Romanian Journal of Information Technology and Automatic Control, VVol. 35, No. 1, 67-78, 2025 67

Real-time accident detection in smart cities through

0T devices: A case study
Nadia ALOUI

College of Computer Science and Engineering, Software Engineering Department,
University of Jeddah, Jeddah, Saudi Arabia

naaloui@uj.edu.sa

Abstract: Intelligent Transportation Systems (ITS) using the Internet of Things technologies have received
great attention as they promise to improve transportation safety in smart cities. The number of road accidents
has increased significantly, while the number of vehicles continues to grow. The use of sensors on vehicles
allows us to detect and manage the current state of the road accident. In this context, an accident detection
and reporting system using loT technologies and a general ontology modeling the accident context are
proposed. The solution uses a custom Android application to capture data related to speed, gravitational force,
pressure, shock, and location, etc. Afterwards, the collected data are processed to identify traffic events.
Furthermore, the system detects the occurrence of accidents in real time and gives the nearest hospital and
concerned authorities useful information about the accident, including the driver's condition and the
accident's severity. Simulations and a case study with a real accident dataset obtained from the KSA road
safety benchmark validate the proposed approach, which yields promising results in terms of accuracy.

Keywords: Intelligent Transport Systems, Accident Detection, 10T, Accident Ontology, Case-Based
Reasoning.

1. Introduction

Intelligent accident detection systems represent a major advance in road safety. They play a
vital role in reducing the number and severity of accidents, improving the responsiveness of
emergency services, optimizing traffic management, and preventing environmental risks. Building
upon the insights of Nikhlesh et al. (2022) and Kumar et al. (2021), these systems integrate
technologies such as Al, 5G, connected vehicles, and intelligent traffic management systems, not
only saving lives but also reducing the economic and social costs associated with road accidents.

According to the International road safety statistics (2023), with the increasing use of cars,
the number of deaths and victims of road accidents is rising all the time, reflecting the road safety
crisis and the need to improve safety routes and the emergency operations system. In most road
accidents, the police and hospital emergency services are still not quickly informed of car accidents,
and given important information about the accident context, severity and health condition of the
victims, etc. This leads to delays in rescuing the driver and passengers, resulting in complications
for their health and an increase in the number of fatalities (World Health Organization, 2021).

Therefore the proposed approach is meant to improve road safety and save lives in a short
time by early detection and notification of accidents using IOT technologies and ontological
engineering which, as highlighted by Aloui et al. (2023) and Aloui & Gargouri (2014), helps to
enhance accuracy. In the case of an accident, the suggested solution is designed to send an instant
alert to the emergency services (ambulance, fire brigade, police), indicating the exact location and
the accident circumstances. This enables a faster, more targeted response, reducing intervention
time and potentially saving lives.

In this context, the research lies within the field of intelligent transport systems, the
fundamental objective of which is to acquire information in real time and make decisions on the
basis of this information. Nevertheless, the proposed approach makes it possible to detect an
accident and to send automatic alerts to the emergency services.
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2. Related work

Intelligent systems for detecting and reporting road accidents offer a variety of solutions
based on different technologies, each with its own specific advantages, but there are also
limitations to be overcome.

The three major categories of accident detection and reporting methods are smartphone-
based systems, hardware-based systems and integrated accident detection systems. Alvi et al.
(2020) proposed the Intelligent Emergency Notification System (SENS), which emphasizes the
delay and potential for human error. For example, if you see an accident on the road, you open the
application to make a report by taking a photo and identifying the location of the accident. It takes
a long time to call an ambulance to help the injured, not to mention the fact that if the accident
takes place in a non-rural area, it is likely to be postponed until later.

Yildiz & Bitirim (2020) proposed an Accident Detection and Reporting System (ADRS) to
remedy the system's inadequacies. For greater accuracy, it employs IoT and deep learning. There
are two elements to the proposed ADRS. The first phase detects accidents through lIoT and deep
learning, whereas the second one coordinates rescue attempts.

Oluwatofunmi & Chikezie (2023) proposed a Hybrid Emergency Services Notification
System (DAESNS). The DAESNS system covers a wide range of emergency scenarios using 10T
and deep learning, involving situations where patients have a limited network connection and are
unable to communicate with their electronic gadgets.

Pour et al. (2022) developed a machine learning system for autonomous accident detection
implementing multifunctional sensors in cars using the SHRP2 data set. The study's first significant
drawback is that it only uses one data set, which limits the applicability of its findings due to the
extremely limited amount of data available to use.

Sudha & Balaji (2023) proposed an accident detection and prevention system using loT
technologies. The system identifies automobiles and triggers an alarm to alert the driver of
potential dangers, such as a possible collision due to careless driving. Additionally, the system
utilizes GPS to determine the vehicle's location

In addition to these studies, recent research has explored various approaches to enhance the
accuracy and reliability of accident detection systems. For instance, Ghosh et al. (2023) proposed a
smartphone-based accident detection system using machine learning, utilizing built-in sensors and
machine learning algorithms to detect sudden changes in motion.

Furthermore, (Nithyashree et al., 2024) proposed a vision-based accident detection system
using deep learning and edge computing, which utilizes roadside cameras and deep learning to
analyze video data and identify accident scenarios. To enhance efficiency and reduce latency, the
system incorporates edge computing, processing data locally near the cameras.

Finally, Patil et al. (2023) used machine learning to predict and prevent traffic accidents
within intelligent transportation systems. By analyzing data on traffic, weather, and past accidents,
they identified patterns that predict accident likelihood. This research demonstrates the potential of
data-driven approaches to enhance road safety. However, while the system effectively predicts
accident hotspots and general risk factors, it may lack the granularity to predict individual accident
scenarios with high precision.

These systems offer several advantages, such as reduced response time and precise location
identification. However, they also have limitations, including dependence on communication
networks and high costs for some systems.

To mitigate the limitations of existing systems, the proposed system incorporates several
key features:

e Multiple communication: The system utilizes multiple communication channels,
including SMS, mobile app notifications, V2X communication, and ITS integration, to
ensure reliable communication even with limited network coverage;
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o Cost-effectiveness: The system is designed to be affordable and energy-efficient, making
it accessible to a wider range of users;

e Context awareness: The system utilizes context ontology and case-based reasoning to
incorporate contextual information and learn from past accidents, improving accuracy and

enabling proactive accident prevention.

By addressing these limitations, the proposed system aims to provide a more robust, reliable,
and cost-effective solution for real-time accident detection and reporting.

2.1. Comparison of smart accidents detection systems

The comparative study of intelligent systems for detecting and reporting road accidents
involves examining different types of technologies and methods used to detect accidents in real
time, report them to the relevant authorities, and sometimes even assist in rescue operations (Table 1).
These systems rely on cutting-edge technologies including vehicle-to-infrastructure connectivity,
sensors, and the internet of things. The main aim of these systems is to minimize the response time
after an accident and reduce the number of victims, while improving the efficiency of interventions.

Here is a comparative study of the main intelligent systems in this field, together with an
analysis of their operation and effectiveness.

The main comparison features are:

e Automatic accident detection;

¢ Reduced response time : emergency services are alerted immediately;

o Early and real-time detection;

¢ Reliance on Driver Responsiveness;

e Alerting method,

¢ Use of Context Ontology/Context Awareness;

e Used Technologies.

Table 1. Comparative study of systems
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2.2. Discussion

The comparative study presented in Table 1 highlights the diverse landscape of intelligent
accident detection and reporting systems. These systems utilize a range of technologies, from basic
image analysis to deep learning and edge computing, to achieve the common goal of detecting
accidents and notifying relevant authorities. However, the systems differ significantly in their
functionalities and features. Some systems, such as those described by Alvi et al. (2020) and
Oluwatofunmi & Chikezie (2023), rely on user intervention for accident detection and reporting,
which may introduce delays and inaccuracies. Others, such as the systems proposed by Yildiz &
Bitirim (2020) and this paper, utilize real-time data acquisition and analysis for immediate and
automated accident detection. This real-time capability is crucial for minimizing response times
and potentially for saving lives.

Furthermore, the integration of context ontology and case-based reasoning in the proposed
system enables a more intelligent and adaptive accident analysis. By leveraging contextual
information and comparing current accidents with past cases, the system can identify potential
causes, predict risks, and contribute to the continuous improvement of road safety strategies. This
proactive approach is not present in many of the existing systems, which primarily focus on
reactive accident detection and reporting.

The communication capabilities of the systems also vary. Some rely solely on mobile app
alerts or SMS, which may be less reliable in certain scenarios. In contrast, Pour et al. (2022)
proposed a system that integrates V2X communication and ITS integration, to ensure reliable and
efficient communication with emergency responders and relevant authorities, even in challenging
situations with limited network coverage. The system proposed in this paper builds upon this
approach by incorporating additional communication channels, such as SMS and mobile app
notifications, to further enhance reliability and reach a wider range of users.

In summary, the proposed intelligent accident detection system offers significant advantages
over the existing approaches by combining real-time data acquisition and analysis, context
ontology and case-based reasoning, and diverse communication technologies. This comprehensive
approach has the potential to significantly improve road safety and reduce accident-related fatalities
and injuries.

3. Proposed model and working principle

The proposed intelligent accident detection system operates through a series of
interconnected processes, as illustrated in the following figure (Figure 1). The Accident Detection
Devices and Sensors component encompasses various sensors embedded in the vehicle to collect
data related to potential accidents. These sensors include motion sensors (accelerometers, gyro
sensors, and motion and shock sensors) to detect sudden movements or collisions, environmental
sensors (pressure sensors and noise sensors) to monitor changes in air pressure and loud noises, and
location sensors (GPS) to pinpoint the accident site.
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Figura 1. Proposed model for Smart accident Detection

The Vehicle's Accident Context Acquisition component gathers raw data from these sensors
and converts it into a usable format for further processing. The Vehicle's Accident Context
Detection component then utilizes the Accident Detection Algorithm to analyze these processed
data and determine if an accident has occurred. This integrated algorithm performs tasks such as
threshold checks, sensor fusion, and decision-making.

The Accident Context Repository stores accident-related data, including sensor readings,
contextual information, severity level, and potentially root cause analysis data. These data are
organized by using the Context Accident Ontology and used for case-based reasoning and system
learning. The Data Analytics and Processing component conducts further analysis on the accident
data, including sensor fusion, severity assessment, and root cause analysis.

The Based Cases Reasoning component utilizes case-based reasoning techniques to compare
the current accident data with past cases stored in the repository, aiding in identifying similar
accidents, improving severity assessment accuracy, and providing context-specific alerts.

Finally, The Accidents Severity and Root-cause Analysis component focuses on
understanding the factors that contributed to the accident and assessing its severity, providing
valuable information for emergency responders, authorities, and system improvement.

The workings of the suggested model for intelligent accident detection are depicted in the
accompanying figure (Figure 2). The system first acquires data from various sensors and loT
devices embedded in the vehicle, capturing information such as location, pressure, speed, noise,
and shocks.

These data are then processed and analyzed by the Accident Detection Algorithm to identify
potential accidents. If an accident is detected, alerts and warnings are transmitted to the nearest
hospital and traffic police via communication technologies such as SMS and mobile app
notifications.
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Figura 2. Working Process of the Proposed approach

The acquired accident data are stored in the Accident Context Repository, organized
according to the Context Accident Ontology. This repository enables case-based reasoning, where
the current accident data are compared with previously stored accident situations. This analysis
helps identifying similar accident patterns, predicting potential causes, and contributing to the
continuous improvement of road safety strategies. Specifically, the case-based reasoning analysis
extracts relevant data such as sensor readings, contextual information (e.g., location, time, weather),
and severity levels of previous accidents to identify similarities and potential contributing factors to
the current accident. This process involves comparing the current accident's characteristics, such as
speed, impact force, and location, with those of the previous accidents to identify similar scenarios
and predict potential outcomes.

The Accident Severity and Root-Cause Analysis component plays a crucial role in
understanding the factors that contributed to the accident and assessing its severity. While it does
not directly solve the current accident, the insights gained from this analysis are used to improve
the accuracy of the accident detection algorithm, optimize emergency response, and develop
preventive measures to mitigate future accidents.

By leveraging the data stored in the repository and employing case-based reasoning, the
system can identify the level of accident severity and provide valuable insights for optimizing
emergency response and developing preventive measures. The proposed system's automated,
affordable, and energy-efficient technology makes it readily implementable in automobiles,
contributing to a significant reduction in accident-related fatalities and injuries. The next section
will be devoted to analysing the proposed system in order to determine its software and hardware
requirements.

4. Case study: Proposed smart accident detection system
4.1. Study area

After collecting and analysing data from potential users, we determined the main functional
and nonfunctional requirements for the developed solution. The following sections are dedicated to
illustrating hardware components, interfaces, and key functionalities.
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4.1.1. Functional requirements

The central system, which provides a variety of functions for different stakeholders
incorporates a number of modules that interact to guarantee seamless interaction.

These modules are as follows:

Registration module: This module leads the user registration to create accounts and fill
in the required information to gain access to the system namely the driver, the hospital
emergency service and the traffic police;

SMS module: This module makes it easier to send and receive text messages, allowing
the system to communicate with pre-established contacts like administrators, road
safety teams, emergency services, or selected individuals;

Reporting module: The system, emergency services, and pre-established contacts are
among the relevant parties that receive timely alerts and notifications from the
reporting module;

Authentication module: This module makes sure that user data and interactions within
the system are legitimate and accurate. To improve security, it can incorporate features
like two-factor authentication or email verification;

Prediction Module: The prediction module analyses the accident data according to the
accident ontology stored in the accident repository component utilizing the case-based
reasoning process to generate the potential accident causes and help the relevant
authorities to enhance road security and safety in Saudi Arabia Kingdom.

4.1.2. Nonfunctional requirements

Nonfunctional requirements represent the criteria for evaluating a system, as well as the
constraints on its performance. The main non-functional requirements are as follows:

Responsiveness: ensuring that the system is responsive and user-friendly;

Accuracy: this involves defining the accuracy of the solution ensured by the rigorous
choice of the system's hardware components and verification plugins;

Accessibility: The software must be accessible to all intended users and able to be
reached from all points on the network;

Performance: When users browse, the system responds quickly, typically within one to
two seconds.

4.2. Hardware components

This section describes the hardware needed to create the smart accident detection system.

We utilised GPS to determine the location, Crash Sensors, vibration sensors, noise sensors,
and shocks sensors to detect accurately the accident occurrence in Realtime, DOF Accelerometers
Module, GPS module, SMS module, Gyro Sensor, microcontroller to connect to Firebase, and
Arduino Uno for programming over other products, etc.

Figure 3 exhibits the view of the finalised hardware prototype for smart accident
detection system.
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Figure 3. Prototype of smart accident detection system

To ensure the widespread adoption and implementation of the proposed smart accident
detection system, it is essential to consider how the hardware components will be made available to
drivers. Several potential strategies can be explored, each with its own advantages and challenges.

One option is to partner with car manufacturers to integrate the hardware components into
new vehicles during the manufacturing process. This would ensure seamless integration and
potentially lower costs due to economies of scale. However, it may require significant lead time
and coordination with manufacturers. Another strategy is to collaborate with government agencies
to promote and subsidize the installation of the components in the existing vehicles. This could
involve offering incentives to drivers or mandating installations for certain vehicle types, such as
commercial vehicles or those involved in frequent accidents.

For drivers who prefer to add the system to their existing vehicles, aftermarket installation
through third-party automotive service providers could be an option. This offers flexibility and
convenience but may be more expensive than other approaches. Additionally, providing DIY
installation kits for tech-savvy drivers could be a more affordable alternative. The choice of
distribution and installation strategy will depend on various factors, such as cost, scalability, user
acceptance, and the regulatory environment. Further research and collaboration with stakeholders
will be necessary to determine the most effective approach for widespread adoption of the
proposed system.

4.3. Interfaces

The intelligent accident detection system was implemented by t students at the College of
Computer Science and Engineering at Jeddah University.

Here are a few screenshots (Figure 4).

| —mmas= _____________________—ewe= ] | msreve. o= |
@ = o=
w?}m\ “{:&3‘.'.\_

Welcome to the
Welcome to (SAAD) Application
the (SAAD)
application 0 57048 Fawa oy scoounm
Email Address

who are you?

Foasswora

Driver

Relevant authorities

Figure 4. Welcome pages for drivers' and relevant authorities' apps

After the login, the application will allow the user to access the home page and may display
the user’s current location (Figure 5).
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Figure 5. Current location
4.3.1. Alert interfaces

If the system detects an accident, an alert message will be triggered and start counting the
response time. If this exceeds a few minutes without any confirmation or cancellation from the
driver, the message will automatically be sent to the relevant authorities (Figure 6).

04:49 04:59
| AUTOMATIC wroRM [Aurroraanic wsronn |
e ] [ ]

Figure 6. Sample of an accident notification timer

Depending on the severity of the accident, the driver may be conscious or unconscious. The
driver's application allows the driver to confirm whether or not accident alerts are to be sent to the
relevant authorities (Figure 7), but within a timeframe fixed in advance in the application settings,
alerts of the occurrence of the accident will be sent automatically to the relevant authorities, such as
emergency services and the traffic police. Figure 6 shows how alerts are sent within a timeframe of
a few minutes set by the driver while registering.

a) Accident notification alert b) Driver confirmation

Figure 7. Accident notification and confirmation: a, b.
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4.3.2. Relevant authorities’ interfaces

The relevant authorities, i.e. emergency services or traffic police will be able to see accident
notifications and all the important information about the accident, such as location, severity and
medical information about the driver. Through the authorities' application, these authorities can
consult new accident notifications on the one hand, and the history and follow-up of accidents
already received on the other (Figure 8). They can manage and monitor each of them.

Accident
Page

ALL ACCIDENT
NOTIFICATIONS

a) New accident notifications b) History and follow-up of accidents

Figure 8. Accident notifications and alerts page: a, b.

5. Conclusion and future work

This research proposes and implements an intelligent accident detection system capable of
accurately detecting, reporting, and analyzing incidents across diverse accident scenarios, including
urban, highway, and rural roads. This new approach for smart accident detection is based on loT
technologies, case-based reasoning, and a general ontology for accident context. The system
collects sensors data, including location, vibration, speed, noise, shock etc. The communications
technologies enable data transmission to the cloud and then to the driver's and authorities' Android
applications. Indeed, in the proposed approach we represent the accident’s context attributes
through a top-level accident context ontology to have an exhaustive picture of the accident context
in various scenarios. Then, these data are automatically passed to the accident context acquisition
component for further processing. Indeed, each accident context instance is stored in accident
context repository to be processed by algorithms for accident thresholds and severity identification
using case-based reasoning.

The contributions aim to improve the development of intelligent transport systems for
accident detection and pave the way for the general adoption of safe road traffic, ultimately
resulting in safer, more efficient, and more durable transportation systems. Furthermore,
improvements are planned for future work to enhance the accuracy and the results of the system
that has been implemented. This will involve conducting pilot programs with a small group of
drivers in controlled environments to gather initial data and feedback on the system's performance
and usability.

Following this, collaborations with transportation authorities and emergency services will be
sought to conduct larger-scale experiments in real-world traffic conditions, allowing for a more
comprehensive evaluation of the system's effectiveness.
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