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Resume
The safety of road users is one of the priority issues raised by those 
involved in vehicle design, latest passive and active safety systems, traffic 
organization or driver education. Nowadays, an important road safety 
problem is the behaviour of drivers in emergency situations. In order to 
measurably estimate the driving quality, parameters such as velocity, 
acceleration, the way and frequency of using the control pedals are quite 
often used. This article describes how to assess driver's behaviour based on 
measurements taken on the road. The frequency of different acceleration 
ranges during the vehicle drive was determined based on the results 
obtained. For the arbitrarily adopted acceleration range of - 0.5 - 0.5 m/s2, 
the driver's working time was over 77 percent on average, with the difference 
varying significantly between different route sections. Similarly, the study 
compares the driving times for other ranges of acceleration.
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namely physical and mental fitness, as well as knowledge, 
skills and attitude of the driver. 

The dominant aspect of the tests is assessment of the 
mental fitness while driving. They analyse the mental, 
intellectual and personality traits of drivers. This test 
range is described in publications where the following 
are tested: driver response time [3-7], driver perception 
quality, stereoscopic and stereometric vision. The mental 
acuity, vision after dark and glare sensitivity, fatigue, 
eye-hand coordination [8-10] is particularly crucial in 
the case of elderly people. Very important parameters 
determining the driver is experience, ability to assess 
the velocity of vehicles in motion, selected memory 
features. The listed features of drivers and their mode of 
operation are tested in various environments, both real 
(standard road or test section) and virtual, such as in 
a simulator, station-based environments [11].

Many publications analyse the way of driver 
behaviour in terms of harmful emissions and the level 
of driving economy [12-16]. In the literature related 
to driver studies, there are equally broad descriptions 
of studies performed with participation of people with 
physical disabilities [17], or mental disorders [18], e.g. 
Parkinson’s disease [19]. One of the important factors 
determining the driver behaviour is also whether they 
are under the influence of alcohol or other active 
substances, such as drugs [20-21].

The driver behaviour tests by many researchers 
are aimed at determining certain parameters of their 
behaviour in selected road situations. Tests may be 

1	 Introduction

Research on drivers regarding improvement of the 
road safety is performed in many research centres. 
Over the years, there have been various references 
to the way the driver’s behaviour is defined and 
modelled. Due to a  large number of factors that can 
determine the way drivers behave and drive, this 
topic is still relevant. This is even more important 
since nowadays driving is a  quite common activity. 
At the same time, e impact of the road traffic, which 
generates many threats in the present world, makes 
the topic related to attempts to increase safety in this 
area very important. Many efforts are being made to 
implement tests and analyses to detect certain driver 
behaviour relationships that may have a direct impact 
on the road safety. Three methodological aspects are 
identified in [1] as being important in analysis of the 
road accidents. They covered reliability of accident 
predictors, time period for accidents used as dependent 
variable and culpability for accidents. To be able to 
predict the ability of drivers to drive safely, tests were 
performed in a  driving simulator to determine the 
visual sensitivity, defined as the ability to respond 
quickly to various visual stimuli [2].

Therefore, there are many publications in which the 
driving process is analysed. These tests concern both 
attempts to determine the driver’s profile, personality 
traits and the ability (aptitude) to drive. Many of them 
refer to three main aspects of the driving efficiency, 
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characterize the driver’s style than the acceleration 
manoeuvres. 

Some behaviour of different drivers during the 
urban driving was indicated in [54]. The analyses 
related to emissions showed that the average velocity 
and deceleration range was lower in the peak hours 
compared to off-peak hours. As a rule, male drivers used 
higher acceleration values than women and a  higher 
percentage of driving time in the highest acceleration 
classes.  Women, on the other hand, had a  higher 
percentage of time in the lowest acceleration class. The 
difference was particularly evident in the residential 
area.  The study showed no major differences in average 
velocity for both genders, except for one type of street, 
where men drove faster than women.

This work is part of a  larger study to develop 
a  method for parametric assessment of drivers, based 
on continuous measurement of longitudinal and lateral 
body accelerations. Values of these accelerations are 
affected by many factors. In order for them to be used 
to assess drivers, it is necessary to precisely identify 
those factors the impact of which on acceleration values 
and variability is greatest and to “deduct” in some way 
that impact leaving only the impact of driver’s skill, 
experience, temper and driving technique.

One such factor is certainly the type of car used by 
a driver. It is known that acceleration on acceleration, 
deceleration at braking, as well as lateral acceleration 
during the curvilinear motion of a good-class passenger 
car with a  high-power engine, will be higher (with 
a  sense of comfort for passengers) than, for example, 
a  city bus with some passengers standing. Then the 
high centre of inertia gives a feeling of discomfort even 
with relatively low lateral acceleration when cornering, 
driving on a roundabout, etc.

The second important factor affecting the 
acceleration values and variability is the road. It can 
certainly be expected that the same driver, driving the 
same car, will use different velocities and accelerations, 
depending on whether he or she is driving on an 
expressway or an intercity route but of lower class (e.g. 
single carriageway), or in an urban traffic. This will be 
affected by factors, such as the number of carriageways, 
number of lanes on a  given carriageway, length of 
straight sections, traffic organisation and intensity, etc. 
The impact study of this particular factor is the subject 
of this work. 

2	 Methodology of measurements

The test route ran from Kielce to Cracow and back 
and was 110 km long. During the tests, a  number of 
parameters were measured to assess how the same 
driver drives the vehicle under different road conditions. 
The vehicle’s route was recorded in detail by the 
Globtrak™ system, which allows, among other things, 
to record the GPS track. The route is shown in Figure 1. 

carried out on the driver response time [22-24] or the 
way they undertake defensive manoeuvres [10, 25], as 
well as on certain indicators facilitating a wider analysis 
of driver behaviour. Examples of such indicators include 
headway or time to collision.

There are currently popular studies on influence of 
various devices on the way the driver reacts, that can 
directly or indirectly distract them and, at the same 
time, affect their mode of operation [9-10, 26-27]. These 
tests concern both the impact of radio, navigation or 
mobile phone use in various traffic situations [28-31].

Many publications present research aimed at 
describing the driver behaviour, which in consequence 
may enable development of relatively simple tools to 
diagnose the driver profile and their mental inclination 
to specific, negative behaviours [32]. Important in 
this regard are studies aimed at understanding the 
intentions of a driver [33-39].

With reference to the scope of the tests implemented, 
their analyses may be carried out based on both simple 
and very complicated methods [40]. 

Given the complexity of the driver profile, scientists 
quite often use both simple measurable indicators and 
more complex ones [41-42]. Quite simple parameters 
include, for example, vehicle position, its velocity [34, 43] 
or acceleration [44-47]. There are publications in which 
the position of control elements is analysed, e.g. the 
position of accelerator pedal [16, 26, 48] or the service 
brake. In publication [37], the criteria for assessment 
of a  driver in three types of behaviour were defined: 
stop, driving and braking. In [49], were classified the 
operating conditions of vehicles during the urban and 
extra-urban driving, with simultaneous determination 
of the traffic jam and dynamic driving. 

Author of [50] assesses the acceleration value 
based on questionnaires. Based on them, three types 
of city bus rides were defined: comfortable, standard 
and uncomfortable. In the described tests, the level of 
uncomfortable longitudinal acceleration was already 
estimated at 1.5-2.75 m/s2. The risk analysis of the 
driver’s work during the bus driving is described in 
detail in [51]. 

In publication [22], authors proposed a  system 
designed to identify drunk drivers, based on a  mobile 
phone and an acceleration sensor, which assesses drivers 
by comparing the way in which certain manoeuvres were 
made with their performance patterns. In [24] and 
[52] authors developed the concept of a  system, which 
was to determine typical and aggressive drivers based 
on the Smartphone sensors (accelerometer, gyroscope, 
magnetometer, GPS, video) for detection, recognition and 
recording. Use of inertial sensors for similar purposes is 
described in [15]. Authors in [53] attempt to assess the 
driver aggressiveness based on the vehicle velocity and 
position of the accelerator and service brake pedals.  
In these tests, the vehicle’s inertial sensors were used 
and, using the CAN bus, a driver profile was developed. 
The authors indicated that braking and passing better 
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Figure 1 The Kielce-Cracow-Kielce route from the Globtrak™ system
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•	 S-350 Corrsys Datron ® optoelectronic sensor 
designed for measuring the vehicle motion 
parameters - enabling measurement of longitudinal 
velocity (up to 250 km/h) and vehicle lateral velocity 
and torque steer, additionally equipped by a compact 
display of motion parameters (Figure 3a),

•	 Kistler® TAA 3-axis linear acceleration sensor 
(Figure 3b) with a measuring range of +/- 3 g,

•	 uEEP 12 Datron® data acquisition station (Figure 4a) 
with control tablet and software (Figure 4b) [55-56].
Due to the need to accurately determine the 

vehicle motion parameters that were to be used to 
characterise the driver behaviour, the data was recorded 
simultaneously at a frequency of 10 Hz. 

The driver behaviour test in the real traffic 
conditions were performed with Ford Transit test vehicle 
shown in Figure 2. 

The estate Ford Transit (the 4th generation) (9 
seats) with complete vehicle kerb weight of 2070 kg had 
an engine capacity of 2198 cm3 and the power of 92 kW. 
It was loaded with a weight of 320 kg.

3	 Measuring equipment characteristics

To determine the parameters characterizing the 
route, the test vehicle was equipped by specialist 
equipment, which included, among others:

Figure 2 View of the Ford Transit test vehicle

Figure 3 Test apparatus used for testing; a) S-350 Corrsys Datron® optoelectronic sensor,  
b) Kistler® 3 axis TAA linear acceleration sensor

Figure 4 Data acquisition system; a) uEEP 12 Datron® Acquisition Station; b) Control tablet with ARMS® software
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•	 Stage 6 - driving on the exit road from Cracow 
(suburban road);

•	 Stage 7 - driving of the expressway to Kielce (extra-
urban drive - fast dual carriageway);

•	 Stage 8 - driving in Kielce (urban drive);
The vehicle velocities and travel times of the section 

in each stage are shown in Table 1. 
The measured values of the spot velocity, divided 

into the above presented driving stages, are shown in 
Figure 5.

The longitudinal acceleration values obtained are 
summarised in Table 2. Figure 6 shows the recorded 
longitudinal acceleration values. Positive values refer 
to acceleration on acceleration and negative values 
(deceleration) at braking. 

4 	 Measurement results

As a result of measurements, changes in the vehicle’s 
driving parameters were recorded. The section of the 
analysed route between the cities of Kielce and Cracow 
was divided into stages, characterised by different traffic 
conditions.  

These conditions applied to:
•	 Stage 1 - departure from Kielce (urban traffic);
•	 Stage 2 - expressway (extra-urban drive - fast dual 

carriageway);
•	 Stage 3 - driving on the approach road to Cracow 

(suburban road),
•	 Stage 4 - driving in Cracow (urban traffic);
•	 Stage 5 - exit from Cracow (urban traffic);

Table 1 Vehicle velocity in different driving stages

stage no
speed (km/h)

travel time (s)
average maximum minimum

1 26.4 74.4 0 1200

2 89.2 130.6 20.6 2800

3 48.5 99.0 0 1500

4 16.6 67.3 0 1900

5 24.1 64.3 0 2200

6 57.9 93.7 6.3 2800

7 109.0 127.2 42.1 2200

8 50.7 80.6 0 200
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Figure 5 Driving velocity values on the Kielce - Cracow route (stages 1-4), Cracow - Kielce (stages 5-8)
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it can be conventionally called driving at a  constant 
velocity. During the actual driving at a constant velocity, 
accelerations also occur depending on e.g. terrain 
configuration (e.g. downhill and uphill slopes), a gentle 
increase in velocity by several or more km/h to a  new 
higher constant value, etc. 

While driving, more than 14-17 % is positive 
acceleration 0.5 to 3 m/s2 obtained during acceleration. 
Positive acceleration values indicating a  very intense 
start above 3 m/s2 were not recorded, which is an 
additional confirmation of the “calm” driving style of the 
tested driver. 

In the case of negative accelerations (deceleration 
during deceleration and braking) values in the range of 
0.5 to - 4 m/s2 were recorded only in nearly 5-8 % of the 

Values of the lateral acceleration are summarised 
in Table 3.

Figure 7 shows the recorded values of lateral 
acceleration.

5 	 Analysis of results 

Figure 8 shows the frequency of particular 
longitudinal acceleration values on the analysed routes. 
If one treats the values intended for the entire route 
as one dataset, it can be assumed that the acceleration 
values in the range of 0.5 to -0.5 m/s2 dominate in the 
prevailing time of the Kielce - Cracow - Kielce drive, 
as over 77%. This range was distinguished because 

Table 2 Longitudinal acceleration in individual driving stages

stage no maximum (m/s2) minimum, (m/s2)

1 2.33 -4.19

2 2.18 -2.68

3 2.76 -4.09

4 2.15 -3.37

5 2.92 -3.58

6 2.33 -3.64

7 1.39 -2.85

8 1.37 -1.82
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Figure 6 Recorded lateral acceleration values on the Kielce - Cracow route (stages 1-4), Cracow - Kielce (stages 5-8)
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Table 3 Lateral acceleration in individual driving stages

stage no maximum (m/s2) minimum (m/s2)

1 1.78 -2.71

2 2.06 -2.25

3 3.11 -3.35

4 1.78 -2.79

5 1.93 -3.06

6 2.48 -3.06

7 2.23 -2.34

8 1.39 -2.40
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Figure 7 Recorded longitudinal acceleration values on the Kielce - Cracow route (stages 1 -4), Cracow - Kielce (stages 5-8)

 
Figure 8 Frequency of longitudinal acceleration ranges; a) for stages 1 - 4, b) for stages 5 - 8
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Figure 8 Frequency of longitudinal acceleration ranges; a) for stages 1 - 4, b) for stages 5 - 8

   
Figure 9 Frequency of lateral acceleration ranges: a) for stages 1 - 4, b) for stages 5 - 8

 

 
Figure 10 Ranges of longitudinal acceleration values in individual stages of the route;  

a) stages 1 - 4, b) stages 5 - 8
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Figure 11 Frequency of the lateral acceleration ranges; a) for stages 1 - 4, b) for stages 5 - 8

Figure 12 Summary of absolute ranges of the lateral acceleration
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141 % higher than the lowest value in this table, so the 
variation of these accelerations is also much lower than 
the velocity variation.

To sum up this part of the conclusion, it can be 
stated that values and variability of the driving velocity 
characterize the type of the road much more than the 
driving technique of the driver.

In analysis of the longitudinal accelerations, a range 
from - 0.5 to 0.5 m/s2 was identified, which the authors, 
based on the preliminary analysis, conventionally treated 
as driving at a  constant velocity. During the actual 
driving at a constant velocity, such slight accelerations 
occur depending on the terrain configuration (e.g. 
downhill and uphill slopes), a gentle increase in velocity 
by a few or more km/h to a new higher constant value, 
etc. The share of accelerations from this range, shown 
in Figure 8, was almost identical for the route in both 
directions and amounted to about 77.5 % on this route. 
Figure 10 shows the same distribution of accelerations 
as in Figure 8, but with the separation of individual 
sections of different roads. The largest shares of this 
“calm driving” were, as expected, on the expressway 
(sections 2 and 7) and amounted to 84 % and 90 %, 
respectively, i.e. deviated from the average (77.5 %) by 
8 % and 16 %. It is interesting to note that the share of 
this “quiet drive” (due to the acceleration criterion) was 
very similar in the remaining six driving sections and 
ranged between 70 % and 77 % (see Figure 10).

Values of the positive accelerations above 3 m/s2, 
indicating a very intensive start-up, were not recorded. 
There were also no decelerations exceeding 4 m/s2, i.e. 
intensive braking, along the entire route. These two 
facts and the high proportion of accelerations from -0.5 
to 0.5 m/s2 indicate a “calm” driving style of the tested 
driver.

In analysis of the lateral accelerations, as in the case 
of longitudinal accelerations, a range of - 0.5 to 0.5 m/s2 
was identified. Based on the preliminary analyses, the 
authors concluded that these lateral acceleration values 
testify to smooth cornering and smooth overtaking, 
passing, or changing lane manoeuvres, which can also 
be referred to as “calm driving.” The share of lateral 
accelerations from this range shown in Figure 9 was 
very similar for the route shown in the graph of the 
route in both directions and was approx. 82.2 % and 
81.3 % on this route, i.e. 81.75 % on average for the entire 
trip. Figures 10 and 11 show the same distribution of 
accelerations as in Figure 9, but with the separation of 
individual sections of different roads. The share of this 
conventional “calm drive”’ (due to the lateral acceleration 
criterion) was very similar in all eight driving sections 
and ranged between 74.9 % and 87.1 % and deviated from 
the average value by - 8.4 % and +6.5 %, respectively.

No lateral accelerations of more than 3 m/s2 were 
found in seven of the eight sections of the route shown 
in the graphs. Only on section 3 several cases exceeding 
this value, but not exceeding 4 m/s2, were registered. 

total driving time. Interestingly, there was not a single 
case in which the deceleration values would exceed 4 m/
s2, i.e. intensive braking. Figure 9 shows the frequency 
of different lateral acceleration values during driving. 
Positive and negative values indicate the direction of 
acceleration. Values in the range - 0.5 to 0.5 m/s2 were 
recorded in more than 82 % of driving time.

Considering the differences in the way the route 
is presented in Figure 5 (velocity profiles - very clear 
velocity differences at individual stages), one may 
ask the question: what differences will occur when 
the route is divided into individual stages. Values of 
longitudinal accelerations along the test section are 
shown in Figure 10. 

As one can see, driving with a  longitudinal 
acceleration range of - 0.5 - 0.5 m/s2 took place during 
the predominant driving time. The highest shares were 
recorded for the suburban and expressway driving, 
which means that in such conditions driving is the 
smoothest. During the urban drive - stage 1 (city of 
Kielce) and stage 4 (city of Cracow) - very similar shares 
of the driving time with such acceleration values of 75 % 
were recorded. 

If these ranges are analysed using the lateral 
acceleration value of - 0.5 - 0.5 m/s2 as the value 
considered to be “normal, smooth drive”, an analysis 
of the frequency of absolute values may be performed.  
Considering direction of the lateral acceleration, it can 
be regarded as pointless, since it results from the road 
route. The absolute values are presented in Figure 12.

6	 Conclusion and summary 

The basic traffic parameters, presented in graphs 
and tables, show that the road type has a much greater 
impact on values and variability of the driving velocity 
than on accelerations, both longitudinal and lateral. 
Taking as a  reference point the lowest average value 
given in Table 1, v = 16.6 km/h (urban traffic - Cracow), 
the highest value of the average velocity that was 
recorded in section 7 (expressway) is as much as 6.5 
times higher. This is of course the consequence of a very 
different route and traffic conditions. However, with 
the same variation in routes and traffic conditions, 
variation in acceleration is many times lower. The 
highest acceleration of the car (given in Table 2) is only 
113 % higher than the lowest value in the table. The 
deceleration variation (deceleration during braking, 
given in the same table) is slightly higher, i.e. 130 %, but 
it is also much less than the velocity variation. In the 
lateral accelerations, given in Table 3, a plus or minus 
symbol indicates a  lateral acceleration in the right or 
left direction, which is due to the route profile and not to 
the nature of the drive. One can, therefore, merge these 
values using an absolute value. With this approach, the 
highest lateral car acceleration (given in Table 3) is only 
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