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ABSTRACT

Road accidents represent a major public safety concern worldwide, causing significant loss of life, injuries, and
economic damage every year. Predicting the severity of road accidents before or immediately after they occur
can help authorities implement preventive measures, improve emergency response, and enhance overall traffic
management. The proposed system, Road Accident Severity Prediction Using Data Science, focuses on
analyzing historical accident data and identifying patterns that influence accident severity. The system utilizes
advanced data science and machine learning techniques to process multiple influencing factors such as weather
conditions, road type, temperature, visibility, lighting conditions, and speed limits. Data preprocessing
techniques including data cleaning, normalization, and categorical encoding are applied to prepare the dataset
for effective modeling. Since accident datasets are often highly imbalanced, the Synthetic Minority Over-
sampling Technique (SMOTE) is implemented to balance the dataset and improve prediction performance.
Machine learning algorithms such as Random Forest, Decision Tree, and Logistic Regression are employed to
build predictive models that classify accidents into different severity levels such as minor, serious, or fatal.
Feature importance analysis helps identify the most influential factors contributing to severe accidents. The
model is evaluated using performance metrics such as accuracy, precision, recall, and F1-score to ensure reliable
predictions. The proposed system assists traffic management authorities, policymakers, and emergency services
in understanding accident patterns and implementing preventive strategies. By integrating predictive analytics
with traffic safety systems, the proposed framework contributes toward reducing accident-related fatalities and
improving road safety planning. Overall, this data-driven approach demonstrates how intelligent predictive

systems can support smarter transportation infrastructure and enhance public safety.

Keywords: Road Safety, Accident Severity Prediction, Machine Learning, Data Science, Traffic Analytics,
PredictiveModeling, SMOTE.
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I INTRODUCTION Rapid urbanization and the increasing number of

. i vehicles on roads have significantly contributed to

Road traffic accidents are one of the leading causes
) L the growth of traffic congestion and accident

of death and serious injuries across the world,
) o . ) occurrences [2]. Transportation safety has therefore

creating significant social and economic problems
. . . become an important research area for engineers,

for developing and developed countries alike [1].
policymakers, and data scientists who aim to
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reduce accident risks and improve road
infrastructure [3]. Traditional accident analysis
methods mainly rely on descriptive statistics and
historical reports, which often fail to provide
predictive insights about accident severity [4]. With
the advancement of data science and artificial
intelligence  technologies,  researchers  are
increasingly exploring machine learning techniques
to analyze complex traffic datasets and identify
accident risk factors [5]. Machine learning
algorithms can efficiently process large-scale
datasets and detect patterns that are difficult to
identify through manual analysis [6]. These
techniques help researchers examine relationships
between accident severity and contributing factors
such as road conditions, driver behavior, weather
patterns, and vehicle characteristics [7]. Predictive
models have shown promising results in identifying
accident-prone  locations and understanding
severity patterns in transportation systems [8]. Such
predictive insights can assist government agencies
and traffic authorities in designing effective road
safety strategies [9]. The development of intelligent
transportation systems has further enhanced the
ability to collect and analyze traffic data using
sensors, surveillance cameras, and digital
monitoring platforms [10]. These technologies
generate large amounts of structured and
unstructured data that can be analyzed using
modern data analytics techniques [11]. Researchers
have shown that machine learning-based accident
prediction models can significantly improve traffic
safety planning and accident prevention measures
[12]. Data-driven safety analysis provides more
accurate insights compared to traditional statistical
approaches [13]. The integration of predictive
analytics into transportation management systems

has therefore gained increasing attention in recent

years [14]. These predictive systems help shift road
safety management from reactive accident response

to proactive accident prevention [15].

Accident severity prediction requires the analysis
of multiple environmental, road-related, and traffic-
related factors that influence accident outcomes
[16]. These factors include weather conditions,
road geometry, visibility levels, lighting conditions,
and vehicle speed limits [17]. Accident datasets
collected from transportation departments often
contain large numbers of variables that must be
carefully processed before analysis [18]. Data
preprocessing  techniques such as cleaning,
normalization, and encoding are necessary to
transform raw accident data into a usable format for
machine learning models [19]. One of the major
challenges in accident severity prediction is the
presence of imbalanced datasets, where severe
accidents occur much less frequently than minor
accidents [20]. This imbalance can lead to biased
predictive models that perform poorly in detecting
serious accident cases [21]. To address this issue,
researchers have proposed resampling techniques
such as the Synthetic Minority Over-sampling
Technique (SMOTE) to balance datasets during
model training [22]. Ensemble machine learning
algorithms such as Random Forest have been
widely used for accident severity prediction due to
their high accuracy and robustness [23]. These
algorithms combine multiple decision trees to
improve prediction performance and reduce
overfitting problems [24]. Feature importance
analysis provided by ensemble models also helps
identify key factors influencing accident severity
[25]. Such insights can guide policymakers in
implementing targeted road safety interventions
[26]. Predictive accident severity models also assist

emergency response teams in prioritizing accident
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management strategies [27]. The integration of
machine learning with transportation analytics
therefore represents a promising approach to
improving road safety systems [28]. Continued
research in data-driven traffic safety analysis is
expected to further enhance prediction accuracy
and system efficiency [29]. As transportation
networks continue to expand globally, intelligent
accident prediction systems will play a critical role
in developing safer and more sustainable mobility

solutions [30].
II LITERATURE SURVEY

Early studies on road accident analysis primarily
relied on statistical models such as logistic
regression to identify factors affecting accident
severity [1]. These models examined relationships
between accident outcomes and variables such as
driver characteristics, road conditions, and vehicle
types [2]. Although statistical approaches provided
valuable insights, they often struggled to capture
complex nonlinear relationships present in traffic
accident datasets [3]. To overcome these
limitations, researchers began applying machine
learning techniques to accident severity prediction
problems [4]. Decision Tree algorithms became one
of the earliest machine learning approaches used
for analyzing accident data due to their
interpretability and ability to handle categorical
variables [5]. These models allow researchers to
visualize decision paths that lead to different
accident severity levels [6]. Several studies
demonstrated that Decision Trees can effectively
identify important accident risk factors such as road
type, traffic density, and weather conditions [7].
However, single decision tree models are often
sensitive to dataset variations and may suffer from

overfitting problems [8]. To address this issue,

ensemble learning methods such as Random Forest
were introduced for accident severity prediction
tasks [9]. Random Forest combines multiple
decision trees to generate more accurate and stable
prediction results [10]. Research has shown that
Random Forest models outperform many
traditional classification algorithms in
transportation safety analysis [11]. These models
also provide feature importance rankings that help
identify the most influential accident-related
variables [12]. The ability to interpret model
outputs makes ensemble learning particularly
useful for traffic safety decision-making [13].
Machine learning-based accident analysis has
therefore become a rapidly growing research field
in intelligent transportation systems [14]. Many
recent studies highlight the importance of

integrating environmental and infrastructure factors

in accident prediction models [15].

In addition to ensemble learning techniques,
researchers have explored advanced machine
learning and deep learning approaches for accident
severity prediction [16]. Support Vector Machines
have been applied to classify accident severity by
separating data points using optimal hyperplanes in
high-dimensional feature spaces [17]. These
models are effective for handling complex
classification tasks involving multiple accident
variables [18]. Neural network models have also
been applied to accident prediction problems due to
their ability to capture nonlinear relationships in
large datasets [19]. Deep learning architectures
have further improved prediction performance by
automatically  learning  hierarchical  feature
representations from traffic data [20]. However,
these models require large datasets and extensive
computational resources for effective training [21].

Another major challenge identified in accident
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severity prediction research is the problem of class
imbalance within accident datasets [22]. Severe and
fatal accidents occur relatively less frequently
compared to minor accidents, which can affect
model training accuracy [23]. To address this issue,
resampling techniques such as SMOTE have been
widely adopted in machine learning research [24].
SMOTE generates synthetic samples for minority
classes, allowing models to learn balanced patterns
during training [25]. Studies have demonstrated
that combining SMOTE with ensemble learning
algorithms significantly improves accident severity
prediction accuracy [26]. Researchers have also
emphasized the importance of feature selection
techniques to reduce dataset dimensionality and
improve model efficiency [27]. Hybrid models
integrating machine learning algorithms with
feature optimization techniques have shown
promising results in transportation safety studies
[28]. These approaches enable more accurate
identification of accident risk factors and severity
patterns [29]. Overall, the literature indicates that
data-driven predictive systems provide powerful
tools for improving traffic safety and reducing

accident-related fatalities [30].

I METHODOLOGY

The proposed Road Accident Severity Prediction
system follows a structured data science
methodology consisting of data collection,
preprocessing, feature engineering, model training,
and evaluation stages. Initially, accident data is
collected from reliable transportation datasets
containing attributes such as weather conditions,
road type, temperature, visibility, speed limits,

lighting conditions, and traffic environment. The

collected data is then subjected to preprocessing to
ensure quality and consistency. Data cleaning
techniques are applied to remove missing values,
handle outliers, and correct inconsistencies in the
dataset. Categorical variables such as weather
conditions and road types are transformed using
encoding techniques, while numerical features are
normalized to maintain uniform data distribution.
Since accident datasets often contain imbalanced
class distributions, the Synthetic Minority Over-
sampling Technique (SMOTE) is implemented to
generate additional samples for minority classes
such as fatal accidents. This ensures balanced
model training and improves prediction accuracy.
After preprocessing, feature selection techniques
are used to identify the most influential attributes
contributing to accident severity. Machine learning
algorithms including Decision Tree, Random
Forest, and Logistic Regression are then applied to
train predictive models using the processed dataset.
Random Forest is particularly useful because it
combines multiple decision trees and reduces
overfitting while providing feature importance
analysis. The trained models are evaluated using
performance metrics such as accuracy, precision,
recall, and F1-score to assess prediction reliability.
Cross-validation techniques are also applied to
ensure model stability and prevent overfitting. The
final predictive model -classifies accidents into
different severity categories such as minor, serious,
and fatal based on input conditions. This systematic
methodology enables the system to generate
reliable predictions and supports traffic authorities
in implementing preventive safety measures and

improving accident response strategies.

IV SYSTEM DESIGN
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The system design of the Road Accident Severity
Prediction model follows a modular architecture
that ensures efficient data processing, predictive
analysis, and result generation. The system consists
of several key components including data
collection module, preprocessing module, feature
engineering module, machine learning model
module, and prediction output module. The data
collection module gathers accident datasets from
transportation authorities or publicly available
traffic safety databases. These datasets contain
detailed accident-related information such as
environmental conditions, road characteristics,
vehicle information, and accident outcomes. Once
the data is collected, it is stored in a structured
database where it can be accessed for further
processing. The preprocessing module plays a
crucial role in improving data quality by handling
missing values, removing duplicate records, and
correcting inconsistencies. Data transformation
techniques are applied to convert categorical
attributes into numerical representations that can be
processed by machine learning algorithms.
Additionally, normalization techniques are used to
scale numerical features, ensuring that all variables

contribute equally during model training.
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The feature engineering and model development
modules form the core of the system design.
Feature engineering identifies important variables
that significantly influence accident severity,
enabling the model to focus on the most relevant
factors. The system incorporates SMOTE to
address class imbalance in accident data, ensuring
that minority classes such as fatal accidents are
adequately represented during training. After
preprocessing and feature engineering, the dataset
is divided into training and testing subsets.
Machine learning algorithms such as Random
Forest, Decision Tree, and Logistic Regression are
applied to build predictive models capable of
classifying accident severity levels. Random Forest
is selected as the primary model due to its
robustness, high accuracy, and ability to analyze
feature importance. The prediction module uses the
trained model to evaluate new input data and
classify the expected severity level of a potential
accident scenario. The results are presented through
a user interface or dashboard, allowing traffic
authorities to interpret predictions easily. This
system design enables efficient analysis of
accident-related data and supports proactive traffic

safety management strategies.
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V PROPOSED SYSTEM

The proposed system introduces an intelligent data-
driven framework designed to predict road accident
severity using machine learning and advanced data
analysis techniques. Unlike traditional traffic safety
systems that rely mainly on historical statistics and
manual analysis, the proposed system integrates
automated predictive modeling to analyze accident
risk factors and estimate potential severity levels.
The system utilizes a comprehensive accident
dataset containing environmental, road, and traffic-
related variables. These variables include weather
conditions, road surface type, temperature, lighting
conditions, speed limits, and visibility. The system
processes these features through a structured data
pipeline that ensures efficient preprocessing and
feature extraction. By applying normalization and
encoding techniques, the system prepares the
dataset for effective machine learning model

training. One of the major improvements

introduced in the proposed system is the use of
SMOTE to handle imbalanced accident datasets.
Since fatal accidents occur less frequently
compared to minor accidents, traditional models
may produce biased predictions. The SMOTE
technique generates synthetic samples for minority
classes, enabling the model to learn balanced

patterns and improve classification performance.

The predictive engine of the proposed system is
based on ensemble machine learning techniques,
particularly the Random Forest algorithm. Random
Forest combines multiple decision trees to generate
a robust predictive model capable of handling
complex relationships between accident variables.
This approach improves prediction accuracy and
reduces the risk of overfitting. Additionally, feature
importance analysis is performed to identify the
most influential factors affecting accident severity,
allowing traffic authorities to understand key risk
contributors. The trained model is capable of
classifying accident severity into categories such as
minor, serious, and fatal based on the provided
input conditions. The system also includes a
visualization module that displays prediction
results and important contributing factors through
charts or dashboards, making it easier for decision-
makers to interpret the analysis. By integrating
machine learning prediction with real-world traffic
data, the proposed system provides valuable
insights that can support road safety planning,
infrastructure improvements, and targeted traffic
regulations. Ultimately, the proposed system
contributes toward reducing accident-related
fatalities and improving transportation safety

through intelligent data-driven decision support.

VI RESULTS & DISCUSSION
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The experimental results demonstrate the
effectiveness of the proposed Road Accident
Severity Prediction system in accurately classifying
accident severity levels. The dataset was divided
into training and testing subsets to evaluate the
performance of different machine learning models.
Among the evaluated algorithms, the Random
Forest model achieved the highest accuracy due to
its ensemble learning capability and ability to
handle complex feature relationships. The
implementation of SMOTE significantly improved
model performance by balancing the dataset and
reducing bias toward majority classes. Evaluation
metrics such as precision, recall, and FI-score
indicated that the model effectively identified
severe accident cases while maintaining overall
prediction reliability. Feature importance analysis
revealed that weather conditions, visibility, road
type, and speed limits were among the most
influential factors affecting accident severity. The
results confirm that machine learning-based
predictive models can provide valuable insights
into accident patterns and support proactive road

safety management strategies.
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VII CONCLUSION

Road accident severity prediction is an important
research area that can significantly contribute to
improving traffic safety and reducing accident-
related fatalities. The proposed Road Accident
Severity Prediction system utilizes advanced data
science and machine learning techniques to analyze
complex accident datasets and predict the severity
level of potential accidents. By incorporating data
preprocessing, feature engineering, and predictive
modeling techniques, the system effectively
transforms raw accident data into meaningful
insights. The use of SMOTE for handling
imbalanced datasets improves model fairness and
ensures that severe accident cases are accurately
identified. Among the evaluated algorithms,
Random Forest proved to be the most effective
model due to its robustness, high accuracy, and
ability to analyze feature importance. The
predictive system helps identify critical factors
such as weather conditions, road type, visibility,
and speed limits that significantly influence
accident severity. These insights can assist
transportation authorities, policymakers, and safety
planners in implementing targeted road safety

measures and improving traffic management

strategies.  Furthermore, the integration of
predictive analytics into transportation systems
enables proactive accident prevention rather than
reactive response. Future improvements may
include integrating real-time traffic data, IoT
sensors, and deep learning models to further
enhance prediction accuracy and system efficiency.
Overall, the proposed data-driven framework
demonstrates how intelligent predictive systems
can support smarter transportation infrastructure,
reduce accident risks, and improve public safety.
The adoption of such technologies can play a vital
role in developing safer roads and sustainable

transportation systems worldwide.
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