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Introduction
[bookmark: _GoBack]As urban areas grow larger and denser, managing parking becomes an increasingly complex task. In the context of today's city, the requirement for effective parking management is coming into existence.The conventional approach to parking relies on paper-based logs or disjointed spreadsheets, leaving parking staff struggling to keep track of available parking spaces, customer information and transactions. A parking management system using a database ensures a structured approach as the associated data is stored in interconnected tables. Relational database design facilitates the rapid retrieval of information, its consistent updating and its effective analysis. This project aims to develop and build an AutoPark Management System for managing various parking sites, parking slots, customer details, vehicle details, parking activity and payment history of multiple parking sites. The system is developed utilizing the software Microsoft Access as it offers relational data source functionalities such as establishing tables, managing relationships, creating queries, forms and reporting.


System Requirements Analysis
Existing System Problems 
A manual parking management system has a number of procurement issues and management problems that its performance and efficiency is not always reliable. Data is duplicated, storage space is needed to accommodate multiple records, and there is a greater risk of record discrepancies due to customer, vehicle and parking data being recorded multiple times. For instance, if customer information is updated, it can be challenging to update several records, which can result in incorrect information being found. Also, manual systems don't offer real time parking space availability, the risk of double bookings and/or space utilization is increased. Payment management is one of the big challenges as payments and failed payments monitoring, as well as revenue performance are still manual. Therefore, it is extremely crucial to have a structured database system to increase the accuracy, automation and decision-making ability.  [1]
Functional Requirements 
The main goal of the proposed AutoPark Management System is to develop an integrated database system which will improve the parking system efficiency, accuracy and control. There should be no unnecessary duplication of customer information using structured data storage is recommended to be completely stored on the system, including personal data and details of customer's registration. It should provide the management of vehicle information, and be able to associate each vehicle with its registered owner, so that the parking activities of each vehicle could be traced. It should also contain information for many parking lots and individual parking spaces, as well as the status, availability, and pricing of parking spaces. Moreover, there should be the possibility to book in advance, which will include the Booking Periods, Booking Status and Allocated Spaces also in the Database. There should be a module to manage payments where the details of the transactions, payment methods and payment status should be stored. All of these functions put together allow the parking administrator to monitor the parking in real-time, to report accurately and to make better decisions.


Database Design
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Figure 1:ER Diagram
The tblParkingSite entity contains all the necessary details of each parking site managed by the AutoPark system. It maintains a single database of information on the site, such as its identification, address, contact details and hours of operation. The SiteID attribute is used to identify a unique parking location, which is the primary key. By separating the data for parking facilities into a distinct entity, the data will not be duplicated and it will be easier to scale the organisation's operations, since it will be able to manage multiple parking facilities efficiently and maintain accurate data on their operations.
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Figure 2:Design view of Parking Slot
Customer and Vehicle Relationship
tblCustomer and tblVehicle are related to each other in the AutoPark Management System as the owner of the vehicles. tblCustomer contains the identity and contact information of customers and tblVehicle contains the vehicle information associated with customers via the CustomerID (foreign key). This represents a one to many relationship (one customer can have many vehicles). The separation of these entities creates redundancy, consistency and flexibility in the management of the vehicle. [2]
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Figure 3:Design view of table Customer
Booking Design 
The tblBooking entity is used to handle the booking of registered vehicles and available parking slots for a certain period of time. It will help the user to save and store important details like booking date, expected arrival time, departure time, booking status etc. The relationship is one-to-many since a single car can make many bookings over the years, and a single parking spot can be booked by various bookings at various time periods. This design allows for effective space utilization and avoids conflicts.
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Figure 4:Design view of Booking

Parking Session Design 
When a car enters a parking lot, the actual parking session will be logged in the tblParkingSession entity. It's crucial to differentiate parking sessions from bookings as they're not necessarily usage. Customers can cancel bookings, show up without reservations and/or leave early from their booking. The system keeps individual records for entry time, exit time, charges and session status, ensuring accurate and reliable operational records for monitoring occupancy
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Figure 5:Design view of table parking Session
Payment Design 
The tblPayment entity is intended to keep track of money changes that have been made for completed parking sessions. This separation between payment and booking and parking records facilitates data organisation as it is possible that the same payment may be successful, unsuccessful or repeated in the same session. Payment method, amount, transaction reference and transaction status give a full financial history, and aid in revenue analysis, accountability and effective financial decision-making.
[image: ]
Figure 6:Design view of table payment
Normalisation
First normal form (1NF) 
All data attributes are atomic without repeating groups was achieved by the first normal form (1NF). With the first unstructured parking record, there was a possibility that the customer, vehicle, parking and payment data could be mixed together, leading to duplication and inconsistencies in data updates. The AutoPark database is structured in order to isolate this information in separate relational tables: each field contains one single value and all the records can be uniquely identified. [3]
Second Normal Form (2NF) 
The second normal form (2NF) is one that removes partial dependency by making sure that every non-key attribute is fully dependent on the primary key. In the AutoPark system, booking details and payment information are kept separate, as features regarding the payment are not related directly to the booking, but to completed parking sessions. The separation is crucial as it makes DB usage more efficient, no repetition whatsoever, and each entity represents a particular business process
Third Normal Form (3NF) 
The third normal form (3NF) is the form that eliminates transitive dependency by making sure that non-key attributes are dependent on the primary key of their associated attribute. For example, parking site information is only stored in the tblParkingSite entity and not repeated in parking slot or booking information. This design reduces the duplication of data, consistency, and makes it easier to maintain in the future. This further contributes to the AutoPark database having an increased reliable and scalable relational structure. [4]
Data Integrity and Validation
Data integrity is key to the proper functioning of the AutoPark Management System, where accurate, consistent and reliable information is produced. Primary keys like CustomerID, VehicleID, BookingID and PaymentID are used to uniquely identify each record and ensure there are no duplicate records. Foreign keys are used to create meaningful relationships between related entities, such as VehicleID in tblVehicle, CustomerID in tblBooking and SessionID in tblPayment. To prevent invalid relationships, such as assigning a vehicle to a customer who doesn't exist, referential integrity is enforced in Microsoft Access. Further, validation rules can help to make sure that data is accurate and eliminate invalid data input. For example, an Amount ≥ 0 rule prevents any monetary values from being negative, and a booking rule PlannedEnd > PlannedStart would make sure that no booking periods are reserved that violate this rule. These controls help to ensure that the reliability of the database is increased and that decisions are made. [5]
Query Development
Query 1: Available Parking Slots 
Available Parking Slots is a query that lets a parking administrator determine which parking spaces are free, based on an active booking and occupancy. The query process will use the information on the availability of slots, their operational status and the period of reservations to minimize the risk of double booking and optimize space usage. This can help staff to have accurate data to be available for efficient parking allocation and better customer service.

Query 2: Current Vehicle Occupancy 
Current Vehicle Occupancy query will show the current occupancy of the AutoPark facilities. Active parking sessions are shown, along with available parking slots and vehicle information to enable administrators to effectively monitor the parking usage. This question will help to make the day-to-day decisions and give visibilities on the capacity that can be used during the day by the staff.
Query 3: Revenue Analysis 
The Monthly Revenue Analysis query can be used to analyze financial performance at different parking-garage locations. The query displays a summary of payment transactions that have been successful to assist management in recognizing patterns in revenues, and to compare the efficiencies of operations. This information can then be used as a strategic decision-making tool, for example, adjusting prices, planning resources, future developments to optimise the profitability and overall parking service.
Forms and Reports
Customer Registration Form 
The Customer Registration form is designed to provide a simple and structured data entry and management procedure for customers. It helps to save manual data entry mistakes by guaranteeing that information like customer name, contact details and registration date is saved in a consistent way. This form enhances the usability, whilst simultaneously keeping accurate records of customers in the relational database. [6]
Vehicle Registration Form 
The Vehicle Registration Form lets administrators register and monitor vehicle information, and to associate the vehicle with the owner. The system eliminates data duplication and accurate ownership tracking by using the CustomerID foreign key. This not only increases the integrity of the database but also helps with the efficient management of vehicles.

Booking Form 
Customers can book parking using the Booking Form including recording the vehicle information, allocated parking slot and planned parking period; this can be created and managed by the parking staff. Helps them manage their work flow and avoid booking conflicts, and provides them with organised booking information. The form is better for better space utilisation and to support effective administration of future parking requirements.
Payment Form 
The Payment Form will gather and handle all completed parking transactions. It records the amount of money paid, the type of payment, transaction ID and payment status, allowing it to effectively track money in an accurate manner. Decoupling payment from parking reduces security risks, keeps all parking transaction records and enables accurate analyses of parking revenue data that can aid in making decisions around parking management.
Testing
[image: ]
Figure 7:Testing
The AutoPark Management System was thoroughly tested to ensure it meets desired functionality and to ensure the accuracy of its data. A few test scenarios were executed such as adding customer, checking if there is a duplicate vehicle registration, checking if there are invalid booking periods and checking referential integrity of the tables. The information for availability and revenue was also tested for the output of the query in order to ensure appropriate generation. The results of the testing showed that the database was able to prevent invalid data entry, keep relationships between entities and provide reliable operational information for the users.
Reflection and Future improvements 
The AutoPark Management System could be used as an example of the use of relational database concept for the parking problem while for a real-world, commercially available parking software, the technology advances would be necessary to solve the problem at a large scale. The accuracy can be further improved in real time through the integration of parking sensors into the IoT, and parking space availability and occupancy can be automatically detected, reducing to a minimum the human involvement. It would be better if they developed a mobile app that notifies them and allows them to reserve parking and pay digitally. Furthermore, AI can be leveraged to develop a parking analysis system that helps to understand the patterns of parking usage and can be employed in the intelligent pricing system. Moving the database to a cloud platform would provide better scalability, security and accessibility of the database at various parking locations. With these enhancements, the existing prototype would turn into a smart, efficient and future-ready parking management system. [7]


Conclusion
The AutoPark Management System is an example of application of relational databases and how it can be used to improve parking operations. The system using entity design, normalization, relationships, and validation controls reduces the duplication of data and ensures data integrity.The Microsoft Access Implementation offers efficient management of Customers, Vehicles, Parking Spaces, Bookings and payments. The database is a good starting point for future smart parking solutions, but more development work is needed for a solution to be commercialized on a large scale.
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