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1. Abstract
Road traffic accidents, a prevalent public health concern, are not only sources of human distress but also exert substantial economic and societal impacts. The consequences of these accidents extend beyond the immediate medical and rehabilitation costs, encompassing property damage, productivity losses, and increased insurance premiums. The long-term effects on victims, families, and communities further exacerbate this burden. The precise prediction of accident severity thus emerges as a pivotal factor in mitigating the societal impacts of road traffic incidents. Leveraging ML and data analysis techniques enables the exploration of diverse factors contributing to traffic accidents, such as weather conditions, traffic patterns, road design, and driver behavior. These factors are integral to the development of accurate models for predicting accident severity, which, in turn, aid emergency services in delivering prompt and effective responses. A notable benefit of such accurate predictions is the enhanced management of emergency resources, allowing for prioritization based on the severity of incidents. This leads to swifter response times and improved outcomes for those involved in accidents. Additionally, precise predictions can inform transportation management strategies and the design of safer road networks, ultimately reducing the likelihood and severity of future accidents.

2. Introduction
The alarming rise in worldwide road traffic accidents poses serious challenges to numerous aspects of human existence. However, there has been a lack of attention paid to the important aspects of traffic characteristics, causation analysis, accident severity analysis, and the relationships between diverse causal factors. The likelihood of accidents on different types of roads can be a significant analytical resource for traffic analysts and researchers aimed at identifying the major elements of road accident severity to improve road safety for automobiles as well as individuals. Using effective Machine Learning Models Like Random Forests and Decision Trees for the tabular data to predict the severity of road accidents, helps analyzing different cause factors and the direct importance of these factors (features)


3. Background:
Road traffic accidents represent one of the leading causes of death worldwide. According to the World Health Organization (WHO) [1], almost 1.3 million people die in road traffic accidents, while almost 50 million suffer non-fatal injuries. The leading cause of death of children and young people between 5 and 29 years is road traffic crashes. The serious problem is that 93% of fatalities come from the low-income and middle-income countries in development. Except for human suffering, road traffic accidents significantly influence the economy, costing countries up to 3% of their Gross Domestic Product (GDP). The occurrence of traffic accidents can be related to a variety of factors. Some of these factors are subjective: driver knowledge, training level, experience, the influence of alcohol, drugs, etc., while others are objective, such as: road volume (annual average daily traffic volume—AADT), road geometry (curvature, slopes, lane width, shoulder width), type of road (freeway or two-lane road), road conditions (pavement quality and potential damage of pavement surface), weather conditions (wind, ice, snow, rain, etc.), cars maintenance, speed limits, frequency of police controls, etc. An increase in a number of road vehicles leads to heavier traffic volume on almost all roads, which increases the chances of collision between vehicles. On the other hand, the same traffic volume on the freeway and the two-lane roads have a different possibility of collision. This variety of factors makes complicated efforts to predict the number of traffic accidents for new roads or reconstruction of existing roads. In order to predict the number of traffic accidents in the near future on the existing or the newly planned/built road section, it is necessary to know what factors will mostly influence the occurrence of a road traffic accident. Objective factors that cannot be easily changed in the future are recognized as: the type of road, road geometry and AADT (which will likely to be increased in the future). Other factors can be changed (pavement can be repaired, weather conditions are subject to daily change, car maintenance can be improved by frequent checks, speed limits can also be adapted, etc.).
The classical machine learning models such as: artificial neural network (ANN), random forest regression (RFR), support vector machine (SVM), extreme learning machine (ELM), K-nearest neighbors (KNN) and decision tree (DT) are extensively used in modelling in various branches of science. The SVM is a widely used discriminant technique based on the statistical learning theory, well recognized for its strong generalization ability. The optimal network is obtained by exploring the balance between the complexity of the model and the training error. The ELM designs a single-layer feedforward network by randomly generating the input weights and biases of the hidden layers. 
The vast variety of state-of-the-art machine learning techniques is suitable for sequence data like ensemble learning models, such as: XGBoost and LightGBM and CatBoost. XGBoost model exerts its advantages, especially for high prediction accuracy and interpretability. LightGBM model enables large amounts of data and GPU training. The LightGBM models are proven to be more accurate and faster than XGBoost. Furthermore, data fusion enables stronger forecasting accuracy, according to the integration of gradient boosting-based categorical attributes supported by the CatBoost algorithm [7]. Applying artificial neural networks have proved its feasible feature in recent years by predicting and
presenting desired results although limited data sets. Obtained results illustrate that the variables such as highway width, head-on collision, type of vehicle at fault, ignoring lateral clearance, following distance, inability to control the vehicle, violating the permissible velocity, and deviation to the left by drivers are the most influential aspects that can raise traffic accidents in urban roads.

4. Problem statement:
Leveraging ML and data analysis techniques enables the exploration of diverse factors contributing to traffic accidents:
Road traffic accidents, a prevalent public health concern, are not only sources of human distress but also exert substantial economic and societal impacts. The consequences of these accidents extend beyond the immediate medical and rehabilitation costs, encompassing property damage, productivity losses, and increased insurance premiums. The long-term effects on victims, families, and communities further exacerbate this burden. The precise prediction of accident severity thus emerges as a pivotal factor in mitigating the societal impacts of road traffic incidents. Leveraging ML and data analysis techniques enables the exploration of diverse factors contributing to traffic accidents, such as weather conditions, traffic patterns, road design, and driver behavior. These factors are integral to the development of accurate models for predicting accident severity, which, in turn, aid emergency services in delivering prompt and effective responses. A notable benefit of such accurate predictions is the enhanced management of emergency resources, allowing for prioritization based on the severity of incidents. This leads to swifter response times and improved outcomes for those involved in accidents. Additionally, precise predictions can inform transportation management strategies and the design of safer road networks, ultimately reducing the likelihood and severity of future accidents.

The problem statement challenges the challenges in applying ML and data analysis for accident severity prediction include the availability and quality of data, model complexity, and ethical concerns regarding the use of private information. Despite these challenges, this field holds substantial implications for traffic and public safety management. Current models, incorporating human behavior, road types, weather conditions, and vehicle types, are yet to reach full effectiveness due to the dynamic and multifactorial nature of traffic accidents. Additionally, managing large data volumes can hinder decision-making processes, affecting emergency response efficiency. Addressing these challenges requires the development of a reliable and accurate model that accounts for all relevant factors and can process vast data amounts, adapt to changing conditions, and provide real-time insights. This solution could significantly reduce the number of accidents, injuries, fatalities, and enhance emergency response efficiency. 

5. Research objectives:
The research delineates the foundational concepts, theoretical frameworks, and data sources prevalent in the field. The findings advocate for the continuous development and refinement of sophisticated models, aiming to diminish the frequency and gravity of road accidents. Such efforts contribute significantly to the enhancement of traffic control and public safety measures.

The overarching goal of road accident severity prediction is:
1. The early and precise determination of an accident’s severity
2. Facilitating prompt and efficient deployment of emergency response teams.
3. Minimize fatalities, injury severity, and the economic burden of these incidents. 
4. Aids policymakers in identifying high-risk areas and implementing appropriate safety measures. 
5. Foster the development of preventive strategies, such as enhanced traffic management, road design improvements, and public awareness campaigns, to reduce accident likelihood. 
6. The ultimate objective is to elevate emergency response efficiency, decrease the frequency of collisions, and enhance overall traffic safety
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6. Literature review 
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	Authors
	Year
	Research design
	Key outcomes
	Methodology
	Limitations

	Predicting Road Traffic Accidents—Artificial Neural
 Network Approach
	Dragan Gatari´c, Nenad Ruški´c, Branko Aleksi´c, Tihomir Ðuri´c, Lato Pezo, Milada Pezo, Biljana Lonˇcar
	2023
	Experimental
	The developed optimal neural network models showed good generalization
 capabilities for the collected data foresee, and could be used to accurately predict the observed
 outputs, based on the input parameters. The highest values of r2 for developed models ANN1 and
 ANN2were0.986, 0.988, and 0.977, and 0.990, 0.969, and 0.990, accordingly, for training, testing and
 validation cycles
	Data Collection: AADT data was collected from automatic traffic counters in the
 Republic of Serbia [35] and the Republic of Srpska (Bosnia and Herzegovina) [36]. Total
 of 191 road sections in the Republic of Serbia and 180 road sections were selected in the
 Republic of Srpska.
System technology: ANN, Data pre-processing: Cleaning, Normalization, ANN Arch: MLP consist of 3 layers: input, hidden and output layer.
Global Sensitivity Analysis: The computation of ANN models was performed applying StatSoftStatistica

	The algorithm is currently limited to use in the Republic of Serbia and the Republic of Srpska, but it needs to be validated in urban settings in other countries to support its generalizability.

	Machine Learning for Road Accident Severity Prediction
	Koteswararao Kodepogu, Vijaya Bharathi Manjeti, Atchutha Bhavani Siriki
	2023
	Experimental 
	The findings advocate for the continuous development and
 refinement of sophisticated models, aiming to diminish the frequency and gravity of road accidents. Such efforts
 contribute significantly to the enhancement of traffic control and public safety measures, it was observed that AdaBoost and Naive Bayes demonstrated
 the highest accuracy. Each of these models achieved an accuracy rate of 85.3%, marking them as the most precise
 among the five models examined
	Data collection: TRAFFIC ACCIDENTS 2019 LEEDS
 dataset from the Road Safety department of Transport, consists of 9 attributes, and 12,316 records.

Data pre-processing: hidinf missing values mainly in 3 attributes: Type of vehicle, ‘Road surface type’, and ‘Driving experience’ contained 950, 172, and 829 null values, respectively by substituting them with the mode, and “Time” attribute, the strings were converted into
 numerical values. Classification Models: DT, RF, KNN, GNB, Adaboost


	Focusing only on basic ML models without using any Deep learning models, which caused overall low performance comparing to studies used deep learning models like ANN or perceptron’s.

	An Alternative Method for Traffic Accident Severity Prediction:
 Using Deep Forests Algorithm
	Jing Gan, Linheng Li, Dapeng Zhang, Ziwei Yi, Qiaojun Xiang
	2020
	Experimental
	propose a novel method for predicting the
 severity of traffic accidents based on the Deep Forests algorithm. To verify the superiority of our proposed method, several other
 machine learning algorithm-based perdition models were implemented to predict traffic accident severity with the same dataset,
 and the prediction results show that the Deep Forests algorithm present good stability, ewer hyper-parameters, and the highest accuracy under different level of training data volume. Recall sore: 0.93 and F1: 0.88 It is expected that the findings from this study would be helpful for the establishment or improvement of effective traffic safety system within a sustainable transportation system
	Data collection: the analyses in this study are based on the road safety dataset of the United Kingdom in 2016, include 18 features in total, 257,845 reading.

Feature Selection: Deep Forests

Parameter optimization: A combination of the Randomized Search and Grid Search

Model Structure: Deep Forrest
	Limitation for Raw data which results limitation for model generalization.

	Traffic Accident Severity Prediction
 Based on Decision Level Fusion of Machine
 and Deep Learning Model
	MUBARIZ MANZOOR, MUHAMMAD UMER
 SALEEM ULLAH, SAIMA SADIQ ,ABID ISHAQ,
,HAMZA AHMAD MADNI, CARMEN BISOGNI
	2021
	Experimental
	The performance of the proposed
 approach Obtained results demonstrate that the RFCNN
 enhanced the decision-making process and outperformed other models with 0.991 accuracy, 0.974 precision,
 0.986 recall, and 0.980 F-score using the 20 most Signiant features in predicting the severity of accidents
	Data Collection: This is a countrywide car accident dataset, which covers
 49 states of the USA. The accident data contains records
 from February 2016 to June 2020 [58]. There are
 about 4.2 million accident records in this dataset. The
 dataset contains 49 columns; Target has classes which is the Accident Severity.

Data pre-processing: missing
 values removal, partial records removal for unnecessary data

Model Structure: 2 Ensemble Models, 1. RFCNN,2. other are base learner models such as RF, AC, ETC, GBM, and Voting Classifier (LR SGD).
Performance Measures: ML standard evaluation metrics.
	Domain of data set is limited.

RFCNN produce hi computational power compared to base ML classifiers, which must be taken in consideration when applying in real life.

	AI-based prediction of traffic crash 
severity for improving road safety 
and transportation efficiency
	Ayman Mohamed Mostafa, Bader Aldughayfiq, Mayada Tarek, Alaa S. Alaerjan, Hisham Allahem, Murtada K. Elbashir, Mohamed Ezz & Eslam Hamouda
	2025
	Experimental
	The results obtained from this study demonstrate the effectiveness of the proposed ML framework for traffic crash severity prediction, The study tackled data quality challenges by applying rigorous data cleaning, feature selection, and encoding techniques, ensuring consistency and completeness in the dataset.
	Data collection: different data sets, acquired from official transportation and accident reporting agencies of Illinois State in the USA. Records are: 1,048,575. 899,942. 1,835,746. While features are: 29, 48, 71 respectively.

Data pre-processing: Remove null features, remove unimportant features, Remove null records. Data merging 

Model Structure:
Apply all Base ML classifier for slection of best model.

Triple merge data sets, feature generation and measure results: RF, ET, DT. Clustering: K-Means and DDBSCAN






 
	Data is imbalanced which led to some performance limitations

	Evaluating the effectiveness of machine learning techniques in 
forecasting the severity of traffic accidents
	Izuchukwu Chukwuma Obasi*, Chizubem Benson
	2024
	Experimental 
	Results show that the proposed Random Forest and Logistic Regression models achieved an 87% overall prediction 
accuracy, outperforming Naive Bayes (80%) and Artificial Neural Networks (80%). By employing Random Forest-based feature importance analysis, 
the study identified Engine Capacity, Age of the vehicle, make of vehicle, Age of the driver, vehicle manoeuvre, daytime, and 1st road class as the 
most sensitive variables influencing traffic accident severity prediction. Additionally, the suggested RF model outperformed most existing models, 
attaining a remarkable overall accuracy and superior predictive performance across various injury severity classes. The findings have significant 
implications for developing efficient road safety measures and enhancing the current traffic safety system
	Data collection: Ten years of UK traffic accident data (2005–2014, N = 2,047,256), and 34 attributes

Data Pre-processing: Missing Values and Outliers.

Feature Selection: RF

Prediction Models: RF, LR, NB and ANN



	Lack of integrity of data for essential information which led to which will limit the outcome.

	The Use of Machine Learning Methods in Road Safety Research in Poland
	Anna Borucka,Sebastian Sobczuk
	2025
	Experimental
	Three proposed models—k-Nearest
Neighbors (KNN), Random Forest (RF), and Recursive Partitioning 
(RPart), results:
1.k-Nearest Neighbors (KNN):
•Accuracy:64.2%;
• Kappa:0.4162;
• Sensitivity “no injuries”:88.90%;
• Sensitivity “minor injuries”:62.72%;
• Sensitivity “severe injuries”:14.83%;
• Sensitivity “deaths”:6.23%.
2. RF classification:
• Accuracy:63.02%; • Kappa:0.414; • Sensitivity “no injuries”:84.95%; • Sensitivity “minor injuries”:59.03%; • Sensitivity “severe injuries”:24.90%; • Sensitivity “deaths”:12.17%.
2. Recursive Partitioning 
(RPart):
• Accuracy:62.86%; • Kappa:0.3664; • Sensitivity “no injuries”:97.13%; • Sensitivity “minor injuries”:56.11%; • Sensitivity “severe injuries”:0%; • Sensitivity “deaths”:0%.
	-In Poland, information on traffic incidents is collected by the police in the System of
Accident and Collision Records (SEWiK). This study was based on road accident databases
from 2019 to 2023.
-No information about total of features, but using RF to reduce it to 11 which is most significant features. Classes are 4 which is the severity of accident “No Injuries, Minor Injuries, Severe Injuries and Deaths”. ML modeling tools: KNN, RF, Recursive Partitioning 
(RPart). 


	Data set is not covering all other possible features may affect the model accuracy

Data set based on reports only and notifications not covering all accidents



	Prediction of Run-Off Road Crash Severity in South Korea’s
Highway through Tree Augmented Naïve Bayes Learning t
	Hyungkyu Kim, Jin-TaeKim
, Somyoung Shin
, Hyerin Lee and Joonbeom Lim
	2023
	Experimental
	As result of the application of the model, the factors affecting the RORC The run-off road crash severity were
in the order of the density of fixed objects, the horizontal distance between the roadway
and the fixed object in the crash, vertical slope, and pier, when these factors either exceeded
or fell short of the set threshold values. Among all types of fixed objects, piers had the
largest impact. The results of the analysis showed that the severity of
crashes with roadside fixed objects increased sharply when the vertical slope was ≥4%, the radius of
the curve was ≥250 m, the distance between the fixed object and the roadway was less than 3 m, or
the density of fixed objects installation was greater than 2 for every 10 m. The proposed model allows
for an analysis of sections with a high RORC severity on the roadways in operation and provides
improvement measures to reduce the severity of RORC
	Data Collection: traffic accident 
In this study, for the traffic accident data and severity data for road sections, five-year
(2014–2018) data of 443 cases of accidents from the Traffic Accident Analysis System (TAAS), which is a database managed by the Korea Road Traffic Authority (KOROAD), were used.
The severity of traffic accidents of a crash between a fixed obstacle and a vehicle alone were
classified into fatal/serious/slight accidents for a two-way highway with four to six lanes, and
from the collected data.
Model Construction: tree augmented naïve Bayes.

Validation: Confusion Matrix
ble, and the 
AUC from 0.9 to 1.0 can be interpreted as very accurate, while that from 0.7 to 0.9 is inter
preted as relatively accurate. 
Figure 6 shows the results of plotting the ROC curve with the Tree Augmented Naïve
Bayes (TAN) model. Because of the area under the ROC curve calculation, the AUC value
was 0.763 for slight accidents, 0.797 for serious accidents, and 0.917 for fatal accidents. This
shows that the classification prediction power for fatal accidents is the best


	The study is only focusing on road geometry and road side fixed object features, which is very narrow

Accidents data were collected on intersections 100m+-, not on the entire roads.

Accidents reports was collected manually where human errors may occur

	Road Accident Analysis and Prediction using Machine Learning Algorithmic Approaches
	Koteswara Rao Ballamudi
	2021
	Experimental
	The past examination focused essentially on recognizing no-injury and injury (including 
casualty) classes. We stretched out the exploration to possible injury, non-incapacitating 
injury, incapacitating injury, and fatal injury classes. Our tests demonstrated that the 
model for deadly and non-fatal injury performed in a way that is better than different 
classes. The capacity of predicting deadly and non-deadly injury is significant since 
drivers' casualty has the greatest expense to society economically and socially. Notably, 
one of the significant variables causing different injury levels is the genuine speed that the 
vehicle was going when the accident occurred
	Data Source: United States government open information index for traffic accidents, that incorporates data from all the nation, United Kingdom open information inventory (Habibullah et al., 2019)
Model Construction: Decision Tree, AdaBoost, KNN

	Data set is not completed since speed wasn’t mentioned in all accidents.

No accuracy or validation measures was mentioned in the study

	Road Accident Prediction and Classification using Machine Learning
	Chirag P, Supreetha M
	2022
	Experimental
	Study gave accident predictions for only one feature and used linear regression to predict the severity of the accident, total of 5 features were processed separately: Alcohol, Climate, type of Location, type of Vehicle Defect, type of Junction.
Then made classification and clustering of accident predictions per cities inside India, these works we used to build a website called Road Accident Predations
	Data Source: earlier the data obtained from the website 
provides the exact number of accidents that has occurred in 
all the states and union territories of India. Data Pre-processing: Data Cleaning, Data Transformation, Data Reduction.

ML Algorithms:
Linear Regression,
K-Means Clustering.



	Model used only one feature each time to predict the accident, which isn’t efficient to use this model in real application to achieve the purpose of prevent the accident by eliminating the direct cause either single or multiple combined causes, its only prediction and visualization more than real machine learning project.
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7. Research Methodology

8. Expected outcomes:
1. Accurate and advanced Machine Learning model can precisely predict the severity of read accidents accordance based on multiple combined factors falls under different categories such as: Road State, Driver features, Climate situation.
2. Feature extraction where we can find the most features can affect the accident accordance and severity, where government entities can take actions to prevent these accidents by applying the multiple safety measures and procedures. 

9. Gantt chart
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