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Abstract

Road traffic accidents are the leading cause of death for young people in today’s world. Given
the proliferation of pedestrians, cyclists and motorcyclists in the city, it is necessary to find the most
frequent causes to prevent these accidents. To resolve this situation problem an exploratory analysis
of the databases is carried out to identify the main variables, their attributes and relationships. A
Data Model is designed where the most frequent underlying causes of these accidents are identified,
paying special attention to the actors involved, such as pedestrians, cyclists and motorcyclists. The
integrated database is analyzed with a business intelligence approach to obtain behavioral patterns
of the actors and determine the relevance of the variables involved in these events. The results
obtained show that the main accidents with causes of death are collisions between vehicles and the
crash, by not maintaining the prudent and reasonable distance caused by the physical conditions of
the driver, whether fatigue and/or drunkenness. Since most accidents occur in the early morning
or late afternoon, the use of illuminated beacons is recommended for cyclists and motorcyclists.
Also, accident indicators are identified, and measures are recommended to improve the system.
This work explores a method of Business Intelligence, with applications in the subject of study.
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1 Introduction

There are several ways to address traffic accidents, depending on the amount and complexity of
the data available. Different authors propose a data mining framework for analyzing accident data
identifying some of the factors that affect traffic accidents, using techniques data mining to predict
the occurrence and severity of accidents [1]. Some explore the use of big data and data mining
techniques for data analysis. It focuses on the visualization and prediction of accidents, highlighting
the importance of integrating large volumes of data to improve the road safety [2],[3]. Also, there are
other authors who analyze injury data in traffic accidents using data mining and machine learning. It
focuses on identifying risk factors and patterns associated with accidents and serious injuries, proposing
preventive measures to reduce accidents [4]. Advanced analysis is used to predict the severity of
collisions, considering environmental and road infrastructure factors. Predictive models based on
historical data are proposed to improve traffic risk assessment and management [5]. Other approaches
discuss the differences in the reduction of traffic fatalities between countries for example between the
U.S. and Germany, and provide an overview of international accident data collections [6]. Another
study done in the USA uses decision trees and neural networks to analyze the severity of injuries in
traffic accidents. It uses a real data set of police accident reports from a number of years seeking
to identify patterns and determinants in the severity of accidents [7],[8]. An article was found that
presents a spatial analysis model for road classification accident prone. It uses spatial data and
artificial intelligence methods to identify high-risk areas and propose interventions to improve road
safety [9].

Some articles offer valuable perspectives on the assessment and analysis of accidents in transport
systems, such as a fuzzy logic-based approach to assessing the risk of accidents in transport systems,
providing a tool to improve road safety [10]. Also, a study that applies machine learning techniques
to analyze traffic accident data, identifying patterns and factors that contribute to the occurrence of
accidents [11]. However, in the literature examined, no studies of road accidents are presented that use
business intelligence tools to perform big data analysis and search for user behavior patterns, opening
a good opportunity to explore the use of these advanced tools. In this context, Power BI tool allows
to collect, manage, and analyze data from a variety of data sources present in sheets or databases,
allowing to see not only what happened in the past and what is happening in the present, but also
what might happen in the future, through predictions using time series techniques and exponential
smoothing algorithms.

2 Methodology proposed

The methodology proposed in this study consist in the following four stages:

2.1 Data Acquisition

In this research, databases from 2017 to 2022 of traffic accidents were used, provided by the
National Commission of Traffic Accidents of Chile CONASET [12],[13],[14] which are obtained in the
field by units of Chilean Police. The databases are made up of four different Excel spreadsheets,
these are: claims database, people, vehicles, and people — vehicles. These databases contain: type of
accident, cause, whether the person is a pedestrian, driver or passenger, the type of vehicle, age of
those involved, result, whether they are fatal, serious, less serious or minor, as well as other data that
help identify the accident. To work with a single Excel database, the Power BI business intelligence
tool was used to unify the data from the different databases.

2.2 Extraction of relevant data. Analysis of attributes

Once the databases are integrated, a data mining framework supported by Power BI allows the
process of extracting, transforming and cleaning data to be carried out, for a region of the city of
Santiago, which has several communes and has the highest number of accidents with serious and fatal
results. The relevant actors involved in the accident rate are identified. Next, an analysis of the
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relevance of variables is applied to show the attributes considered most influential and the incidence of
the causes in the fatality and serious injuries of accidents of motorcyclists, cyclists and pedestrians. All
this, considering the traffic accident data for 6 years (2017 to 2022), which account for the historical

situation of accidents with fatal results [12], [13].

2.3 Obtaining patterns of behavior and indicators

Next, the data is exploited to obtain behavior patterns of the different actors involved in the
accidents using the Power BI tool. Fatal accidents are characterized, highlighting rush hour hours,
age ranges, type of user, type of road and cause. The most relevant indicators to assess accident rate

are identified.

2.4 Measures for reducing causes

Different measures for trying to reduce the causes of these accidents are proposed.

3 Exploratory Analysis

3.1 Relevant variables and Attributes

Based on the exploratory analysis of the databases of the 6 years available, the following relevant

variables and their associated attributes are identified and presented in Table 1.

Table 1: Relevant variables and its attributes

Category

Detail and Attributes

Driver — Passenger

Attributes: Sex, Age, Nationality, Deceased,
Serious

People-Vehicles

Detail: User Type

Attributes: Pedestrian, Cyclist, Motorist,
Passenger.

Detail: Vehicle Type

Attributes: Automobile, Bicycle, Motorcycle,
Other Vehicles.

Detail: Ages

Attributes: Under 15 years, 15 to 29 years,
30 to 39 years, 40 to 49 years, from 50 to 55
years, over 55

Accidents

Detail: Actors involved in accidents
Attributes: Motor vehicle drivers, pedestrians,.
bicycle and motorcycle drivers

Causes of the accident

Detail: Environmental causes
Attributes: Overtaking, Speeding, Direction
of traffic.

Detail: Human causes in passengers, driver,
pedestrians

Attributes: Poor physical conditions,
drowsiness, fatigue, under the influence of
alcohol, in a state of drunkenness, drug use
time of the accident.

Detail: Area where it is produced
Attributes: North, South, East, West, urban,
rural.
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3.2 Data Model

Once the data has been ordered, the data is modeled to obtain relationships between the causes
of accidents involving bicycles, motorcycles and pedestrians, and other antecedents of those involved.

On the other hand, the location of accidents in the city is modeled, indicating the places where
accidents with bicycles, motorcycles and pedestrians occur and their causes, which will allow road
studies to be carried out and precautions to be taken to prevent the causes.

The Data Model implemented in Power BI considers four driver files:

o T_Persona (People) describing the characteristics of people with their attributes present in
Table 1.

o« T_RU that considers year, commune, day, season of the year, date, time, time, identification of
the accident, month.

e T_ Veh considers the type of vehicles involved in accidents, consequences and maneuvers with
their attributes present in Table 1.

e T _Per_Veh considers damage to people, deceased, serious, minor, the time of the accident, day,
time and month.

Figure 1: Data Model (Power BI)

4 Results

4.1 Analysis of accidents by zone

Figure 2 shows the number of accidents that occurred in the city during the 6-year sample present
in the CONASET databases, from a cumulative total of 184,001 between 2017 and 2023. In the
examination of accidents that occurred in the 5 zones of the city (North, South, West, East, Center)
it was determined that the most affected area was the South Zone every year as shown in Figure 3
with 58,109 accidents per year. These communities are populous and have medium-low socioeconomic
levels. Figure 4 presents the two communes Santiago and Puente Alto with the highest number of
accidents in the Metropolitan Region (MR). The communes with high accidents are the most populated
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Figure 2: Number of accidents per year (2017-2023)
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Figure 3: Accidents of the South Zone
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in the MR and represent almost 40% of the population. That is the main reason for the increased
occurrence of accidents. On the other hand, they are poor communes in bicycle lane infrastructure, it
is common in non-working hours to reduce accidents because there is very little movement of vehicles

and pedestrians.
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Figure 4: Communes of Santiago and Puente Alto with the highest number of accidents)
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Figure 5 shows the accidents with the second highest number of accidents in Commune of Maipu.
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Figure 5: Commune of Maipu with the second highest number of accidents

A summary of months and work and non-work hours of a commune with a high accident rate is
shown in Figure 6.
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Figure 6: Summary of months and work and non-work hours of a commune with a high accident rate.

The accident trends per year considering quarterly information is presented in Figure 7 showing a
decrease only during the pandemic year and remained stable in previous years over 30,000 accidents.
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Figure 7: Total of Acident Trends by Years (2017-2023)
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4.2 Analysis of People Vehicles accidents

Figure 8 presents the people vehicles accident (2023) in the Commune of Santiago, Figure 9 in the
commune of Puente Alto and Figure 10 in the commune of Maipu.
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Figure 8: Total of Accident Trends by Years (2017-2023)

In these cases, pedestrian accidents are greater because they are the most unprotected, they involve
cars since these are a high percentage greater than bicycles, motorcycles and pedestrians.

4.3 Analysis of Causes of accidents

Figures 11, 12 and 13 presents the most important causes of fatality and serious injury in female
and male from the Communes of Santiago, Puente Alto and Maipu which are caused by different
physical conditions of the drivers, such as the influence of alcohol and drugs, drunkenness, fatigue,
in a normal state and in case of fleeing. The vehicles considered in the accidents are truck, jeep,
motorcycle, bicycle, motorized skating, scooter/ Bike Motorcycle, car and taxi. The main causes
correspond to outrage, fall, crash, collision, other types and rollover.

The largest number of accidents occur due to outrage, crash and collision, the latter being the
source of serious injury. Death results are also caused by outrage and collision.

4.4 Accidents rate indicators

Performance Indicators are considered in Governance Solutions [15]. Relevant indicators were
detected in this study to evaluate the accident rate of pedestrians and bicycle and motorcycle drivers,
such as:

e Injury rate: The number of injuries sustained by pedestrians, bicyclists, and drivers in traffic
accidents.

o Fatality rate: the number of deaths caused by road accidents in relation to the population or
number of vehicles in circulation.

« Factors contributing to accidents: such as speeding, alcohol, driver distraction, lack of visibility,
or poor road infrastructure design, can help identify areas for improvement.
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Figure 10: Causes of fatality and serious injury in female and male from the Commune of Puente Alto

e Temporal trends: Analyzing trends over time can provide insight into whether the safety mea-
sures in place are having a positive impact on reducing accidents.

4.5 Recommendations for improving the analysis

It is recommended to propose the following data to be recorded in future investigations on causes:
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Figure 11: Causes of fatality and serious injury in female and male from the Commune of Maipu
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Figure 12: Causes of fatality and serious injury in female and male from the Commune of Puente Alto

o Accurately track and height of all events.

o Pedestrian status at the time of the accident (sober, drunk, intoxicated).

e Driver use of cell phone.

e Speeding of the vehicle involved in a hit-and-run.

e Use of high-visibility clothing.
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Figure 13: Causes of fatality and serious injury in female and male from the Commune of Maipu

A study of the accident rate of motorcyclists is recommended, analyzing maneuver performed,
result of this, area of it (commercial and residential), speed limit allowed level of experience of the
driver, relevant driver’s license, use of safety implements and type of motorcycle (scooter, scooter,
etc.). On the other hand, a virtual reality awareness campaign on driving with alcohol or speeding is
recommended.

5 Conclusion

This work introduces a business intelligence approach and tools to perform big data analysis
and search for user behavior patterns in road crushes resulting in fatalities and serious injuries. In
the exploratory analysis relevant variables and their associated attributes were identified. The Data
Model implemented in Power BI made it possible to obtain the relationships between actors, causes
and effects of accidents in the most affected city communes. In the examination of accidents that
occurred in the 5 zones of the city, it was determined that the most affected area was the South Zone.
This work, unlike others that appear in the literature, makes use of combined Big Data analysis and
Business Intelligence tools, not frequently used in this type of study. This work shows that, as the
number of bicycles and motorcycles in the country has increased, accidents have also increased. It has
been shown that the majority of pedestrian accidents result in death and serious injury and that the
most important cause is pedestrian recklessness. Given the above, it is recommended to increase the
regulations for the use of them and thus avoid accidents. In addition, vehicle lights should be turned
on before sunset to prevent pedestrian deaths. In the next studies, the causes and conditions of the
roads will be analysed in greater detail to provide municipalities with road safety support.
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