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A b s t r a c t . This paper presents the modeling of energy 

intensity of vehicles in terms of loss of kinetic energy during 

driving on a motorway, dual carriageway and national road. 

The analysis was based on elements of mathematical statis-

tics on the prevalence of sensitivity of the total speed and 

variation of its occurrence. The analysis was performed on 

a statistically signiÞ cant number of vehicles using the enve-

lope of oscillograms of the tachographic record of continuous 

motion.

K e y  w o r d s : transport logistics, modeling, energy inten-

sity of movement, tachographic record, mathematical statistics 

of oscillogram.

INTRODUCTION

Energy consumption of a vehicle movement is an es-

sential component of the energy balance. It is the sum of 

energy expenditure to overcome the resistance to motion 

and gravity, inertia forces. The share of each component 

in the equation of motion depends on the realized velocity 

proÞ le, which is largely determined by the acceleration 

phase parameters [12].

For longer journeys with variable speed a signiÞ -

cant impact on energy consumption is the frequency 

of movement phases of acceleration and their intensi-

ty [1].

According to the previous research [13, 7] city driving 

has almost Þ ve times larger share of energy expenditure 

to overcome the inertia forces than road riding. Road 

riding has more than a double share of energy expend-

ed to overcome air resistance, due to higher average 

speed.

This is conÞ rmed by studies of energy loss resulting 

from the difference between acceleration and decelera-

tion phase of driving in urban infrastructure and road 

[4, 5, 9, 10, 11].

AIM OF RESEARCH

In the previously conducted studies, the energy 

intensity of vehicles has been largely boiled down to 

a theoretical analysis of the impact of balance sheet items 

of the vehicle energy dialogue, energy intensity of the 

basic phases of a movement or a complex proÞ le of driv-

ing speed in the strictly deÞ ned so called Elementary 

ProÞ les [13].

These included successively: acceleration, constant 

speed driving and delayed trafÞ c.

The operational, randomly variable conditions of 

real driving were included to a lesser extent. In this case 

the energy expended to travel the section of road is also 

dependent on the frequency and intensity of phase delay 

[3, 8].

The main direction of research concerned the 

speed limit in various communication infrastructure, 

with no apparent connection to its energy intensity 

and rather related with the safety of road users [6, 14, 

16, 17].

Therefore, an important issue arising from the pro-

gressive geodelization of transport (Shapovalov, Nezhin-

sky 2010) proved to be an increased use of speed proÞ le 

in the so called. tachograÞ c record

This paper presents the results of the analysis of 

energy consumption at speeding up and slowing down 

with the method of mathematical analysis in the global 

count of losses occurring between these phases.

RESEARCH METHODOLOGY 

AND STATISTICAL CALCULATIONS

The assumed methodology used the tachographic 

records of vehicles statutorily required to use analogue 

and digital tachographs. The routes included the national 
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and international roads (motorways and ways of fast mo-

tion). In order to Þ nd out the expended kinetic energy of 

velocity phase proÞ le of the vehicle’s motion, the com-

putations were performed of the so called distribution 

of the empirical frequency of acceleration phase (F1) 

and delay phase (F2) in the corresponding section of the 

infrastructure of distance traveled.

As the basic statistical parameters of speed proÞ le the 

frequency of occurrence of the mean value (x), median 

(Me), and dominant (Do) were assumed. To assess the 

variability of occurrence of individual driving phases in 

the global proÞ le, the following values were calculated: 

(S2), standard deviation (s), and coefÞ cient of variation 

(Wz) [15].

CALCULATION RESULTS AND ANALYSIS

1. EVALUATION OF THE BASIC PARAMETERS 

OF THE GLOBAL STATISTICAL PROFILE OF DRIVING SPEED

Tab. 1 shows the distribution of empirical numbering 

frequency of the arithmetic mean (x) of the upper (F1) 

and lower (F2) speed proÞ le on the national road (1, 2), 

way of fast motion (3, 4) and motorway (5, 6). Analo-

gous data have been presented for the empirical distribu-

tion of the median (Me) - Tab. 2 and the dominant (Do) 

- Tab. 3.

The maximum values   of the median (Me) of accelera-

tion phase (F1) are in the range 70-80 km / h and represent 

Ta b l e .  1 .  Numbering the empirical distribution of the frequency of the upper (F1) and lower (F2) speed proÞ le 

of the arithmetic mean (x) on the national road (1,2), way of fast motion (3.4), and motorway (5.6) 

No Velocity v

Arithmetic mean x

national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

-

-

-

-

0,15

0,26

0,69

0,96

1,00

-

-

-

-

-

-

-

-

-

0,04

0,12

0,28

0,60

0,72

0,84

1,00

-

-

-

-

-

-

-

-

-

-

-

-

-

0,02

0,04

0,20

0,70

0,97

1,00

-

-

-

-

-

-

-

-

-

-

0,07

0,23

0,68

0,95

0,98

1,00

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0,20

0,82

1,00

-

-

-

-

-

-

-

-

-

-

-

0,06

0,12

0,45

0,90

1,00

-

-

-

-

-

-

-

-

Ta b l e .  2 .  Numbering the empirical distribution of the frequency of the upper (F1) and lower (F2) speed proÞ le 

of median (Me) on the national road (1,2), way of fast motion (3.4), and motorway (5.6)

No. Velocity v

Median

national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

-

-

-

0,04

0,08

0,17

0,30

0,65

0,91

1,00

-

-

-

-

-

-

-

-

-

0,03

0,11

0,38

0,53

0,57

0,74

0,96

1,00

-

-

-

-

-

-

-

-

-

-

0,06

0,09

0,13

0,27

0,59

0,65

0,74

0,84

0,88

0,93

,093

0,99

1,00

-

-

-

0,06

0,09

0,13

0,27

0,59

0,67

0,74

0,84

0,88

0,88

0,93

0,93

0,99

1,00

-

-

-

-

-

0,02

0,05

0,05

0,08

0,66

1,00

-

-

-

-

-

-

-

-

-

-

-

-

-

0,03

0,48

0,87

0,90

0,97

1,00

-

-

-

-

-
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36.3% of the total number (Tab. 2). The corresponding 

values of the dominant (Tab. 3) are in the range (70-80) 

km / h (F1) and represent 33.3% of the total number, for 

(F2) - (50-60) km / h (44%).

For ways of fast motion the arithmetic mean (x) of 

the acceleration phase (F1) is in the range (70-80) km 

/ h, which represents 50% of the total number. For the 

motion delay phase (F2) it represents 46%, in the range 

50-60 km / h. The median (Me) values account for 41% 

of the number, in the range (80-90) km / h (F1), and for 

F2 - 36.5% in the range (60-70) km / h. The arithmetic 

mean (x) for the motorway is 61.5% of the number in 

the range (80-90) km / h (F1) and for (F2) - 78.8% of 

the number in the range of (60-80) km / h. The highest 

values of the number of incidence frequency of median 

(Me) for (F1) are in the range (80-100) km (90%), for 

(F2) - 84, 9%, in the range (70-90) km/h.

These Þ gures are reß ected in the course of accelerat-

ing the phase distribution function (F1) and deceleration 

speed (F2). The difference   between them reß ects the 

size of kinetic energy loss on the considered transport 

infrastructure routes (Table 1-3). The lowest energy loss 

occurs on the motorway. Loss of kinetic energy on the 

national road coincides with the motorway, regardless 

of the statistical parameter in question.

STATISTICAL EVALUATION 

OF VARIABILITY OF A GLOBAL PROFILE 

OF SPEED PARAMETERS

According to the obtained calculations (Table 4), the 

lowest standard deviation (s) obtained for the motorway 

was (5-20) km / h, then for the national road (10-30) 

km / h, and for the motorway (5-40) km / h. This is due 

to the frequency of its incidence. For the motorway 100% 

of its value is contained in the range from (0-20)%, while 

for the remaining infrastructure of F1 and F2 it stays in 

the range between (35-60)%.

According to the obtained calculations of variance 

( 2) of the analyzed proÞ les F1 and F2 (Table 5), a sig-

niÞ cant variation in its value occurred within their in-

creased volatility. This was especially observed for high 

speed road (3, 4).

Ta b l e .  3 .  Numbering the empirical distribution of the frequency of the upper (F1) and lower (F2) speed proÞ le of domi-

nant (Do) on the national road (1,2), way of fast motion (3.4), and motorway (5.6)

No. Velocity v

Dominant

national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

30

40

50

60

70

80

90

100

110

120

130

-

-

0,11

0,18

0,25

0,59

0,74

0,85

0,92

0,96

1,00

-

0,04

0,20

0,64

0,82

0,92

1,00

-

-

-

-

0,04

0,06

0,13

0,17

0,32

0,39

0,71

0,86

0,95

1,00

-

0,04

0,09

0,25

0,34

0,53

0,76

0,86

0,88

0,97

1,00

-

-

-

0,12

0,15

0,20

0,25

0,67

0,87

0,97

0,97

1,00

-

0,05

0,11

0,11

0,14

0,55

0,88

1,00

-

-

-

Ta b l e .  4 .  Numbering the empirical distribution of total frequency of standard deviation incidence (s) of the upper (F1) 

and lower (F2) speed proÞ le on the national road (1,2), way of fast motion (3,4) and motorway (5,6)

No Value

Standard deviation 

national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

5

10

15

20

25

30

35

40

0,03

0,24

0,61

0,76

1,00

-

-

-

-

-

0,03

0,26

0,65

0,96

1,00

-

0,02

0,06

0,49

0,83

0,98

1,00

-

-

0.02

0.02

0.06

0.20

0.47

0.75

0.93

1.00

0,21

0,52

0,74

1,00

-

-

-

-

0,03

0,06

0,39

0,69

0,93

1,00

-

-
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The coefÞ cient of variation (Wz), is an important 

statistical parameter, which combines the characteristics 

of standard deviation (s) and mean value (x). According 

to the data in Tab. 6, for the motorway, 100% of the 

value contains the range of variation coefÞ cient (0-30)%. 

Its highest value (40-60)% was obtained for the proÞ le 

of trafÞ c delay phase for the national road and way of 

fast motion.

CONCLUSIONS

Effect of acceleration and deceleration of the speed 

of vehicles on the kinetic energy losses due to its proÞ le 

should be considered, depending on many factors: the 

transport infrastructure, road conditions, the manage-

ment of its speed, psychological and physical features 

of drivers, etc. The study conducted on the statistically 

signiÞ cant number of the vehicles involved in interna-

tional freight transport, however, allowed for a global 

approach to this problem.

It was proved possible to determine the basic, domi-

nant frequency ranges of statistical parameters of vehicle 

acceleration and deceleration phases. They express both 

the mean value distribution and the median and dominant 

distribution. While a greater variation of the summary 

value occurs in the case of the way of fast motion and 

the national road (40-60)%, for the motorway it is (85-

90)% of the total.

The evaluation of the quoted results of calculation 

of the core statistical values   of the global speed proÞ le, 

in relation to the existing road testing studies of other 

authors (Gaca 2001, Szymanek 2001) allows for the fol-

lowing statements:

 – Compared to the national road and way of fast mo-

tion, the motorway is characterized by large incidence 

clusters of both the analyzed phases in the speed range, 

thus there is a small area of energy loss between the 

empirical distribution functions;

 – Motorway is a special case of frequency diversity of 

the analyzed parameters, resulting on one hand from 

a high speed limit, on the other hand from a need to 

reduce it due to the requirements of road safety.

 – An example of this problem is introduction of colli-

sion-free trafÞ c engineering solutions, e.g. the use of 

Ta b l e .  5 .  Numbering the empirical distribution of total frequency of variance ( 2) of the upper (F1) and lower (F2) speed 

proÞ le on the national road (1,2), way of fast motion (3,4) and motorway (5,6)

No Value

Variance 

 national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

100

200

300

400

500

600

700

800

900

1000

1100

1200

0,03

0,22

0,33

0,63

0,70

0,78

0,86

1,00

-

-

-

-

-

0,03

0,07

0,15

0,30

0,53

0,61

0,84

0,89

1,00

-

-

0,13

0,20

0,51

0,82

0,98

0,97

1,00

-

-

-

-

-

0,20

0,04

0,14

0,21

0,28

0,52

0,59

0,69

0,85

0,88

0,97

1,00

0,51

0,69

0,82

0,97

1,00

-

-

-

-

-

-

-

0,05

0,25

0,47

0,67

0,75

0,91

1,00

-

-

-

-

-

Ta b l e .  6 .  Numbering the empirical distribution of total frequency of variance factor (Wz) of the upper (F1) 

and lower (F2) speed proÞ le on the national road (1,2), way of fast motion (3,4) and motorway (5,6)

No. Value

Variance 

national road way of fast motion motorway

F1 F2 F1 F2 F1 F2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

10

20

30

40

50

60

70

80

90

100

-

0,20

0,48

0,80

0,96

1,00

-

-

-

-

-

0,08

0,17

0,34

0,56

0,87

1,00

-

-

-

0,10

0,21

0,82

0,95

0,99

0,99

1,00

-

-

-

0,04

0,04

0,13

0,27

0,51

0,83

0,90

0,95

1,00

-

0,45

0,78

1,00

-

-

-

-

-

-

-

0,04

0,54

0,87

0,96

1,00

-

-

-

-

-
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small roundabouts signiÞ cantly reducing the number 

of accidents (up to 70-90%) but at same time causing 

higher fuel losses when compared with the national 

roads with generally lower speed limits.

 – The common choice by drivers in the globalization 

of international transport of the ways of fast motion 

rather than toll motorways may turn out signiÞ cant in 

the overall costs of transport management.

Evaluation of variation in the incidence analyzed 

in global terms, can-tion, showed a considerable range 

of their occurrence. Calculations of variance, standard 

deviation and coefÞ cient of variation in particular are the 

result of compliance with speed limits and driving bone 

psychological factors can affect the personality of drivers.

This is shown by their own research [2] and other 

authors (Humeniuk 2001). And in this case the highest 

values   of the coefÞ cient of variation museum and saw 

on the highway.

Especially in the case of highway Should Be Car-

ried out refurbishment work on the „Unblocking” the 

improvement of physical resources to optimize for speed 

reduction, the kierochizacji with a division of functions 

Particular Between episodes. The date and Further work 

on research topics Presented Should allow the Develop-

tion of the physical model of the kinetic energy loss in the 

actual operation of vehicles transport logistics contacts.
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