys 

The use of ND can also influence the character of journeys. This means that the driver is 

undertaking more or less journeys and therefore the number of journeys is increasing or 

decreasing. Beside the number of trips the length of the journeys can also vary so that 

the driver is covering a larger or less distance. 

- H-EN7: Fuel consumption 

The main hypothesis for the environmental impact area is that the amount of fuel 

consumed is affected by the use of NDs. This means that the total amount of fuel used 

during a given time span can vary and/ or the average fuel consumption used to cover 

100 Kilometres can change. 

Related to this hypothesis of a change in fuel consumption it can be assumed that 

polluting emissions will also change. The traffic flow simulation used to evaluate these 

changes provides the possibility to determine the changes in CO- and CO2-emissions. 

The equipment of vehicles with the systems can lead to knock-on effects on other traffic 

participants, even if these are not equipped with the systems. Therefore another 

hypothesis is, that the equipment of vehicles with the systems will lead to a change in 

fuel consumption not only of the equipped vehicles but also in the surrounding traffic. 

2.3. Performance indicators 

To determine the influence of the system predefined parameters, so called performance 

indicators, have to be defined (see Table 6-3 in the Annex). With these performance 

indicators the different hypothesis will be analysed. 

- Speed 

For speed effects the absolute speed, the mean speed and the standard deviation of 

speed will be determined. 
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- Acceleration 

For the evaluation of the impact on acceleration/ deceleration the numbers of incidents, 

like harsh braking, are evaluated. Furthermore the absolute value of the acceleration in 

m/s2 and the actuation of the brakes (braking pressure [bar]) are determined and 

analysed. 

- Number of gear 

In case of chosen gear the gear number of the activated gear is logged so that the shift 

point between different gears can be determined and integrated into the subsequent 

simulation. 

- Change of transport modes 

Besides the vehicle and driver parameters the characteristics of the road and the 

transport mode does also have an influence on fuel consumption. Therefore the 

hypotheses contain a change of transport mode, e.g. from individual traffic to public 

traffic, and a change in the use of road types and routes, e.g. from urban roads to rural 

roads. 

- GPS position 

Several analyses are based upon the GPS-Position. With this signal several derived 

Performance indicators can be determined. Among these there are character of journey, 

type of road travelled on. 

The character of journeys, like number, length and duration, can be influenced by using 

systems like navigation support. All information about the character of the journey can 

be determined with the logged GPS signal. 

The tape of road used during the journey is determined by map matching. In this process 

the road used is read from the digital map via the logged GPS-position. With this data 

the road category of the used road is determined and will be evaluated subsequently. 

- Fuel consumption 

With all these foreseen impacts the main hypothesis is that the fuel consumption in total 

and referenced to the covered distance (in l/100km) is changed. In combination with a 

change of fuel consumption the emissions of CO and CO2 will change. 
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The hypotheses mentioned above are focussing on single vehicles. Furthermore knock-on 

effects on other traffic participants can occur, which can lead to various effects like the 

ones for the single equipped vehicle. This can cause an increase or decrease of fuel 

consumption and emissions for the surrounding non-equipped vehicles. 

2.4. Scripting and processing 

The performance indicators will be measured directly, like fuel consumption, or have to 

be calculated from the logged data, like fuel consumption per 100 km. In the following 

the calculation for the different parameters are described. 

- Speed on different road types 

With the GPS-position and map matching the speed and the type of road can be 

determined for every waypoint of the journey. With this data the minimum and 

maximum as well as the average velocity per road type can be determined. 

- Average speed 

The GPS-position provides the information about the speed, so that the average speed 

for every waypoint of the journey can be determined. 

- Homogeneity of speed 

The speed homogeneity can be determined by the standard deviation of speed for the 

waypoints of the journey. For this purpose the GPS-data, containing the speed 

information, is used. 

- Acceleration mode 

The acceleration mode can be determined by data of the accelerometers inside the data 

loggers. With these data the occurrence of accelerations above a given threshold 

(acceleration over a predefined time) can be determined. Additionally an average 

acceleration for the driver resp. journey can be calculated. 

- Type of road used 

With the help of GPS-position and map matching the type of road used by the driver can 

be determined. With these data the time and/ or the distance the user drove on a specific 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 17  

of 61 

 

road type can be determined. With this data the share of every road type with regard to 

travel time and travelled distance can be determined. 

- Route chosen 

To determine the change in the chosen route GPS-data and map matching can be used. 

With this predefined routes, like the travel to work, and change of routes can be 

determined in length and share of road types used. 

- Transport mode used 

The transport mode is logged inside the travel diaries. With this data the change in the 

share of transport modes used to travel in total and for predefined routes (travel to 

work) can be determined. In chapter 2.1 it is mentioned that no information about fuel 

consumption or emissions of the transport modes is available and that the change of 

transport mode therefore cannot be implemented into the simulation. 

- Number of journeys 

The number of trips can be determined from the logged data. Every journey is started 

and completed by a predefined event, like engine start and stop. With these start and 

stop events a journey is defined and the total number of journeys undertaken during the 

test phase can be counted. 

- Length of journeys 

With the definition of journey start and end the length of every trip can be determined. 

With this data the average value of the journey length can be calculated. 

- Total fuel consumption 

The total fuel consumption can be calculated by a summation of the fuel consumption 

used during every single trip. 

- Average fuel consumption 

The average fuel consumption is calculated from the covered distance, determined by 

means of GPS-position, and the amount of fuel used for the journey. 

- Amount of CO and CO2-emissions 
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The amount of CO and CO2-emissions will be calculated in a micro simulation. The 

simulation is based on an engine map in which the emissions of the engine are listed up 

for every working point (determined by rotational speed of the engine and load). With 

this engine map the emissions can be read out for every calculation point and added up 

to a total value. CO2-emissions can also directly derived from fuel consumption taking 

into account the type of fuel consumed. 

- Influence on other traffic participants 

The influence on other traffic participants is also determined by means of micro 

simulation. Herein the vehicles inside a predefined road segment are simulated one by 

one. Due to the fact that the single vehicle is reacting on the behaviour of its surrounding 

cars the influence of penetration rates inside a traffic environment can be determined. 

The above described parameters can then be analysed also for non-equipped vehicles. 

2.5. Non-database requirements 

During the conduction of the DFOTs additional data will be logged that is not part of the 

TeleFOT data base. This data can consist of additional signals logged inside the test 

vehicles (e.g. steering-wheel angle and velocity) via CAN or OBD gateway. Beneath these 

vehicle data additional equipment like a Cockpit activity assessment module (CAA) or 

Environment conditions assessment module (ECA) and cameras monitoring the driver 

and the area in front of the vehicle. The data can be taken into account if special 

evaluations will be done by some test sites (mostly vehicle data) or if discrepancies occur 

between data of different sensors, so that the traffic situation can be clarified by the 

recorded video data. 
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3. GENERAL APPROACH FOR THE IMPACT ASSESSMENT 

The assessment of the environmental impact will be done by direct measurements and 

simulations. The environmental impact is assessed by fuel consumption and emissions of 

CO and CO2, which are correlating to each other. 

The other hypotheses and performance indicators are needed to determine the changes 

between drivers using and not using a system. These variations can be implemented into 

the simulation models in order to verify the change in emissions, caused by the use of 

NDs on macroscopic level. 

3.1. Partners involved 

In WP 4.6 the following partners are involved with the given tasks, according to the 

Description of work: 

Partner Role PM 

Ika 

Lead the task 

D4.6.1 Impacts on environment – data analysis plan 

D4.6.2 Impacts on environment – preliminary results 

5 

Chalmers 
Responsible for FOT data from Sweden 

Link between data analysis and Task2.2.3 Experimental design 
1 

Cidaut 
Responsible for FOT data from Spain 

Link with Task5.1.2 Communication and liaison to other SPs 
2 

MIRA 

Responsibility for FOT data from UK 

Contribute to formulation of detailed analysis techniques for 
environmental assessments from UK FOT experience 

1 
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Navteq 
Support in the identification of map database content and 
relevance to measure environmental impacts or for traffic and 
fuel consumption modelling 

1 

VTT 

Responsibility for FOT data from Finland 

Link between data analysis and Task2.2.2 Research questions 
& indicators 

2 

Table 3-1: Partners and role for Task 4.6.1 

 

Partner Role PM 

Ika Lead this task 

D4.3.3 Impacts on environment – results and implication 

5 

Chalmers Contribute to results review/ identification of implication 2 

Cidaut Contribute to results review/ identification of implication 1 

MIRA Contribute to results review/ identification of implications 
including impacts for future European vehicle parks 

1 

VTT Contribute to results review/ identification of implication 1 

Table 3-2: Partners and role in Task 4.6.2 

 

The pre-processing of data should be done on the database side. This assures that all 

values are calculated correctly and in the same way, so that the results will be 

comparable between the different test sites all over Europe. 

The analysis of the data is done by the partners with resources for the data analysis 

according to the DoW. The coordination of the analysis is done by the WP-leader, which 

also supports the partners involved in the data analysis. To assure that all relevant 

results will be collected a template will be provided by the WP-leader, in which all 
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relevant results have to be filled in. Subsequently the results have to be combined and 

interpreted by the WP leader, with the help of the partners involved in WP 4.6. 

3.2. Hypothesis Analysis Strategy 

In the following chapter the strategy for the analysis of the hypothesis will be presented. 

At first the personal data of the participating test subjects will be logged by background 

questionnaires. 

With these data the influence of driving experience and driving patterns, gathered by the 

background questionnaires, on the change in driver behaviour can be evaluated for the 

different Hypothesis. 

To gather subjective data of the driver and information about travel patterns or journeys 

undertaken travel diaries have to be filled in before, during and after the use of the 

systems. With this data redundant information, e.g. about journey length, journey 

duration and journey number are available and can be used for the verification of the 

logged sensor data. The travel diary data can also be used to determine changes in travel 

behaviour of the driver. For this evaluation the considered journey (type of journey with 

its origin and destination) and travel purpose should be defined clearly. 

For the hypothesis two comparisons will be carried out:  

- The before use and after use comparison, in which the same behaviour of the 

group before the use of the devices and while using the devices is compared 

- The test and control group comparison, in which an equipped groups and an 

unequipped group are compared to each other 

3.2.1. Is average speed affected? 

The change of average speeds have to be determined preferably on predefined road 

sections, which have to be determined in advance to the evaluation. These road 

segments can consist e.g. of the way from home to work (as a whole or just parts of it). 

For this evaluation road segments should be chosen which are frequently used during a 

“normal” working week. 
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With the logged GPS-position and map matching the compliance with the chosen route 

can be determined and with the recorded speed the average speed for this section can be 

calculated. 

For the correct evaluation the status of the ND/ADAS function (in use / not in use) has to 

be known. In the large scale FOT this can only be done by means of travel diaries, in 

which the driver notes down which system he has used during his journey. 

The influence has to be determined between journeys undertaken without using the 

system (baseline) and for journeys undertaken with using the system. 

3.2.2.  Is speed homogeneity affected 

The homogeneity of speed should be determined on road sections frequently used by the 

driver. With GPS-position and map matching the compliance with these road sections can 

be determined. With the logged speed the average speed and therefore the homogeneity 

of the speed can be calculated (standard deviation and average value). 

For the correct evaluation the status of the ND/ADAS function (in use / not in use) has to 

be known. In the large scale FOT this is mainly done by means of travel diaries, in which 

the driver notes down which system he has used during his journey. In some detailed 

and large FOTs the system activation is logged within the ND-data. 

3.2.3.  Is speed distribution affected? 

The speed distribution will be determined for different road types. The type of road has to 

be determined by map matching with the logged GPS-Position, which leads to the type of 

road given in the Navteq digital map. With the recorded speed and position the average 

speed per road type can be calculated. 

For the correct evaluation the status of the ND/ADAS function (in use / not in use) has to 

be known. In the large scale FOT this is mainly done by means of travel diaries, in which 

the driver notes down which system he has used during his journey. In some detailed 

FOTs the system activation is logged within the ND-data. 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 23  

of 61 

 

3.2.4.  Is the number of journeys affected? 

The data is collected by travel diaries. The null hypothesis would be that the TeleFOT 

function(s) has (have) no influence on the number of journeys undertaken – more / less 

journeys will be tested against this null hypothesis. 

An additional hypothesis is that the effect is changing after getting more experience with 

the function(s). 

3.2.5.  Is the distance travelled affected? 

The data is collected via travel diaries. The null hypothesis would be that the TeleFOT 

function(s) has (have) no influence on the travelled distance – more / less will be tested 

against this null hypothesis. 

An additional hypothesis is that the effect is changing after getting more experience with 

the function(s). 

3.2.6.  Is road type travelled on and the choice of routes 

affected? 

The proportion of participants indicating a change in routes chosen (more/less highway, 

more/less rural road) because of access to the ND will be compared with the proportion 

of participants indicating no change with access to the ND. 

The assumption is that the proportion of participants indicating a change will be higher 

than the number of participants indicating no change. 

A further analysis will be made as to whether the change refers to more/less highway, 

more/less rural roads etc. and the specific reasons (Questions ….). 

Let p denote the population proportion of all drivers who perceive a change after 6 

months use of the device. The following hypothesis will be tested: 

 H0:  p = 0 

 H1:  p  0. 

A z-test will be performed (if the sample is large) or the Fisher’s exact test will be 

performed (if the sample is small). 
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Furthermore, logistic regression analysis will be performed to investigate the 

relationships between the perceived change and the demographic and social factors (e.g. 

age, gender, previous driving experience, etc.). 

Regression analysis will be performed and adjusted for the journey distance and other 

variables. If more than one journey is included for a participant, a mixed-effect linear 

model will be used to analyse the repeated measurements. 

Ideally, matched origin-destinations from both the before and after use of the device are 

selected. The proportion of road types recorded in these matched pairs is investigated. 

Regression analysis will be performed, regressing the difference of the paired data in 

proportions of road types on the journey distance and the other variables. If more than 

one journey is included for a participant, a mixed-effect linear model will be used to 

analyse the repeated measurements. 

3.2.7.  Is transport mode used to travel affected? 

The data is collected via travel diaries. The null hypothesis would be that the TeleFOT 

function(s) has (have) no influence on mode choice – change would be tested against 

this null hypothesis. 

An additional hypothesis is that the effect is changing after getting more experience with 

the function(s). 

3.2.8.  Is total fuel consumption affected? 

Information about fuel consumption can be logged via CAN- or OBD-gateway and 

therefore will only be available in some FOTs, mainly DFOTs. With this data and with the 

GPS-position the total fuel consumption can be calculated directly for defined journeys 

(e.g. home to work). 

For the correct evaluation the status of the ND/ADAS function (in use / not in use) has to 

be known. In the large scale FOT this can only be done by means of travel diaries, in 

which the driver notes down which system he has used during his journey. 
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3.2.9.  Is average fuel consumption affected? 

The average fuel consumption can be calculated from the total amount of fuel 

determined via CAN / ODB and the driven distance, which can be determined from the 

logged GPS-data. CAN and OBD are only available in some of the FOTs, mainly detailed 

FOTs. 

For the correct evaluation the status of the ND/ADAS function (in use / not in use) has to 

be known. In the large scale FOT this can only be done by means of travel diaries, in 

which the driver notes down which system he has used during his journey. 

3.2.10. Is amount of CO-emissions affected? 

CO emissions can be determined by means of an emission model. The emission models 

usually require some input like vehicle specifications, road types and speed profile. 

An alternative is to use micro-simulation models. In these simulations the CO-emissions 

are read from an engine map for each operating point at given time steps. 

3.2.11. Is amount of CO2-emissions affected? 

CO2-emissions can be determined by means of an emission model. The emission models 

usually require some input like vehicle specifications, road types and speed profile. 

An alternative is to directly determine the CO2-emissions from measured fuel 

consumption taking into account the type of fuel consumed. By doing so it is assumed 

that all the fuel is converted to CO2  resp. The amount of CO is insignificant compared to 

the amount of CO2. 

An additional alternative is to use micro-simulation models. In these simulations the CO2-

emissions are read from an engine map for each operating point at given time steps. 

3.2.12. Is the use of the system influencing other traffic 

participants? 

The influence on other traffic participants can be determined by micro-simulation. In this 

simulation several vehicles, equipped and not equipped vehicles, are simulated in a 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 26  

of 61 

 

traffic environment (predefined route). Based on the interaction between the different 

simulated vehicles conclusions can be drawn with regard to the knock-on effects on the 

traffic participants. The penetration rate of equipped vehicles can be varied. 

3.2.13. Is the use of the system influencing traffic surroundings? 

In the micro-simulation effects on all simulated traffic participants can be evaluated (e.g. 

speed distribution etc). Complex traffic networks cannot be modelled by the tools 

planned for the analysis. Therefore no conclusions on the impacts on inhabitants of the 

area can be drawn. 

 

3.3. Other analysis approaches 

In the following other analysis approaches to determine the environmental impact than 

the direct measurement of fuel consumption will be described. 

Besides the direct measurement of the fuel consumption and a calculation of the emitted 

CO2 by this fuel consumption in the test vehicle, a micro simulation can be used to 

determine CO- and CO2-emissions and the influence on other traffic participants as stated 

above. 

To determine the CO- and CO2-emissions detailed driver, vehicle and environment 

models are needed. These three models are combined in the simulation tool PELOPS of 

the Forschungsgesellschaft Kraftfahrwesen Aachen (fka, [FKA09]). The three models are 

linked to each other by interfaces, providing the information needed for the simulation of 

the different steps (see Figure 1). 
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Figure 1: Structure of the PELOPS-simulation tool [FKA09] 

 

With micro simulation the determination of fuel consumption is possible for every single 

vehicle depending on different parameters of environment (e.g. road type, traffic density 

etc.), vehicle (e.g. manual or automatic transmission, engine etc.) and the driver (e.g. 

acceleration and braking behaviour, sportive/aggressive/defensive driver etc.). 

First specific traffic scenarios have to be modelled representing a realistic environment 

such as that where the FOTs are conducted. The simulation of these scenarios combines 

several single vehicles interacting with each other on that given traffic environment. For 

that purpose a defined road is equipped with several describing parameters, like speed 

limits, curvature, inclination, lane width etc. On this road section a predefined number of 

vehicles will be driving. Each vehicle is defined by its vehicle parameters (transmission, 

engine, and equipment like ND/ADAS etc.). Also for each vehicle a corresponding virtual 

driver is chosen. The driver himself is individualised by a set of parameters as described 

above. 

During the simulation each vehicle is calculated separately so that it is able to react on 

vehicles in its surroundings. Due to the fact that different reaction of drivers, e.g. for 
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drivers equipped and not equipped with ND/ADAS, are deposited for every vehicle, the 

interaction between various traffic participants can be evaluated in detail. The detailed 

driver behaviour of equipped vehicles will be modelled according to the findings from the 

FOTs. All relevant changes in behaviour identified in the FOTs (e.g. speed behaviour, 

acceleration behaviour etc.) will be implemented in the driver model. The drivers of non-

equipped vehicles will show their standard behaviour, which is validated in detail in 

previous work at fka.  With this approach the influence of equipped vehicles on traffic 

environment and also on non-equipped vehicles can be determined. Additional to the 

knock-on effects the emissions for the whole road segment can be summed up and 

therefore the environmental impact with regard to penetration rates can be estimated. 

For this purpose the penetration rate can be varied systematically to analyse it effect. 

To determine the amount of CO- and CO2-emissions the operating point the engine is 

working in has to be determined in relation to road characteristics, driver input and the 

characteristics of the vehicle. With the latter data the rotational speed and the engine 

load can be calculated, which are determining the operating point of the engine. With the 

engine operating point the emissions of CO and CO2 can be read from an engine map, 

which are containing the emissions and the fuel consumption of this specific engine for 

each operating point. This approach provides the fuel consumption and the emissions for 

a single predefined vehicle. 

3.4. Strategy for Global Assessment 

The conduction of a FOT provides an overview of the participating driving population. The 

effects identified in the FOTs have to be scaled up in order to allow for a global 

assessment. To assure that the FOT participants are a valid image of the population in 

the EU, the test subjects have to be chosen according to defined criteria like distribution 

of gender, age etc. which matches the distribution in traffic in the EU as close as 

possible. This request has to be respected by the test site leaders for the different test 

sites in WP 3 during the selection process of the test subjects. With this basis all changes 

due to the use of ND determined in the FOT, like change of average speed, use of road 

types and routes etc., can be used to scale up the influence from one vehicle on overall 

traffic. 
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Besides the direct up scaling of effects from single vehicle to the whole traffic system, 

the use of micro-simulations will allow considering both direct as well as indirect effects. 

By doing so, it will be possible to estimate the overall and global impacts of the tested 

systems as a function of the penetration rate of these systems. 
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4. RISK ASSESSMENT 

During the conduction of the FOTs system malfunction will certainly occur independently 

to the preparations done in the run-up of the tests. This will lead to loss or 

inconsistencies of data needed for the evaluation of the Research questions and 

hypotheses mentioned above. In the following table occurring risks, proposals for 

managing the risks and solutions how to cope with the risk after it has happened are 

given. 

Contingency Plan 

Risk including risk 

severity (e.g. low, 

medium, high) 

Reduction (how the risk 

can be managed) 

Solution (if the risk 

happens) 

Missing data at point of 

collection (medium risk, 

medium severity) 

Arrange check-list of required 

data-fields to ensure that 

collection is fully specified. 

Covered in Task 2.2.2 

regarding data spec and 

WP2.3 regarding data 

acquisition and quality. 

Missing data will be 

denoted as such in 

analyses and caveats will 

be applied to results. 

Loss of data post-

collection (low risk, high 

severity) 

Ensure that data back-ups are 

provided (main server and 

DVD) 

Back-up will be utilized. If 

data cannot be recovered, 

same caveats as above will 

be applied  

Inconsistent data across 

test communities meaning 

comparisons cannot be 

made (low risk, medium 

severity) 

Data quality ensured in Task 

2.3.2, Pilot data analysis 

conducted in WP4.1. Data 

consistency will be ensured 

through the review process of 

In this unlikely event, data 

analyses will not be 

conducted where data 

inconsistencies are found 
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WP4.2 

Insufficient data to ensure 

scientific 

rigour/statistically valid 

outcomes (medium risk, 

high severity) 

This will be established and 

addressed in a pilot study 

(WP4.1) –  any indications 

that the data will not give 

statistically robust results will 

result in revision of methods, 

tools and data specification 

(WP2.2&2.3) 

In this unlikely event, the 

data analyses will be 

modified accordingly and 

the validity of the 

outcomes described. 

Late identification of 

needed analysis and 

analysis procedures 

cannot accommodate it 

(medium risk, medium 

severity) 

WP2.2 takes input from FESTA 

and identifies research 

questions & indicators which 

should avoid late identification 

of required analyses.  Task 

2.3.3 will identify database 

structure and incorporate 

flexibility to respond to 

unpredicted analysis 

requirements. Pilot study in 

WP4.1 will test analysis 

procedures. 

All efforts will be made to 

include the required 

analyses. Where this is not 

possible, the risk 

management strategies 

should have ensured that 

this analysis is not core to 

the needs of the impact 

assessment. 

Privacy of participant data 

compromised (low risk, 

high severity) 

Covered by WP3.7 all 

reasonable measures will be 

taken to ensure privacy. 

Protocols will be developed 

based on expert advice. 

Data stored in lockable filing 

systems – no personal data 

stored on database. 

Participant identification 

Participants will be 

informed of privacy 

compromise and 

appropriate remedial 

actions will be taken in 

consultation with 

participants.  
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shredded shortly after use.  

Commercially confidential 

data compromised (low 

risk, high severity) 

Covered by WP3.7. Protocols 

will be developed. 

Stakeholders will be informed 

before participation that all 

reasonable measures will be 

taken to ensure commercially 

sensitive information will be 

kept confidential. Covered by 

consortium agreement plus 

other appropriate 

documentation as advised by 

experts. 

Stakeholders will be 

informed of compromise 

and appropriate remedial 

actions will be taken in 

consultation with 

stakeholders. 

Non-agreement on aspects 

of data analysis between 

SP4 partners (medium 

risk, medium severity) 

Multiple partners in WPs on 

analysis and implications (WPs 

4.3-4.7). 

All analysis WP partners have 

significant expertise in the 

relevant areas and have 

common research 

motivations. 

All analysis work packages 

lead by independent research 

organizations rather than 

commercial partners. 

Conflict resolution 

procedures defined in 

consortium agreement  and 

managed in WP1.1 

Conflicts of needs between 

SP4 and SP2 (low risk, 

medium severity) 

Common partners in SP2 & 

SP4  

Conflict resolution 

procedures defined in 

consortium agreement  and 

managed in WP1.1 
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Conflicts of needs between 

SP4 and SP3 (low risk, 

medium severity) 

Common partners in SP3 & 

SP4 

 

Conflict resolution 

procedures defined in 

consortium agreement  and 

managed in WP1.1 

Benchmarking/crash-tests 

identify planned 

devices/applications as 

intrinsically unsafe and/or 

unusable in FOTs (low 

risk, high severity) 

FOTs are using mature 

technologies hence the risk of 

unsafe/unusable systems 

should be low. 

Stakeholders and partners 

responsible for national 

FOTs will be informed of 

results of crash-tests and 

recommended remedial 

actions will be proposed 

(e.g. restricted use of 

devices/functions or 

alternative 

devices/functions used) 

Table 4-1: TeleFOT Generic Data Contingency Plan 

 

4.1. Other Potential Problems and Solutions 

In case of the FOTs conducted in the TeleFOT project several functions will be tested in 

combination with each other in most of the FOTs. These lead to difficulties in verifying 

the impact of single functionalities, because interactions between these systems cannot 

be excluded. 

To counteract theses problems the test procedure have to be clearly described inside the 

report. The possibility of interactions between systems and therefore the possible 

disturbance of the outcomes has to be pointed out clearly in the description of the 

results. Dependable results can only be achieved with results that can clearly be 

subscribed to one system. 
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5. SUMMARY 

In this Deliverable the Draft analysis plan for WP 4.6 environmental impact assessment 

has been presented. 

At first the data which has to be analysed for the environmental impact assessment have 

been specified. To get the needed core data set for this evaluation research questions 

have been set up, which are about to be addressed in the environmental impact 

assessment, according to a top-down approach. With this approach three levels of RQ 

could be derived, which are increasing in the level of detail one by one. Following to the 

compilation of the Research questions associated hypotheses were formulated, which 

describe the anticipated impacts on the driver or vehicle and therefore cause an 

environmental impact. For these hypotheses the associated performance indicators have 

been determine that are describing the influence of the systems and which are needed to 

evaluate the change by using a ND. Afterwards scripting and processing of the data 

needed to derive the parameters used inside the analysis are described. This is done to 

assure that all performance indicators will be treated in the same way by every test site, 

so that comparability is assured between all FOTs. 

After having described the data set and its processing an overview about the general 

approach for the environmental impact assessment is given. At first the partners involved 

in WP 4.6 are introduced and their contribution and resources are given. After this the 

strategy for analysing the different hypotheses, like change of speed or acceleration, is 

given for the hypotheses given in chapter 2.2. Following to analysis of the given 

hypotheses an ongoing analysis approach is presented. This approach contains the 

evaluation of the environmental impacts not only by direct measurement of fuel 

consumption but also based on a micro-simulation. Herein the emissions of single 

vehicles and of the entire traffic can be determined. 

Following to the Approach for impact assessment, a Risk assessment is conducted. This 

risk assessment contains the risks that might occur during the test conduction, possible 

reductions to avoid these risks at least partly and solutions to solve these problems in 

case they are occurring. 
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6. ANNEXES 

6.1. Stage 1: Top down approach on environmental impacts 

Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Acceleration/deceleration 

Accelerometers in loggers 
/ CAN messages 

Extrapolate from speed 
(GPS/ CAN messages) 

Given in [m/s2] 

D/ L 
Definition of 

threshold 
needed Is acceleration/ 

deceleration 
affected? 

There is likely to be an 
increase/ decrease in 
incidences of sudden 

acceleration/ 
deceleration 

Number of incidents 

Maximum jerk 

Given in [m/s3] 
D/ L?  

E
N

V
IR

O
N

M
E

N
T
 

Is
 t

he
re

 a
n 

im
pa

ct
 o

n 
en

vi
ro

nm
en

t?
 

NOISE 

(Is there a change 
in noise level?) 

DRIVER 
BEHAVIOUR 

(Is there a change 
in travel 

behaviour?) 

Is speed 
affected? 

There is likely to be an 
increase/ decrease in 

speed distribution 
Speed 

Speed (GPS/ CAN 
messages) 

Given in [m/s] 
D/ L  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is average speed 
affected? 

There is an increase/ 
decrease in average 

speed. 
Mean speed 

Speed (GPS/ CAN 
messages) 

Given in [m/s] 
D/ L  

Is braking 
affected? 

There is an 
increase/decrease in 
incidences of harsh 

breaking. 

Breaking pressure 

Pedal position/ brake 
pressure (CAN messages 

or additional 
instrumentation) 

Given in [bar] or [%] 

D/ L?  

Is speed 
homogeneity 

affected? 

There are changes in 
speed homogeneity. 

Standard deviation 
of speed 

Speed (GPS/ CAN 
messages) 

Given in [m/s] 
D/ L  

Is gear choice 
affected? 

There is a change in 
the pattern of gear 

selection. 
Gear number 

CAN messages or 
extrapolate from rpm, 
speed and gear ratio 

Given in number of gear 

D/ L? 

For the 
extrapolation 
manufacturers 

data and 
additional 

sensors are 
necessary 
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is choice of road 
type affected? 

There is likely to be a 
change of road choice 

to minor roads or 
major roads. 

Shares of motorway 
and rural road 

GPS map matching, 
tracks on digital map/ 

questionnaires 

Calculation from total 
distance and distance of 

specified street type 

Given in [km] or [%] 

D/ L 

Can only be 
done by road 

class 
classifications 
inside digital 

map 

Is there a change 
in the transport 

mode used? 

There is likely to be a 
change in use of 
transport mode. 

Use of transport 
modes per journey 

Questionnaires/ Travel 
diaries 

Given in [km] or [%] 
L  

Is there a change 
in the choice of 

routes? 

There is likely to be a 
change in choice of 

route used. 

Share of residential 
streets and minor 

roads 

GPS map matching, 
tracks on digital map/ 

questionnaires 

Calculation from total 
distance and distance of 

specified street type 

Given in [km] or [%] 

L 

Can only be 
done by road 

class 
classifications 
inside digital 

map 

TRAFFIC 
DENSITY 

(Is there a 
change in traffic 

density?) 

Is there a change 
in the number of 
trips undertaken? 

There is likely to be an 
increase/ decrease in 

number of trips 
undertaken. 

Number of trips 

Questionnaires/ Travel 
diary / CAN-messages 

Given in trips per month/ 
week or day 

L  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is there a change 
in length of trips 

undertaken? 

There is likely to be an 
increase/ decrease in 

length of trips 
undertaken. 

Length of trips 

Questionnaires/ Travel 
diary / CAN-messages 

Distance from engine 
ignition to stop 

Given in [km] 

L  

Is the total 
amount of fuel 

per time 
affected? 

There is likely to be an 
increase/ decrease of 

fuel consumption. 

Total fuel 
consumption 

CAN messages or 
additional 

instrumentations 

Given in [l] 

D/ L?  

EMISSIONS 

(Is there a change 
in the emissions?) 

AMOUNT FUEL 

(Is the amount of 
fuel used 
affected?) 

Is the average 
fuel consumption 

affected? 

There is likely to be an 
increase/ decrease in 

the average fuel 
consumption. 

Average fuel 
consumption 

GPS and additional 
instrumentation/ CAN-

messages 

Calculation from total fuel 
consumption and total 

distance 

Given in [l/100km] 

D/ L?  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Acceleration/ deceleration 

Accelerometers in 
loggers/ CAN 

Extrapolate from speed 
(GPS/ CAN messages) 

Given in [m/s2] 

D/ L  

Is acceleration/ 
deceleration 

affected? 

There is likely to be an 
increase/ decrease in 
incidences of sudden 

acceleration/ 
deceleration. 

Acceleration/ 
deceleration 

Maximum jerk 

Given in [m/s3] 
D/L?  

Is the average 
speed affected? 

There is an increase/ 
decrease in average 

speed. 
Mean speed 

Speed (GPS/ CAN 
messages) 

Given in [m/s] 
D/ L  

Is speed 
homogeneity 

affected? 

There are changes in 
speed homogeneity 

Standard deviation 
of speed 

Speed (GPS/ CAN 
messages) 

Given in [m/s] 
D/ L  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is breaking 
affected? 

There is an increase/ 
decrease in incidences 

of harsh breaking. 
Breaking pressure 

Pedal position/ brake 
pressure (CAN messages 

or additional 
instrumentation) 

Given in [bar] or [%] 

D/ L?  

Is gear choice 
affected? 

There is a change in 
the pattern of gear 

selection. 
Gear number 

CAN messages or 
extrapolate from rpm, 
speed and gear ratio 

Given in number of gear 

D/ L? 

For the 
extrapolation 
manufacturers 

data and 
additional 

sensors are 
necessary 

Is length of 
journey affected? 

There is likely to be an 
increase/ decrease of 
the length of journeys 

undertaken. 

Distance travelled 
per journey 

GPS/ CAN messages 

Given in [km] 
L  

Is duration of 
journey affected? 

There is likely to be an 
increase/ decrease of 

the duration of 
journeys undertaken. 

Travel time per 
journey 

GPS/ CAN messages 

Given in [h, min, s] 
L  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is the number of 
journeys 
affected? 

There is likely to be an 
increase/ decrease of 

the number of 
journeys undertaken. 

Number of trips 

Questionnaires/ Travel 
diary / CAN-messages 

Given in trips per month/ 
week or day 

L  

Is the transport 
mode choice 

affected? 

There is likely to be a 
change in use of 
transport mode. 

Use of transport 
modes per journey 

Questionnaires/ Travel 
diaries 

Given in [km] or [%] 
D/ L  

Is engine 
efficiency 
affected? 

There is likely to be a 
change in use of given 

transport mode. 

Change of vehicle/ 
engine used 

Carpool 

Questionnaires/ Travel 
diaries L  

Is a competitive 
driving style 
encouraged? 

There is likely to be a 
stimulation of 

competitive driving 
(e.g. economic 

driving). 

Fuel consumption 
Questionnaires/ Can 

messages 

Given in [l/100km] 
L  

Is the transport 
mode choice 

affected? 

There is likely to be a 
change in use of 
transport mode. 

Use of transport 
modes per journey 

Questionnaires/ Travel 
diaries L  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

TYPE OF FUEL 

(Is the type of fuel 
used affected?) 

Is there a change 
in the type of fuel 

used (diesel/ 
petrol/ CNG 

etc.)? 

There is likely to be a 
change between used 

types of engine 
(diesel, petrol, 

electricity). 

Change of used 
engine Questionnaires L  

       

Is the emission of 
HC affected? 

There is an increase 
/decrease of HC 

emissions. 
HC emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  

Is the emission of 
CO affected? 

There is an increase 
/decrease of CO 

emissions. 
CO emissions 

Special measurement 
equipment/ extrapolation 

by simulations (e.g. 
Pelops) and the change in 

driver behaviour 

D?/ L?  

Is the emission of 
CO2 affected? 

There is an increase 
/decrease of CO2 

emissions. 
CO2 emissions 

Special measurement 
equipment/ extrapolation 

by simulations (e.g. 
Pelops) and the change in 

driver behaviour 

D?/ L? 

based on 
fuel 

consumption 

 

AMOUNT OF 
EMISSIONS 

(Is the amount of 
emitted pollutants 

affected?) 

Is the emission of 
NMHC affected? 

There is an increase/ 
decrease of NMHC 

emissions. 
NMHC emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Is the emission of 
PM affected? 

There is an increase/ 
decrease of PM 

emissions. 
PM-emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  

Is the emission of 
NOx affected? 

There is an increase/ 
decrease of NOx 

emissions. 
NOx emissions 

Special measurement 
equipment/ extrapolation 

by simulations (e.g. 
Pelops) and the change in 

driver behaviour 

D?/ L? 

based on 
fuel 

consumption 

 

Is the emission of 
N2O affected? 

There is an increase/ 
decrease of N2O 

emissions. 
N2O emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  

Is the emission of 
NH3 affected? 

There is an increase/ 
decrease of NH3 

emissions. 
NH3 emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  

Is the emission of 
SO2 affected? 

There is an increase/ 
decrease of SO2 

emissions. 
SO2 emissions 

Special measurement 
equipment/ extrapolation 

by simulations 
D?/ L?  
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Issue Primary Research 
Question 

Second Level 
Research Question 

Third Level 
Research 
Question 

Possible Hypotheses Performance 
Indicators Measures Feasibility Comments 

Other vehicles 

(Are other vehicles 
participating in 

traffic affected?) 

Are other 
vehicles 

influenced by the 
equipped vehicle 
(with regard to 

noise and 
emissions)? 

There is likely to be an 
increase/ decrease of 
noise and emissions 

(e.g. reduced speed of 
surrounding traffic 

etc.). 

Change of driver 
behaviour 

Data exploration/ 
simulation of traffic 

flow(e.g. Pelops) and the 
change in driver 

behaviour 

D?/ L?  

IMPACT ON 
SURROUNDINGS? 

Communities 

(Is the surrounding 
community 
affected?) 

Is traffic density/ 
speed affected? 

There is likely to be an 
increase/ decrease of 
noise and pollutant 
emissions in urban 

areas. 

Change of traffic 
density/ speed 

Data exploration/ 
simulation of traffic 

flow(e.g. Pelops) and the 
change in driver 

behaviour 

D?/ L?  

6-1: Top down approach on environmental impacts 
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6.2. Stage 2: Importance and feasibility of research questions 

Third Level Research 

Question 

Importance in relation to the 

function assessed in project / 

impact measurability of RQ / 

Other rationale 

Feasibility of 

collecting data to 

answer Hypotheses 

Is acceleration/ 
deceleration affected? 

Could be affected by disturbance 

of the driver by information 

provided via ADAS (NAV, Speed 

alert). 

Can be determined by comparison 

between trips with and without 

system through direct 

measurement of fuel consumption 

or by simulation. 

Acceleration is 

measured by 

integrated 

accelerometers inside 

logging device in every 

FOT. With these data 

the average 

acceleration / 

deceleration could be 

determined. 

Is speed affected? Could be affected by speed limit 

warning or green driving support. 

Can be determined by comparison 

between trips with and without 

system through direct 

measurement of fuel consumption 

or by simulation. 

Speed is determined by 

GPS signal inside 

logging device in every 

FOT. With map 

matching the 

compliance with speed 

limits can be 

evaluated. 

Is average speed 
affected? 

Could be affected by speed limit 

warning or green driving support. 

Can be determined by comparison 

between trips with and without 

system through direct 

Speed is determined by 

GPS signal inside 

logging device in every 

FOT. With map 

matching the 
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measurement of fuel consumption 

or by simulation. 

compliance with speed 

limits can be evaluated 

in average. 

Is braking affected? Could be affected by disturbance 

of the driver by information 

provided via ADAS (Nav, Speed 

alert). 

Can be determined by comparison 

between trips with and without 

system through direct 

measurement of fuel consumption 

or by simulation. 

Acceleration is 

measured by 

integrated 

accelerometers inside 

logging device in every 

FOT. 

The actuation of the 

brakes or the brake 

pressure can only be 

determined in DFOTs 

by CAN or OBD 

gateways. 

Is speed homogeneity 
affected? 

Could be affected by warning of 

the driver in case of speed limit 

violations (Speed limit warning). 

Can be determined by comparison 

between trips with and without 

system through direct 

measurement of fuel consumption 

or by simulation. 

Speed is determined by 

GPS signal inside 

logging device in every 

FOT. With the speed 

the speed homogeneity 

can be determined for 

different road types 

etc. 

Is gear choice affected? Could be affected by green driving 

support. 

Can be determined by gear chosen 

at different speeds. 

The gear choice during 

the journey can only 

be determined via CAN 

or OBD-gateway. 

Is choice of road type 
affected? 

Could be affected by NAV or TI, Can be determined via 

map matching and 
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which are rerouting the driver. travel diaries. 

Integration into 

simulation will be 

difficult. 

Is there a change in the 
transport mode used? 

Could be affected in the pre travel 

phase during the planning of the 

journey by using Traffic 

Information. 

Can only be 

determined via travel 

diaries. Integration into 

simulation is not 

possible. Evaluation of 

the effect on 

environment will be 

difficult. 

Is there a change in the 
choice of routes? 

Could be affected by ADAS 

rerouting (NAV, TI). 

Can be determined via 

map matching and / or 

travel diaries. 

Integration into 

simulation is not 

possible. Evaluation of 

the effect on 

environment will be 

difficult. 

Is there a change in the 
number of journeys 
undertaken? 

Could be affected by ADAS like 

green driving support (decrease) 

and NAV (increase). 

Can be determined via 

data Logger. 

Definition start and 

end of journey 

needed for the 

determination of 

number of journeys. 

Is there a change in 
length of journeys 

Could be affected by ADAS like 

green driving support (decrease) 

Can be determined via 

data Logger. 
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undertaken? and NAV (increase). Definition start and 

end of journey 

needed for the 

determination of 

number of journeys. 

Is the total amount of 
fuel per time affected? 

Could be affected by different 

ADAS (e.g. green driving support, 

ACC, TI). 

Can be determined via 

direct measurement of 

fuel consumption with 

CAN or OBD-gateway 

in DFOTs or by 

simulation. 

Is the average fuel 
consumption affected? 

Could be affected by different 

ADAS (e.g. green driving support, 

ACC, TI). 

Can be determined via 

direct measurement of 

fuel consumption with 

CAN or OBD-gateway 

in DFOTs or by 

simulation. 

Is duration of journey 
affected? 

Could be affected by ADAS like 

green driving support (decrease) 

and NAV (increase). 

Can be determined via 

data Logger. 

Definition start and 

end of journey 

needed for the 

determination of 

number of journeys. 

Is engine efficiency 
affected? 

The engine efficiency can only be 

determined with information about 

a change of the vehicle during the 

tests. 

This Information will 

not be available inside 

the TeleFOT project. 

Is a competitive driving Can be affected by green driving Can only be 
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style encouraged? support (fuel consumption) or NAV 

(arrival time). 

determined by travel 

diaries. 

Determination of 

absolute effect on fuel 

consumption seems to 

be very difficult. 

Is there a change in the 
type of fuel used (diesel/ 
petrol/ CNG etc.)? 

The change of fuel type can only 

be determined in case of a change 

of the used vehicle during the test 

run. 

Can only be 

determined by travel 

diaries. 

Is the emission of HC 
affected? 

The HC emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Is the emission of CO 
affected? 

The CO emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Can be determined by 

means of simulation. 

Is the emission of CO2 
affected? 

The CO2 emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Can be determined by 

means of simulation. 

Is the emission of NMHC 
affected? 

The NMHC emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Is the emission of PM 
affected? 

The PM emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Is the emission of NOx 
affected? 

The NOx emissions cannot be 

measured directly but calculated in 

Cannot be determined 

by means of 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 50  

of 61 

 

a simulation of the drive train. simulation. 

Is the emission of N2O 
affected? 

The N2O emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Is the emission of NH3 
affected? 

The NH3 emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Is the emission of SO2 
affected? 

The SO2 emissions cannot be 

measured directly but calculated in 

a simulation of the drive train. 

Cannot be determined 

by means of 

simulation. 

Are other vehicles 
influenced by the 
equipped vehicle (with 
regard to noise and 
emissions)? 

The knock-on effects on other 

traffic participants cannot be 

measured directly but calculated in 

a traffic flow simulation. 

Emissions can be 

determined during a 

simulation; noise is not 

part of the simulation 

and therefore will not 

be considered in the 

evaluation. 

Is traffic density/ speed 
affected? 

The traffic density cannot be 

measured inside the project. 

Traffic speed for a given sector can 

be determined in the traffic flow 

simulation. 

Knock-on effect on the 

traffic flow can be 

determined in the 

traffic simulation. 

6-2: Importance and feasibility of research questions



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 51  

of 61 

 

6.3. Stage 3: Variables for the evaluation of environmental impacts 

ENVIRONMENT: ALL FUNCTIONS (Navigation, Traffic, Speed alert, Speed information, Green driving) 

   Variables to SELECT on 

(variables that the FOT must 

record/measure so that you can SELECT 

the appropriate data files for analysis) 

Variables to ANALYSE 

(variables that the FOT must 

record/measure so that you can 

ANALYSE the impact of the 

nomadic device, i.e. the dependent 

variables) 

Variables to INTERPRET results 

(variables that the FOT must 

record/measure so that you can 

INTERPRET the results and come 

to conclusions about why the 

effects have occurred) 

Third Level 

Research 

Question 

Hypothesis Impact/Implication Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

1. Is speed 

affected? 

1.1 The speed 

distribution on 

different road 

types will 

change 

(increase/ 

With regard to a 

change of minimum/ 

maximum driven 

speed, the fuel 

consumption 

changes. 

Speed [m/s] 

GPS-Position 

GPS/ CAN message 

+ map matching 

L, D 

Average speed 

on different 

road types 

[m/s] 

GPS/ CAN 

message + map 

matching 

L, D 

Other factors 

affecting 

speed:  

- weather 

conditions? 

-? 

Meteorological 

service? 

L, D 
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decrease) due 

to the use of 

ND. 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

The distinction between different 

road types can only be made by road 

classifications inside digital map 

Driver ID PND/ Data logger/ 

Travel Diary 

L, D 

    

1.2 The 

average speed 

is decreasing/ 

increasing. 

With regard to a 

change of average 

speed the fuel 

consumption is 

changing. 

Speed [m/s] GPS/ CAN messages 

 L, D 

Average speed 

[m/s] 

GPS/ CAN 

messages 

 L, D 

  

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID PND/ Data logger/ 

Travel Diary 

L 

    

1.3 The 

homogeneity of 

speed is 

With regard to a 

change of speed 

homogeneity the fuel 

Speed [m/s] GPS/ CAN messages 

 L, D 

Standard 

deviation of 

GPS/ CAN 

messages 
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affected. consumption is 

changing. 

speed [m/s]  L, D 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID PND/ Data logger/ 

Travel Diary 

L 

    

2.1 The mode 

of breaking is 

affected. 

With regard to the 

mode of breaking 

(engine break, main 

brake etc.) the fuel 

consumption is 

changing. 

Acceleration 

[m/s2] 

GPS/Accelerometers/ 

CAN messages 

 L, D 

Standard 

deviation of 

acceleration 

[m/s2] 

GPS/ 

Accelerometers/ 

CAN messages 

 L, D 

  2. Is 

acceleration 

affected? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID PND/ Data logger/ 

Travel Diary 

L, D 

    

3. Is choice of 

road types/ 

routes 

affected? 

3.1 The choice 

of type of road 

used is affected 

With changed road 

types speed and fuel 

consumption are 

changed. 

Speed [m/s] 

GPS-Position 

GPS/ CAN message 

+ map matching 

L 

Average speed 

on different 

road types 

[m/s] 

GPS/ CAN 

message + map 

matching 

L 

Other factors 

affecting 

speed:  

- weather 

conditions? 

Meteorological 

service? 

L 
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-? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID PND/ Data logger/ 

Travel Diary 

L 

    

3.2 The choice 

of routes used 

is affected 

With changed routes 

speed and fuel 

consumption are 

changed. 

Speed [m/s] 

GPS-Position 

GPS/ CAN message 

+ map matching 

L 

Average speed 

on different 

routes 

(preferably with 

same start- and 

endpoint) [m/s] 

GPS/ CAN 

message + map 

matching 

L 

Other factors 

affecting 

speed:  

- weather 

conditions? 

-? 

Meteorological 

service? 

L 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID PND/ Data logger/ 

Travel Diary 

L 

    

4. Is choice of 

transport mode 

affected? 

4.1 The 

Transport mode 

used for 

travelling is 

affected. 

With the change of 

transport mode the 

fuel consumption is 

changed. 

Transport mode 

used for 

travelling 

Travel Diary 

L 

Sequence of 

means of 

transport used 

during trip 

Travel Diary 

L 
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IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID Travel Diary 

L 

    

5.1 The 

number of trips 

undertaken is 

changed. 

With a change of 

number of trips the 

fuel consumption is 

changed 

Number of trips 

undertaken 

Travel Diary/ Data 

logger 

L 

Start and end 

of each trip 

Data logger/ 

GPS/ Travel 

Diary 

L 

  

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID Travel Diary 

L 

    

5.2 The length 

of trips 

undertaken is 

changed. 

With a change of trip 

length the fuel 

consumption is 

changed 

Length of trips 

undertaken 

Travel Diary/ Data 

logger 

L 

Distance driven 

[km] 

Data logger/ 

GPS/ Travel 

Diary 

L 

  

5. Is the 

character of 

trips affected? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID Travel Diary 

L 
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6.1 The total 

fuel 

consumption is 

changed 

With use of the 

system the total fuel 

consumption is 

changed 

Fuel 

consumption 

CAN messages/ 

Travel Diary 

D, L? 

Total fuel 

consumption in 

a defined 

period [l] 

CAN messages/ 

Travel Diary 

D, L? 

  

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID Travel Diary 

D, L? 

    

6.2 The 

average fuel 

consumption is 

changed. 

With use of the 

system the average 

fuel consumption is 

changed 

Fuel 

consumption [l] 

and Driven 

distance [km] 

CAN messages/ 

Travel Diary 

D, L? 

Average fuel 

consumption 

[l/100km] 

Can messages/ 

GPS/ Data 

logger/  Travel 

Diary 

D, L? 

  

6. Is the fuel 

consumption 

affected? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

 

Driver ID Travel Diary 

D, L? 

    

7. Is the 

amount of 

emissions 

7.1 The 

amount of CO-

emissions is 

With use of the 

system the amount 

CO-emissions is 

Emissions Additional 

instrumentation 

CO-emissions Additional 

instrumentation 
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changed changed D? D? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

The amount of CO-emissions will not be 

measured in any FOT, due to not 

available measurement systems. 

Driver ID Travel Diary 

D? 

    

7.2 The 

amount of CO2-

emissions is 

changed 

With use of the 

system the amount 

CO2-emissions is 

changed 

Emissions Additional 

instrumentation 

D? 

CO2-emissions Additional 

instrumentation 

D? 

  

affected? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

The amount of CO2-emissions will not be 

measured in any FOT, due to not 

available measurement systems. 

Driver ID Travel Diary 

D? 

    

8. Is the 

amount of 

emissions 

8.1 The use of 

the system is 

influencing 

other traffic 

With use of the 

system the fuel 

consumption of not 

equipped vehicles is 

Fuel 

consumption/ 

Emissions 

Additional 

instrumentation 

D? 

Average fuel 

consumption 

[l/100km] 

Additional 

instrumentation 

D? 

  



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 58  

of 61 

 

participants changed. CO-/ CO2-

emissions 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

The influence on other traffic 

participants cannot be measured in a 

FOT and has to be determined by traffic 

simulations. 

Driver ID Travel Diary 

D? 

    

8.2 The use of 

the system is 

influencing the 

traffic 

surroundings 

With use of the 

system the 

community is 

affected. 

Noise 

Emissions 

Additional 

instrumentation 

D? 

Noise [dB] 

CO-/ CO2-

emissions 

Additional 

instrumentation 

D? 

  

affected? 

IMPORTANT NOTES FOR THIS 

HYPOTHESIS 

The emission of noise or the influence 

on the surrounding community will not 

be evaluated in any FOT. 

Driver ID Travel Diary 

D? 

    

6-3: Variables for the evaluation of environmental impacts
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6.4. Stage 4: Core set of variables measured inside FOTs 

ENVIRONMENT: ALL FUNCTIONS (Navigation, Traffic, Speed alert, Speed information, Green driving) 

Variables to SELECT on 

(variables that the FOT must 

record/measure so that you can 

SELECT the appropriate data files for 

analysis) 

Variables to ANALYSE 

(variables that the FOT must 

record/measure so that you can 

ANALYSE the impact of the 

nomadic device, i.e. the 

dependent variables) 

Variables to INTERPRET 

results 

(variables that the FOT must 

record/measure so that you can 

INTERPRET the results and come 

to conclusions about why the 

effects have occurred) 

Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

Speed [m/s] 

GPS-Position 

GPS/ CAN message 

+ map matching 

L, D 

Average speed 

on different 

road types 

[m/s] 

GPS/ CAN 

message + map 

matching 

L, D 

Other factors 

affecting 

speed:  

- weather 

conditions 

Meteorological 

service? 

L, D 

Driver ID PND/ Data logger/ 

Travel Diary 

L, D 

Not relevant Not relevant Not relevant  Not relevant 

Acceleration 

[m/s2] 

GPS/Accelerometers/ 

CAN messages 

 L, D 

Standard 

deviation of 

acceleration 

[m/s2] 

GPS/ 

Accelerometers/ 

CAN messages 

 L, D 

Not relevant Not relevant 

Transport 

mode used for 

travelling 

Travel Diary 

L 

Sequence of 

means of 

transport used 

during trip 

Travel Diary 

L 

Not relevant Not relevant 

Number of Travel Diary/ Data Start and end Data logger/ Not relevant Not relevant 



D4.6.1. Environment impact 

assessment 

Restricted to Partners (RP) Copyright TeleFOT 

Contract N 224067 

 

2009/11/02 

ika 

Page 60  

of 61 

 

ENVIRONMENT: ALL FUNCTIONS (Navigation, Traffic, Speed alert, Speed information, Green driving) 

Variables to SELECT on 

(variables that the FOT must 

record/measure so that you can 

SELECT the appropriate data files for 

analysis) 

Variables to ANALYSE 

(variables that the FOT must 

record/measure so that you can 

ANALYSE the impact of the 

nomadic device, i.e. the 

dependent variables) 

Variables to INTERPRET 

results 

(variables that the FOT must 

record/measure so that you can 

INTERPRET the results and come 

to conclusions about why the 

effects have occurred) 

Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

Measure Data source 

& whether in  

L +/or D-FOT 

trips 

undertaken 

logger 

L 

of each trip GPS/ Travel 

Diary 

L 

Length of trips 

undertaken 

Travel Diary/ Data 

logger 

L 

Distance 

driven [km] 

Data logger/ 

GPS/ Travel 

Diary 

L 

Not relevant Not relevant 

Fuel 

consumption 

CAN messages/ 

Travel Diary 

D, L? 

Total fuel 

consumption in 

a defined 

period [l] 

CAN messages/ 

Travel Diary 

D, L? 

Not relevant Not relevant 

Fuel 

consumption 

[l] and Driven 

distance [km] 

CAN messages/ 

Travel Diary 

D, L? 

Average fuel 

consumption 

[l/100km] 

Can messages/ 

GPS/ Data 

logger/  Travel 

Diary 

D, L? 

Not relevant Not relevant 

6-4: Core set of variables measured inside FOTs 
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