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Abstract

A major global public health concern, road traffic accidents continue to be common due to a
combination of human behavior, inadequate infrastructure, and environmental factors. This study
explores how cutting-edge technologies from a range of industries, including machine learning,
unmanned aerial vehicles, and smart sensors can be integrated with the IoT to reduce RTAs.
Behavioral science models are assessed for their efficacy in addressing driving-related hazards, while
IoT-enabled devices demonstrate potential in real-time monitoring and accident prevention. The
study also shows how IoT may be used to address human-related concerns such as substance abuse,
drowsiness, and psychological distress, as well as infrastructure-related issues like pavement surface
defects and poor horizontal alignment. By combining behavioral insights with IoT-driven
innovations, the study presents a comprehensive approach to improving road traffic safety.

Keywords: road traffic accidents; internet of things; behavioral models; smart infrastructure; accident
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1. Introduction

Every year, road traffic accidents cause millions of deaths and injuries, making them a major
global public health concern. According to the WHO, traffic accidents claim the lives of about 1.3
million people annually, while millions more suffer serious injuries. Figure 1 summarizes key global
statistics on road traffic accidents based on the latest WHO data. Beyond the human toll, RTAs also
impose significant financial burdens on communities [20]. Most of these fatalities occur in low- and
middle-income countries, where the issue is particularly severe.
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RTAs result from multiple factors. Human behaviors such as speeding, driving under the
influence of drugs or alcohol, fatigue, and distractions are major contributors. Environmental and
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systemic factors, including poor road conditions, ineffective traffic management, and adverse
weather, also play crucial roles [21].

While public awareness campaigns, better road design, and stricter legislation have been
helpful, they have not been sufficient to resolve the problem[22]. However, emerging technologies,
particularly those under the IoT offer new opportunities for proactive accident prevention [23].

The IoT consists of interconnected devices that can collect, analyze, and transmit data in real
time. Smart sensors can monitor traffic flow and road surface conditions, while UAVs assist in
incident detection and management[24-26]. Connected vehicles equipped with IoT capabilities can
communicate with one another to avoid collisions, and machine learning algorithms can analyze
traffic data to predict and prevent accidents [27].

These technologies allow for faster, more efficient responses to potential hazards, significantly
enhancing road safety[28]. Despite advances in traditional safety measures such as road design and
enforcement[29-31], the overall impact remains limited. The integration of IoT, through connected
vehicles, intelligent sensors, and real-time analytics, presents a transformative approach to road
safety management [32]. Figure 1 shows the workflow of conducting research.
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Figure 2. Research Workflow.

2. Literature Review

As to research, human behaviors that include speeding, drug use, and exhaustion are the
primary causes of crashes involving cars, which are a major threat to global health. This reveals how
little is understood about how behavioral science theories are really applied in practice, especially in
low-income areas. The authors reviewed international data to demonstrate that risky driving
behavior can be successfully managed using behavioral models such as the Health Belief Model. The
results suggest an urgent need for targeted interventions to reduce avoidable crashes, consistent with
previous research findings that 71-85% of RTAs are attributable to human factors [1].

In order to predict the severity of traffic accidents and identify the factors that lead to an increase
in injuries, the article "Road Traffic Accidents Injury Data Analytics" uses data from the United
Kingdom from 2005 to 2019. According to Ma et al. (2019), the study highlights the importance of
victim type and vehicle parameters as variables, confirming the resilience of decision tree-based
methods. It also demonstrates how scalable and successful XGBoost is for unbalanced datasets as
compared to other studies that rely on statistical models and struggle with skewed data [2].

The paper "Drones for Road Accident Management: A Systematic Review" by Adel Gohari et al.
discusses the shortcomings of the manual approaches used in current Road Accident Management
(RAM). In particular, their assessment highlights a research need in RAM applications for UAVs in
large-scale and real-world contexts. They evaluate 26 papers using the PRISMA technique,
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highlighting the benefits of UAVs like precision and real-time data collecting while pointing out
drawbacks such as data processing and flight constraints. This work independently investigates UAV
integration across all RAM components, providing full implementation options, in contrast to
previous research that concentrated on traffic monitoring [3].

In order to address the dearth of research on comprehensive features such as victims, drivers,
and accidents together, this paper analyzes the startlingly high prevalence of traffic accidents in
Dhaka, Bangladesh. The study examines victim demographics, vehicle types, and accident locations
using six years of data from Dhaka Metropolitan Police Headquarters. It finds that buses are a major
cause of accidents and that young people, particularly pedestrians, are disproportionately affected
[4].

The study [5] uses descriptive statistics and dispersion analysis to determine important factors
affecting Yelabuga damage while confirming the severity of the accident. Their results show that road
infrastructure, especially railway width, is important in accidents and object collisions. Significantly,
the report also shows how successful policies targeted at reducing drunk driving and enhancing
street lighting are. Because it focuses on Russian data and provides useful insights for creating
focused safety interventions, this study stands out.

The impact of road conditions on accident severity on federal highways in Malaysia is analyzed.
The model includes nine road elements, such as horizontal lines, to determine their relationship with
accident severity. The analysis showed a significant correlation between poor horizontal alignment
and an increased likelihood of a serious accident, meaning that the likelihood of a serious accident
was reduced by 0.4 times compared to good horizontal alignment. This study specifically
investigated the impact of horizontal alignment on accident rates, adding to the existing literature by
expanding understanding of this key aspect of road safety [6].

Between 2011 and 2020, the incidence of alcohol and drugs in a traffic accident in Norway
provided a comprehensive overview of Norwegian road safety work. The study emphasizes the
success of the "Vision Zero" strategy aimed at serious damage, zero death, and road accidents. It
describes the various preventive measures introduced by the Norwegian government, including
legal boundaries on alcohol and drugs, random road tests, and improved education for law
enforcement authorities [7].

As regards a surface failure review on the road surface on road traffic accidents, this article
investigates the impact of surface failure on road accidents. The author believes that although
previous studies often consider other factors (such as speed and wet sidewalks) as the main accident
factor, the independence of the sidewalks is ignored [8].

The study [9] shows that the incidence of RI around the world has increased, but the number of
deaths and the number of people injured in the last 30 years have decreased and emphasized the
main cause across different ages and socio-economic areas. This study provides a broader perspective
on the global burden of RI compared to previous studies, which often focus on specific locations or
regions, and makes a novel contribution by examining the relationship between socioeconomic
indices and RI trends.

The fall and drowning detection system in this paper, which uses smartphone sensors, solves
the main problem of using off-the-shelf smartphone sensors for fall and drowning detection. While
existing research has mainly focused on indoor fall detection using wearable sensors, this paper
proposes a comprehensive system, FaDD, that addresses the fall and drowning detection problems
in a discrete and more accurate manner [10].

In their study Blink Detection for Supported Two-Factor Authentication, Chuah, Chong, and
Chong address the need for more secure authentication techniques. The study emphasizes how
vulnerable current authentication techniques are to spoofing and being duped by phony facial
photos, including passwords and multi-factor authentication (passwords plus facial recognition, for
example). This article proposes a two-factor authentication system that combines blinking detection
and the password. The device briefly detects using 68 facial features and eyes. The author carried out
a functional test to confirm the application's primary functionality, paying particular attention to the
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eye blinking and user receiving tests to gauge user input. The findings indicate that users think this
dual identity verification approach is more practical and safer [11].

The purpose of the article is to resolve drivers' drowsiness by developing a comprehensive and
effective detection system, which is an important cause of road accidents. The study recognized the
limitations of existing systems that focus on the driver's behavior, including closed eyes, yawning,
and movements. This multi-faceted method may have high accuracy in several sets of data that
exceed existing methods and provides evidence that it is effective in determining drowsiness under
different conditions. The study emphasizes that this method can significantly increase the safety
potential of drivers [12].

The article is against the use of machine learning analysis to prevent accidents in the analysis of
the accident report. Shayboun focuses on business accidents in the construction industry. The
research focuses on testing the use of machine learning methods to analyze accident reports and
determine potential methods. Shayboun uses CRISP-DM techniques to bridge the gap between ML
technical analysis and the safety environment of construction companies. Research shows that
machine learning can be an effective tool for accident prevention, but also highlights the challenges
associated with standardization, implementation, and evaluation [13].

This article introduces the problem of depression among drivers, which is a factor that leads to
road accidents. This article emphasizes the current research gap in the prevention of accidents, where
the focus is mainly on driver fatigue, ignoring the significant impact of depression. The authors used
facial expression recognition and transfer learning, specifically the VGG-16 model, to close this gap
and offer an instant driver depression monitoring system that exhibits high precision, recall, and F1
score. This study's focus on instantaneous facial expression analysis to track driver depression was
more accurate and efficient than previous approaches [14].

This article [15] tested the use of action recognition in the smart city transport system to detect
accidents. The author notes a clear lack of research on extensive commentary on the topic, especially
on action recognition technology that focuses on independent transport systems. They carry out a
systematic review of literature to analyze key methods, taxonomies, and data sets and conclude that
deep learning methods, especially sophisticated neural networks, have proven to be effective in
detecting accidents. The article compares the results of different researchers, which emphasizes the
importance of different data sets that reflect different traffic conditions. Further studies should focus
on developing hybrid taxonomies and more research on algorithms to improve the accuracy and
reliability of accident detection systems in smart urban environments.

3. Proposed Merhodology

We used high-level machine learning models such as KNN, Naive Bayesian, decision tree,
random forest, and packaging. Information on important items, such as traffic conditions, weather,
vehicle speed and incidents, are collected using smart cameras, Internet (IoT) sensors and open data
sets open[33,34].

To build a robust framework for the application of advanced technologies in traffic systems
through the Internet of Things (IoT), it is essential to focus on three interconnected pillars:
Infrastructure Development, Behavioral Modeling, and Global Trends.

Behavioral Modeling plays a central role by employing data-driven techniques to understand
and predict driver behavior. This is crucial for designing effective and proactive safety
interventions[35,36].

Infrastructure Development involves integrating IoT-based smart technologies such as vehicle-
to-infrastructure (V2I) communication, adaptive traffic control systems, and real-time hazard
detection mechanisms. These innovations enhance traffic safety and efficiency by enabling more
responsive and intelligent traffic environments.

Global Trends emphasize the importance of aligning technological advancements with policy
updates, international standards, and best practices. This ensures regulatory compliance, scalability,
and interoperability across regions and systems. This conceptual framework aligns with the systemic
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model of crash causation and risk (as shown in Figure 3), which illustrates the complex interactions
between travel behavior, road users, vehicles, infrastructure, and the resulting exposure and risks
that lead to crashes and injuries.

Needs,
opportunities,
and abilities

Crashes and
Injuries

Figure 3. Systemic model linking needs, behavior, infrastructure, exposure, and crash outcomes.

4. Results

The evaluation of various machine learning algorithms for traffic accident prediction reveals the
distinct strengths and weaknesses of each approach. The final results and model performance
workflow are visualized in Figure 4 and Figure 5, respectively. Table 1 shows the model performance

results.
Table 1. Model Performance Overview.
Algorithm Accuracy (%)
KNN 50.35
Naive Bayes 77.80
Decision Tree 55.90
Bagging 67.70
SVM 59.70

The Naive Bayes algorithm achieved the highest accuracy at 77.8%, attributed to its assumption
of feature independence, which works particularly well with clearly defined patterns in the dataset.

The Bagging method, an ensemble technique, followed with an accuracy of 67.7%, benefiting
from reduced variance and increased model stability by averaging the predictions of multiple base
learners.

SVM obtained a moderate accuracy of 59.7%. While it can handle high-dimensional data
effectively, its sensitivity to noisy data and poor class separation may hinder performance.

The Decision Tree model achieved an accuracy of 55.9%. Although interpretable and fast, the
model is prone to overfitting if not pruned appropriately.
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The KNN model had the lowest accuracy at 50.35%, primarily due to its reliance on distance
metrics, which are susceptible to outliers and noise in the dataset. Table 2 shows the performance
metrics summary.

Table 2. Performance Metrics Summary.

Algorithm Accuracy (%) TP FP FN TN
KNN 50.5 255 247 247 251
Naive Bayes 77.8 389 111 111 389
Decision Tree 55.9 279 220 221 280
Bagging 67.7 338 161 162 338
SVM 59.7 298 201 202 298

These metrics reinforce that Naive Bayes not only delivers the highest overall accuracy but also
demonstrates balanced precision and recall, making it a favorable choice for this classification task.
KNN, with its 50.5% accuracy, shows limited predictive power, likely influenced by noisy data and
feature scaling issues.

Model Accuracy Comparison
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Figure 4. Model Accuracy Comparison.
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Figure 5. Models in Rapid Miner.

5. Conclusion

This study elaborated how cutting-edge technology from a range of industries, including
machine learning, unmanned aerial vehicles, and smart sensors, might be combined with the Internet
of Things (IoT) to reduce RTAs. The study also demonstrates how IoT may be used to improve
infrastructure safety by addressing issues like pavement surface defects and horizontal alignment, as
well as by addressing human problems like substance abuse, sleepiness, and depression.
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