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Abstract: 
 
Recent improvements of communication technologies leads to several innovations in road vehicles 
energy consumption. As an example, several ecodriving applications already appeared on all 
smartphone application markets. Using embedded smartphone signals, such applications provide real 
time feedback to drivers according to their performances. However most of these applications does not 
take into account upcoming events such as curves, slopes or crossings to advise the driver on the best 
actions to undertake to lower energy consumption. Furthermore, they do not analyze data coming from 
vehicle sensors. In this paper, we present an android application, developed within the FP7 European 
project ecoDriver, which provides several innovative properties: advice according to upcoming events, 
a real time evaluation of the driving behavior, the analysis of past actions, an interface with OBD2 
connector, and some more. This paper further develops the complete architecture and links between 
each innovative function. Future works will concentrate on integrating image processing in this 
application in order to detect the possible presence of a front vehicle. 
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1. Introduction 

There is a broad agreement about the fact that fossils fuels are running out faster than they are naturally produced. While 

waiting for new and viable solutions to produce energy, the world has to learn how to make the remaining stocks last as 

long as possible by reducing the energy consumption. In particular, strong efforts should be concentrated on the 

transportation area as it represents 30% of world’s energy consumption (U. S. Energy Information Administration). 

Research is currently in progress to improve the vehicle and road technologies to lower fuel consumption but a direct 

method, known as eco-driving, consisting in modifying the driving style, could be deployed rapidly. 

 

In the literature, ecodriving is often referred as a way of driving allowing to reduce fuel consumption and so greenhouse 

gases emissions (Beusen et al., 2009; Barth and Boriboonsomsin, 2009). This is rather subjective and a precise definition 

could be difficult to propose. In most papers (Saboohi and Farzaneh, 2009; Wåhlberg, 2007; Zarkadoula et al., 2007), 

ecodriving is defined for thermal engine vehicles as following several driving advice such as: 

 Do not drive too fast, 

 Do not accelerate too quickly, 

 Shift gears sooner to keep engine speed lower, 

 Maintain steady speeds, 

 Anticipate traffic flow when accelerating and slowing down, 

 Keep the vehicle in good maintenance. 

 

Nowadays, ecodriving assistance systems can be found on a wide variety of vehicles. For example, gear shift indicators are 

now common on Internal Combustion Engine (ICE) cars with manual gearbox, and eco levels or more complete ecodriving 

assistances can be found on both ICE and electric cars. Before the ages of electronics, ecodriving was already taught by 

some driving trainers using a glass of water on the dashboard, the objective being to keep every drop of water from falling 

out of the glass. In the early seventies, BMW included the first digital econometer, a colored bar indicating from green to 

red how much the driver is consuming energy. This system was one of the ancestor of instantaneous energy use indicator 

that are now widespread on most cars. Today, every car manufacturer provides such systems like the Kia Eco-Lamp, the 

Honda Eco-assist or Ford Smart Gauge. In the last years, more and more complex ecodriving systems have been developed 

by car manufacturers on the car leisure tablet. This systems tend to be smarter than simple econometers by integrating a 



  

 

detailed interaction with drivers (eco-score, personalized advice). GPS system providers are also integrating ecodriving in 

their products like the Garmin EcoRoute or the Pioneer EcoGraph. A more and more common support for ecodriving are 

nomadic devices such as smartphones. It enables any driver who possesses such an equipment to start learning ecodriving 

technics but also to interact with their relatives and to compare results. Most of these applications are making online 

estimations of an eco-score (ecoGyzer from Nomadic Solutions, Geco from IFPEN or Eiver from SaveCode). These 

applications are not connected to the car but provide general advice in real time. Some applications are linked to the car 

like the eco:Drive application from FIAT. This application only works in post-trip conditions and displays general 

information about the driver evolutions and enables the driver to make comparisons with other drivers. FIAT also 

commercializes an eco:Drive Live application that provides real-time advice on four indicators (acceleration, deceleration, 

shifting and speed). Data are collected on the car and displayed on the auxiliary screen (cannot be used on a nomadic 

device). All these applications give global scores or personalized advice. However, either they do not provide feedforward 

advice, either they do not display a real-time assistance or they are not connected to the car and lack from accurate data. 

Some applications developed by research centers tried to correct these issues by adding OB2 connection to the car. An 

example is the Artemisa ecodriving application that proposes an evaluation of the driving style with a random forest 

algorithm and an OBD2 connection but without feedforward features (Corcoba and Munoz, 2011). In the next future, mobile 

application and in-car application will probably merge and feedforward features will be available on all media. 

 

In this paper,  a complete nomadic ecodriving application is described in order to enhance all main features already existing 

(eco-level estimation, fuel modeling, gear shift indicator) and to complete them by adding feedforward features (speed 

optimization, feedforward advice) relying on a real time electronic horizon construction. Knowing the road in advance is 

assumed to increase the potential fuel savings (as a support for the application of the fifth advice) but also increase the 

acceptability of the assistance system (by communicating with the driver beforehand instead of during the event). A study 

from Navteq company (Denaro and Blervaque, 2011) showed the efficiency potential of such a technology. 

 

The remainder of this paper is organized as follow: Section 2 details the system architecture regarding the specificities of 

nomadic applications and section 3 proposes a short overview of HMI graphics. Section 4 presents a pre-validation of the 

application. 

 

2. System architecture: specificities of nomadic application 

Two variants of the same system have been developed within the ecoDriver project. The main efforts focused on developing 

an embedded system, connected to the CAN bus and with large computation capacities. Beside this complex system, the 

authors proposed to develop a free and nomadic alternative, in the form of an application for android phones. Indeed, such 

an option has many advantages. 

 It can increase driver usage as it is a personal device used every day. 

 Users can easily share their results and scores anytime. 

 It can be easily customized to fit the driven vehicle specificities, and so improve feedback precision.  

 It can be used in any kind of vehicle, customization not being mandatory. 

Taking profit from the nomadic systems specificities, authors have developed the final application with the following 

features: 

 A nomadic application has generally a poor level of quality as it relies only on embedded signals. To improve this 

quality, it has been decided to provide an access to car data and map data. This access is not mandatory for the 

application to run but it improves the functionalities of the system. For instance, when the application is connected 

to OBD2 (On Board Diagnostics) port, the gear shift indicator relies only on measured signals (rotation per minute, 

vehicle speed, etc.) while it relies on estimated inputs when no connection is available. Map data is necessary if 

the driver want to benefits from feedforward advice linked to road events. 

 To allow for customization, a setting panel has been designed so that each driver can easily adapt its application 

to the car characteristics (weight, number of gears, etc.). 

 In cars, nomadic systems are mainly used for navigation purposes. Then the application proposes a navigation 

feature to improve driver acceptance. 

 A nomadic device can be associated to a strong distraction potential and special safety features have been added 

to avoid hazardous situations. Touching the screen while driving has no effect on the application. The driver should 

stop the car to navigate through the application. Analysing the distraction potential of the application is not the 

aim of this study but is included in the development process of the application. 

A global architecture has been set to include all these features. More particularly, a decision unit has been designed to make 

all parts of application communicate but also to select which algorithm would run according to the available signals. A 

description of the complete architecture is presented in Figure . 

 



  

 

 

Figure 1: Android System architecture (FB=feedback, FF=Feedforward). 

One of the original tasks of the here presented application consists of building an electronic horizon (eHorizon) describing 

the upcoming road infrastructure. Due to the nomadic aspects of the application, it has been chosen to build this function 

with an access to a free map database. After a review of the different possibilities, Open Street Map (OSM) has been 

selected as there is no data access limitation. However OSM does not provide advanced APIs enabling to retrieve precise 

information such as the road grade. Map Quest web services, relying on an OSM mirror database, has been used as an API 

provider. Then, the gathering of information works by following several steps: 

 Routing: Knowing the driver destination (from the HMI), a Map Quest API sends a list of nodes describing the 

selected route. 

 Interpolation: These routing nodes are then interpolated to have a distance-based matrix containing GPS 

coordinates and infrastructure information. 

 Interpreting information: From the previous list of nodes, a list of data is retrieved: 

o Road grade: From the elevation derived and filtered with a running average 

o Road junctions: Directly available in the nodes information. Give Ways are generally not available. 

o Road speed limits: Directly available in the nodes information or extracted from the road category. 

o Road curvature: Extracted from nodes position. 

 

A graphical overview of the routing and interpolation steps is shown in Figure . The destination node is the more important 

information required from the driver as the origin node is known with the phone GPS position. In some specific cases, 

intermediate nodes may be required if the route is a closed loop (origin and destination nodes are near). From the origin 

and destination nodes, a request is sent to the MapQuest Routing API, and the red nodes (big red dots on the graph), denoted 

the routing nodes, are the outputs of the routing algorithm. These red nodes are basically the different manoeuvres that the 

driver has to perform at the different junctions. Finally, in order to have a one meter distance sampled electronic horizon, 

interpolated nodes are computed (small green dots on the graph). 

 

  

Figure 2: electronic horizon building method from a nomadic application 
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From the interpolated nodes, road slope is computed using the elevation API of MapQuest. For each node, the corresponding 

elevation is extracted on the OSM database. Then from this elevation, the road grade is estimated. However, elevation 

provides a noisy signal that needs to be processed. Here, a second degree Savitsky-Golay filter has been used (Savitsky and 

Golay, 1964). The result, compared to road grade measured using a measuring vehicle, VANI (Vehicle for ANalysis of 

Itinerary), is shown in Figure . Results show a correct tendency but detailed results can hardly be used for fuel use estimation 

(r2=0.45, RMSE=4.6). The same comparison has been performed for road ROC (Radius Of Curvature) and shows 

promising results. ROC, estimated by interpolating 3 consecutives nodes with a circle, is really close to the measured one. 

r2 coefficient is about 0.58 meaning that the estimator is efficient enough taking into account that more than two thousands 

samples were used for this computation. The Root Mean Square Error is about 15% of the maximum value of ROC (600 

m).   

 

  

Figure 3: Left: Slope measured by VANI compared to estimated slope; Right: Curvature estimation from OSM nodes 

2.1. Decision Unit 

A decision unit has been designed to take into account the different sources of information available in the developed 

system. Basically this is done by activating or deactivating a given list of functions when some signals are available. The 

activated functions also depends on the vehicle category. In this first version of the application, the decision unit is 

equivalent to a decision tree (Figure ). This tree is presented as a question tree where the branches represent all possible 

answers.  Depending on the answer to three questions (engine type, gearbox type and OBD2 availability), different functions 

(gear shifting, fuel use modelling, and ecoIndex computation as described in section 2.2) are activated. For instance, on the 

first question, if the vehicle has an electric engine (information provided by the driver), then, energy use modelling will be 

an electricity use modelling, gear shifting will be deactivated and ecoIndex will be estimated with an aggregated model. 

 

 

 

Figure 4: Decision Unit of Android System 
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2.2. Feedback analysis 

Feedback analysis is decomposed into several sub elements: 

 Energy modelling: In future versions, electric energy modelling will be available. In the current version, is consists 

in a fuel use modelling with two different levels of precision. 

 Gear detection: This block simply relies on the speed/engine speed ratio that is constant when a gear is engaged. 

 Acceleration: Derived from speed, and smoothed using a moving average algorithm. 

 Ecoindex computations: Described in details later in this section. 

 

The theoretical consumed energy is evaluated using different fuel consumption models according to the situation. This 

feature allows for estimation of fuel savings either in grams of CO2 or amount of money saved. More details about these 

models can be found in (O.Orfila et al., 2014). The gear detection module allows for instant evaluation of the optimal gear 

choices of the driver, and generates advices based on gearshift optimization suitable for current speed. The acceleration 

module allows for various indicators computation for feedback purpose. 

 

The main feedback strategy relies on providing instant driving performance evaluation over a customisable time window, 

or alternatively average values since the beginning of the trip. According to some previous research (Andrieu & Saint 

Pierre, 2014), it is possible to capture fuel efficient driver behaviour characteristics through the use of four main indicators. 

The chosen indicators used in this work results from a compromise between statistical performances in predicting 

ecodriving behaviour (Ericsson, 2001, Andrieu & Saint Pierre, 2012), and their link to practical driving rules stated in the 

literature (see for example the CIECA report, 2007). Driving style to reduce fuel consumption is related to the 

implementation of the four main eco-driving rules set out in Table 1. Each of these instructions was associated to an 

indicator. The proposed indicators are summarized in Table 1. The first rule states to shift up early. Therefore, it is natural 

to associate this to the average engine speed (in rpm) at the shifting point into a higher gear.  

Table 1: Ecodriving rules 

Instruction  Indicator Abbreviation 

Rule 1. Shift up as soon as possible: Shift up between 

2.000 and 2.500 revolutions per minute.  

Average engine speed at the 

shift into a higher gear.  

Avg_RPM_Shift_Up 

Rule 2. Maintain a steady speed: Use the highest gear 

possible and drive with low engine RPM.  

Index of gear ratio distribution 

and engine speed associated.  

Index_Gear_RPM 

Rule 3. Anticipate traffic flow: Look ahead as far as 

possible and anticipate the surrounding traffic.  

Positive Kinetic Energy. PKE  

Rule 4. Decelerate Smoothly: When you have to slow 

down or to stop, decelerate smoothly by releasing the 

accelerator in time, leaving the car in gear.  

Percentage of time in engine 

brake.  

Time_Engine_Brake 

 

The second rule is related both to the gear and the engine speed. An indicator called IndexGearRPM is therefore used, 

summarizing these two variables and calculated as follows: 
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(Eq.  1) 

where TimeNeut is the percentage time in neutral gear, AvgRPMNeut is the average engine speed in neutral gear, Gear1 is 

the percentage time in gear 1 (with pressing the accelerator pedal), etc. Note that when the accelerator pedal is pressed, no 

engine braking occurs, which is associated to the fourth rule. Note also that the division by 3500, representing the maximum 

engine speed, is just a normalization factor anyone can adapt. Then the third rule related to the anticipation of traffic is 

associated to the parameter PKE (Positive Kinetic Energy) calculated as follows: 
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(Eq.  2) 

where vf and vi are respectively the final and the initial speed (in m/s) at each time interval for which dv/dt>0, and x is the 

total distance travelled in meters. This indicator represents the ability to keep the vehicle's kinetic energy as low as possible. 

So nervous driving will be associated with a high PKE, and conversely a smoothly driving will be associated with a PKE 

close to zero. Finally, the fourth rule is naturally associated with the percentage of time in engine brake characterized by 

the following conditions: non zero speed, no neutral, no pressure on the brake pedal or the accelerator pedal. It is obvious 

that road grade is not taken into account in this first approach, even if it is an important parameter. The main issue was to 

have a reliable statistical model with approximated measurements of the road slope. In future developments, PKE will 

integrate the road grade in order to be more accurate in specific conditions such as uphill or downhill. 

 

Our approach relies on developing a predictive model of economic driving behaviour based on easily interpretable variables. 

Each performance indicator is associated to a single ecodriving rule, allowing the computation of an "ecoindex" based on 

the indicator current value compared to the distribution observed under normal driving conditions. A fifth indicator, called 

the global one, is then deduced by averaging the first four ones. 

 

The ecoindexes used in the application are derived from a linear combination of the PI value, transformed using a sigmoid 

function. Let's consider a sigmoid of the following form, parameter b being the location parameter, and a being the slope 

parameter: 
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(Eq.  3) 

Values of F range from 0 to 1, and are latter transformed to a 0 to 100 scale for display purposes. Parameters a and b needs 

to be computed according to the desired form of the curve (sharp, flat, translated around a specific value etc.) which may 

depend on the feedback strategy. To suit the needs defined within the ecoDriver project, it has been chosen to adjust the 

ecoindexes according to the performance of the driver, in an attempt to make the ecodriving experience more challenging, 

not too predictable and driver-centric. We chose to link the skill level with the global average of the four golden rules 

ecoindexes. When the driver gets an average score greater than 70 % for 5 trips out of the last ten trips, then he gains an 

additional level. If the driver gets an average score lower than 40 % for 8 trips out of the last ten, then he loses one level. 

The level can only be changed at the end of a trip. This is often referred as Gamification, which has been studied and applied 

in several domains and is known to improve the perceived ease of use of information systems (Herzig et al., 2012). 

In our case, three skill levels are defined, from the simpler to the harder one. At level 1, it should be easier to get a larger 

value of the ecoindex than at level 3. For example, the avgrpmshiftup indicator should be transformed into lower scores 

(F(Y)) when its value increases. At level 1, the score should reach 0 when the PI value is close to 2500 rpm. At level 3, the 

score should reach 0 sooner (around 2200 rpm) in order to reflect the need for additional efforts. In order to adopt a common 

rule for all drivers, and still reflect the increasing difficulty, we chose a statistical approach based on threshold values 

extracted from real data. 

A real experiment was conducted to collect data with both ecodriving behaviour and non-ecodriving behaviour. Twenty 

drivers participated in this experiment that took place in June and July 2009 in Ponchartrain (Yvelines) in France. Four of 

these drivers were eco-driving instructors while others were recruited among one thousand persons working in two different 

research institutes. The chosen route was of inter-urban type with a length of 14km. The trips were all performed under free 

flow conditions and with dry weather. The vehicle used was a petrol-driven Renault Clio III with manual gearshift. First of 

all, the route is discovered by the subjects while seeing the experimenter driving and giving safety and direction instructions. 

Then, the route was driven twice by each driver: once while driving normally, and secondly while following the "Golden 

Rules" of eco-driving extracted from the Ecodrive project (Ecodrive, 2009) and summarized in Table 1. These rules were 

given just before the ecological trip. To eliminate a learning effect of the journey, trip's order has been counter-balanced. 

An on-board logging device was used to monitor key driving parameters. The device is connected to the controller area 

network (CAN) of the vehicle, logging most of the relevant parameters. The vehicle has been also equipped with a GPS, a 

camera in front of the vehicle and a fuel flow meter. Thus, percentiles for each performance indicator can be extracted from 

our data, which of course is biased in terms of car type, driving and traffic conditions, etc… The fitted model is therefore 

only suitable for small urban petrol cars, and further data collection work is needed for different car type’s adaptation. The 

percentiles values of the four main indicators (Table 1) extracted from raw data and used to calibrate equation 5 are 

presented at Table 2. 

 

Table 2: Percentiles of the four main performance indicators deduced from raw data under normal driving conditions. 



  

 

  Percentiles 

   Q25 Q40 Q50 Q90 Q95 Q97.5 

Performance 

Indicators (PI) 

pke 0.05 0.1 0.16 1.1 1.5 1.9 

indexgearrpm 20.60 30.0 40.80 60.5 64.4 69.8 

timeenginebrake 10.00 20.0 30.00 80.0 90.0 95.0 

avgrpmshiftup 1387.00 1500.0 1647.00 2214.0 2393.0 2544.0 

 

 

This is done by reaching the maximum value of the ecoindex (Maxeco) until PI<Q50 at level 1, PI<Q40 at level 2, and 

PI<Q25, and reaching the minimum value (Mineco) when PI>Q97.5 at level 1, PI>Q95 t level 2, and finally PI>Q90 at level 

3. Notice that it is the opposite for rule 4, decelerate smoothly, for which the greater is the PI (time with engine brake), the 

larger should be the ecoindex.  As the sigmoid is an asymptotic curve, we denote ε=0.01 the desired precision, and let 

Maxeco=1- ε and Mineco=0+ ε. Then for ecoindexes related to rule 1 to 3, we impose the condition )(YF = Maxeco until PI 

reach a specified value (Q50 at level 1, Q40 at level 2, Q25 at level 3) and )(YF = Mineco when PI reach the worst value 

(Q97.5 at level 1, Q95 at level 2, Q90 at level 3). At level 1, we can find a and b by solving the following set of equations: 
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(Eq.  4) 

For level 2 and 3, it is just needed to replace the used quantiles by the corresponding ones. For rule 4, the process is the 

opposite as the PI behaves differently. Resulting curves and ecoindexes for the four main rules are presented at Figure 5. 

Considering rule number 4, the associated PI (%of time using engine brake) is transformed similarly than for the others 

through a sigmoid to a numerical value between [0,100]. This simple statistical approach allows for customization and 

adaptation to driver skills through the change of quantile values. Histograms on Figure 5 comes from the same data used to 

compute quantiles at Table 4, and lead to the computation of more than 32 000 section of 10 seconds driving data each one 

of them being associated with a PI value. It is also possible to include specificities of cars that could change the quantile 

values of those PI's. An example of the global ecoindex as it is provided to the driver through the application is shown at 

Figure 5 below. Instead of a scale from 0 to 100, we used a scale of 1 to 5 in order to show stars and half-stars. The global 

ecoindex averages values for the four main sub-indexes, and allow for a better synthesized and smoothed information for 

the driver. When stopped, the driver can access to a more detailed level of feedback through the four sub-index that can 

help understanding specific drawbacks of current drive habits. 

 



  

 

 

Figure 5: Link between indicator values and associated ecoindex, for the different skill levels. 

 

 
 Figure 6: Deceleration index VS associated PI 

 

2.3. Feedback Events 

In addition to the previous feedback signals, the driver is assisted while driving task by an event generator module that take 

profit from previous research in naturalistic driving studies on safety driving. Following the crash relevant events (CRE) 

identification using triggers build upon the 100-Car study (Dingus et al., 2006), it is possible to instantly provide the driver 

with any triggered driving action. Several events have been defined to warn the driver about his driving. Four of them are 

negative action events: 

 Hard deceleration: On a given time window (standard 5s), deceleration is greater than a defined threshold (varying 

with speed [12]) during a percentage of the time window  

 Hard acceleration: On a given time window (standard 5s), acceleration is greater than a defined threshold (varying 

with speed [12] during a percentage of the time window  

 Speeding: speeding event is defined as a period of time greater than 10 seconds during which the driver was 

uninterruptedly speeding  

 Upshift too late: Upshift is performed a given time (standard 10s) after the advice of the gear shifting model 

And 4 are positive action events: 

 Perfect engine brake: Percentage of time in engine brake greater than 50% on a given time window (10 s)  

 Complying with speed limits: Percentage of time speeding is lower than a given threshold (standard: 5%) on X 

(standard: 10) minute intervals  

 Perfect upshift: Upshift is performed during a given time (standard 2s) before and after the advice of the gear 

shifting model  

 Perfect downshift: Downshift is performed during a given time (standard 2s) before and after the advice of the 

gear shifting model 

Having dissociated these two categories of events enable to provide a comparison to the driver between his good and bad 

commands (in terms of ecodriving). 

 

2.4. Feedforward analysis: Recommended speed and gear shifting strategy 

To estimate the recommended speed, the ant colony optimization (ACO) is used to calculate the optimal vehicle speed 

profile in terms of fuel consumption.  Ant Colony optimization mimics evaporation and laying down pheromone trails [13] 

in an ant colony to achieve the optimal speed profile taking into account road conditions.  Ant colony optimization is very 

flexible to implement in real applications and it is easy to combine the safety requirements in the design of the driver 

assistance system.  This method can be used for electric, hybrid and thermal engine vehicles. 

ACO is a stochastic optimization. In every step the ants choose the next speed with a probability which is expressed by a 

Bayesian filter, 
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 (Eq.  1) 

Where τ is the remaining pheromones level due the preceding ants deposits. τ  varies in time due to pheromones evaporation 

phenomenon. ƿis the cost to choose the new speed. τ can be treated as the prior information in the Bayesian filter and ƿ can 

be treated as the likelihood function in the Bayesian filter. A good performance can be achieved by tuning this parameters 

in the ACO. 

The cost function in the optimization is calculated by 3 parts: the fuel consumption, the travel time and the driver's comfort. 

Each part of the cost function can be expressed by the vehicle speed. The inputs of the ACO are the initial speed, legal 

speed, road slope and traffic light information. The output of the ACO is the optimal speed profile. 

 

Gear optimization relies on the analysis of the driver behavior while he is ecodriving. It is not a mathematical optimization 

where the theoretical optimum is proposed. It is an observed feasible behavior that has been modelled. In order to assess 

the parameters of this optimal behavior, 21 drivers have driven on the same 14km long road in normal driving conditions 

and in ecodriving. A model using only two parameters has been built. These two parameters only varies with the driver 

type and our gear optimization is the application of this model with parameters of the best ecodriver in our sample. In 

average, concordance of results are at 60% of time in the real gear with a minimum of 40% and maximum of 80%. These 

results can be considered as unsatisfactory but they represent an improvement compared to existing methods and this 

precision is enough in a first step for a nomadic system. Actually, a value of 80%, meaning that the model is on the exact 

experimental gear 80% of time, is close to the maximum because 100% is not reachable: The model is always a little 

delayed compared to the real behaviour and it is not possible for a model to plan a gear change at the exact time when the 

driver changed gear. 40% is not a high enough result but it is already better than previous methods (Orfila et al. 2012). 

 

2.5. Feedforward events 

 

In the Android application, events aim to display advice according to the optimal speed previously computed. For example, 

if the driver is approaching a curve or any other road element, the advice will be linked to the optimal speed at this event. 

A curve in 500 meters where the optimal speed is lower than the vehicle speed will lead to a deceleration advice (for 

instance, "release gas pedal"). Four feedforward events were implemented, all linked to eHorizon and optimization: 

 Approaching Junction (with type of junction)  

 Approaching a top/downhill (when you are almost on the top or on the top going down)  

 Approaching an uphill Curve (depend on map)  

 Approach Green speed/speed limit 

Each generated event is characterized by the distance from actual car location to the event location. When several events 

are generated at the same time, a priority rule is used to display one event at a time and prevent useless mental workload. 

For instance, a legal speed change will have priority in far distances while a pedestrian crossing will have priority in short 

distances.  

3. HMI graphics 

HMI graphics have been developed to achieve several requirements: provide a simple and user friendly appearance while 

displaying enough advice to help the driver to reduce energy consumption. Furthermore, the driver should be in safe driving 

conditions and to fulfill this requirement, HMI buttons are disabled over a given speed (5 km/h) . The logic flow between 

screens has also been designed to reduce the driver workload. An overlook of HMI graphics can be seen in Figure . 

 



  

 

           

Figure 7: HMI graphics by CTAG 

4. Pre-validation 

A pre-validation experiment has been performed on the French Satory test track in Versailles with 4 drivers driving three 

times with and without the system on a Renault Clio 3 car. Fuel consumption and travel time has been compared in each of 

the driving conditions. Results, in Figure , show very high potential savings (about 30% in average). However, these figure 

are a maximum that will probably be lowered in real conditions (with traffic and more variability in the driving conditions). 

Actually, speed profiles show that one driver has been excessively ecodriving which lead to abnormal speed profiles. This 

kind of behavior is not possible on open roads, due to traffic conditions. Some drivers have driven too slowly and other too 

fast on this test track without any traffic. Results are then impossible to generalize in a dense urban scenario but there is a 

possibility to do scaling-up analysis on an interurban road without traffic. The slope was also limited on this specific test 

track (maximum slope of 3%) and only flat roads should be considered for generalization of results. Main limits of these 

results include: 

 4 drivers driving three times in two conditions reduce future statistical analysis potential but can be used to 

introduce a bigger experiment. 

 Only on interurban roads without traffic. 

 Only on flat roads where speed is limited between 50 and 90 kph. 

 Only one vehicle has been driven during these experiments (Petrol engine, Renault Clio 3). 

 

 

Figure 8: Left: Experimental speed profiles with the system (green) and without the system (red) 

5. Conclusions 

This paper has presented an innovative ecodriving android application that provide real time feedback and feedforward 

advices to the drivers. When it is available, this application can take profit from the OBDII information to increase precision 

and reliability of feedback information. Feedback has been designed from previous statistical studies while feedforward is 

mainly relying on optimization procedures. In the beginning of 2014, real world experiments took place with several drivers 



  

 

from different European countries driving with and without this application. Final results are not yet available, but will be 

presented in future communications. 

 

Goals of such systems are to increase penetration rate of basic ITS solutions for low income users of cars. It is possible to 

take profit from OBDII data, map information, phone sensors and computational power, to implement an affordable high 

level driving assistance.  By accessing detailed and high level information about his own driving performances, drivers can 

learn themselves how to improve their safety and driving efficiency. 

Authors are convinced that such nomadic tools can enhance driving safety by promoting new safety standards to respect. 

Although the actual  implementation of this ecodriver system uses hard coded PI quantiles and triggers, it is possible to 

make them dynamic through an adaptation to the driver's own driving statistics. Moreover, enrich Open Street Map data 

with fuel or speed performances could allow users to compare each other on the same road. Such tools can increase driver 

propensity to share their own driving information, and help developing a collaborative framework for road safety 

improvements.  

Future development of such system could be to integrate simple and robust image processing algorithms to add features 
such lane detection marking or interdistances computation. The increasing knowledge about normal driving behaviour 
which comes from the recent naturalistic studies (SHRP2 program in USA, and UDRIVE project in Europe) will improve 
our approach by letting the driver to compare to average values under specific conditions. 
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