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ABSTRACT

The integration of machine learning techniques into road accident investigation presents significant potential in the ongoing endeavour to improve road safety. In
order to provide practical insights for prevention, this research looks for patterns and factors that contribute to traffic accidents using predictive models and
visualisation tools. We create an effective framework for predicting and mitigating traffic accidents by utilising data-driven tactics. Road accidents are a serious
public safety concern that require in-depth study to understand their dynamics. A detailed understanding of the conditions contributing to accidents is provided by
the study's several visualisations, which include time-based patterns, correlations between accident causes, and monthly accident numbers. In order to assess and
forecast the severity of traffic accidents, the research uses machine learning techniques, feature engineering, and data preparation. Comprehensive databases on
road conditions, accident details, and environmental elements are all included in the data collection process. Inconsistent data is cleaned up through preprocessing,
and pertinent attributes are extracted for model training through feature engineering. Classifiers such as Random Forest and Gradient Boosting are chosen based on
their ability to process huge datasets and their performance in prior research. Critical insights are highlighted by visualisations such as bar charts of accidents by
month and time of day and correlation heatmaps. The investigation highlights the potential of machine learning to improve road safety by informing targeted
interventions by revealing seasonal and time-based tendencies.

Keywords: Road safety, Machine learning, Accident analysis, Predictive models, Data-driven strategies, Feature engineering, Visualization tools,
Accident severity prediction, Random Forest, Gradient Boosting, Data preprocessing, Road conditions, Environmental factors, Traffic management,
Seasonal trends, Correlation analysis, Public safety, Preventive measures, Road accident dynamics, Model training.

Introduction

Nowadays, transport plays a central role in modern life, enabling global mobility and commercial activity. Road usage has become more and more
necessary as societies have grown, which has increased the number of vehicles on the road and, in turn, raised the number of incidents and accidents
related to driving. Since road safety is essential for safeguarding oneself, one's loved ones, and other people, reducing accidents has emerged as one of
the most urgent challenges facing governments and communities globally. People need to be careful when driving or riding a bicycle in order to maintain
road safety.

The majority of crashes are caused by drivers who are either careless or irresponsible. Even though there are laws and guidelines in place, many drivers
disobey them, which can result in hazardous circumstances. Improving road safety requires a driver to be more conscious of their surroundings.
Additionally, using accessories and equipment for road safety can greatly lower the number of accidents. By giving drivers useful information on the
state of the roads and assisting them in making judgements, these tools help avoid possible collisions. The goals of road safety are to avoid collisions and
guarantee the security of all users of the road, including cyclists, pedestrians, and drivers. Reducing the likelihood of accidents and fatalities when
travelling is the goal of creating a safe environment. To do this, a variety of strategies and tactics are used, including the application of road safety
elements such barriers, lighting systems, traffic signs, and road markings. These systems are intended to effectively manage traffic and notify motorists
of potentially dangerous situations and locations that are prone to accidents.

Road safety encompasses behavioural elements as well as physical ones, such as teaching pedestrians and drivers safe habits and upholding the law.
Engineering, education, and enforcement are all combined in effective road safety methods to produce a complete approach that addresses the various
elements that contribute to road accidents. Roads and transit networks are essential to day-to-day living in the modern world. There is no denying the
need on road networks for anything from moving commodities to going to work. Transportation innovations have shortened travel times and enhanced
accessibility, but they have also raised the risk of mishaps. Every year, thousands of people are killed and millions more are injured in road accidents.
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Figure 1. Accident Statistics for Major Cities (2020)
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Figure 2. Causes of Road Accidents

Approximately 80,000 people die in traffic accidents in India each year, making up 13% of all road accident fatalities worldwide. Most crashes involve
some degree of human involvement, since many are caused by irresponsible driving or a lack of awareness of traffic laws.

India is a developing nation that is concentrated on improving transport systems through technology and developing its infrastructure. The automobile
sector is attempting to construct viable autonomous vehicles that can function without the need for human involvement. Advanced Driver Assistance
Systems (ADAS) are being installed in more and more modern cars to warn drivers of possible dangers. These systems are not infallible, though, and
they could malfunction in bad weather or in low light, which could result in collisions. The ability of a computer program to gain knowledge (E) about
certain tasks (T) through experience (T) and gradually enhance performance (P) is known as machine learning. Machine learning models can be trained
to evaluate accident data, spot trends, and forecast the possibility of upcoming occurrences in the context of road safety.

By allowing the creation of collision prediction models (CPM) and the investigation of factors impacting accident incidence, machine learning provides
a potent tool for road safety modelling. Although more advanced strategies for analysing complicated datasets can be explored with machine learning
techniques, traditional statistical approaches have been utilised in the past. The purpose of autonomous cars is to sense their surroundings and drive
themselves without the need for human intervention. These self-driving cars are capable of all the activities that a trained human driver would normally
be able to perform, including navigating roads, reading traffic signs, and reacting to impediments. In order to make snap choices, human drivers frequently
rely on nonverbal clues and subtle cues, such as maintaining eye contact with pedestrians or reading the body language of other drivers. For autonomous



International Journal of Research Publication and Reviews, Vol 5, no 8, pp 1709-1719 August 2024 1711

cars to be efficient and safe, these links have to be replicated. Creating machines with human-like instincts and decision-making abilities is the difficult
part.

Literature Review

The swift progress of technology has led to an increasing fascination with autonomous vehicles (AVs), which hold the potential to transform transportation
by offering travel that is safer, more efficient, and more convenient. Despite being in the experimental stage, AVs have attracted a lot of interest from
academics, decision-makers in government, and business executives because of their potential advantages. The incorporation of autonomous vehicles
(AVs) into contemporary transportation networks poses a number of advantages and difficulties, requiring in-depth study to comprehend their behaviour
and implications.

In their investigation into enhancing user experiences with autonomous vehicles, Kun et al. (2018) suggested that decreasing the stress related to driving
would promote more frequent travel. Previous studies have emphasised the detrimental impacts of driving in metropolitan areas, including physical
discomfort and psychological stress. According to the study, AVs could resolve these problems, improving traveler appeal and trip frequency.

In their investigation into the effects of AV automation levels, You et al. (2019) proposed that level three and level four AVs might significantly lessen
driver stress and responsibility. According to the research, AVs may enhance user experiences by reducing the hassles of driving and encouraging people
to take more frequent trips.

AVs behave differently from traditional cars, presenting both special benefits and difficulties. Li et al. (2017) investigated the possible advantages of
autonomous vehicles (AVs), such as lowered driver stress, more capacity on the road, and effective parking options. AVs might reduce the number of
intersection stops, allow drivers to work or rest while driving, and locate parking on their own. These benefits could reduce parking-related costs and
improve overall road efficiency.

Discrete event simulation (DES) was used by Zhenhua et al. (2020) to evaluate the effect of SAVs on urban parking. The study showed that a 5% SAV
adoption rate might reduce parking land use by about 4.5% by analysing several parking price scenarios. The results also revealed that journey time and
traffic congestion may have an impact on parking demand, which could result in changes to parking locations.

Zhang et al. (2019) used social media data and deep learning algorithms to identify road accidents. The study improved accident prediction by using Deep
Belief Network (DBN) and Long Short-Term Memory (LSTM) models to analyse over 3 million tweets from major cities. The outcomes demonstrated
the promise of deep learning in traffic accident investigation by showing that DBN outperformed conventional categorisation techniques.

Lin et al. (2020) used an agent-based model with dynamic ridesharing capabilities to study shared autonomous vehicles (SAVs). According to the study,
SAVs can lower vehicle miles travelled (VMT), expenses, and travel delays. Their adoption model, which was based on an Australian choice survey,
hypothesised that younger travellers and those who are more attuned to provider features could find SAVs more appealing.

A capacity model that took into account AV penetration rates was presented by Kalpana et al. (2018) and was based on the speed-density relationship of
the Greenshield. The study's premise that AVs require less distance to follow an automabile affects the assessment of road capacity. Building on earlier
work by Yokota et al. (1998), Kim et al. (2019) investigated capacity-related headway parameters to assess AV highway potential.

Using a model developed by Bimbraw (2015) to forecast safe distances based on response time, Kanwaldeep Kaur and Giselle Rampersad (2020)
investigated the effect of AVs on car-following distance. Their research made clear how crucial it is to comprehend AV behaviour in order to calculate
road capacity precisely.

Incorporating AV deployment into the household activity pattern problem (HAPP) model, Chien et al. (2017) showed that AVs could facilitate a wider
range of activities. The study underlined how critical it is to take into account both the value of time (VOT) associated with AVs and travel time reductions.

To encourage the use of autonomous vehicles (AVs), Leena and Heffernan (2016) suggested creating regulations similar to those for conventional
vehicles, such as toll lanes and high-occupancy vehicle (HOV) lanes. The impact of traffic-related deaths and injuries on society was emphasised by
Najbin Momin and Patil (2018), who also emphasised the necessity of taking practical steps to improve road safety.

Sel et al. (2018) found that user characteristics, vehicle type, and environmental factors were the main determinants of the severity of traffic accidents. In
order to make well-informed judgements and prevent accidents, Ulmer (2019) emphasised the significance of predictive traffic accident models.

Leizuo et al. (2020) investigated machine learning techniques for transportation applications, employing classifiers such Naive Bayes, AdaBoostM1, J48,
PART, and Random Forest to analyse the causes of traffic accidents in Hong Kong. Their research demonstrated how machine learning may be used to
pinpoint the root causes of accidents and enhance traffic safety.

Quanjun et al. (2020) used SVM models and crash data from New Mexico to examine trends in driver injury severity in rollover collisions. The study
showed how well polynomial kernel Support VVector Machines (SVM) models predict the severity of injuries.

Using both supervised and unsupervised modules, Broggi et al. (2019) were able to predict traffic crashes and show how feature learning can improve
prediction accuracy. Global initiatives to lower traffic fatalities are crucial, and Maccubbin et al. (2020) highlighted the significance of the "Road to Zero"
approach as one important project.
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Dogru et al. (2019) emphasised that there are a number of relevant elements that make constructing accident prediction models challenging. They stressed
how crucial precise forecasting is to averting mishaps and improving traffic security.

Researchers are looking at novel strategies to address limits and increase forecast accuracy as AV technology develops. When dealing with zero-inflated
outcomes and scarce accident data, traditional Poisson regression methods frequently falter. In order to address the issues of excessive dispersion and
correlation patterns, Zahid et al. (2020) suggested a multivariate Poisson-Lognormal regression model.

Data on traffic accidents has been analysed using machine learning techniques including support vector machines (SVM) and categorisation and
regression trees (CART). In their evaluation of techniques for spotting unsafe driving habits and forecasting collisions, Wang et al. (2020) emphasised
the potential of artificial intelligence tools to improve traffic safety.

In order to estimate traffic speed continuously, Ozbayoglu et al. (2020) developed an Error-feedback Recurrent Convolutional Neural Network (eRCNN)
that takes into account spatiotemporal correlations between different road segments. Improved forecast accuracy was shown by their model, especially
during abrupt traffic occurrences.

Using traffic flow data from Istanbul City, Park et al. (2020) suggested a computational intelligence-based method for real-time accident identification.
In order to enhance accident detection, the study created models such as feed-forward neural networks, regression trees, and nearest neighbour.

In order to handle data imbalance in traffic prediction models, Mary Kay and Connor (2020) employed a sampling strategy in conjunction with the
Hadoop framework to efficiently manage big datasets. Their research demonstrated how crucial data balance is to making precise forecasts.

In order to predict the degree of injuries sustained in traffic accidents, Fouladgar et al. (2019) compared an ordered probit model with an artificial neural
network (ANN). The research proved the effectiveness of the ANN in predicting the severity of injuries by validating its performance.

A decentralised deep learning-based approach for real-time congestion prediction was proposed by Sameen et al. (2020), who emphasised that the method
may be applied to recently placed stations. The usefulness of Recurrent Neural Networks (RNNS) in capturing temporal correlations was demonstrated
by Tang et al. (2020) who constructed an RNN model to predict the severity of injuries sustained in traffic accidents.

Using a Takagi-Sugeno fuzzy system, Hatri et al. (2020) presented a fuzzy inference method for multi-step trip speed prediction. Their research showed
how fuzzy logic can be used to handle intricate traffic data.

Yuan et al. (2020) created a traffic incident detection (TID) method based on fuzzy deep learning that incorporates temporal and spatial correlations using
a Stacked Auto-Encoder (SAE) model. The study emphasised how fuzzy logic might improve model performance.

Jinghui et al. (2020) highlighted the importance of real-time data interchange in accident detection when they developed a method for leveraging vehicular
ad-hoc networks (VANETS) to detect traffic accidents. In order to predict traffic accidents, Das et al. (2020) used a Convolutional Long Short-Term
Memory (ConvLSTM) model, demonstrating the model's capacity to account for spatial heterogeneity.

Cui et al. (2020) used SMOTE to balance the dataset and a Long Short-Term Memory (LSTM) Recurrent Neural Network (RNN) for real-time crash
likelihood prediction. The study demonstrated how well LSTM-RNNs handle time-dependent data.

In their analysis of motorcycle-related collisions, Nallaperuma et al. (2020) employed deep learning and the DeepScooter framework to predict the
severity of injuries. A method for predicting actor trajectories and probability using deep convolutional networks for feature extraction was proposed by
Sumit et al. (2020).

A smart traffic management platform (STMP) based on reinforcement learning, deep learning, and unsupervised learning was presented by Kong et al.
(2020). It integrates diverse data sources to improve traffic control decisions.

In order to enhance traffic flow and lower emissions, Ciberlin et al. (2020) created an intelligent traffic management system (ITMS) that integrates data
from several sources. Deep-neuro fuzzy classification was used in the study to improve model performance.

In order to estimate resource requirements, Khademi et al. (2020) developed a prediction model based on linear programming and backpropagation neural
networks (BPNN), showcasing the model's efficiency in resource utilisation.

The literature on autonomous vehicles covers a broad spectrum of research topics, from AV behaviour modelling to transportation system effect
prediction. Even with the tremendous advancements, there are still difficulties in precisely simulating AV integration and comprehending the social
ramifications. Subsequent investigations ought to concentrate on tackling these obstacles through the creation of increasingly intricate models, utilising
machine learning methodologies, and investigating the interplay between autonomous vehicles and extant transportation infrastructure. Researchers can
pave the road for safer and more effective autonomous vehicle-powered transportation networks by continuing to innovate and collaborate.

Proposed Methodology

A branch of artificial intelligence called machine learning (ML) is a potent technology that lets computers learn from data without explicit programming.
Building models from sample data is the main objective of machine learning (ML) techniques. These models can subsequently be utilised for prediction
or decision-making. These algorithms have been effectively used in a number of fields where traditional algorithms frequently fall short, such as computer
vision, natural language processing, and healthcare.
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Machine learning algorithms play a crucial role in the study of road traffic accidents (RTAs). They enable us to discern correlations between variables,
derive significant patterns from intricate datasets, and forecast accident severity with precision. Regression, rule extraction, clustering, and classification
are the four learning theories that underpin machine learning models, which are based on statistical ideas. In order to analyse and forecast the severity of
traffic accidents, this research study makes use of both statistical and machine learning (ML) paradigms, particularly Supervised Predictive Learning
Models (SPLM). ML algorithms can be roughly divided into a number of categories, each of which is appropriate for a particular set of tasks. Among the
primary categories are:

1.Supervised learning is using labelled data to train models with known outcomes for each data point. Algorithms for categorisation and regression fall
under this area.

2.Unsupervised Learning: Using unlabelled data, models are trained to find patterns and structures in the data. Clustering and dimensionality reduction
methods fall under this category.

3.A little amount of labelled data combined with a significant amount of unlabelled data is used in semi-supervised learning, which combines elements
of supervised and unsupervised learning.

4.By rewarding desired behaviour and punishing bad behaviour, reinforcement learning teaches models how to make a series of decisions.

We use supervised learning techniques, notably regression and classification, to analyse data on traffic accidents and create predictive models that
calculate accident severity based on different variables.
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Figure 3.: Machine Learning Algorithm Classification

A basic statistical method for simulating the relationship between a dependent variable and one or more independent variables is regression analysis.
Regression models are used in this study to forecast "Black Corridors," or accident-prone zones, within the designated study area.

One of the most basic types of regression analysis is linear regression. It uses a straight line to construct a linear relationship between an independent and
dependent variable. The objective is to choose the best-fit line, as shown by the line's slope and intercept, that minimises the prediction error. Many
relationships in real-world data are nonlinear, meaning that more intricate models are needed to capture the underlying patterns, even though linear
regression is helpful for modelling simple correlations. Incorporating two or more independent variables into linear regression is known as multiple
regression. When there are several factors influencing the dependent variable, this strategy can be helpful. The number of accidents at different locations
(the dependent variable) is modelled using several independent variables, such as weather, road surface conditions, and driver characteristics, in this
study's multiple regression model analysis of the data on road accidents.
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When predicting accident-prone areas and determining which factors have the most influence on accident severity, multiple regression models are
especially helpful. We are able to create focused interventions to increase road safety by examining the connections between different parameters and the
severity of accidents. India is experiencing an increase in traffic accidents, which calls for a thorough investigation to identify the causes of these incidents
and create mitigation plans. Machine learning can effectively analyse historical accident data to uncover patterns and identify factors that may not be
immediately apparent through traditional analysis methods. The main objective of this research is to use machine learning techniques to analyse road
accident data in order to predict accident severity and identify key factors contributing to accidents. By determining these variables, we may create
focused interventions to lower the frequency and severity of accidents, such enforcing speed limits or enhancing road infrastructure.

Based on the existing situation, a web application driven by machine learning will be created to forecast the severity of accidents. A dataset comprising
25,000 accident reports from 2010 to 2021 will be used to train the program. The model's purpose is to forecast accidents based on current circumstances
so that preventive actions can be taken. The program can also help with quicker response times and care by identifying possible future collisions, which
will ultimately increase road safety.

In conclusion, every machine learning method has advantages and disadvantages that determine which parts of predicting the severity of a traffic collision
itis best suited for. Because they are ensemble methods, Random Forests and Gradient Boosting are effective at lowering overfitting and raising accuracy.
In high-dimensional spaces, SVMs are robust, while XGBoost is flexible and performs well. Decision trees provide easy handling of heterogeneous data
types and easy interpretability, whereas KNN is simple and efficient for small datasets. The particulars of the dataset and the demands of the predictive
modelling task determine which approach is best. We can improve road safety measures and create a reliable model to forecast the severity of traffic
accidents by utilising these algorithm.



International Journal of Research Publication and Reviews, Vol 5, no 8, pp 1709-1719 August 2024 1715

Results and Statistical Analysis

In order to make sure that a machine learning model works well in practical applications, it is imperative that the optimal model be evaluated and chosen.
In this work, we assessed the accuracy of various machine learning algorithms both pre- and post-hyperparameter adjustment. The data helped determine
which model was most suited for our application by shedding light on how well each model performed. Specific hardware and software resources were
needed for the road safety project's implementation in order to carry out thorough data analysis and visualisation. Jupyter Notebook, VS Code, Colab,
Streamlit, and important Python libraries like NumPy, Pandas, and Matplotlib were all part of the software stack that was used. The training, deployment,
and analysis of data were made possible in large part by these technologies. At least four gigabytes of RAM, one hundred gigabytes of hard drive space,
and a CPU with at least four cores—more cores being recommended for optimal processing speed—were required for the gear. These tools made it easier
to analyse traffic accident data in-depth, which produced a number of useful conclusions.

The main benefit of this research is that machine learning can be used to improve road safety by predicting the severity of accidents by identifying
important contributing elements. This knowledge makes it possible to devise focused measures to reduce these risks, like tighter enforcement of speed
limits and better upkeep of the roads in the event that bad road conditions or speeding are found to be significant contributing causes. Additionally, by
prioritising resource allocation and anticipating accident severity, the model can optimise emergency response, thereby saving lives and lessening the
financial burden of traffic accidents. In addition, the approach of the study is flexible, scalable, and improves with time as more data become available,
guaranteeing reliable forecasts. Accessibility for the general public, insurance providers, government agencies, and automakers is further guaranteed by
the user-friendly online application interface.

In order to prevent systemic bias, it is imperative to address potential model bias and risk. This entails routinely evaluating forecasts across various
demographic groups and road conditions. To identify and reduce prejudice, methods like fairness-aware machine learning are used. Critical to this process
is risk analysis, which emphasises inaccurate forecasts, model bias, and security flaws. Erroneous forecasts may worsen the effects of a disaster, and
model bias may produce unfair forecasts that damage credibility. The model's integrity is maintained by security measures like data encryption and access
controls, which shield it from unwanted access. The correctness and adaptability of the model to new data are maintained through regular monitoring and
updating, which increases the model's dependability and efficacy.

Table 1. Accuracy Analysis

Algorithm Accuracy
Random Forest Classifier 82.65%
Gradient Boosting Classifier 84.50%
SVC (Support Vector Machine) 82.17%
K-Neighbors Classifier 78.81%
Logistic Regression 82.90%
Decision Tree Classifier 84.26%
XGBoost 83.64%

Table 1 shows that the Decision Tree Classifier and the Gradient Boosting Classifier had the highest accuracy rates, at 84.26% and 84.50%, respectively.
The analysis of monthly accident distributions revealed consistent accident counts with spikes in October and November, likely due to increased traffic
density or unfavourable weather conditions, while December showed a decline possibly due to holidays or efficient traffic management. Other models,
such as the Random Forest Classifier and Logistic Regression, also performed well with accuracies above 82%. A focus on safety measures during the
months with the highest number of accidents is suggested by this seasonal pattern. Due to high traffic volumes and driver fatigue, time-of-day study
revealed an increase in accidents during evening and after-work rush hours. This suggests that street illumination, traffic management, and driver
awareness initiatives should be enhanced during these times.

The rainy season had the highest number of accidents, according to the study's seasonal analysis, because of slick roads and low visibility. This highlights
the need for better road infrastructure and public education initiatives about safe driving in inclement weather. Weekday versus weekend statistics showed
that weekday accidents were more common because of daily commutes, whereas weekend accidents were still rather dangerous probably because of
recreational travel. To ease daily traffic and lower accident rates, traffic management measures like shifted work schedules and enhanced public transit
are put into practice with the help of these findings.

An analysis of correlation heatmaps shed light on the interactions between the different factors that affect the severity of accidents. Notable correlations
between the weather and road surface conditions, as well as the impact of speed limits, lighting, and driver-related factors, were highlighted. under the
end, these findings contribute to increased road safety by guiding targeted actions like tighter speed enforcement, better street illumination, and
instructional campaigns on safe driving techniques under various conditions.
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Performance Metrics for Random Forest Classifier
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Figure 5. Performance Matrix for Random Forest Classifier

The results of our model evaluation reveal several important insights:

1.  Effectiveness of Hyperparameter Tuning: Hyperparameter tuning significantly improved the accuracy and overall performance of the
models. This underscores the importance of fine-tuning model parameters to achieve optimal results.

2. Performance of Random Forest Classifier: Although the Gradient Boosting Classifier achieved the highest accuracy after tuning, the
Random Forest Classifier demonstrated the best overall performance across multiple metrics, including precision, recall, F1 score, and AUC.
This makes it a strong candidate for our application.
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Figure 6. Accuracy Analysis

3. Importance of Multiple Metrics: Relying solely on accuracy can be misleading. Evaluating models using a combination of metrics provides
a more comprehensive understanding of their performance, especially in applications where false positives and false negatives have different

consequences.

4.  Confusion Matrix Analysis: The confusion matrix analysis for the Random Forest Classifier showed that it maintains a low rate of
misclassification, making it reliable for practical applications.
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Precision-Recall Trade-off: The precision-recall curve for the Random Forest Classifier indicated that it maintains high performance across
various thresholds, providing flexibility in choosing the appropriate threshold based on the specific requirements of the application.

Conclusion

To sum up, model evaluation is an essential phase in the machine learning process. Our analysis showed that, although a number of models had good
performance, the Random Forest Classifier stood out as the best model overall for our use case because of its consistent results across a wide range of
measures. A key factor in improving the model's efficacy and accuracy was hyperparameter adjustment.

Through the implementation of an extensive assessment plan, we made certain that the chosen model would function dependably in practical situations.
Further research endeavours may investigate novel models and sophisticated tuning methodologies to enhance overall performance. Furthermore, putting
the chosen model into practice in a practical environment and tracking its results over time will yield insightful information for ongoing development.

Numerous important insights into the trends and variables impacting road safety are revealed by the examination of data on traffic accidents using different
visualisation techniques. These realisations are essential for developing practical plans to lower collision rates and improve traffic safety.
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