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Abstract: The use of vehicles has increased and results in creating parking issues. This research tackles the pressing need for
improved urban parking efficiency and reduced human intervention through the exploration of self-parking cars. In this project,
utilizing advanced sensor technologies and refined control strategies, has significantly enhanced accuracy, speed and
adaptability in parking procedure, offering sensible solutions to urban challenges like traffic congestion and limited parking
accessibility. In our self-parking car project, we use four motors to regulate movement, an Arduino processing unit to make
decisions, and two ultrasonic sensors to identify obstacles. The motors allow for accurate vehicle movement, and the processing
unit interprets sensor data and controls motor movements. Ultrasonic sensors identify obstacles, allowing the car to drive and
park itself. This integration provides safe and efficient self-parking capability. While our work lays a solid foundation, ongoing
research is advocated to fully unlock and integrate the transformative potential of self-parking cars into urban environments,
addressing contemporary mobility issues. Sure, here's a simplified version. Continuously exploring and improving this
technology is really important. It helps make sure that self-parking cars become a normal part of how we get around cities,
which can change how we plan and move in the future.

Keywords: Smart parking, Sensor-driven parking, Self-parking systems, Automated parking, Urban mobility solutions, Smart
City, User-friendly parking

I. INTRODUCTION

Due to the increased number of people owning cars, parking is a major problem in many urban areas. This problem is made worse
by incorrect estimations of space requirements and poor land use planning. Problems include a lack of parking spots, high parking
costs, and delays in traffic brought on by passengers. A driver's greatest concern is parallel parking because it raises the possibility
of crashes with other cars and calls for skillful driving. The goal of a self-parking automobile project is to automate parking
processes in order to reduce human involvement. The proposal aims to make parking in narrow areas or between two vehicles easier
by proposing a module with a circuit that makes it possible cars to parallel park themselves.[1]

In order to accomplish effortless parking, the project replaces human labor in car parking with 10T and mechanical devices. Even if
the cost of the current self-parking systems is high, this project intends to provide more accessible solutions that will benefit people.
The intention is to lower the cost and increase the accessibility of parking for both developed and developing countries. The self-
parking car project automates parking by integrating motor drivers, processing units, and sensors. Sensors monitor the surroundings,
collecting information on obstructions and parking space measurements. These data are analyzed by artificial intelligence systems,
which then create ideal paths and parking spots. Drivers of cars manipulate the vehicle's motion, modifying its direction, speed, and
steering angle as necessary. The system keeps an eye on sensor input to ensure precise placement and avoidance of obstacles. The
driver can safely depart the vehicle after the technology breaks down motorized movement, once it has been parked.

1. LITERATURE REVIEW

The first article "Automatic Self-Car Parking Using loT" discusses the use of sensors, microcontrollers, actuators/motors, wireless
communication, and 10T technologies in creating an automated parking system that improves efficiency and convenience for urban
drivers. However, the limited detection range of ultrasonic sensors may hinder the identification of obstacles in larger parking
spaces. [1]. The next was based on automatic parallel parking system developed by utilizing an Arduino UNO microcontroller and
sensors which is “Automatic Parallel Car Parking System using Sensors and Arduino UNO". The system identifies obstructions and
performs precise parking operations, providing a hassle-free experience. However, the implementation of LiDAR technology can be
costly and complex, limiting its scalability and accessibility [2]. “Advanced Automatic Self Car Parking Using Arduino” research
showed that through the integration of sophisticated algorithms with Arduino, how a system is able to recognize parking places,
move around obstructions, and park itself precisely. The goal of this project is to improve drivers' convenience and efficiency by
offering a smooth, automated parking experience [3].
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The study "Method of Automatic Parking of a Car — Theoretical Considerations and Simulation Studies” explores theoretical
concepts and simulation experiments for automated vehicle parking. It aims to develop autonomous parking algorithms and assess
their effectiveness using simulation tests. Integration challenges include compatibility, regulatory compliance, and coordination with
other vehicles and pedestrians. Real-world testing is necessary to address safety concerns and ensure reliable performance [4]. The
next paper which we referred was also based on Arduino which was "Ultrasonic Sensor Parking Assistant with Arduino UNO"
project uses an Arduino UNO microcontroller and ultrasonic sensors to create a parking help system. This technology helps drivers
park by identifying obstructions and giving them immediate feedback via visual or audible cues. The project intends to improve
parking accuracy and safety by integrating ultrasonic sensors with Arduino UNO, making parking operations for drivers easier and
more effective [5]. A technique for automated parking utilizing LiDAR technology is presented in the paper "Automatic Parking of
Self-Driving Car Based on LiDAR". LiDAR sensors make it possible to precisely map the environment around the car, which
makes parking and autonomous navigation easier. The suggested solution makes use of LIiDAR data to help self-driving cars find
parking spots that are acceptable, avoid obstructions, and park safely and accurately [6]. An automatic car parking system using
Arduino microcontrollers is implemented. The system uses Arduino to integrate sensors and actuators to identify impediments and
steer the car into a parking spot on its own. With the use of Arduino technology, this project seeks to streamline parking procedures,
improve driver convenience, and show that automated parking systems are feasible [7]. The goal of “Automatic Parking Vehicle
System™ at is to create a complete automated parking system. In order to allow cars to drive themselves and park in approved spots,
this system probably combines actuators, sensors, and sophisticated algorithms. The project intends to maximize space use, expedite
parking procedures, and improve motorist convenience and efficiency by utilizing cutting-edge technologies [8]. The study most
likely examines the performance of two types of sensors, infrared (IR) and ultrasonic, for detecting obstacles of various materials in
vehicle/robot navigation applications. As a result, this study's technologies include infrared and ultrasonic sensors. Because of their
ability to estimate distance through signal emission and reception, these sensors are widely used for proximity sensing and obstacle
identification in a variety of applications [9]. The article most likely explores technologies for autonomous parallel parking for cars.
Sensors such as ultrasonic, cameras, and radar are commonly used in such systems to identify obstacles, as well as sophisticated
control algorithms to safely and accurately drive the vehicle into parking spaces. Furthermore, advances in machine learning and
artificial intelligence may improve the system's ability to identify parking spaces and optimize parking maneuvers [10].

The literature on urban parking has grown significantly, with self-parking automaobile technology being a potential game-changer.
However, there is a significant gap in the thorough examination and incorporation of cutting-edge sensor technology. This literature
review acknowledges the achievements and limitations of current systems, emphasizing the complexity of algorithmic frameworks.
Further study is needed to understand the potential of self-parking technology to transform urban transportation and evaluate its
existing condition. A research project aims to analyze current self-parking algorithms, incorporate cutting-edge sensor technologies,
and assess their performance in real-world scenarios.

I11.  SYSTEM ARCHITECTURE
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A. Hardware Module

1) Motors — There are four “100 Rpm BO motors”, likely correspond to a four-wheel drive configuration where each wheel has its
own dedicated electric motor.

2) Processing unit — It is the brain of the car system. The microprocessor used in this car is “Arduino UNO”. It receives the data
from the sensors and executes the parking algorithm. The processing unit sends individual speed commands to each motor
driver for optimal control during parking.

3) Ultrasonic Sensor “HC-SRO4” - Ultrasonic sensors are used in this bot to capture real-time distance information from
surrounding obstacles. These sensors provide reliable and accurate data for navigation.

4) Motor Driver — The motor driver used in this project is “L298N motor driver”. The L298N is a popular, dual H-bridge motor
driver integrated circuit (IC). It is designed to drive two DC motors concurrently, with each motor’s direction and speed
controlled independently.

B. Software Module

A parking algorithm is developed to process the sensor data and determine optimal parking navigation. The algorithm considers
factors such as available space, obstacle positions, and vehicle dimensions to make informed decisions.
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1) Setup: The first step involves setting the Arduino pins to specific modes. This sets up the pins to communicate with the
ultrasonic sensors by sending signals (called trigger pins) and receiving signals (called echo pins).

2) Motor Initialization: The motor is then initialized by the code, likely setting it up for future movement control.

3) Setting Motor Parameters: The following stage entails deciding on the intended direction and speed for the vehicle.
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4) Ultrasonic Sensor activating: The procedure of activating two ultrasonic sensors is then depicted in the flowchart. It probably
starts a measurement cycle by sending a brief pulse signal to every sensor.

5) Reading Sensor Echo: The code reads the pin that the ultrasonic sensor bounces off , after it bounces off an object and for each
sensor, it reads the echo pin.

6) Distance Calculation: Using the echo pulse duration as a base, the code determines how far away each sensor is from the item
in front of it.

Block 1 Distance Calculation

! Block 1: ! 3
Distance Calculation Trigger Trigger.
Ultrasonic Ultrasonic
Sensor 2 Sensor 1
l Il
Pulseln Echo Puls::: I1£cho
Pin 2
Calculate Calculate
Distance 2 Distance 1
Fig.3

To calculate the distance for parking —

digitalWrite(trigPin1, LOW);

delayMicroseconds(2);

digitalWrite(trigPin1, HIGH);

delayMicroseconds(10);

digitalWrite(trigPin1, LOW);

long durationl = pulseln(echoPinl, HIGH);

int distancel = durationl * 0.034 / 2;

digitalWrite(trigPin2, LOW);

delayMicroseconds(2);

digitalWrite(trigPin2, HIGH);

delayMicroseconds(10);

digitalWrite(trigPin2, LOW);

long duration2 = pulseln(echoPin2, HIGH);

int distance2 = duration2 * 0.034 / 2;

Serial.print("Distance from Bonet : ");

Serial.print(distancel);

Serial.printIn(" cm™);

Serial.print("Distance from Empty Slot *);

Serial.print(distance?2);

Serial.printIn(" cm™);

delay(1000);
The above code is taken from an Arduino IDE sketch that uses ultrasonic sensors to detect distances. It sets up two ultrasonic
sensors with corresponding “echoPinl and echoPin2” that are connected to “trigPinl and trigPin2” respectively. Next, the code
activates each sensor, uses “pulseln” to detect the pulse's duration, and uses the duration to compute the distance. Finally, it prints
the distances obtained from each sensor to the serial monitor in centimeters and introduces a brief delay before repeating the whole
process.
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7) Distance Evaluation (8 cm): Next, the flowchart determines whether the distance detected by sensor 1 (the front sensor) is
larger than 8 cm. This 8 centimeters figure probably denotes a threshold intended to prevent obstructions.

8) Distance Evaluation (Empty Slot): If the distance from sensor 1 is more than 8 cm, the code will most likely check another
condition: the distance detected by sensor 2 (probably facing the back of the automobile) must be greater than a particular value
(represented by "Empty Slot" in the flowchart). This assures that there is an empty parking space.

9) Decision and Actions: Based on the outcome of the distance evaluations — If both conditions are met (distance from sensor 1 >
8 cm and distance from sensor 2 > "Empty Slot" value), the automobile will most likely drive forward and park in the vacant
slot. If the distance from sensor 1 is less than 8 cm (obstacle identified), the car will come to a halt. If the distance from sensor 2
is less than the "Empty Slot" number (with no vacant space behind), the code may urge the vehicle to turn and look for another
parking spot (depending on the programming).

Block 2 Taking the parking action

i Park

Motor 1 (On)

Motor 2 (Off)

Motor 3 (Off) /
/ Stop

Motor 4 (Off) /

e B B B

Fig.5

A motor driver system is integrated into the vehicle's control unit to get precise control of the vehicle's movements. The motor
driver translates algorithmic decisions into accurate adjustments in acceleration, steering, and braking. To take a left turn we’re
turning on motor 1 (rear right one) and turning off other 3 motors.

10) Delay: After each cycle, the program adds a little delay to avoid overloading the Arduino with too much data.

11) Repeating The Process: The flowchart closes with a loopback, suggesting that the program continuously repeats the processes
from motor parameter setup to delay, essentially constantly checking the environment for impediments and parking
possibilities.
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IV. RESULTSAND DISCUSSIONS

In the results and discussion section of the research paper, we delve into the innovative self-parking capabilities of a miniature car
prototype, measuring just 12 cm in length and equipped with two ultrasonic sensors. The left ultrasonic sensor serves as a crucial
component, tasked with detecting parking spaces exceeding the car's length threshold of 12 cm. Upon identifying a suitable spot, the
car initiates a turning maneuver, leveraging its four-wheel-drive system to shift leftward. This maneuver is facilitated by the forward
movement of the right front and back wheels, enabling the car to smoothly navigate into the parking space. As the car advances
forward, the front ultrasonic sensor diligently monitors the distance between the car and any potential obstacles, such as a wall-like
surface. Specifically set to trigger at a distance of 3 cm, the front ultrasonic sensor ensures the car halts promptly upon nearing an
obstacle, thereby preventing collisions and ensuring safe parking. This comprehensive system, implemented in a prototype form,
demonstrates the feasibility and potential of autonomous parking technology, offering a glimpse into its transformative impact on
urban driving experiences.

V. CONCLUSION

The efficiency, accuracy, and safety of the algorithm are assessed as this study investigates the possibilities of self-parking
automobile technology in urban transportation and parking experiences. Findings show that parking precision has significantly
improved, relieving driver stress and increasing productivity. Positive user feedback supports autonomous parking systems'
perceived safety and user-centric design. Innovations in artificial intelligence, sensor technology, and smart city infrastructure
integration bode well for the future. Nonetheless, issues with public trust, standardization, and regulatory frameworks continue to
exist. Subsequent investigations have to concentrate on augmenting the resilience of self-parking systems in challenging
circumstances, like inclement weather or dimly lit surroundings, through the efficient modification of algorithms and sensor
technologies. This study adds to the body of knowledge by highlighting the revolutionary potential of self-parking technology to
improve urban parking, ease traffic, and boost transportation effectiveness. It also lays the groundwork for resolving issues under
unfavourable circumstances.
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