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Abstract - This research paper explores the implementation of advanced driver assistance system (ADAS) features in a small-
scale car model. The study focuses on the use of Arduino Uno and Raspberry Pi microcontrollers for integrating various ADAS
functionalities such as, safe distance monitoring, obstacle avoidance, emergency braking, lane keep assist, and adaptive cruise
control. The research outlines the components used in the project and discusses the successes and limitations encountered during
the implementation process. Specifically, it highlights the challenges faced with the Arduino Uno boards and the decision to
transition to Raspberry Pi for handling more complex ADAS features. The paper concludes with insights into the suitability of
different microcontrollers for ADAS applications in small-scale models.
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1.INTRODUCTION

Advanced Driver Assistance Systems (ADAS) represent a transformative technology in the automotive industry, offering a suite
of intelligent functionalities aimed at improving vehicle safety, enhancing driving experience, and reducing the likelihood of
accidents. These systems utilize a combination of sensors, actuators, and control algorithms to provide real-time assistance to
drivers, thereby mitigating risks associated with human error and environmental factors. In recent years, the integration of
ADAS features has gained significant traction not only in full-scale vehicles but also in small-scale car models for educational,
research, and prototyping purposes.

The implementation of ADAS features in small-scale car models presents a unique set of challenges and opportunities. While
scaled-down models lack the complexity and dynamics of full-sized vehicles, they provide a cost-effective platform for testing
and validating ADAS functionalities in controlled environments. Moreover, small-scale models offer a practical means for
students, researchers, and enthusiasts to gain hands-on experience with ADAS technology, fostering innovation and learning in
the field of autonomous and semi-autonomous driving systems.

The primary objective of this research is to explore the feasibility of integrating various ADAS functionalities into a small-scale
car model using microcontrollers, specifically Arduino Uno and Raspberry Pi. These popular microcontroller platforms offer
versatile programming capabilities and ease of use, making them ideal candidates for prototyping ADAS systems in miniature
vehicles. By leveraging the capabilities of microcontrollers, we aim to replicate key ADAS features such as safe distance
monitoring, obstacle avoidance, emergency braking, lane keep assist, and adaptive cruise control in our small-scale car model.

The integration of ADAS features in small-scale car models holds immense educational value, providing students and
enthusiasts with hands-on experience in sensor fusion, signal processing, control theory, and software development.
Furthermore, it enables researchers to experiment with novel algorithms and techniques for enhancing the performance and
robustness of ADAS systems in real-world scenarios. By building and testing a small-scale ADAS-equipped car model, we seek
to bridge the gap between theory and practice, empowering individuals to gain insights into the complexities and challenges of
autonomous driving technology.

In this research, we focus on the implementation of ADAS functionalities using readily available components such as Arduino
Uno boards, motor shields, sensors, and actuators. These components offer a cost-effective and accessible solution for
constructing small-scale car models with ADAS capabilities. Through a systematic methodology, we integrate each ADAS
feature into the car model, ensuring proper functionality and performance under various driving scenarios.
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The outcomes of this research have implications for both academia and industry. For educators, the small-scale ADAS-equipped
car model serves as a valuable tool for teaching concepts related to robotics, control systems, and artificial intelligence. For
researchers, it offers a platform for testing and validating ADAS algorithms in a controlled environment before deployment in
full-scale vehicles. Additionally, for hobbyists and enthusiasts, it provides an opportunity to explore the exciting field of
autonomous driving and contribute to the development of innovative solutions.

In the following sections of this paper, we will delve into the methodology used for integrating ADAS functionalities into the
small-scale car model, present the results of our experiments, discuss the implications of our findings, and offer conclusions
and recommendations for future research in this domain. Through this research, we aim to contribute to the growing body of
knowledge on ADAS technology and inspire further advancements in the field of autonomous and semi-autonomous
driving systems.

2. LITERATURE REVIEW

Research in the field of advanced driver assistance systems (ADAS) has underscored the critical role of integrating intelligent
functionalities to enhance vehicle safety and mitigate accidents. Studies have extensively explored various ADAS features such
as safe distance monitoring, obstacle avoidance, emergency braking, lane keep assist, and adaptive cruise control. These
functionalities aim to augment driver awareness, automate certain driving tasks, and ultimately reduce the risk of collisions.
Previous investigations have demonstrated the feasibility of implementing ADAS features in small-scale car models using
microcontrollers like the Arduino Uno. Such endeavors have highlighted the versatility of the Arduino platform for controlling
motors, interfacing with sensors, and executing complex algorithms.

However, literature also elucidates the limitations of Arduino Uno in handling computationally intensive tasks, particularly
when implementing advanced features like adaptive cruise control. Consequently, researchers have sought alternative
microcontroller solutions such as Raspberry Pi, which offer greater computational capabilities and flexibility. Nonetheless, the
literature underscores the significance of selecting microcontrollers based on project requirements, balancing computational
power, cost-effectiveness, and ease of programming for successful integration of ADAS features in small-scale car models.

In this comprehensive synthesis of research in the field of automotive technology. A Study on Driverless Car Technologies and
Implementation of a Sensor-Based Speed-Controlled Autonomous Vehicle. This paper compares the effectiveness of sensor
fusion (combining data from multiple sensors) for autonomous vehicles using Arduino and Raspberry Pi. It explores the
advantages and disadvantages of each platform for different sensor types and processing requirements.

Development of Low-Cost Autonomous Car using Arduino Uno and Artificial Neural Network. This research focuses on building
a budget-friendly autonomous car using Arduino Uno. It explores the use of an artificial neural network for decision-making
based on sensor data, offering an alternative approach to traditional programming methods.

Implementing Lane Detection Algorithm for Autonomous Vehicles on Arduino Uno. This paper explores the implementation of
alane detection algorithm specifically for Arduino Uno in an autonomous vehicle context. It delves into the technical details of
image processing and lane line identification on this microcontroller platform

Design and implementation of self-driving car the research paper outlines the development process and practical application of
a self-driving car system, covering design principles and implementation strategies for autonomous navigation and control,
offering insights into advancements in autonomous vehicle technology.

Research by Huseyin YANIK, Erdem UYSAL and Abdullah ELEWI in (2018) in “Multitasking Drive Assistance System Using
Arduino Uno” offer insights into the Leveraging Arduino Uno's capabilities, the system offers a cost-effective solution for
deploying driver assistance functionalities, potentially mitigating risks associated with human error on the road .

Meenu Gupta, Rakesh Kumar, Sunaina Das, Rohan Sharma (2023) in “Arduino-Based Real-Time Obstacle Detection in Vehicles
Using Proximity Sensors” focuses on sensor integration and real-time processing, the system aims to mitigate risks associated
with driving.

3. METHODOLOGY

The methodology employed in the conceptualization and development of the ADAS was deeply rooted in research-driven
insights and analysis . Drawing upon a multifaceted approach encompassing literature reviews, on-field surveys, administrative
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discussions interviews, and stakeholder consultations, we systematically identified and synthesized the key research findings
that underpinned the design and implementation of the system.

3.1. Explanation of Components Used:

The components utilized in this project for implementing advanced driver assistance system (ADAS) features using the
Arduino Uno board include essential hardware and sensors crucial for the functionality of the small-scale car model. These
components collectively form the backbone of the ADAS implementation, contributing to the enhancement of safety and
functionality.

3.1.1 Arduino Uno R3:

Sample The Arduino Uno R3, powered by the ATmega328P microcontroller, serves as the core component of the Enhanced
Driver Assistance System Vehicle, functioning as the central processing unit responsible for executing control algorithms and
processing sensor data. Its array of Input/Output (I/0) pins facilitates seamless interfacing with a variety of sensors and
actuators, enabling effective communication and control within the system. Moreover, the Arduino Uno R3's compatibility with
the Arduino Integrated Development Environment (IDE) streamlines programming processes, empowering developers to
effortlessly upload code and implement updates to enhance system functionalities.
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Fig - 1 : Arduino Uno R3
3.1.2 L293D Motor Shield:

The L293D Motor Shield plays a vital role in overseeing the movement of the Vehicle by offering a user-friendly interface for
managing up to four gear motors. Its features encompass precise control over motor speed and direction, ensuring seamless
mobility. Integrated effortlessly with the Arduino Uno, it streamlines motor control through software programming.
Additionally, the shield incorporates overcurrent protection mechanisms, safeguarding the motors from potential damage, thus
enhancing the overall reliability of the system.
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Fig - 2 : L293D Motor Shield

3.1.3 Ultrasonic Sensor:

The ultrasonic sensor serves a pivotal role in ensuring safe distance maintenance and obstacle avoidance for vehicles,
utilizing ultrasonic waves to measure distances and navigate effectively. Offering high precision in distance measurement, it
enables vehicles to navigate with accuracy, while providing real-time data input to the Arduino Uno for dynamic decision-
making, ensuring swift and adaptive responses to changing environments.

Fig - 3 : Ultrasonic Sensor

3.1.4 Servo Motor:

The servo motor plays a pivotal role in steering control, facilitating the implementation of the lane keep assist feature by
offering precise angular control for steering adjustments. Integrated seamlessly into the steering mechanism, it ensures
responsive and accurate lane keep assist functionality, blending seamlessly with the vehicle's systems to enhance safety and
driving experience. The servo motor plays a pivotal role in steering control, facilitating the implementation of the lane keep
assist feature by offering precise angular control for steering adjustments. Integrated seamlessly into the steering mechanism,
it ensures responsive and accurate lane keep assist functionality, blending seamlessly with the vehicle's systems to enhance
safety and driving experience.
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Fig - 4 : Servo Motor

3.1.5 Infrared Sensors:

Infrared sensors play a vital role in vehicle safety, primarily by detecting obstacles along the vehicle's path and activating
emergency braking when necessary. These sensors excel in their ability to swiftly identify obstacles in close proximity to the
vehicle, providing rapid input to the control system for immediate response to potential hazards. Their versatility extends
beyond vehicle applications, as they can be employed in various obstacle detection scenarios, showcasing their adaptability and
effectiveness across different environments and contexts.
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Fig - 5 : Infrared Sensors
3.1.6 Other Components:

The vehicle incorporates four gear motors, responsible for its movement, and operated through the L293D Motor Shield.
Four tires are essential for mobility, offering traction and support. Jumper wires facilitate reliable electrical connections
between components, ensuring seamless functionality of the vehicle's systems.

The advanced driver assistance system, known as ADAS Vehicle, is constructed upon an extensive array of components
meticulously designed to synergize computing power, motor control, sensor capabilities, and actuation mechanisms. The
successful implementation of ADAS Vehicle functions relies on the seamless integration of multiple components, ensuring
cohesive operation and the realization of desired characteristics in automotive assistance and safety systems.

3.2. Wiring Diagrams and Circuit Connections:
The wiring schematics and circuit connections of the ADAS Vehicle were carefully inspected to guarantee smooth

integration and appropriate communication between the various components. For the system to operate dependably, these
links must be implemented precisely.
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Fig - 6: Car Model

3.2.1 Motor Connections:

The L293D Motor Shield acts as a crucial intermediary between the Arduino Uno and the vehicle's propulsion system,
connecting four gear motors responsible for driving its movement. The accompanying wiring diagram outlines key
connections: motor pins to the L293D Motor Shield, power supply linkage, and wiring configurations ensuring granular motor
control. This meticulous setup not only facilitates synchronized movement but also ensures responsive behavior to control
signals originating from the Arduino Uno, thereby optimizing the vehicle's performance and maneuverability.

3.2.2 Sensor Connections:

The ADAS Vehicle utilizes both ultrasonic and infrared sensors to gather environmental data, crucial for its operations.
The wiring diagram delineates the connection of the ultrasonic sensor to designated pins on the Arduino Uno, outlines the
wiring arrangement for infrared sensors, emphasizing input and output connections, and includes power supply specifications
for optimal sensor performance. Clear and accurate sensor connections are imperative for real-time data acquisition and
facilitating the Vehicle's decision-making processes based on its surroundings.

3.2.3 Power Supply:

A robust power supply system is paramount for the functionality of the ADAS Vehicle, encompassing various elements in
its wiring diagram. This diagram details the connection of power sources to crucial components such as the Arduino Uno,
L293D Motor Shield, and others, while specifying voltage and current requirements to maintain stable and reliable operation.
Additionally, it carefully considers power distribution to motors, sensors, and the servo motor, ensuring consistent
functionality across all components and mitigating voltage dips. In essence, a dependable power supply system is indispensable
to uphold the vehicle's performance and operational integrity.

3.2.4 Overall System Architecture:

The comprehensive wiring diagram provides an intricate overview of all electrical connections within the ADAS Vehicle,
encompassing interconnections among the Arduino Uno, L293D Motor Shield, sensors, motors, and servo motor. Annotated
labels accompany each connection point, elucidating their respective purposes and functions, while delineating control lines,
datalines, and power lines for a systematic comprehension of the system architecture. Serving as a crucial resource, the wiring
diagram facilitates troubleshooting, maintenance, and future advancements of the ADAS Vehicle by presenting the entire
system architecture in a clear and organized manner.

4. IMPLEMENTATION OF EACH FEATURE

An Advance Driver Assistance System (ADAS)'s (or its components and interactions) structure is defined during the crucial
System Architecture Design phase of development. This is a thorough explanation of our project's System Architecture Design:
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4.1. Safe Distance:

In the process of data acquisition, the distance between the ADAS Vehicle and nearby cars or obstacles is determined
using an ultrasonic sensor, alongside establishing a schedule for continuous remote surveillance. Control logic involves the
creation of an algorithm utilizing the vehicle's speed and reaction time to ascertain a safe distance, defining this distance and
setting a threshold accordingly. Speed and direction adjustment entail integrating the motor control system with the control
algorithm to dynamically alter the vehicle's speed or direction, ensuring it maintains a safe trailing distance while prioritizing
seamless transitions to prevent abrupt shifts.

4.2. Emergency Breaking:

Implement obstacle detection using infrared sensors to identify obstructions along the vehicle's path, providing real-time
information on their presence and distance. Develop an algorithm for emergency braking triggered when an obstruction is
detected within a preset range, considering deceleration patterns for a controlled stop. Integrate the motor control system with
the emergency braking algorithm to disable motor operations during braking events, with protocols for resuming regular
operations post-obstruction removal.

4.3. Automatic Obstacle Avoidance:

By amalgamating data from both infrared and ultrasonic sensors, a comprehensive understanding of the environment is
obtained, allowing for the establishment of standards for obstacle prioritization and classification. This data feeds into a
decision-making algorithm which generates an obstacle avoidance strategy considering all sensor inputs and dynamically
adjusts travel plans to navigate around barriers efficiently. Finally, connecting the motor control system to the obstacle
avoidance algorithm enables real-time adjustments to direction and speed, ensuring effective obstacle avoidance
during navigation.

Fig - 7 : Circuit Diagram

4.4. Lane Keep Assist:

Positional data acquisition involves employing sensors to pinpoint the vehicle's location within the lane, while
concurrently implementing procedures to consistently monitor its lateral position. In tandem, a servo motor control algorithm
is devised to dynamically adjust the steering mechanism, ensuring the vehicle maintains its orientation at the center of the lane.
This algorithm incorporates a proportional-integral-derivative (PID) control system to achieve precise and effective
steering adjustments.
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Fig - 8: Circuit Diagram
5. RESULT AND DISCUSSION

The implementation of advanced driver assistance system (ADAS) features using the Arduino Uno board yielded promising
results in the successful integration of basic functionalities, including safe distance monitoring, obstacle avoidance, emergency
braking, and lane keep assist. The Arduino Uno effectively controlled the gear motors via the L293D motor shield, allowing
precise motion control based on sensor inputs. The ultrasonic sensor accurately detected obstacles in the car's path, triggering
appropriate responses such as deceleration and steering adjustments to avoid collisions. Likewise, the infrared sensors
provided reliable feedback for maintaining the car within designated lanes, enhancing overall navigation stability.

However, challenges emerged when attempting to implement more complex ADAS features, particularly adaptive cruise
control. The limitations of the Arduino Uno's computational power became evident, leading to system failures and the
destruction of multiple Arduino Uno boards during coding attempts. This highlights the inherent constraints of using
microcontrollers with limited processing capabilities for handling sophisticated ADAS algorithms. As a result, the discussion
turns to the necessity of transitioning to more powerful platforms, such as Raspberry Pi, to accommodate the computational
demands of advanced ADAS functionalities.

Overall, while the Arduino Uno proved suitable for integrating basic ADAS features into the small-scale car model, its
limitations hindered the implementation of more complex functionalities. This underscores the importance of selecting
microcontrollers based on the complexity of the desired ADAS features, with considerations for computational power, memory
resources, and programming flexibility. The transition to Raspberry Pi represents a strategic decision to overcome these
limitations and pursue the development of comprehensive ADAS capabilities in miniature vehicle applications.

6. CONCLUSION

In conclusion, the project endeavours to explore the feasibility of implementing advanced driver assistance system (ADAS)
features in a small-scale car model using the Arduino Uno board. While successful integration of basic ADAS functionalities such
as safe distance monitoring, obstacle avoidance, emergency braking, and lane keep assist was achieved, limitations became
evident when attempting to implement more complex features like adaptive cruise control. The inability of the Arduino Uno
board to handle the complexity of the coding required for adaptive cruise control led to the destruction of multiple boards,
necessitating a transition to a more powerful microcontroller such as the Raspberry Pi.

Despite the challenges faced, the project underscores the potential of the Arduino Uno board for educational and prototyping
purposes in integrating fundamental ADAS functionalities into small-scale car models. Additionally, the experience gained from
this project highlights the importance of selecting the appropriate microcontroller based on the complexity of the desired ADAS
features. The decision to switch to the Raspberry Pi demonstrates the adaptability and flexibility required in engineering
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projects to overcome limitations and pursue innovative solutions. Moving forward, further research and development utilizing
more advanced microcontrollers are warranted to enhance the capabilities of small-scale car models and contribute to the
advancement of ADAS technology.
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