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EVALUATION OF DRIVER’S ECO-DRIVING SKILLS BASED ON 
FUZZY LOGIC MODEL – A REALISTIC EXAMPLE OF VEHICLE 

OPERATION IN REAL-WORLD CONDITIONS
Marko Stokic* , Vladimir Momcilovic, Davor Vujanovic
University of Belgrade - Faculty of Transport and Traffi c Engineering,Serbia

It is well known that fuzzy logic is a processing tool in circumstances lacking of clear linguistic information, as well as 
making conclusions based on imprecise assertions and rough data. Eco-driving rules that the drivers should comply 
with are not always made of concrete values (exact acceleration / deceleration rates, torque or headway / distance 
kept from the vehicle ahead, etc.), but often linguistically expressed and subjective (e.g. soft acceleration, mid-range 
engine speed, soft deceleration, suffi cient distance, etc.). Therefore, the authors recognized fuzzy logic potentials as an 
effi cient tool to overcome all mentioned barriers and thus to increase vehicle energy efi ciency and reduce emissions of 
harmful gases which are main goals of eco-driving. The primary objective of this paper is to raise the awareness on the 
potentials and effi ciency of fuzzy logic systems’ use in eco-driving as a tool for achieving more ecologically & economi-
cally sustainable road transport. The rules that drivers should follow in order to achieve and maintain eco-driving goals, 
as well as the parameters to be monitored to evaluatedriver’s behaviour i.e. the compliance with eco-driving rules are 
presented in the paper. The authors propose a driver rating system based on the fuzzy logic model constructed within 
MatLab. Within the proposed model the input parameters are actual acceleration/deceleration rates, engine speed and 
accelerator pedal pressure(APP) and while model output are driver ratings (scores ranging from 0 to 10 points) after 
completed a driving cycle. A real-world example based on data collected via vehicle OBDII connector by a TEXA logging 
device in realistic vehicle operation conditions. The consequent actual results of drivers’ behaviour rating tool based on 
the proposed model are presented in the paper.
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INTRODUCTION

Transport related environmental pollution is a signifi cant 
problem and subject of various studies and research in 
the past three decades. The aim is to reduce harmful 
exhaust gas emissions from vehicles, providing that it 
doesn’t affect the realization of the transport process. 
One of the solutions is environmentally friendly driving, 
more popularly called eco-driving. Eco-driving is the 
way in which drivers by applying certain strategies and 
behaviour rules can reduce environmental pollution by 
greenhouse gas emissions while driving [1].
Beloufaet al. [2] defi ne eco-driving as a concept used to 
achieve vehicle energy effi ciency, or as a driving strategy 
that aims to reduce fuel consumption on the same trip 
distances. Momčilović et al. [3] pointed out that eco-driv-
ing is an environmentally responsible and cost-effective 
driving method, which implies a safe and responsible 
driving technique with minimal fuel consumption, as well 
as a driving styleincluding active use of modern techno-
logical solutions adapted to modern vehicles. As the fuel 
cost in road transport makesbetween 30% and 50% of 
total costs [4], eco-driving can have a signifi cant impact 
on the profi t of the observed companies through fuel 
consumption reduction, and therefore has an impact on 
pollution reduction. In this sense, eco-driving is a kind 
of "win-win" situation for solving the mentioned problem. 
According to Forset al.[1], eco-driving can result in fuel 

savings up to 27% if applied on trucks, while according to 
Young et al. [5]it can save between 5 and 15%. Barken-
bus[6] states that possible savings in case of individual 
passenger cars are between 5 and 10%. Based on alit-
erature review it can be concluded that estimated fuel 
consumption savings are at similar levels when eco-driv-
ing is applied.
Since the nature of principles and techniques applied 
while driving in order to reduce fuel consumption is lin-
guistic and vaguely defi ned, fuzzy logic has found its 
application in eco-driving rules. Fuzzy logic is a type of 
logic that includes more than just true or false values,it 
is the logic that deals with situations where one cannot 
give a clear yes/no (true/false)answer [7]. Fuzzy logic 
is a system of reasoning and computation in which the 
objects of reasoning and computation are classes with 
unsharp (fuzzy) boundaries [8].The fuzzy logic allows 
the processing of fuzzy data, as well as the adoption of 
certain conclusions based on imprecise assertions and 
inaccurate data [9]. Fuzzy logic has been successfully 
used for various problems such as evaluation of services 
in a manufacturing company [10], as support in industrial 
engineering management [11].Also,there are several pa-
pers in the literature where authors applied fuzzy logic on 
eco-driving in order to achieve a more economical and 
environmentally friendly driving [12],[13],[14],[15].
In order to have active driver support system in view of 
eco-driving, it is necessary to clearly defi ne parameters 
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affecting the fuel consumption and timely correct them 
either by advices of eco-driving instructor or by given 
signals fromon-board eco-driving support systems and 
devices.
The paper is structured as follows. Chapter 2 comprises 
a literature review regarding eco-driving principles and 
techniques to be applied while driving and parameters 
to be monitored in order to evaluate driver’s behaviour. 
In Chapter 3 the fuzzy logic model developed by the au-
thors is presented and used to evaluate aforementioned 
driver’s behaviour regarding eco-driving principles and 
techniques. The fuzzy logic model testing is conducted 
and the results are presented in Chapter 4, while some 
conclusions and future research are given in chapter 5.

PRINCIPLES AND TECHNIQUES OF ECO-DRIVING

Based on the literature review, in this chapter will be pre-
sented the principles and techniques of eco-driving as 
well as relevant parameters which should be monitored.
In that sense, Fors et al. [1] observed velocity, acceler-
ation, deceleration, inertia movement on the longitudinal 
slope (downhill), overspeeding, recommendations on 
speed adjustment to new speed limits traffi c lights as 
parameters in their research related to heavy goods ve-
hicles.
On the other hand, Beloufa et al. [2], during the research 
on the simulator, took into consideration 6 eco-driving 
rules, including: changing gear before 2500 RPM, driv-
ing in the highest possible gear, maintaining a constant 
speed, traffi c anticipation, established deceleration prin-
ciple,and switching off the engine in situations where it 
is expected for vehicle to idle more than 30 seconds. 
Sanguinetti et al. [16] observe six classes of eco-driving 
rules: vehicle handling, cabin comfort, travel planning, 
cargo handling, fuel supplying, and vehicle maintenance. 
For the purposes of this paper, only the fi rst class, i.e. 
the rules of eco-driving to be applied while driving are 
given. In that sense, in this class, Sanguinetti et al. [16] 
classify acceleration, the use of cruise control, deceler-
ation, idling and the selection of the appropriate parking 
place – activities which should conduct before switching 
off the engine. Also Sanguinetti et al. [16] emphasized 
that accelerator pedal should never be pressed more 
than half in order to avoid aggressive acceleration (ac-
celeration which requires high and medium power) and 
that the standard deviation of accelerator pedal pressure 
should be measured (the smaller the standard devia-
tion, the more energy effi cient the driving). In addition, it 
must be ensured that the engine speed never exceeds 
3500 RPM, as well as that it is necessary to switch to 
a higher gear when the engine speed is between 2000 
and 2500 RPM. Regarding the engine speed Araujo et 
al. [12] state that the driver should switch to a higher gear 
before the engine speed reaches 2500 RPM in the case 
of petrol vehicles, and before 2000 RPM in case of diesel 
powered vehicles.Also,it is necessary to maintain a con-
stant speed at the highest possible gear because that 

is the most energy effi cient [16]. Like Beloufa et al. [2] 
and Sanguinetti et al. [16] emphasize it is necessary to 
maintain the distance to the vehicle ahead to use inertia 
and avoid unnecessary use of brakes. In this sense, the 
driver should apply engine braking, also advised while 
decelerating in addition to classical braking.
Beusen et al. [17] carried out a 10-month study in re-
al-world conditions involving 10 drivers, taking into 
consideration the distance traveled, engine speed, ac-
celerator pedal pressure, current and average fuel con-
sumption, average speed, average engine speed when 
the driver switches to a higher gear (taken value is be-
tween 2000 and 2500 RPM), percentage of time vehicle 
moves in certain gearunder inertia, its fuel consumption 
being equal to 0 liters per 100 km, percentage of time 
vehicle accelerates or decelerates rapidly, percentage 
of idling time, percentage of distance traveled at optimal 
engine speed (between 1100 and 1700 RPM), as well as 
percentage of distance traveledat speeds greater than 
120 km/h.
Gilman et al. [18] observed the following parameters 
during driver's behaviour assessment: percentage of 
time at certain speed intervals, percentage of time at 
certain engine speed intervals, speed oscillations (lo-
cal maximum and minimum), percentage of time when 
speed and acceleration product is between 3-10 m2/s3; 
percentage of time when acceleration is greater than 2.5 
m/s2, relatively positive acceleration and average decel-
eration.
Several authors [16],[2],[19] state it is necessary to turn 
off the engine if longer idling is expected. In that sense, 
Beloufaet al. [2] defi ne the requirement for turning off 
the engine for idling longer than 30 seconds, Sanguinetti 
et al. [16] defi ne the same requirement for idling longer 
than one minute, while Diaz-Ramirez et al.[19]state that 
the engine should be turned off for more than 5 minutes 
of idling. Diaz-Ramirez et al. [19] observed also the fol-
lowing parameters: driving errors(e.g. excessive speed, 
acceleration, and braking), trip conditions (e.g. trip 
length and road topography), driver behaviour (e.g. en-
ginespeed in revolutions per minute [RPM] and vehicle 
speed [km/h]), driver profi le (e.g. age, experience, and 
level of education) and operational needs (e.g. load and 
vehicle attributes).
Pozueco et al. [13] observed parameters such as vehicle 
speed, engine speed, location (GPS), current fuel con-
sumption, acceleration and other parameters that can 
be read from the Engine Control Unit. Araujo et al. [12] 
considered parameters such as speed, acceleration, al-
titude, signal from accelerator pedal, fuel consumption, 
engine speed, and idling. Cvetkovic et al. [20] examined 
the engine speed, vehicle speed, acceleration and de-
celeration. In addition, terrain confi guration has consid-
erable impact on fuel consumption, specifi cally uphill 
climbing and downhill effi ciency. Sanguinetti et al. [16]
consider necessary to accelerate the vehicle additionally 
before the uphill and releasing the accelerator pedal 
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while riding downhill.
Based on literature review, it is concluded that there are 
many principles and techniques that should be respect-
ed and parameters to be considered in order to achieve 
eco-effi cient driving. Although parameter values are de-
terministic and relatively easy to establish with the as-
sistance of adequate devices, eco-driving principles and 
techniques based on these parameters are not clearly 
defi ned, and the exact limits of parameters are not strictly 
distinguishedand fuzzy. A specifi c problem arises when 
defi ning rules taking into account two or more mutually 
dependent parameters, aside fromthe linguistic nature 
of certain rules (accelerate mildly, gently, with medium 
acceleration, as fast as possible to the desired speed, 
etc.). Consequently, fuzzy logic becomesmore and more 
important in the designing of fl eet management support 
systems and on-board eco-driving support devices. The 
fuzzy model for evaluating driver’sbehaviour is described 
in detail in the following chapter.

PROPOSED FUZZY MODEL

A model for evaluating driver’s behaviour during driving 
is presented hereafter. The authors develop a Multiple 
Inputs Single Output (MISO) fuzzy logicmodel.MatLab 
2017a was used to create the fuzzy logic model. Based 
on the literature review presented in Chapter 2 and-

Figure 1: Membership functions for input 1 – Engine revolutions per minute

Figure 2: Membership functions for input 2 – Acceleration/deceleration

long-term expertise, the authors have adopted the fol-
lowing input parameters in the developed model: engine 
speed in revolutions per minute (RPM), acceleration/ 
deceleration rate and accelerator pedal pressure (APP). 
The model is developed in a general form and allows to 
be used both on diesel and petrol powered vehicles. On 
the basis of values of the above mentioned three input 
parameters, the model produces driver’s average rating 
as output (in interval from 0 to 10 points). Membership 
functions (MF)are presented in the following fi gures.
As shown in Figure 1, the input parameter „Engine rev-
olutions per minute“ is defi ned with three membership 
functions: small, medium and big engine speed in revolu-
tions per minute. Acceleration/deceleraton is considered 
through 5 MF’s, where 2 MF’s defi ne big and medium 
deceleration (negative acceleration), 2 MF’s defi nes big 
and medium acceleration and 1 MF involves both small 
accelerations and decelerations (Figure 2).
Accelerator pedal pressure is defi ned with three MF’s 
small, medium and high. 
Regarding output values, 5 MF’sare defi ned on the in-
terval from 0 to 10 points representing very bad, bad, 
average, good and very good driver ratings when ana-
lyzing driving performance based on previous parame-
ters. Based on the observed input parameters and the 
corresponding MF’s, 45 rules are defi ned where several 
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Figure 3: Membership functions for input 3 – Accelerator pedal pressure

Figure 4: Membership functions for output – Driver ratings

are shown as example in Table 1. For the formulation of 
rules the "and" connection was used as follows: If Input 
1 is linguistic variable and Input 2 is linguistic variable 
and Input 3 is linguistic variable then Output is linguistic 
variable. For the defuzzifi cation process, centroid meth-
od was used.

TESTING OF DEVELOPED FUZZY MODEL

The testing of developed fuzzy model was carried out 
with passenger cars Renault Laguna powered with a 
1.9 diesel engine (production year 2006), and Suzuki Vi-
tara powered with a 1.6 petrol engine (production year 

1. (RPM==small) & (Acceleration==Small) & (APP==Small) => (output1=VeryGood) (1)         

2. (RPM==small) & (Acceleration==Small) & (APP==Medium) => (output1=Good) (1)            

3. (RPM==small) & (Acceleration==Small) & (APP==Big) => (output1=Average) (1)             

4. (RPM==high) & (Acceleration==MediumPositive) & (APP==Medium) => (output1=Bad) (1)      

5. (RPM==high) & (Acceleration==MediumNegative) & (APP==Big) => (output1=VeryBad) (1)     

Table 1: Fuzzy rules

2017). The TEXA MATRIX OBDII connector was used 
to monitor the parameters which are used as inputs in 
the fuzzy logic model (Figure 5). Also, the device records 
observed parameters in specifi ed time interval (0.25, 0.5 
or 1 second). During device confi guration on TEXA soft-
ware, recording of mentioned parameters was selected, 
and it was chosen to collect data at the frequency of 
1 Hz (one value per second). After each run, the data 
was transferred from the device (1) to TEXA software 
installed on the computer (2) using the base station (3), 
as shown in Figure 5. For the needs of testing the de-
veloped fuzzy logic model, 10 test runs were carried out 
with mentioned vehicles under different operating con

Marko Stokic, et al. - Evaluation of driver’s eco-driving skills based on fuzzy logic model – A realistic example of vehicle opera-
tion in real-world conditions

220



Journal of Applied Engineering Science  Vol. 17, No. 2, 2019
ISSN 1451-4117

Figure 5: TEXA MATRIX device

ditions (urban, suburban and extraurban) and different 
driving styles (passive, aggressive and combined). The 
test results of the developed fuzzy logic modelare shown 
in Table 2. During each run, the drivers operated the ve-
hicles with different driving styles (passive, combined, 
aggressive) under different operating conditions (urban, 
suburban, and extraurban) without additional load (no 
passengers or cargo). Different driving styles (passive, 
combined and aggressive) are simulated to determine 
the sensitivity of the developed model. In cases of more 
aggressive driving style, the developed model should, 
as an output, give a lower driver rating than in case of 
passive driving style for the same operating conditions. 
As shown from the results presented in Table 2, the best 
rating with the Suzuki Vitara was achievedwith a pas-
sive driving style amounting 8.19, while the driver rating 
for aggressive driving was 7.51 for the same car. The 
difference in driver's ratings while driving follows the dif-
ference in fuel consumption. In this sense, the higher 

Run No. Vehicle Route dist. 
[km]

Operation 
conditions

Driving style Fuel con-
sumption 
l/100 km

Average 
rating

1 Suzuki Vitara 15 Urban Aggressive 7.5 7.51
2 Suzuki Vitara 15 Urban Combined 7.3 7.58
3 Suzuki Vitara 15 Urban Combined 7.0 7.70
4 Suzuki Vitara 15 Urban Passive 6.0 8.19

1 Renault Laguna 3 Suburban Passive 5.4 8.66
2 Renault Laguna 4.3 Suburban Combined 7.2 8.31
3 Renault Laguna 4.6 Suburban Combined 7.5 8.59
4 Renault Laguna 5.1 Suburban Passive 6.8 8.55
5 Renault Laguna 3.7 Suburban Aggressive 9.3 8.17
6 Renault Laguna 56 Extraurban Aggressive 6.0 8.35

Table 2: Results of driver rating fuzzy model testing

the driver's rating the lower the fuel consumption, and 
opposite, the lower the driver's rating the higher the fuel 
consumption.
When analyzing the Renault Laguna passenger car data, 
it can be concluded that there are differences in the ob-
tained ratings although driving distances are short. Even 
with this vehicle and in suburban operation conditions, 
the fuzzy logic model shown its sensitivity. The aggres-
sive driving style has lower ratings compared to the com-
bined driving style, especially when the passive driving 
style is observed in the same operating conditions. The 
above mentioned difference in the driver's ratings implies 
a difference in the fuel consumption. Thus, for passive 
driving style, the driver's rating is 8.66, and the aver-
age fuel consumption is 5.4 litersper 100km, while for 
aggressive driving behaviour, the driver's rating is 8.17, 
corresponding to an average fuel consumption of 9.3 li-
ters per 100 km. In addition, it should be emphasized 
that the presented fuzzy logic model is general model 
developed for both diesel and petrol powered vehicles. 
Since diesel powered vehicles operate at lower engine 
speeds, the more aggressive driving style of diesel cars 
consists in engine speeds more suitable for operation of 
petrol powered vehicles. Consequently, driver's ratings 
with Renault Laguna are slightly better than the second 
one with a Suzuki Vitara. Besides that, Renault Lagu-
na was driven in more favourable operating conditions 
(suburban and extraurban) than Suzuki Vitara (only ur-
ban). Other factors that can infl uence the ratings are the 
driving distances. With higher mileage, the data should 
be more precise, which is the planned task for future re-
search. However, on the basis of tests, it can be con-
cluded that the developed fuzzy logic model is sensitive 
to different driving styles and it can serve as decision 
support system for fl eet managers in the assessment of 
the driver’s performance. According to tests it can also 
be concluded that the developed fuzzy logic model could 
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have impact on reducing fuel consumption in transport 
and logistics companies. For further applicability testing 
the developed fuzzy logic model will be implemented in 
at least one transport company with a vehicle fl eet to 
demonstrate potential fuel consumption savings.
In that sense, for the purposes of calculating the driv-
er's average ratings, basic version of the code in Mat-
Lab 2017awas made which can be used as a decision 
support system to fl eet managers or people who want to 
evaluate their own driving style. The code consists in ob-
served inputs, their membership functions, fuzzy logical 
rules giving as output average driver’srating related to 
his/her behaviour and performance for each run driving 
style in every vehicle operating condition and for every 
vehicle load capacity utilization.

CONCLUSIONS AND RECOMMENDATIONS

The aim of this paper is to show the importance of us-
ing the fuzzy logic in eco-driving practice, and therefore 
in increasing the vehicle energy effi ciency. The paper 
presents eco-driving principles and techniques that 
drivers should follow in order to achieve and maintain 
eco-driving goals, as well as the parameters to be mon-
itored to assess drivers. The authors developed a driv-
er rating system based onfuzzy logic model in order to 
evaluate driver’s behaviour. The fuzzy logic model (with 
some modifi cations) can be used as a general evaluation 
system of drivers in transport and logistics companies. 
The developed model was tested and it’s sensitivity for 
different driving styles (passive, combined, aggressive)
but same vehicle, driver, operating conditions (urban, 
suburban, extraurban) and vehicle load was determined. 
Based on the testing, the aggressive driving style has 
lower ratings compared to the combined driving style, 
especially when the passive driving style is observed 
in the same operating conditions. It was found that the 
higher the driver's rating the lower the fuel consumption, 
and opposite, the lower the driver's rating the higher the 
fuel consumption (in liters per 100 km). In this sense, the 
developed model serves to fl eet managers in transport 
and logistics companies as a driver evaluation support 
system and as a measure for better implementation of 
eco-driving, i.e. to increase the vehicle fl eet energy ef-
fi ciency. Developed model can also serve to individual 
passenger car users as a support to increase the energy 
effi ciency of their vehicles.
Within the directions of the future research, it is necessary 
to adjust developed fuzzy logic model to different vehicle 
categories, fuels/propulsions, operating conditions, and 
vehicle loads. Also, directions of future research involve 
its implementation in one or more transport and logistics 
companies in the Republic of Serbia and evaluation of its 
application through total fuel consumption savings.
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