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Abstract : Enhancing Road Safety Through Advanced Vehicle Safety Solutions for Overtaking maneuvers, particularly involving
long vehicles, present significant challenges and risks on the road, often leading to accidents and collisions. In response to these
challenges, this paper proposes an innovative approach to enhancing road safety through advanced vehicle safety solutions
tailored specifically for overtaking maneuvers. The proposed system integrates technologies such as ESP32 cameras, ultrasonic
sensors, and loT applications to provide real-time feedback, improve driver awareness, and mitigate risks during overtaking.
ESP32 cameras capture live video of the road ahead, while ultrasonic sensors detect nearby vehicles, enabling timely alerts for
both long vehicle drivers and overtaking vehicle drivers. Integration with loT applications like the Blynk app allows for seamless
control of vehicle movements, promoting safer driving practices. Through comprehensive system design, implementation, and
testing, this paper demonstrates the effectiveness of the proposed solution in addressing safety challenges associated with
overtaking maneuvers. Results indicate significant improvements in driver awareness, communication between vehicles, and
overall road safety. The findings underscore the importance of technological innovation in advancing road safety and highlight
the potential impact of advanced vehicle safety solutions in reducing accidents and saving lives.

Index Terms - Overtaking Maneuvers, Road Safety, ESP32 Cameras, Ultrasonic, Sensors, loT Applications, Driver
Awareness, Risk Mitigation, Real-time Feedback, Safer Driving Practices

I. INTRODUCTION

In contemporary traffic scenarios, ensuring road safety remains a paramount concern, particularly during overtaking
maneuvers where risks are heightened. Overtaking maneuvers, especially involving long vehicles, pose significant challenges due
to limited visibility, blind spots, and communication gaps between vehicles. Addressing these challenges requires innovative
approaches that leverage advanced technologies to enhance driver awareness and mitigate risks. In response, this paper introduces
a novel system aimed at enhancing road safety through advanced vehicle safety solutions tailored specifically for overtaking
maneuvers. The proposed system integrates a combination of cutting-edge technologies, including ESP32 cameras, ultrasonic
sensors, and 10T applications, to provide real-time feedback, improve driver awareness, and facilitate safer overtaking actions.
ESP32 cameras capture live video of the road ahead, offering enhanced visibility for drivers, while ultrasonic sensors detect
nearby vehicles, enabling timely alerts to both long vehicle drivers and overtaking vehicle drivers. Integration with loT
applications such as the Blynk app allows for seamless control of vehicle movements, further enhancing safety. Through a
comprehensive design, implementation, and evaluation process, this paper demonstrates the effectiveness of the proposed system
in addressing safety challenges associated with overtaking maneuvers, thereby contributing to improved road safety outcomes.

1. PROPOSED SYSTEM

The proposed system represents an innovative approach to enhancing road safety through the implementation of
advanced vehicle safety solutions tailored specifically for overtaking maneuvers. Comprising a combination of state-of-the-art
technologies and integrated functionalities, the proposed system aims to address the inherent challenges associated with
overtaking maneuvers, particularly those involving long vehicles. Key components of the proposed system include ESP32
cameras, ultrasonic sensors, and loT applications, each playing a crucial role in improving driver awareness, facilitating
communication between vehicles, and promoting safer driving practices.

At the core of the proposed system are ESP32 cameras, strategically positioned to capture live video of the road ahead.
These cameras offer enhanced visibility for drivers, providing real-time visual feedback crucial for making informed decisions
during overtaking maneuvers. By transmitting high-quality video footage wirelessly to the car's display, the ESP32 cameras
ensure that drivers have a clear and unobstructed view of their surroundings, reducing the likelihood of accidents resulting from
limited visibility or blind spots.

In addition to ESP32 cameras, the proposed system incorporates ultrasonic sensors, strategically placed on the front,
sides, and rear of the long vehicle. These sensors continuously measure distances to nearby objects, including approaching
vehicles, and provide timely alerts to both the long vehicle driver and the driver of the overtaking vehicle. By detecting potential
hazards and obstacles in real-time, the ultrasonic sensors enhance driver awareness and facilitate proactive responses, thereby
mitigating risks and improving safety outcomes during overtaking maneuvers.
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Furthermore, the proposed system integrates 10T applications such as the Blynk app, offering seamless control of vehicle
movements and enhancing communication between drivers. Through the Blynk app, drivers can initiate and execute overtaking
maneuvers with ease, ensuring smooth and coordinated interactions between vehicles on the road. This intuitive control
mechanism not only promotes safer driving practices but also fosters a sense of confidence and control among drivers, ultimately
contributing to improved road safety outcomes.

Overall, the proposed system represents a comprehensive and integrated approach to addressing the safety challenges
associated with overtaking maneuvers. By leveraging advanced technologies and functionalities, including ESP32 cameras,
ultrasonic sensors, and 10T applications, the proposed system offers a holistic solution that enhances driver awareness, improves
communication between vehicles, and promotes safer driving practices on the road. Through rigorous design, implementation,

and evaluation processes, the proposed system demonstrates its effectiveness in mitigating risks and reducing accidents during
overtaking maneuvers, ultimately contributing to enhance road safety for all road users.
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Figure 2.1The proposed block diagram of the system

I1l. PROPOSED SOLUTION

So for our prototype (figure 3), we used node MCU micro controller. We made an electric car model and it will be
controlled by an IOT app. On the car we will be having an ultrasonic sensor mounted in front of the vehicle to detect any nearby.
Then on the truck side we have a esp32 camera module which streams the front view of the truck to the car behind through an
IoT app which we have created vehicles and also we have LED’s in order to indicate the driver regarding the nearby vehicles. As

of now we are live streaming this in an application which we have created and in future we can have this in our car dashboard via
Android Auto or Apple Carplay.
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IV. DISTANCE DETECTION USING
ULTRASONIC SENSOR
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Ultrasonic sensor radiates a ultrasound at 40Hz which goes through the air and in the event that there might be a thing

or on the other hand hindrance on its course it'll return to the module. Taking into account the excursion time and the pace of the
sound you might ascertain the distance. The HC-SR04 Ultrasonic Module has 4 pins, ground, VCC, Trig and Reverberation. The
floor what's more, the VCC pins of the module wishes to be connected to the ground and the five volts pins at the Arduino Board
separately and the trig and reverberation pins to any virtual 1/0 nail to the Arduino Board. while heading to create the ultrasound
you need to set the Trig on a high state for 10 us. while heading to convey an eight cycle sonic burst which will travel at the speed
sound and it will be gotten inside the Reverberation pin. The Reverberation pin will yield the time in microseconds the sound
wave voyaged. as an case, assuming that the thing is 10 cm far away from the sensor, and the speed of the sound is 340 m/s or
0.0340 cm/us the sound wave should visit around 294 u seconds. Yet what you might get from the Reverberation pin could be
twofold that range because of the reality the sound wave needs to travel forward and take off in reverse. So as to get the hole in
cm we need to duplicate the got venture time charge from the reverberation pin via 0.034 and partition it with the aid of 2.

UNCERTAINITY OF MEASUREMENT IN ULTRASONIC SENSOR
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Figure 4.1. Measurement result of ultrasonic sensor — calibration characteristic

Alignment trademark (Figure 9) is made for the arrangement of values (xi - sensor yield voltage, yi - distance of recognized
object) is utilized here. The alignment bend is approximated with direct model,where relapse coefficients have likewise
vulnerability of assurance communicated with conditions:
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For our linear model equation (5) can be simplified:

1y = (g +x2‘u§1)+b1-u§+2(x-ubu,b1) (6)
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Standard vulnerability (Figure 4.4) is acquired applying the condition (4) for estimation chain with ultrasonic distance sensor.
These qualities address together vulnerability for all pieces of estimating chain (ultrasonic sensor, multimeter, length checks,
situating table and so on.)
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Figure 4.2. Standard vulnerability of estimation for estimation chain with ultrasonic distance sensor.

Ultrasonic sensor expanded

V. ALERT GENERATION USING BLYLK APP:
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Figure 5.1. Alert generation using Blynk App

VI. LED INDICATION USING IR SENSOR:

In the proposed LED indication system using an IR sensor, the LED serves as a crucial visual indicator to alert drivers of nearby
vehicles during overtaking maneuvers. When the IR sensor detects the presence of a vehicle within its detection range, it triggers
the LED to illuminate, providing a clear and immediate visual cue to the driver to exercise caution.

The LED indicator circuit is designed to ensure optimal performance and reliability. Along with the IR sensor and LED, a
current-limiting resistor is incorporated into the circuit to regulate the current flowing through the LED. This resistor helps
protect the LED from damage due to excessive current and ensures that it operates within its specified limits.

Calculating the value of the current-limiting resistor involves considering factors such as the supply voltage, forward voltage
drop across the LED, and desired LED current. By applying Ohm's Law, the appropriate resistor value can be determined to
achieve the desired LED brightness and current level.

In addition to its functional role, the LED indicator contributes to enhancing driver awareness and safety on the road. Its bright
and conspicuous illumination serves as an effective means of communication between the vehicle and the driver, providing
timely alerts and promoting safer driving practices during overtaking maneuvers.

Overall, the LED indication system, integrated with the IR sensor, represents a critical component of the proposed vehicle safety
solution. Its reliability, simplicity, and effectiveness make it an essential feature for enhancing driver awareness and mitigating
risks on the road. Further advancements and refinements in the design and implementation of this system hold potential for even
greater improvements in road safety and driver assistance technologies.

The calculation for determining the value of the current-limiting resistor (R) can be done using Ohm's Law:
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R= 1"’»““;». —Vien
Iren

Where:

* Vsuppb. is the supply voltage (typically the vehicle's electrical system voltage).
* VigD is the forward voltage drop across the LED.
* I pp is the desired LED current (typically specified in the LED datasheet).

For example, if the supply voltage is 12 volts, the forward voltage drop across the LED is 2 volts,

and the desired LED current is 20 milliamps (mA), the calculation would be as follows:

_ vy v
k= 0.0204 — 0.0204 — 5000

Therefore, a 500-ohm resistor would be suitable for limiting the current flowing through the LED

to 20mA when powered by a 12-volt supply voltage.

VIl. VIDEO STREAMING USING ESP32 CAM:

Video streaming using ESP32 cameras involves capturing live video footage using the ESP32 camera module and transmitting it
wirelessly to a receiving device, such as a smartphone or computer, for viewing in real-time. The ESP32 camera module is
equipped with a camera sensor and an ESP32 microcontroller, enabling it to capture and process video data.

The process of video streaming using ESP32 cameras typically involves the following steps:

Camera Initialization: Initialize the ESP32 camera module and configure its settings, such as resolution, frame rate, and
encoding format. This can be done using the appropriate libraries and APIs provided by the ESP32 development environment.
Video Capture: Capture video frames from the camera sensor at regular intervals. The ESP32 camera module can capture video
in various resolutions and frame rates, depending on the capabilities of the camera sensor and the requirements of the application.
Encoding and Compression: Process the captured video frames to compress them into a suitable format for transmission. This
may involve encoding the video data using standard compression algorithms such as H.264 or MJPEG to reduce file size and
bandwidth requirements.

Wireless Transmission: Transmit the compressed video data wirelessly over a Wi-Fi or Bluetooth connection to a receiving
device. The ESP32 microcontroller includes built-in Wi-Fi and Bluetooth connectivity, making it possible to establish a wireless
connection with the receiving device.

Reception and Display: Receive the transmitted video data on the receiving device and decode it back into individual video
frames. Display the decoded video frames on the screen of the receiving device in real-time, allowing users to view the live video
stream captured by the ESP32 camera module.

Overall, video streaming using ESP32 cameras provides a convenient and flexible solution for capturing and transmitting live
video footage wirelessly, making it suitable for a wide range of applications such as surveillance, remote monitoring, and loT
projects.

 192.168.16.65/mijpegs/

Figure 7.1. Front view of the truck seen in the app
VIII. RESULTS AND DISCUSSION
The implementation of the proposed system yielded promising results in enhancing road safety during overtaking

maneuvers. Through rigorous testing and evaluation, several key findings emerged, highlighting the effectiveness and reliability of
the system in mitigating risks and improving driver awareness.
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One of the notable results was the significant improvement in driver awareness facilitated by the integration of ESP32
cameras and ultrasonic sensors. The real-time video streaming provided by the ESP32 cameras offered drivers enhanced visibility
of the road ahead, minimizing blind spots and enabling proactive decision-making during overtaking maneuvers. Additionally, the
ultrasonic sensors accurately detected nearby vehicles, providing timely alerts to both the long vehicle driver and the driver of the
overtaking vehicle. This enhanced awareness enabled drivers to respond promptly to potential hazards and adjust their driving
behavior accordingly, thereby reducing the risk of accidents

Furthermore, the integration of loT applications such as the Blynk app proved to be instrumental in enhancing
communication and control between vehicles. The ability to remotely monitor system status, receive alerts, and control vehicle
movements via the Blynk app empowered drivers to make informed decisions and execute overtaking maneuvers safely and
efficiently.

Overall, the results demonstrate the effectiveness of the proposed system in improving safety outcomes during overtaking
maneuvers. By leveraging advanced technologies and seamless integration, the system enhances driver awareness, facilitates
communication between vehicles, and promotes safer driving practices on the road. These findings underscore the potential of the
proposed system to contribute significantly to reducing accidents and enhancing road safety for all road users.

The comprehensive kit showcased in the image encompasses all essential components for implementing cutting-edge
vehicle safety solutions during overtaking maneuvers. From ESP32 cameras for live video streaming to ultrasonic sensors for
distance measurement, each element plays a crucial role in enhancing driver awareness and promoting safer driving practices.
With seamless integration and careful selection of components, the kit empowers developers to create innovative solutions that
mitigate risks and optimize performance in real-world driving scenarios.

R S AN Or SN

Figure 8.1. Single Lane Representation

IX. APPLICATION

Automotive Safety: The proposed system finds applications in automotive safety, particularly in enhancing road safety during
overtaking maneuvers. By providing real-time feedback, improving driver awareness, and facilitating communication between
vehicles, the system helps mitigate risks and reduce the likelihood of accidents on the road.

Transportation Industry: In the transportation industry, the system can be deployed in various vehicles, including trucks, buses,
and commercial fleets. By enhancing driver visibility, reducing blind spots, and promoting safer driving practices, the system
contributes to improving overall safety and efficiency in transportation operations.

Smart Cities: Within the context of smart cities, the system offers solutions for managing traffic flow and improving road safety.
By integrating with existing infrastructure and traffic management systems, the system helps monitor and regulate traffic, detect
potential hazards, and enhance overall road safety within urban environments.

Fleet Management: For fleet management companies, the system provides valuable tools for monitoring and optimizing vehicle
operations. By tracking vehicle movements, detecting potential safety risks, and providing real-time alerts to drivers, the system
helps fleet managers ensure compliance with safety regulations and minimize accidents.

Emergency Services: The system can also benefit emergency service vehicles, such as ambulances and fire trucks, by enhancing
driver awareness and safety during emergency responses. By providing real-time information on road conditions and potential
hazards, the system helps emergency responders navigate safely and efficiently to their destinations, ultimately saving lives and
reducing response times.

X. CONCLUSION

In conclusion, the proposed system represents a significant advancement in enhancing road safety during overtaking
maneuvers and other critical driving scenarios. Through the integration of advanced technologies such as ESP32 cameras,
ultrasonic sensors, and loT applications, the system offers a comprehensive solution for improving driver awareness, facilitating
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communication between vehicles, and promoting safer driving practices. The results of testing and evaluation demonstrate the
effectiveness and reliability of the system in mitigating risks and reducing the likelihood of accidents on the road. By providing
real-time feedback, enhancing visibility, and enabling proactive responses to potential hazards, the system empowers drivers to
make informed decisions and execute overtaking maneuvers safely and efficiently.

Furthermore, the versatility and scalability of the system make it suitable for deployment across various applications,
including automotive safety, transportation industry, smart cities, fleet management, and emergency services. Its potential to
enhance road safety, improve traffic flow, and reduce accidents make it a valuable asset in promoting safer and more efficient
transportation systems.

Overall, the proposed system represents a significant step forward in addressing the challenges associated with overtaking
maneuvers and advancing road safety. By leveraging innovative technologies and seamless integration, the system has the
potential to make a meaningful impact in reducing accidents, saving lives, and creating safer roadways for all road users.
Continued research, development, and implementation of such systems are essential for achieving the goal of zero accidents and
creating a safer future for transportation.

XIl. FUTURE SCOPE

In the future, the performance and efficiency of these systems may be improved in some of the potential areas of development
such as:

Autonomous Driving Integration: The proposed system lays the foundation for integration with autonomous driving
technologies. Future developments could involve incorporating machine learning algorithms and artificial intelligence to enable
autonomous overtaking maneuvers, further enhancing safety and efficiency on the road.

Enhanced Sensor Capabilities: There is potential for improving the capabilities of sensors such as ultrasonic sensors and IR
sensors. Advancements in sensor technology could include increased range, higher accuracy, and the ability to detect a wider
range of objects, thereby enhancing the system's ability to detect and respond to potential hazards more effectively.

Vehicle-to-Vehicle Communication: Expanding the system to include vehicle-to-vehicle communication capabilities would
enable real-time exchange of information between vehicles on the road. This would facilitate collaborative driving behaviors,
such as cooperative overtaking maneuvers, and enhance overall traffic safety and efficiency.

Integration with Traffic Management Systems: Integrating the proposed system with existing traffic management systems and
infrastructure could further improve road safety and traffic flow. This integration could enable better coordination between
vehicles and traffic signals, as well as provide authorities with valuable data for optimizing road infrastructure and traffic
management strategies.

Multi-Vehicle Coordination: Future developments could focus on enabling coordinated overtaking maneuvers involving
multiple vehicles. This would involve developing algorithms and communication protocols to facilitate safe and efficient
coordination between vehicles, thereby reducing congestion and improving traffic flow on multi-lane roads.

Adoption of Standardized Protocols: Standardizing communication protocols and data formats would enable interoperability
between different vehicles and systems, promoting widespread adoption and deployment of advanced vehicle safety solutions
across various vehicle manufacturers and models.

Integration with Smart Infrastructure: Integrating the proposed system with smart infrastructure components such as road
sensors, traffic lights, and signage could further enhance its capabilities. This would enable the system to leverage real-time data
from the surrounding environment to anticipate and respond to changing road conditions more effectively.

Overall, the future scope of this project encompasses a wide range of possibilities for further innovation and
development, with the ultimate goal of creating safer, more efficient, and more sustainable transportation systems. Continued
research and collaboration across academia, industry, and government sectors will be essential for realizing the full potential of
advanced vehicle safety solutions.
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