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Abstract

Road accidents not only caused loss of human lives but also costed 3% of gross domestic product

in most of the countries. The road accidents pose significant challenges to public safety and urban

transportation management. There is a need to identify the high—risk area of accidents along with

the critical day of week and vulnerable time period in order to implement effective preventive

measures and optimizing the resource allocation. We collected 5,012 accident data from
YT EFEY K. This study identified the high—risk locations, days of week, and time periods for

accidents in Daegu and estimated the conditional probabilities of accidents occurring based on

combinations of location, day of the week, and time period. The result is visualized in the form of

dashboard in Tableau. This study holds substantial practical significance for urban planners,

transportation authorities, and policymakers in Daegu to strategically allocate resources for traffic

management, law enforcement, and targeted safety campaigns.
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I. INTRODUCTION

According to the fact sheets released by
the World Health Organization in June
2022, the casualties caused by road traffic
crashes were approximately 1.3 million
every vyear [1]. Centers for Disease
Control and Prevention [2] have listed the
factor of accidents as one of the leading
causes of death. Besides causing loss of
human lives, macroeconomically, these
accidents cost most countries 3% of their
gross domestic product [3]. Road
accidents pose significant challenges to
public safety and urban transportation
management, and understanding the
factors contributing to accidents and
identifying the areas where accidents
happen frequently is crucial for effective

preventive measures and optimizing
resource allocation.

As one of the largest cities in South
Korea, the Daegu Metropolitan City
reported that vehicles registered in Daegu
increased by 1.15% in 2021 compared to
the average number of vehicles registered
in the last five years [3]. Meanwhile,
according to Traffic Accident Analysis
System (TAAS), there is a total of 12,133
accidents happened in Daegu, which is the
third city that has the most accidents
happened [4].

Previously, studies related to traffic
crashes have been conducted to identify
factors that caused road accidents [5,6,7]
and factors that led to accident severity
[8,9,10,11]. Studies that conducted to
investigate traffic accidents happened in
Daegu mostly related to pedestrian
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accidents [12,13], risk factors [14].
However, these analyses mostly did not
look at the connections between high—risk
location, day of week, and time period with
accidents, causing the related authorities
not effectively to apply practical measures
for the prevention of accidents.

This study 1s proposed to address the
concern above by providing insights into
the relationships between location, day of
week, and time period with accidents in
Daegu. These will be done by identifying
the high—risk locations, days of the week,
and time periods for accidents in Daegu
and estimating the conditional probabilities
of accidents occurring based on
combinations of location, day of the week,
and time period. A dashboard is used to
visualize the high—risk locations and
information related to accidents in Daegu.
The identification of rush hours during
weekdays and visualization of vulnerable
location in dashboard are expected to
contribute  to guiding the traffic
management strategies, accident
prevention efforts, and resource allocation
in high—risk areas and time periods.

Il. RELATED WORK

Preceding studies have extensively
explored various facets of road accidents,
with a focus on identifying causative
factors [5—"7], assessing accident severity
[8—11], and proposing policies for
reduction [15]. These
investigations have encompassed a range

accident

of approaches and considerations.

Studies examining accident severity
typically categorize accidents as either
fatal or non—fatal [8], those involving

fatality and injury versus property damage
only [10], or establish a hierarchy of
severity levels based on factors like
property damage and injuries or fatalities
[11]. Researchers have employed
statistical techniques such as logistic
regression [8,9,11] and artificial neural
networks [10] to analyze factors effect on
accident severity. Key factors
consistently  found to  significantly
influence accident severity include
location [8,9], the type or cause of the
accident [8,10,11], and environmental
factors [9,11].

In contrast, research aimed at identifying
the factors contributing to the occurrence
of road accidents has taken diverse
approaches. Study of Hosseinian and
Gilani highlighted the significance of
environmental factors (such as season,
day of the week, time of day, and weather),
driver characteristics (age and gender),
and road conditions [5]. Meanwhile,

Bucsuhéazy et al. delved into human factors

and determined that age, gender, road
familiarity, risk behavior tendencies, and
driving habits play roles in accident
occurrence [6]. Additionally, a study that
gathered input from police officers and the
public suggested the possibility of
underreported causes, emphasizing driver
distraction, drug and alcohol impairment,
and uncorrected or defective eyesight as
under—recognized issues in need of
greater law enforcement attention [7].

Furthermore, accidents often occur due
to drivers' behavior influenced by
environmental factors [5,16]. For instance,
accidents resulting in injuries tend to
happen more frequently on weekdays and
during rush hours in both the morning and



evening [16]. Another study applied data
mining techniques to identify and compare
characteristics of high—frequency and
low—frequency accident locations,
offering insights into road accident
patterns [17]. Study of Goniewicz et al.
addressed the root causes of underscored
the 1mportance of enforcing traffic
regulations, improving infrastructure, and
ensuring vehicle roadworthiness as
ongoing issues contributing to road
accidents, despite the multifaceted nature
of these incidents [15]. This study also
advocated for strategies and programs
aimed at reducing the risk of exposure to
accidents, preventing accidents, and
enhancing post—accident medical care to
improve overall road safety.

While these studies have provided
valuable insights, it's essential to note that
they often pertain to specific locations, and
some factors may be beyond the control of
transportation authorities or policymakers.
Consequently, this study proposes to
investigate the relationships between
location, day of the week, and time periods
in the context of road accidents in Daegu,
with the aim of offering more specific
insights to inform road safety initiatives
for accident reduction.

ll. DATASET AND PREPROCESSING

This study used the accident data
collected from UWTWEEsHH which
recorded information on accidents that
occurred in Daegu City [18]. The provided
information includes details such as the
start date and time of the accident, end
date and time of the accident, location of
the accident, and condition of the accident.
To collect this data, Selenium, a web
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browser automation tool that enables
users to automate website interactions
through programming [19], was employed.

It's worth noting that, in accordance with
Article 24—2 of the Copyright Act
(regarding the free use of public works),
Daegu Metropolitan City either holds full
copyright or has obtained the consent of
the right holder for the works. As a result,
these works are labeled with the "Korean
Open Government License (KOGL),"
which allows for free use without the need
for separate permission [18].

The data collected for this study,
encompassing 5012 accident entries from
January 1, 2020, to November 21, 2022,
falls under the provisions of the KOGL,
which means that it can be freely used
without the necessity of additional
permissions.

Before conducting this study, Excel was
used to extract the Day of the Week, Time
Period, and Road Name from the data
collected. The road names with wrong
spelling are corrected. The table below
shows the road names with modifications.

Table 1. Road names modifications

Initial Road Name Modified Road Name
ETE TR
U Ao EE FUH AL ER
AR A =
A SR

After obtaining all the road names from
the raw data, geopy 1s applied to obtain the
coordinates of the roads. Geopy is a
Python client for several popular
geocoding web services that enable people
to locate the coordinates of addresses,
cities, countries, and landmarks using
third—party geocoders and other data
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sources [20]. The coordinates are needed
in the visualization of the high—risk
location in the dashboard. After that, all the
accident entries that happened on the
highway and with missing coordinates are
removed from this study. Hence, there are
a total of 3,057 accident entries used in
this study.

IV. PROPOSED METHOD

Probability denotes the likelihood of the

occurrence of an event [21] and
conditional probability assesses the
probability under a specified condition
[21]. Conditional probability disclosed the
uncertainties about one event on the
assumption that the specific condition
occurs [22] with two important
assumptions, which are (i) the attributes
are independent of each other and do not
affect each other performance, and (ii) all
the features are given equal importance
[23]. Conditional probability has been
widely used in various researcher, such as
proving the of non—randomness in
occurrence of distant metastasis for lung
cancer [24], assessing the potential of
Tsunami [25], and prediction of corporate
failure [26].

In this study, the conditional probability of
an accident happening on a particular day
and time according to the location 1is
estimated using the data collected. The
estimation is  calculated by the
multiplication of the probability of X day
given the accident happened at location A,
the probability of Y time given the accident
happened at location A, and the probability
of the accident happened at location A,
divided by the product of the probability of
accident happened on X day, and

probability of accident happened on Y time.
Hence, the probability of an accident
happening at location A, given that the day
of the week is X and the time periodis Y is
estimated for this study.

P(Location A accident |X day,Y time) =

P(X day |Location A accident) *
P(Y time |Location A accident) = P(Location A accident)
P(Accident on X day) * P(Accident on'Y time)

(1)
Meanwhile, data normalization is a
process of transforming data into a
consistent and comparable format, which
can improve data quality, analysis, and
integration [27]. Min—Max Normalization
1s a normalization method that produces a
comparable value by performing linear
transformations of the original data [28].
Min—Max Normalization helps to preserve
the relationships among the original data
values, and the bounded range helps to
reduce the standard deviations, which can
suppress the effect of outliers [27].

X = Xmin

Min — Max Normalization =
Xmax — Xmin

()
Since the result of the estimated
probabilities is very small in value, this
study normalized the probabilities using
Min—Max Normalization. The probabilities
are normalized by comparing data across
all locations (global normalization) and
according to locations (relative
normalization). This aims to make a better

comparison across the probabilities.

V. RESULT

The accident frequency according to the
day of the week and time period 1is



assessed using the collected data. The
figure below shows the frequency of
accidents according to the day of the week.
Based on our result, accidents that
happened during weekdays are more
frequent than on weekends in Daegu.
Particularly, accidents that happened on
Tuesday and Friday show a slightly high
frequency compared to the other days.
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Fig.1. Accident frequency according to day of
week

o

Meanwhile, Figure 2 shows the frequency
of accidents according to the time period.
According to Figure 2, the number of
accidents surged between the time
interval from 6 to 9 in the morning. To
investigate the effect of workday
commuting hours on the accident
occurrence, Figure 3 shows the proportion
of days of the week in the frequency of
accidents that happened in each time
period. We can confirm that the critical day
and time period for accidents in Daegu is
during the weekday morning rush hours
when people go to work.
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Fig.2. Accident frequency according to time
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Fig.3. Accident frequency according to time
period and day of week

Next, the conditional probability of an
accident and the globally and relatively
normalized probabilities are estimated.
The probabilities were further plotted
according to the location, as shown in

Figure 4.
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Fig.4. Visualization of high—risk locations



100 20233 128 AOLED|C|IO{ AN 'Y

The figure below shows the dashboard
with the complete information of accident
data in Daegu. With this information, the
relevant authorities can identify locations
and times with a high probability of
accidents. Thus, relevant authorities will
be able to apply better prevention.
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Fig.5. Dashboard presentation

VI. CONCLUSION

This study shed some light on the
relationship of high—risk locations, days of
week, and time periods for accidents in
Daegu by using data collected from the
Daegu Transportation Comprehensive
Information System. According to the
obtained result, accident happens the most
during the weekday morning rush hours
when people go to work. The visualized
result holds

substantial ~ practical

significance for urban planners,
transportation authorities, or policymakers
in Daegu. The identification of high—risk
locations, critical days of the week, and
vulnerable time periods for accidents
enables the stakeholders to strategically
allocate resources for traffic management,
law enforcement, and targeted safety
campaigns, hence reducing the occurrence
of road accidents. However, this study had

limited information about the accident site,

future study 1s proposed to include
information of road conditions and weather
conditions. We  believe that this
information is significant for a more
accurate traffic management.
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