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[bookmark: _Toc235356752]Introduction
This project presents the design and implementation of a database system for the Auto Park Management System using Microsoft Access. The aim of the project is to replace the company's manual parking management process with a centralized database that improves accuracy, efficiency, and data organization.
As part of the development process, an Entity Relationship Diagram (ERD) was created to model the relationships between the main entities, including parking sites, parking slots, customers, vehicles, bookings, and payments. Based on this design, the database tables were implemented in Microsoft Access, and SQL queries were written to create and manage the database structure. The proposed system provides a reliable solution for storing parking information, tracking vehicle movements, managing bookings and payments, and supporting management through organized and accessible data.
[bookmark: _Toc235356753]Scenario Analysis
Based on the requirements of the Auto Park Management System, six main entities were identified and designed for the database. Each entity represents a key component of the parking management process and contains the attributes necessary to store and manage relevant information. The following section describes the attributes of each entity and explains their purpose within the database.
Main Entities:
· Vehicles
· Customers
· Payments
· Bookings
· ParkingSlots
· ParkingFloors
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	Attribute
	Data Type
	Description

	VehicleId
	AutoNumber (P.K.)
	A unique identifier for each vehicle in the database.

	Type
	Short Text
	Store the type of vehicle (e.g. car, motorcycle, truck)

	Model
	Short Text
	Stores the model or brand of the vehicle.

	Color
	Short Text
	Records the colour of the vehicle for identification purposes.

	LicensePlate
	Short Text
	Stores the unique license plate number of the vehicle.

	IsActive
	Yes/No
	Indicates whether the vehicle is currently active in the system.

	CreatedAt
	Date/Time
	Records the date and time when vehicle record was created.

	UpdatedAt
	Date/Time
	Records the date and time when the vehicle information was last updated.


[bookmark: _Toc235356755]Entity: Customers
	Attribute
	Data Type
	Description

	CustomerId
	AutoNumber (P.K)
	A unique identifier for each customer in the database.

	FirstName
	Short Text
	Stores the customer’s first name.

	LastName
	Short Text
	Stores the customer’s last name.

	Email
	Short Text
	Stores the customer’s email address for communication and identification.

	PhoneNumber
	Number
	Stores the customer’s contact phone number.

	IsActive
	Yes/No
	Indicates whether the customer is currently active in the system.

	CreatedAt
	Date/Time
	Records the date and time when customer record was created.

	UpdatedAt
	Date/Time
	Records the date and time when the customer information was last updated.




[bookmark: _Toc235356756]Entity: Payments
	Attribute
	Data Type
	Description

	PaymentId
	AutoNumber (P.K)
	A unique identifier for each payment record.

	Amount
	Short Text
	Stores the payment amount charged for the booking.

	Method
	Short Text
	Stores the payment method (e.g. Cash, Credit Card, Debit Card)

	Status
	Short Text
	Indicates the current payment status (e.g. Paid, Pending, Cancelled)

	PaidAt
	Yes/No
	Indicates whether the payment has been completed.

	CreatedAt
	Date/Time
	Records the date and time when payment information was created.

	UpdatedAt
	Date/Time
	Records the date and time when the payment information was last updated.

	BookingId
	Number (F.K.)
	References the booking associated with the payment.

	CustomerId
	Number (F.K.)
	References the customer who made the payment.
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	Attribute
	Data Type
	Description

	BookingId
	AutoNumber (P.K)
	A unique identifier for each booking record.

	Status
	Short Text
	Indicates the status of the booking (e.g. Active, Completed, Cancelled)

	StartTime
	Date/Time
	Stores the scheduled start date and time of the parking session.

	EndTime
	Date/Time
	Stores the scheduled end date and time of the parking session.

	ActualEntry
	Date/Time
	Records the actual date and time when the vehicle entered the parking facility.

	ActualExit
	Date/Time
	Records the actual date and time when the vehicle left the parking facility.

	TotalAmount
	Number
	Stores the total parking fee calculated for the booking.

	CreatedAt
	Date/Time
	Records the date and time when the booking was created.

	UpdatedAt
	Date/Time
	Records the date and time when the booking information was last updated.

	VehicleId
	Number (F.K.)
	References the vehicle associated with the booking.

	SlotId
	Number (F.K.)
	References the parking slot assigned to the booking.
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	Attribute
	Data Type
	Description

	SlotId
	AutoNumber (P.K)
	A unique identifier for each parking slot.

	Type
	Short Text
	Stores the type of parking slot (e.g. Standard)

	Status
	Short Text
	Indicates whether the parking slot is available, reserved or occupied.

	PricePerHour
	Number
	Stores the hourly parking rate for the slot.

	IsActive
	Yes/No
	Indicates whether the parking slot is currently active and available for use.

	CreatedAt
	Date/Time
	Records the date and time when the parking slot was created.

	UpdatedAt
	Date/Time
	Records the date and time when the parking slot information was last updated.

	FloorId
	Number (F.K.)
	References the parking floor where the slot is located. 
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	Attribute
	Data Type
	Description

	FloorId
	AutoNumber (P.K)
	A unique identifier for each parking floor.

	Name
	Short Text
	Stores the name or label of the parking floor (e.g. Ground Floor, Level A)

	Level
	Number
	Stores the floor level number within the parking facility.

	Capacity
	Number
	Stores the maximum number of parking slots available on the floor.

	CreatedAt
	Date/Time
	Records the date and time when the parking floor was created.

	UpdatedAt
	Date/Time
	Records the date and time when the parking floor information was last updated.




[bookmark: _Toc235356760]Entity Relationship Diagram (ERD)
Entity–Relationship Diagram (ERD) is a graphical data modelling technique used to represent the structure of a database. It illustrates the entities in a system, their attributes, and the relationships between those entities. ERDs are widely used during the database design phase to create a conceptual model before implementing the database in a Database Management System (DBMS) [1], [2].
The three primary components of an ERD are:
· Entity: A real-world object or concept that stores information (e.g., Student, Employee, Product) [1].
· Attribute: A property or characteristic that describes an entity (e.g., StudentID, Name, Age) [1], [2].
· Relationship: An association between two or more entities (e.g., a Student enrols in a Course) [3].
ERDs also define cardinality, which specifies the number of instances of one entity that can be associated with instances of another entity. Common cardinality types include:
· One-to-One (1:1)
· One-to-Many (1: N)
· Many-to-Many (M:N)
A primary key is a unique attribute or a set of attributes that uniquely identifies each record in a database table. It ensures that every record is unique and cannot contain NULL values [4].
A foreign key is an attribute in one table that references the primary key of another table. It establishes relationships between tables and helps maintain referential integrity [4], [5].
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[bookmark: _Toc235356763]Relationships Between Entities with Cardinality
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The following screenshots present the database table structures designed in Microsoft Access. They illustrate the data organization, including table fields, primary keys, and relationships used in the database implementation.
[bookmark: _Toc235356765]Entity: Vehicles 
[image: ][image: ]

[bookmark: _Toc235356766]Entity: Customers
[image: ]
[image: ]


[bookmark: _Toc235356767]Entity: Payments
[image: ][image: ]

[bookmark: _Toc235356768]Entity: Bookings
[image: ]
[image: ]


[bookmark: _Toc235356769]Entity: ParkingSlots
[image: ]
[image: ]


[bookmark: _Toc235356770]Entity: ParkingFloors
[image: ]
[image: ]




[bookmark: _Toc235356771]Relationships Between Entities with Microsoft Access
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The database was normalized up to the Third Normal Form (3NF) to reduce data redundancy, improve data consistency, and maintain data integrity.
[bookmark: _Toc235356773]First Normal Form (1NF)
The database satisfies the First Normal Form because each table has a primary key that uniquely identifies every record. All attributes contain atomic values, meaning each field stores only a single value, and there are no repeating groups or multiple values in the same column.
For example:
· Each customer has a unique CustomerId. 
· Each vehicle has a unique VehicleId. 
· Each booking has a unique BookingId. 
· Each payment has a unique PaymentId.
[bookmark: _Toc235356774]Second Normal Form (2NF)
The database satisfies the Second Normal Form because all non-key attributes are fully dependent on their respective primary keys. Since each table uses a single-column primary key, there are no partial dependencies.
For example:
· In the Customers table, attributes such as FirstName, LastName, Email, and PhoneNumber depend only on CustomerId. 
· In the Vehicles table, Type, Model, Color, and LicensePlate depend only on VehicleId. 
· In the Bookings table, all booking details depend only on BookingId.

[bookmark: _Toc235356775]Third Normal Form (3NF)
Database normalization is the process of organizing data into well-structured tables to reduce redundancy, eliminate undesirable dependencies, and improve data integrity. By applying normalization rules, the database becomes easier to maintain, update, and query efficiently. In this project, normalization was applied up to the Third Normal Form (3NF) to ensure an efficient and reliable database design.
Database normalization reduces redundancy and improves data integrity [1].
The database satisfies the Third Normal Form because there are no transitive dependencies. Attributes depend only on the primary key and not on other non-key attributes.
To achieve 3NF:
· Customer information is stored only in the Customers table. 
· Vehicle information is stored only in the Vehicles table. 
· Parking slot information is stored only in the ParkingSlots table. 
· Parking floor information is stored only in the ParkingFloors table. 
· Booking details are stored in the Bookings table and linked through foreign keys. 
· Payment information is stored separately in the Payments table and linked to both Customers and Bookings using foreign keys.
This design minimizes data duplication and ensures that any updates to customer, vehicle, booking, or payment information only need to be made in one location.
The Auto Park Management System database has been successfully normalized up to Third Normal Form (3NF). This normalization improves data integrity, reduces redundancy, simplifies database maintenance, and supports efficient querying and future scalability.
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[bookmark: _Toc235356779]Show available parking slots with hourly price
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[bookmark: _Toc235356788]Validation and Testing 
The database was tested to ensure that all tables, relationships, and SQL queries function correctly. Validation was performed by inserting sample data into each table and executing SQL queries to verify that the expected results were returned. The relationships between entities were also checked to ensure that foreign keys maintained referential integrity.

	Test Case
	Test Description
	Expected Result
	Actual Result
	Status

	Case 1
	Add a new vehicle linked to a customer
	Vehicle is stored with the correct Customer relationship
	Vehicle added successfully
	Pass

	Case 2
	Display available parking slots
	Only available and active parking slots are displayed
	Correct records returned
	Pass

	Case 3
	Delete a customer with related records
	Database prevents deletion due to foreign key relationship
	Referential integrity maintained
	Pass

	Case 4
	Update booking status
	Booking status changes from Active to Completed
	Status updated successfully
	Pass



Testing Summary;

The testing results show that the database functions correctly according to the project requirements. All tables were successfully linked through primary and foreign keys, SQL queries returned the expected results, and validation rules helped maintain data accuracy and integrity. Therefore, the Auto Park Management System database provides a reliable solution for managing parking operations efficiently.
[bookmark: _Toc235356789]Reflection
Working on this project helped me develop a better understanding of database design and implementation using Microsoft Access. I learned how to create an Entity Relationship Diagram (ERD), identify the required entities and their relationships, and design a structured database that satisfies the requirements of a real-world parking management system. Applying normalization up to the Third Normal Form (3NF) improved my understanding of reducing data redundancy, maintaining data integrity, and producing a more efficient database design [7].
One of the main challenges was designing the relationships between the tables and selecting appropriate data types for each attribute. Writing SQL queries also enhanced my understanding of retrieving, filtering, and managing data efficiently. Overall, this project strengthened both my theoretical knowledge and practical skills in database design and SQL.
Although the system meets the project requirements, it has several limitations. Microsoft Access is suitable for small- to medium-sized database applications, but it is not designed for large-scale systems with many simultaneous users or high transaction volumes [8]. In addition, the current implementation focuses primarily on database functionality and does not include features such as user authentication, online booking, automated notifications, or real-time parking space monitoring.
In the future, the system could be improved by migrating the database to a more scalable database management system such as Microsoft SQL Server or MySQL. Additional enhancements could include the development of a web or mobile application, online payment integration, automated billing, real-time parking availability using IoT sensors, and advanced reporting dashboards. These improvements would increase the scalability, usability, and overall performance of the AutoPark Management System [9].

[bookmark: _Toc235356790]Conclusion
This project successfully designed and implemented a database system for the Auto Park Management System using Microsoft Access. An Entity Relationship Diagram (ERD) was developed to model the relationships between the main entities, and the database was normalized up to the Third Normal Form (3NF) to improve data integrity and reduce redundancy. The required tables were created in Microsoft Access, and SQL queries were implemented to retrieve and manage parking, customer, vehicle, booking, and payment information efficiently. Overall, the proposed database provides a reliable and organized solution that supports effective parking management while improving operational efficiency and data accuracy.
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+ level: number

+ capacity: number

+ createdAt: date/time

+ updatedAt: date/time

+ floorld: autoNumber (PK)

+ isActive: yes/no
+ createdAt: date/time

+ updatedAt: date/time

= ParkingSlots

+ slotld: autoNumber

+ type: short text

+ status: short text

+ floorld: number (FK)
+ pricePerHour: number
+ isActive: yes/no

+ createdAt: date/time

+ updatedAt: date/time

= Payments

+ paymentld: autoNumber (PK)
+ customerld: number (FK)

+ bookingld: number (FK)

+ amount: short text

+ method: short text

+ status: short text

+ paidAt: yes/no

+ createdAt: date/time

+ updatedAt: date/time

8 Bookings

+ bookingld: autoNumber (PK)
+ customerld: number (FK)
+ vehicleld: number (FK)

+ slotld: number (FK)

+ status: short text H
+ startTime: date/time
+endTime: date/time

+ actualEntry: date/time

+ actualExit: date/time

+ totalAmount: number

+ createdAt: date/time

+ updatedAt: date/time





