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1.  Introduction

According to statistics  [1] published by the World 
Health Organization, in 2016, one person died on roads 
and streets every 24  seconds in traffic accidents.

The analysis of traffic accidents on a global scale  [1] 
indicates the following (Fig.  1):

–	 road traffic injury is the 8th leading cause of death 
among the 10 most common causes of death;
–	 road traffic injury is also now the leading cause of 
death for children and young adults aged 5 to 29 years;
–	 54  % of deaths are vulnerable road users (28  % are 
motorcyclists, 23  % are pedestrians, 3  % are cyclists);
–	 in countries with high incomes of the population, 
in which 40  % of the world number of vehicles are 
registered, traffic accidents cause 7  % of all deaths;
–	 in countries with low incomes, in which 1  % of the 
global number of vehicles is registered, traffic accidents 
cause 13  % of all deaths. Fig. 1. The consequences of traffic accident on a global scale [3]
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USE OF BIG DATA FOR ACTUALIZATION 
OF APPROACHES TO ROAD ACCIDENT 
ANALYSIS

Загибель та травмування учасників дорожнього руху є однією з найбільших проблем, яка негативно 
впливає на розвиток суспільства та соціально-економічний прогрес. Ціна людського життя занадто ве-
лика, щоб нехтувати найменшою можливістю його зберегти. Тому об’єктом дослідження обрано величезні 
масиви інформації, які генерує сучасне суспільство та які відомі під загальним поняттям Великі дані (Big 
data). Стосовно автомобільних доріг та вулиць, Великі дані означають масиви інформації про мережу 
автомобільних доріг та вулиць, застосовані на них проектні рішення, експлуатаційний стан, умови руху, 
взаємодію пішохідних та транспортних потоків тощо.

В ході дослідження використовувались Великі дані від власників автомобільних доріг, постачальників 
картографічних та навігаційних систем, інтелектуальних транспортних систем та правоохоронних  
органів. Для кожного з джерел Великих даних було оцінено способи збирання та обробляння, сферу охо-
плення, ступені вибірковості та точності вимірювань.

Отримані результати підтверджують той факт, що основним показником, який характеризує вплив 
дорожніх умов, технічного стану автомобіля та психо-фізіологічних факторів на водія, є швидкість руху 
як окремих транспортних засобів, так і транспортних потоків за певний період часу та на вибраній 
ділянці автомобільної дороги. Запропонований підхід ґрунтується на тому, що швидкості руху з високим 
ступенем достовірності можуть бути встановлені за допомогою Великих даних у вигляді, придатному 
для машинної обробки. Великі дані не просто є джерелом інформації, вони дозволяють відслідковувати 
тренди, оцінювати ризики та робити прогнози.

Отримані результати свідчать, що Великі дані можуть і повинні бути використані для опису умов руху 
та аналізу поведінки учасників дорожнього руху, в тому числі і для того, щоб краще зрозуміти взаємодію 
факторів виникнення дорожньо-транспортних пригод (ДТП). А також, наскільки це можливо, попереди-
ти виникнення аварійних ситуацій та/або зменшити тяжкість наслідків ДТП. Таким чином, Великі дані 
можуть бути використані для актуалізації чинних підходів до визначення місць концентрації ДТП та 
чинних методів оцінки впливу дорожніх умов на безпеку дорожнього руху.

Ключові слова: автомобільна дорога, аудит безпеки, безпека руху, метод оцінки впливу дорожніх умов, 
швидкість руху.
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In addition, according to the estimates given in  [2], 
almost 90  % of all deaths due to traffic accidents occur 
in middle- and low-income countries.

If to compare the data (Fig. 2) on the number of traffic 
accidents, for example, in Ukraine and in the Member States 
of the European Union (Fig. 3), it is possible to see that 
in recent years the number of traffic accidents not only 
stopped decreasing, but in some years even tended to growth.

The fact of the onset of such «stabilization» may indicate 
the need for quality transformations and changes designed 
to improve road safety. Reducing the risk of traffic accidents 
requires determination and informed decision-making by 
senior management of the state, industry, non-governmental 
and international organizations. It also requires the coop-

eration and interaction of specialists and experts, including 
road designers, vehicle designers, law enforcement agencies, 
medical professionals, journalists, scientists and educators, 
public organizations, opinion leaders and individual road 
users. Powerful information campaigns are important for 
understanding the importance of this issue and for motivat-
ing officials and individuals to take appropriate measures 
and comply with applicable laws. As well as the adoption 
of new regulations or amendments to those that have been 
ineffective.

In addition, updates require approaches to the analysis of 
traffic accidents on roads and streets, methods for assessing the 
impact of road conditions, the technical condition of the car 
and the psycho-physiological state of the driver on road safety.

 
Fig. 2. Annual number of traffic accidents in Ukraine [4]

 
Fig. 3. Annual number of traffic accidents in the European Union [5]
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Therefore, research aimed at studying the masses of 
information about roads and traffic flows, tracking trends, 
assessing risks, and making forecasts is relevant. As well 
as gaining new knowledge about traffic accidents, which 
will be used to improve road safety.

2. � The object of research  
and its technological audit

The object of research is the huge amounts of informa-
tion that modern society generates and which are known 
under the general concept of Big data. Regarding highways 
and streets, Big Data means arrays of information about  
a network of highways and streets, design decisions applied 
to them, operational status, traffic conditions, interaction 
of pedestrian and traffic flows and the like. The acquired 
knowledge will be used to analyze the traffic accident 
rate, determine the location of the concentration of traf-
fic accidents (the so-called black dots) in order to create 
new or improve existing approaches.

Currently, generally accepted approaches to determin-
ing the concentration of traffic accidents in the world are 
reduced to a comparative analysis using the traffic accident 
rate in road transport, characterized by the number of traffic 
accidents in which people died or suffered over a certain 
period of time. Moreover, the severity of traffic accident 
is determined by the number of deaths per 100  victims, 
for which relative indicators are used, namely the number 
of deaths on the roads per 100  thousand citizens (risk) 
or 10  thousand vehicles (transport risk).

In addition, mainly in the post-Soviet space, the method 
of assessing the impact of road conditions on road safety, 
based on the methodology of traffic accident rates  [6], is 
used. The danger degree of a particular section of the road 
is characterized by a total accident rate equal to the product 
of individual coefficients that take into account the influence 
of individual elements of the road or traffic characteristics. 
Such elements and characteristics, as a rule, include:

–	 traffic intensity;
–	 the number of lanes;
–	 highway width;
–	 shoulder width;
–	 longitudinal slopes;
–	 radii of the curves in the plan;
–	 visibility of the road in plan and in longitudinal profile;
–	 carriageway width of the bridges relative to the width 
of the carriageway of the road;
–	 lengths of straight sections;
–	 types of intersections or junctions at one level and the  
visibility of vehicles on them;
–	 distance from the building to the carriageway;
–	 equality of the highway and the coefficient of adhe-
sion and the like.
The results of determining the traffic accident rates 

are drawn up in the form of line graphs.
One of the most problematic places is that most of 

the current approaches are reactive, that is, their appli-
cation is due to the increase in traffic accident rate and 
the severity of the consequences of traffic accidents on 
a  particular section of the road or street. In addition, 
even a proactive (measure) approach basically boils down 
to an analysis of the applied design decisions in order to 
convey the benefits to those which experience of using 
indicates a positive impact on road safety.

If to take into account the fact that the presence of  
a deliberately dangerous element/design decision on a road 
or street section is not always the cause of the traffic 
accident, there is a need for a multivariate analysis of 
factors that have a decisive influence on the occurrence 
of an emergency and traffic accident, as its catastrophic 
consequences.

3.  The aim and objectives of research

The aim of research is to create a new indicator or 
index, with which it is possible to assess the level of road 
safety or updating the existing dependencies.

To achieve this aim, it is necessary to complete the 
following objectives:

1.	 Perform a search and determine the factors that have 
a decisive influence on the occurrence of an emergency.

2.	 Develop a scientific method for collecting and ana-
lyzing data.

4. � Research of existing solutions  
of the problem

The development of theoretical foundations and mo
deling of the movement of vehicles and traffic flows has 
always been given great attention by researchers, for exam
ple, in  [7, 8]. It should be noted that a significant part 
of such studies considers road safety issues rather one-
sidedly – from the point of view of achieving maximum 
efficiency of traffic flows: in the shortest time, along the 
shortest route and at the highest possible speed.

Research  [9] is carried out by analyzing the readings of 
GPS trackers and related to the study of driving behavior 
and driving style of 27  drivers on a 10  km long section of 
the SS106 road in Southern Italy. Based on three charac-
teristic speed ranges, three types of driving behavior have 
been proposed. It has been found that with age and grow-
ing experience, driving behavior becomes safe. In addition, 
there are times when older drivers prefer low-speed driving, 
which can also endanger road users. That is, young people 
with little driving experience are more prone to dangerous 
driving behavior in terms of exceeding the permitted speed.

Research  [10] has a slightly similar goal, but is car-
ried out by interviewing 139 drivers of different age groups 
regarding their propensity to over speed and generally im-
pulsive decision-making. Among the findings, it should be 
noted that current approaches to improving road safety, 
such as education and penalties, are not effective for drivers 
of «adventure seekers». For these categories, some form of 
age-related restriction should be applied, such as a diffe
rentiated approach to issuing a driver’s license.

According to the generalized research results  [11, 12], 
the main reason for the occurrence of traffic accidents is 
the human factor  (Fig.  4), which may correspond to the 
dry wording in the traffic accident protocol: «the driver 
did not take into account the traffic situation and did 
not choose a safe speed».

Studies [13] conducted in Denmark regarding 291 traffic 
accidents that occurred over more than 10  years show the 
following distribution of factors that caused them (Table 1).

The research  [14] is based on a huge database of con-
tinuous 3-year observations using DVRs and sensors for 
more than 3,500  drivers. It presents conclusions that in-
dicate that the driver’s distraction to extraneous irritants  
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or actions (Table  2), especially as a result of the use 
of personal electronic devices, caused 618  (68.3  %) of 
905  traffic accidents with injuries and/or property damage. 
Thus, the elimination of drivers’ distraction factors can 
prevent the occurrence of 4 out of the 11  million traffic 
accidents that take place in the USA annually.

 Vehicle factors (13 %)

Road environment 
factors (34 %)

Road user 
factors (93 %)

Fig. 4. The interaction of the factors of the occurrence  
of traffic accidents [11, 12]

Table 1

The most common human factors causing traffic accidents [13]

Name
% solvability

for traffic accident for damage

Over speed 13.88 24.39

Orientation 16.37 0.81

Attention and alertness 14.56 –

Interpretation and assessment 9.82 –

Maneuvering 9.37 5.69

Alcohol, drug and medicine 7.22 1.63

Seat belts – 51.22

Other 28.78 16.26

Many years involving a significant amount of scientific 
research  [15] indicate that the successful implementation 
of the latest auxiliary systems for drivers, dynamic traffic 
management systems (intelligent transport systems, ITS) 
or improvement of road structures largely depends on 
how much road users can or want to perceive these in-
novations. To do this, it is necessary a knowledge about 
the performance and behavior of people in complex  
and dynamic environments, since road users are the final 
consumers of ITS. At all stages of the development of 
ITS  (from conceptual design to large-scale implementa-
tion), empirical research is necessary to study issues such 
as driver behavior, human-machine interaction, workload, 
and acceptability.

These findings are correlated with the Vision Zero 
philosophy, which has become widespread in many countries 
of the world and consists in the fact that by creating  
a safe transport system it is possible, if not to prevent the 
occurrence of traffic accidents, then at least correct the 
inevitable human errors so that they do not lead death 
and serious injury.

The studies  [16] are based on statistics on traffic ac-
cidents that occurred in Poland between 2010 and 2016 
and aimed at developing a mathematical model for predict-
ing the number of traffic accidents on a road network.

Table 2

Pre-crash baseline prevalence of impairment, errors, and distraction [14]

Name
Duration of 
the total trip 

time, %

Overall observable impairment from 20-second pre-crash and 
baseline sample video segments

1.92 %

including drug/alcohol 0.08 %

drowsiness/fatigue 1.57 %

emotions (anger, sadness, crying and/or emotional agitation) 0.22 %

Driver Performance Error 4.81 %

apparent inexperience with vehicle/roadway 0.07 %

blind spot error 0.05 %

improper turn 0.51 %

right-of-way error 0.01 %

signal violation 0.19 %

stop/yield sign violation 1.05 %

wrong side of road 0.19 %

driving too slowly 0.97 %

sudden or improper braking/stopping 0.01 %

failed to signal 2.27 %

Mistakes in making instant decisions 4.22 %

including those associated with an aggressive manner of 
control (general observed driver behavior)

0.10 %

speeding (more restrictions are set or given the traffic situation) 2.77 %

speeding or non-compliance with other established require-
ments in the areas of roadwork

0.05 %

overtaking violation 0.18 %

non-observance of a safe distance 0.07 %

intentional violation of the requirements of traffic signs, traffic 
signals and/or traffic controller

0.19 %

violation of the rules of the intersection 1.04 %

Apparently a distraction that was observed for 6  seconds 
before the traffic accident

51.93 %

including audio control 2.21 %

climate control 0.56 %

controlling another on-board system 0.83 %

management of on-board systems in general 3.53 %

contemplation on a cell phone 0.73 %

dialing a phone number (holding the phone in the hand) 0.14 %

receiving a phone call 0.58 %

a set of messages (holding the phone in the hand) 1.91 %

talking on the phone (holding the phone in the hand) 3.24 %

using the phone as a whole (holding the phone in the hand) 6.40 %

distraction of a child in the back seat 0.80 %

communication with passengers 14.58 %

reading/writing (including on the tablet) 0.09 %

food 1.90 %

drinks 1.22 %

personal hygiene procedures 1.69 %

receiving items (except mobile phones) 1.08 %

dancing to music 1.10 %

prolonged retention of gaze on foreign objects or objects 0.93 %

Summing up the above facts, it becomes clear that Big 
Data can and should be used to describe traffic condi-
tions and analyze the behavior of road users. Big data 
should be used, among other things, in order to better 
understand the interaction of traffic accident factors and, 
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as far as possible, to prevent emergencies and/or reduce 
the severity of the consequences of traffic accident.

5.  Methods of research

To study Big Data, a comparison method was used. For 
this purpose, Big Data was classified by source of origin, 
by the number of parameters that describe the road, driver 
and driving conditions, by scope and frequency of updates. 
Special attention was paid to the possibility of checking 
the reliability of some Big data with the help of others.

6.  Research results

An analysis of the sources of origin (Table  3) shows 
that a single global source of Big Data on traffic condi-
tions and traffic flows does not exist and, obviously, can’t 
exist. Moreover, in order to obtain a holistic view of the 
interaction of all related factors and their influence on 
the occurrence of emergency situations, there is a need 
for search or development of mechanisms for consolidating 
the accumulated data. This is done in order to make them 
as suitable as possible for making managerial decisions to 
improve traffic safety.

An analysis of the distribution of speeds along the length 
of the road, combined with an analysis of the traffic condi-
tions they were called up, can be the key to establishing 
the causes of emergencies. In this case, the fact that the 
driver’s driving behavior is derived from temperament, time 
spent driving, driving conditions and vehicle characteristics, 
which is manifested in the manner of control and choice 
of driving speed, is taken into account.

In addition, driver behavior modeling  [8] allows to de-
termine a hypothetical driver comfort zone (Fig.  5), which 
is determined by the curves of acceptable acceleration for
ces (when the driver depresses the gas pedal) and decelera-
tion  (when the driver depresses the brakes). The origin on 
the graph in Fig. 5 represents a potential danger or obstacle, 
and the axes respectively show the distance to this obstacle 
and the speed of approach to it. Normal braking, as a rule, 
leads to efforts of the order of 0.3  g, and sharp – 0.6  g.  

The driver, taking care of its own comfort (and the comfort 
of passengers), as a rule, seeks to abstain in the comfort 
zone for as long as possible, avoiding sudden accelerations 
and situations that may require sharp braking.

Table 3

Big data on roads, traffic conditions and accident rate

Big data
Source
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Road authorities l l l £ ¤ £ £ £ ¤

Automatic traffic counters £ £ £ £

Weigh in motion £ £ £ £ £

Toll collection £ £ £

Video surveillance systems £ £ £ £ £ £

Law enforcement ¤ ¤ ¤ £ ¤ ¤ l

Cellular operators l £ l £

Mapping and navigation 
systems

£ l £ l l £

Road users ¤ ¤ ¤ ¤ ¤ ¤

Meteorological services l

Weather stations £

Medical facilities £

Insurance companies £

Legend:
l – global data – data collected from the entire road network;
£ – partial data – data collected from a separate road or for a limited 
range of cases;
¤ – fragmented data – data collected about an individual person or group 
of persons, or data whose receipt depends on the desire of an individual;

 – no data

 
Fig. 5. Hypothetical driver comfort zone [15]
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Thus, analyzing the Big Data, a decrease in the speed 
of movement should be considered as evidence of the on-
set of a pre-emergency situation, and all traffic accidents 
should be taken into account. Since, as noted in [1], speed 
is one of the main risk factors for road traffic injuries: 
it not only increases the risk of traffic accident, but also 
enhances its consequences. Moreover, deliberate neglect 
of which of the factors, even for the purpose of simpli-
fying or facilitating the analysis, can lead to erroneous 
conclusions – the so-called survivorship bias – which is 
unacceptable.

In order to verify, confirm and/or refute the above 
facts and assumptions in the framework of this study, it 
was decided to analyze the Big Data of one of the roads 
within Ukraine as an example. The choice of the highway 
M-06 Kyiv – Chop (on the metro station Budapest through 
the cities of Lviv, Mukachevo and Uzhhorod) was carried 
out on the basis of the following factors:

–	 this is the longest (more than 900 km along with 
approaches, detours and road junctions) road of Ukraine 
and an important transport corridor (of national and 
international significance);
–	 this road passes through 3 of the 4  climatic zones 
of Ukraine (northern, central and mountainous);
–	 in terms of aggregate characteristics, this road does not 
belong to high-speed roads according to the European 

classification  [4]. Therefore, the analysis may be useful 
for researchers, since traffic accidents on precisely this 
type of country roads (rural roads, non-motorway) in 
the EU have serious consequences (54 % of all deaths);
–	 on this road as of 01.01.2020, 19 out of 59 all-Ukrainian 
places of traffic accident concentration are taken into 
account  [3].

6.1.  Sites with stable speeds. The movement duration 
along a route by navigation systems is defined as the sum 
of the time intervals for the passage of individual sections 
that make up this route. The basis for the calculations 
is the data of observations collected from the navigation 
devices of vehicles that moved these sections. In addition, 
the results of the initial calculation are constantly adjusted 
based on instantaneous data on speed and traffic jams.

As an example of a Big Data source – a navigation 
system provider – the TomTom company was selected as 
part of this study, which operates with data coming from 
more than 600  million connected devices from 77  coun-
tries (11  million data records daily). This data provides 
an accuracy level of up to 10 meters and is updated every 
30  seconds. False data or data about unusual behavior is 
filtered out. Data is summarized quarterly.

The results of the separation of the M-06 highway 
into sections with stable speeds are shown in Fig.  6.
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Fig. 6. Speed distribution on the M-06 highway from km 14+080 to km 831+711 (the value of division of the kilometer scale  
depends on the saturation of key points): a – on the section from km 14+080 to km 296+000; b – on the section from km 296+000 to km 561+000;  

c – on the section from km 5 61+000 to km 831+711;  
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   – accident blackspots as of 01.01.2020
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According to the data source, the entire road is divided 
into 612 conventional sections with an average length 
of 1335  m (from 15 to 7624  m), during which the free 
flow rate, defined as the mid-range span, is stable (from 
17 to 115  km/h). The average speed difference between 
neighboring sections is 5.8  km/h (1 to 45  km/h).

An analysis of the distribution of speeds (Fig.  6) 
confirms the tendency of drivers to exceed the estab-
lished speed limits, especially on sections of roads pass-
ing through settlements. Only in the highlands of the 
Carpathians, the geometric parameters of the road do 
not allow (except for settlements) to accelerate beyond 
the established limits.

The speed distribution on individual sections of roads 
can also be obtained by analyzing the data collected by the 
weighing system in traffic, for example, km 24+130 (WIM1,  
only towards Kyiv) and km 54+336 (WIM2, towards Kyiv 
and towards Chop). For approximately the same period of 
time that TomTom developed (Fig. 6) – the 1st quarter of 
2020 – 1,691,993 vehicles passed through these 2 weighing 
platforms in motion (Fig.  7).

Comparison of the mid-range ranges for the TomTom 
and WIM data are given in Table  4.

Table 4

Comparison of mid-range ranges for various sources  
of Big Speed Data

Section
Source

М-06 km 24+130 М-06 km 54+336

to Kyiv to Kyiv to Chop

ТомТом 95 111

WIM 100 109 97

difference +5 % –2 % –13 %

The difference in speeds between adjacent lanes (Fig. 8–10) 
averages from 20 to 30  km/h, which in turn can be an 
additional factor in the occurrence of an emergency when 
performing maneuvers (advancing, changing lanes, etc.).

 
Fig. 7. Speed distribution on the M-06 highway at km 24+130 (WIM1) and km 54+336 (WIM2)

Fig. 8. Speed distribution on the M-06 highway at km 24+130 (WIM1, to Kyiv)
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Fig. 9. Speed distribution on the M-06 highway at km 54+336 (WIM2, to Kyiv)

Fig. 10. Speed distribution on the M-06 highway at km 54+336 (WIM2, to Chop)

6.2.  Accident blackspots. By combining data on the 
distribution of speeds with other data on the road and 
traffic accident rate, it is possible to trace individual de-
pendencies, to establish which combination of hazardous 
factors has a decisive influence on the occurrence of each 
individual traffic accident or the formation of places of 
concentration of traffic accidents (Fig.  11).

Obviously, most traffic accidents occur precisely in places 
where the speed drops. And the severity of the consequences 
is greater, the higher the flow rate or the greater the dif-
ference between the actual and allowed speeds.

To understand the reasons that force drivers to change 
their speed and confirm or refute the distribution of 
speeds  (Fig.  6), it is possible to use the data from the 
GPS trackers of individual cars (Fig. 12). This study used 
anonymous data on the movement of 36 cars belonging to 
enterprises subordinate to Ukravtodor, recorded between 
December 2019 and March 2020. During this period, they 
covered a distance of 178,574  km. The value of such data 
primarily lies in the fact that they are collected from 
cars driven by professional drivers who knew the traffic 
conditions on each route well. In addition, the drivers did 
not know that they were participating in the experiment 

and, therefore, knowingly or unconsciously, could not af-
fect the quality of the data collected.

The championship among emergency hazardous places 
in this section of the M-06 highway includes left turns 
(Fig.  13), and the traffic accident rate on them is propor-
tional to the traffic intensity (Table 5) and speed (Fig. 11).

Traffic speeds at approaches to pedestrian crossings at the 
same level (Fig.  13) indicate that only traffic management 
measures (road signs with a border, road markings 1.14.3 
and noise lanes) can’t achieve a reduction in speed to an 
acceptable 50 km/h. Even if the driver reacts in time to the 
appearance of the pedestrian and brakes before crossing, it 
risks getting into traffic accident as a result of a rear-end 
collision caused by a less attentive driver (Tables  1, 2).

In addition, emergencies more often occur in places of 
so-called «increased social activity». For example, in the area 
from km 89+000 to km 106+000 of the M-06 highway, there 
is a high concentration of spontaneous trade points. Since 
improvised stalls are usually arranged by sellers on the side 
of the road and on the barrier, vehicle drivers slow down 
by looking at the assortment, and if they are interested in 
making purchases, they brake and stop the vehicles within 
the carriageway, often unexpectedly for other road users.
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Fig. 11. The distribution of the number of traffic accidents in 2019 on the M-06 highway from km 14+080  
to km 831+711 (value of division of the kilometer scale depends on the saturation of key points): a – on the section from km 14+080  

to km 290+000; b – on the section from km 290+000 to km 560+000; c – on the section from km 560+000 to km 831+711

Fig. 12. Routes of automobiles on Ukrainian roads recorded between December 2019 and March 2020  
and used in this study (map data provided by OpenStreetMap)
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Table 5
The average annual daily traffic intensity on the M-06 highway from km 

14+080 to km 128+600 as of May 2017

From km + To km + Number of vehicles, auto/day

21+900 24+720 38 057

24+720 35+000 28 265

35+000 51+580 22 179

51+580 68+430 19 038

68+430 86+356 19 027

86+356 103+050 14 636

103+050 120+160 12 619

120+160 128+600 19 428

Analysis of the records on the movement of individual 
cars can be somewhat simplified (Fig.  14) if only dan-
gerous accelerations/decelerations are recorded (Fig.  5).

Examples of fixation points for dangerous accelera-
tions and decelerations on the M-06 highway are shown 
in Fig.  15–18.

For visual and geospatial analysis, Big data can also 
be superimposed on a cartographic basis (Fig.  19,  20). 
The distribution of dangerous curves (R<500 m), descents 
and ascents (more than 40  ppm), as well as individual 
traffic accidents, allows to trace the dependence of the 
probability of emergency situations on the geometric pa-
rameters of the road (Fig.  16).

Fig. 13. The distribution of speeds on the M-06 highway from km 14+080 to km 128+000 compared with the data on the movement  
of individual cars (value of division of a kilometer scale depends on the saturation of key points): a – on the section from km 14+080 to km 49+500;  

b – on the section from km 49+500 to km 90+800; c – on the section from km 90+800 to km 128+000:  
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Fig. 14. Coordinates of places of fixation of dangerous accelerations and decelerations (map data provided by OpenStreetMap)

Fig. 15. Locations of fixation of dangerous accelerations and decelerations on the M-06 highway in the period from December 2019 to March 2020  
(map data provided by OpenStreetMap): а – at the intersection of km 21+780; b – on the section from km 23+400 to km 24+200;  

c – on the section from km 36+620 to km 37+095; d – on the section from km 48+900 to km 49+600
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Fig. 16. Locations of fixation of dangerous accelerations and decelerations on the M-06 highway in the period from December 2019 to March 2020  
(map data provided by OpenStreetMap): a – on the section from km 50+500 to km 51+100; b – on the section from km 65+500  

to km 66+000; c – on the section from km 127+000 to km 128+000

Fig. 17. Locations of fixation of dangerous accelerations and decelerations on the M-06 highway in the period from December 2019  
to March 2020 (map data provided by OpenStreetMap): a – on the section from km 152+200 to km 154+500; b – on the section  

from km 219+800 to km 220+800; c – on the section from km 311+400 to km 312+100
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 Fig. 19. Distribution of dangerous curves, descents and ascents, as well as individual road traffic accidents at the places of accidents  
on the M-06 highway from km 676+000 to km 690+000 (map data provided by OpenStreetMap): 

 
 – dangerous bend (R<500 m);  

 
 – steep ascent (40 ‰); 

 
 –  steep descent (40 ‰); 

 
 – traffic accidents in 2016–2019

Fig. 18. Locations of fixation of dangerous accelerations and decelerations on the M-06 highway in the period from December 2019  
to March 2020 (map data provided by OpenStreetMap): a – on the section from km 320+200 to km 322+200;  

b – on the section from km 460+700 to km 461+000
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Thus, Big Data can be used to evaluate design decisions 
for the construction of roads for traffic safety, evaluate the 
effectiveness of measures for the organization of traffic, 
including calming traffic.

Comparison of the traffic accident scene (Fig.  20), 
recorded by the National Police inspectors and users of 
the free social and navigation application for Waze mo-
bile devices, once again focuses on the need to fix the 
spatial coordinates in the traffic accident record card.
As well as the need for a separate field of this map, 
which will indicate the direction of movement of ve-
hicles. This will significantly facilitate machine data pro- 
cessing, since emergency situations can differ in the di-
rections of movement not only on the Ia and Ib cate- 
gory roads.

Summing up what has been written, it becomes clear 
that the traffic accident is the tragic end of an emer-
gency, the decisive factor in the occurrence of which is 
the human one. And the higher the speed, the higher 
the price of a driver’s mistake. That is, the absence of 
the traffic accident on a particular section of the road 
is not a reason to refuse to analyze the traffic condi- 
tions on it.

The use of a kilometer-wide distribution of traffic ac-
cidents and taking into account only traffic accidents with 
victims instead of specifying the places of traffic accidents 
and taking into account all types of traffic accidents was 
justified at the previous stages of development. And also 
in the absence of sufficient computing power, mechanisms 
and tools for analysis and research.

7.  SWOT-analysis of research results

Strengths. The proposed approach makes it possible 
to involve in the traffic accident analysis all the infor-
mation available to the company on roads, streets, road 

users and traffic conditions. This will allow to consider 
the smallest aspects and the whole range of factors that 
cause an emergency to prevent its occurrence or reduce 
the severity of the consequences.

Weaknesses. It should be noted that the study is aimed 
at making separate generalizations, determining the vector 
of scientific research and laying the lines for subsequent 
research on the development of new or improvement of 
existing models, methods and algorithms for traffic ac-
cident analysis.

Opportunities. The proposed approach avoids the con-
scious or subconscious influence of road users on the re-
sults of observations, which is often impossible to achieve 
during surveys or simulate emergency situations.

Threats. Access to Big Data is often limited by its 
owners. In addition, it is not always possible to influence 
the data collection algorithms in order to adjust them or 
supplement them with new indicators.

8.  Conclusions

1.	 With the help of the Big Data, confirmation is ob-
tained that the human factor has a decisive influence on 
the occurrence of an emergency, and the vehicle speed is 
the determining factor in the severity of the consequences 
of the traffic accident.

2.	 Current methods of collecting, composition and content 
of Big Data at the moment are sufficient for a comparative 
analysis and the formation of general conclusions. Therefore, 
during the study it was found that the speed of movement 
is a significant criterion for assessing traffic safety. A  sharp 
change in the speed of movement (most often, braking) 
is an indicator of the onset of an emergency, which is 
confirmed by the distribution of places of traffic accident 
concentration. And the traffic accidents themselves have 
serious consequences precisely on road sections where high 

Fig. 20. Comparison of the places where traffic accidents occurred at the M-06 highway from km 23+400 to km 24+200:  

 
 according to the National Police;   Waze (map data provided by OpenStreetMap)  
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speeds are observed or the road infrastructure «provokes» 
drivers to exceed the permissible speed.

It is also established which design and technical solu-
tions used on the roads lead to increased traffic accidents 
and which contribute to calming traffic. It has been proven 
that setting speed limits using only road signs is ineffec-
tive, as is the use of yellow border signs.

In addition, given the many elements that form the 
«human factor» or «traffic conditions», when forming an 
indicator or index with which it is possible to evaluate  
the level of road safety, certain generalizations can’t 
be avoided. An effective result of further research will  
be the establishment of critical levels of exposure to each 
of these elements, as well as the formation of an algo-
rithm that will allow for prediction and timely warning of  
a dangerous combination of conditionally safe factors.

References

1.	 Save LIVES – A road safety technical package (2017). World  
Health Organization. Available at: https://apps.who.int/iris/bit-
stream/handle/10665/255199/9789241511704-eng.pdf?sequence 
=1&isAllowed=y

2.	 Road safety annual report 2019 (2019). OECD/ITF. Available 
at: https://www.itf-oecd.org/sites/default/files/docs/irtad-road-
safety-annual-report-2019.pdf

3.	 Road traffic injuries: the facts (2019). ASIRT, World Health 
Organization. Available at: https://www.asirt.org/wp-content/
uploads/2020/03/road-traffic-injuries-the-facts-infographicen.pdf

4.	 Monitorynh dorozhno-transportnykh pryhod na avtomobilnykh 
dorohakh zahalnoho korystuvannia derzhavnoho znachennia 
Ukrainy za 2019 rik (2020). DP «DerzhdorNDI», 73. 

5.	 Annual safety report 2018 (2018). Available at: https://ec.europa.
eu/transport/road_safety/sites/roadsafety/files/pdf/statistics/
dacota/asr2018.pdf

6.	 Iarmolinskii, A. I., Pugachev, I. N., Sheshera, N. G. (2016). 
Sovershenstvovanie metodiki ocenki avariinosti avtomobilnykh 
dorog po stepeni obespecheniia bezopasnosti dvizheniia v gorod
skikh usloviiakh. Vestnik TOGU, 3 (42), 33–42.

7.	 Drew, D. R. (1968). Traffic Flow Theory and Control. McGraw 
Hill, 467. 

8.	 Lanovyi, O. T. (2016). Teoretychni osnovy ta praktychni metody 
zabezpechennia umov bezperervnoho, bezpechnoho ta zruchnoho 
rukhu transportnykh potokiv merezheiu avtomobilnykh dorih. Kyiv, 
399. Available at: http://diser.ntu.edu.ua/Lanovuy_dis.pdf

9.	 Eboli, L., Guido, G., Mazzulla, G., Pungillo, G., Pungillo, R. 
(2017). Investigating Car Users’ Driving Behaviour through 
Speed Analysis. PROMET – Traffic&Transportation, 29 (2), 
193–202. doi: http://doi.org/10.7307/ptt.v29i2.2117 

10.	 Tay, R., Champness, P., Watson, B. (2003). Personality and 
speeding. IATSS Research, 27 (1), 68–74. doi: http://doi.org/ 
10.1016/s0386-1112(14)60060-1 

11.	 Road safety audit guidelines for safety checks on new road projects 
(2011). PIARC Technical committee C3.1 Road safety, 385.

12.	 Kaskiv, V., Vozniuk, A., Nahrebelna, L. (2020). Towards road 
safety audit on road network of ukraine. Avtoshliakhovyk Uk
rayiny, 1 (261), 32–39. doi: http://doi.org/10.33868/0365-
8392-2020-1-261-32-39 

13.	 Why do road traffic accidents happen? Danish road traffic 
accident investigation board (AIB) (2014). Available at: http://
www.hvu.dk/SiteCollectionDocuments/HVUdec14_UK_Hvor-
forSkerUlykkerne.pdf 

14.	 Dingus, T. A., Guo, F., Lee, S., Antin, J. F., Perez, M., Buchanan-
King, M., Hankey, J. (2016). Driver crash risk factors and 
prevalence evaluation using naturalistic driving data. Proceedings 
of the National Academy of Sciences, 113 (10), 2636–2641. 
doi: http://doi.org/10.1073/pnas.1513271113 

15.	 Fisher, D. L., Rizzo, M., Caird, J., Lee, J. D. (Eds.) (2011). 
Handbook of Driving Simulation for Engineering, Medicine, and 
Psychology. CRC Press, 752. doi: http://doi.org/10.1201/b10836 

16.	 Wachnicka, J. (2018). Mathematical models as practical tool for 
road fatalities forecasts on road network in regions. MATEC 
Web of Conferences, 231, 01018. doi: http://doi.org/10.1051/
matecconf/201823101018 

Vozniuk Andrii, Head of Department of Intelligent Transport 
Systems, State Agency of Roads of Ukraine (Ukravtodor), Kyiv, 
Ukraine, e-mail: andrey911@ukr.net, ORCID: http://orcid.org/0000-
0002-7611-9652

Kaskiv Volodymyr, PhD, Associate Professor, State Enterprise 
«M.  P.  Shulgin State Road Research Institute», Kyiv, Ukraine, 
e-mail: vi_kas@ukr.net, ORCID: http://orcid.org/0000-0002- 
8074-6798


