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[bookmark: _Toc234331795]Introduction 
A robust database solution is created for the city-based parking service provider named “AutoPark Management System” using Microsoft Access. The company currently manages multiple parking sites across the city, but all information regarding vehicle entries, parking slots, customer details, and payments is recorded manually. This system deals with several loss and errors in maintaining vehicle entries, parking slots, and customer details and payments. So, a proper database management system must be created using efficient data to automate the parking process. The system should also generate reports to help management monitor slot occupancy, revenue trends, and operational performance across multiple parking sites. The proposed solution is a relational database using Microsoft Access. The relational database is robust, flexible and maintain scalability within the system. The purpose of this report is to design and implement a relational database for the AutoPark Management System using Microsoft Access. It explains the database design process, including entity identification, ERD development, normalisation, table creation, sample data, queries, validation, and testing, to improve parking management and ensure accurate data processing.
[bookmark: _Toc234331796]Scenario Analysis 
The parking management system consists of six major entities, such as customer, booking, payment, parkingslot, etc. These entities have their designated attributes that help the company to strategically store data within the system and manage it tactically. The ParkingSite entity stores information about each parking location, including SiteID, SiteName, Address, Capacity, and OperatingHours. Each parking site contains multiple parking spaces represented by the ParkingSlot entity, which includes SlotID, SiteID, SlotNumber, SlotType, and Status to monitor slot availability. On the other hand, the customer entity is used for loading customer id and name with their vehicle numbers and register with their phone number and emails. 
The next entity is vehicle which is used to record all the vehicles with their number plate, type, colour and whom it belongs to. It includes relationship with customer ID and vehicle ID and LastName and FirstName. Since one customer may own multiple vehicles, the Vehicle entity stores VehicleID, CustomerID, RegistrationNumber, VehicleType, and Colour. A one-to-many relationship exists between Customer and Vehicle through the CustomerID foreign key. 
The entity, Parking, is important for making relationship with Booking Entity for the parking slot. It holds attributes like BookingID, VehicleID, SlotID, EntryTime, ExitTime, and BookingStatus. Payment entity also records financial transactions using attributes like PaymentID, BookingID, Amount, PaymentDate, PaymentMethod, and PaymentStatus. Each booking in the parking site should have accurate fees and tracking system. 
The relationships between these entities establish data integrity and eliminate duplication [1]. One parking site contains many parking slots, one customer owns many vehicles, one vehicle can have multiple bookings over time, one parking slot can be used in multiple bookings, and each booking generates a corresponding payment record. Together, these entities form a structured relational database that supports efficient parking management.
[bookmark: _Toc234331797]Entity-Relationship Diagram (ERD) 
In this section, ERDs are created to show entities, primary and foreign keys, and the relationships (with appropriate cardinality) between them. The Crow’s Foot Notation is created in this case for the Entity-Relationship Diagram (ERD). The diagrams are created in drawio with structural proximity. 
Logical ERD:
[image: ]
Figure 1. Logical entity relationship diagram
(Source: Self-created)
Physical ERD: 
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Figure 2. Logical entity relationship diagram
(Source: Self-created)
From these ERDs, it can be stated that visual representation of the AutoPark Management System database is needed to understand the database well. Organisation of data in a proper way needs to be structurally done in order to represent entities and attributes in a proper way. The ERDs show proper entity and attributes used in the database system and shows primary and foreign keys. The cardinality of relationships are discussed based on the logical model and prepares the database to further evaluate and progress. This database shows stability within the company and make relationship better with all the departments. This ERD is also helpful in discussing the needs of the parking managers and provide scope for future growth. The models show six entities, such as ParkingSite, ParkingSlot, Customer, Vehicle, Booking, and Payment. Each entity contains a Primary Key (PK) that uniquely identifies every record. For example, SiteID, CustomerID, VehicleID, BookingID, and PaymentID ensure that each record is unique and can be referenced without ambiguity. The entities also hold one to many relationships as well as one-to-one relationships that helps in understanding data easier and make retrieval easy. This also reduces data redundancy, maintain referential integrity and help the company in retrieval data in a secured way. It helps in accurate data storage as well [2]. 
[bookmark: _Toc234331798]Data structure Development 
The data structure is developed using MS Access for the Parking system. The data structure was developed from the ERD by creating six related tables: ParkingSite, ParkingSlot, Customer, Vehicle, Booking, and Payment. Each table contains a Primary Key (PK) to uniquely identify records, while Foreign Keys (FK) establish relationships between tables. Appropriate data types, such as AutoNumber, Short Text, Date/Time, Number, and Currency, were assigned to each attribute based on its purpose. Referential integrity was enforced between related tables to prevent orphan records and maintain data consistency. Validation rules, required fields, and unique primary keys ensure accurate data entry, minimise duplication, and support reliable storage and retrieval of parking management information [3].
The database is shown below. 
[bookmark: _Toc234331799]Table 1: ParkingSite
	Field Name
	Data Type
	Field Size
	Key

	SiteID
	AutoNumber
	Long Integer
	Primary Key

	SiteName
	Short Text
	100
	

	Address
	Short Text
	255
	

	Capacity
	Number
	Integer
	

	OperatingHours
	Short Text
	50
	



[bookmark: _Toc234331800]Table 2: ParkingSlot
	Field Name
	Data Type
	Key

	SlotID
	AutoNumber
	Primary Key

	SiteID
	Number (Long Integer)
	Foreign Key

	SlotNumber
	Short Text
	

	SlotType
	Short Text
	

	Status
	Short Text
	


Lookup Relationship
ParkingSite.SiteID
        ↓
ParkingSlot.SiteID

[bookmark: _Toc234331801]Table 3: Customer
	Field Name
	Data Type

	CustomerID
	AutoNumber (PK)

	FirstName
	Short Text

	LastName
	Short Text

	Phone
	Short Text

	Email
	Short Text



[bookmark: _Toc234331802]Table 4: Vehicle
	Field Name
	Data Type

	VehicleID
	AutoNumber (PK)

	CustomerID
	Number (FK)

	RegistrationNumber
	Short Text

	VehicleType
	Short Text

	Colour
	Short Text


Relationship
Customer.CustomerID
         ↓
Vehicle.CustomerID

[bookmark: _Toc234331803]Table 5: Booking
	Field Name
	Data Type

	BookingID
	AutoNumber (PK)

	VehicleID
	Number (FK)

	SlotID
	Number (FK)

	EntryTime
	Date/Time

	ExitTime
	Date/Time

	BookingStatus
	Short Text


Relationships
Vehicle.VehicleID
        ↓
Booking.VehicleID

ParkingSlot.SlotID
        ↓
Booking.SlotID

[bookmark: _Toc234331804]Table 6: Payment
	Field Name
	Data Type

	PaymentID
	AutoNumber (PK)

	BookingID
	Number (FK)

	Amount
	Currency

	PaymentDate
	Date/Time

	PaymentMethod
	Short Text

	PaymentStatus
	Short Text



[bookmark: _Toc234331805]Normalization Compliance 
The data model is normalized to Third Normal Form (3NF) to minimize redundancy and dependency issues. The main purpose for 3NF in this case is to remove transitive dependencies so that non-key attributes depend only on the primary key [3]. The 3 NF data tables are shown below. 
ParkingSite
	SiteID (PK)
	SiteName
	Address
	Capacity
	OperatingHours

	1
	Central Parking
	Main Street
	120
	24 Hours



ParkingSlot
	SlotID (PK)
	SiteID (FK)
	SlotNumber
	SlotType
	Status

	1
	1
	A01
	Standard
	Available



Customer
	CustomerID (PK)
	FirstName
	LastName
	Phone
	Email

	1
	John
	Smith
	07111111111
	john@email.com



Vehicle
	VehicleID (PK)
	CustomerID (FK)
	RegistrationNumber
	VehicleType
	Colour

	1
	1
	AB12 XYZ
	Car
	White



Booking
	BookingID (PK)
	VehicleID (FK)
	SlotID (FK)
	EntryTime
	ExitTime
	BookingStatus

	1
	1
	1
	09:00
	12:00
	Completed



Payment
	PaymentID (PK)
	BookingID (FK)
	Amount
	PaymentDate
	PaymentMethod
	PaymentStatus

	1
	1
	£8.50
	06/07/2026
	Card
	Paid



Here, the relationships between the tables are shown in MS Access.
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Figure 3. Relationships in MS Access
(Source: Self-created)
[bookmark: _Toc234331806]Sample Data Population 
After the database is created in Ms Access, they are populated with data for better insight and understanding. Each table is assigned with a proper primary key and foreign keys. This realistic sample data helps in improving functionality of the AutoPark Management System. 
The tables are shown below. 
Table 1: ParkingSite
	SiteID
	SiteName
	Address
	Capacity
	OperatingHours

	1
	Central Parking
	Main Street
	120
	24 Hours

	2
	West Mall Parking
	West Road
	80
	06:00–23:00

	3
	Airport Parking
	Airport Road
	250
	24 Hours

	4
	City Centre Parking
	King Street
	100
	24 Hours

	5
	East Station Parking
	Station Road
	60
	05:00–00:00



Table 2: ParkingSlot
	SlotID
	SiteID
	SlotNumber
	SlotType
	Status

	1
	1
	A01
	Standard
	Available

	2
	1
	A02
	Disabled
	Occupied

	3
	2
	B01
	EV
	Available

	4
	3
	C01
	VIP
	Occupied

	5
	4
	D01
	Standard
	Reserved



Table 3: Customer
	CustomerID
	FirstName
	LastName
	Phone
	Email

	1
	John
	Smith
	07111111111
	john.smith@email.com

	2
	Emma
	Brown
	07222222222
	emma.brown@email.com

	3
	David
	Wilson
	07333333333
	david.wilson@email.com

	4
	Sophia
	Taylor
	07444444444
	sophia.taylor@email.com

	5
	James
	Thomas
	07555555555
	james.thomas@email.com



Table 4: Vehicle
	VehicleID
	CustomerID
	RegistrationNumber
	VehicleType
	Colour

	1
	1
	AB12 XYZ
	Car
	White

	2
	2
	BC23 DEF
	SUV
	Black

	3
	3
	CD34 GHI
	Motorcycle
	Red

	4
	4
	DE45 JKL
	Van
	Blue

	5
	5
	EF56 MNO
	Car
	Silver



Table 5: Booking
	BookingID
	VehicleID
	SlotID
	EntryTime
	ExitTime
	BookingStatus

	1
	1
	2
	06/07/2026 09:00
	06/07/2026 12:00
	Completed

	2
	2
	5
	06/07/2026 10:30
	NULL
	Active

	3
	3
	3
	06/07/2026 08:00
	06/07/2026 11:00
	Completed

	4
	4
	4
	06/07/2026 13:00
	NULL
	Active

	5
	5
	1
	06/07/2026 14:00
	NULL
	Reserved



Table 6: Payment
	PaymentID
	BookingID
	Amount (£)
	PaymentDate
	PaymentMethod
	PaymentStatus

	1
	1
	8.50
	06/07/2026
	Card
	Paid

	2
	2
	5.00
	06/07/2026
	Cash
	Pending

	3
	3
	12.00
	06/07/2026
	Card
	Paid

	4
	4
	7.50
	06/07/2026
	Online
	Pending

	5
	5
	4.00
	06/07/2026
	Card
	Paid


[bookmark: _Toc234331807]Query Development 
The query design and development is conducted in MS Access for different tables to show how the database actually performs.
Query for displaying all the parking slots that are available for booking.
SELECT SlotNumber, SlotType, Status
FROM ParkingSlot
WHERE Status = "Available";
[image: ]
Query for displaying active vehicles that are parked. 
SELECT BookingID, VehicleID, EntryTime, BookingStatus
FROM Booking
WHERE BookingStatus = "Active";
[image: ]
Query for showing customer vehicle details that are registered in the parking. 
SELECT Customer.FirstName,
Customer.LastName,
Vehicle.RegistrationNumber,
Vehicle.VehicleType
FROM Customer
INNER JOIN Vehicle
ON Customer.CustomerID = Vehicle.CustomerID;
[image: ]
Query for parking revenue report with calculation of total revenue collected from completed payments.
SELECT Sum(Amount) AS TotalRevenue
FROM Payment
WHERE PaymentStatus = "Paid";
[image: ]
[bookmark: _Toc234331808]Validation and Testing 
Validation and testing of the code is important for checking how it performs against the functional requirements to confirm that it meets user needs. Validation helps in evaluating the code’s overall performance in MS Access and also provides insight for future use. The purpose of testing is to determine if there is data redundancy, errors in loading the code, and so on [4].  Sample data is tested in this case where the reports, forms, and queries are checked for how they perform. 
	Test ID
	Functional Requirement
	Test Procedure
	Expected Result
	Actual Result
	Status

	T1
	Add a new parking site
	Enter a new parking site record into the ParkingSite table
	New parking site is successfully saved with a unique SiteID
	Record saved successfully
	Pass

	T2
	Add a new customer
	Enter customer details in the Customer table
	Customer record is stored with a unique CustomerID
	Customer added successfully
	Pass

	T3
	Register a vehicle
	Add a vehicle linked to an existing customer
	Vehicle is linked correctly through CustomerID
	Vehicle registered successfully
	Pass

	T4
	Create a parking booking
	Create a booking using an existing vehicle and parking slot
	Booking record is created and linked to VehicleID and SlotID
	Booking created successfully
	Pass

	T5
	Record a payment
	Enter payment details for a completed booking
	Payment is linked correctly to the Booking table
	Payment recorded successfully
	Pass

	T6
	Display available parking slots
	Run the "Available Parking Slots" query
	Only parking slots with status "Available" are displayed
	Correct records displayed
	Pass

	T7
	Display active bookings
	Run the "Active Bookings" query
	Active parking sessions are displayed
	Correct bookings displayed
	Pass

	T8
	Generate revenue report
	Execute the revenue query
	Total revenue from paid bookings is calculated correctly
	Revenue calculated correctly
	Pass

	T9
	Validate referential integrity
	Attempt to enter a booking with an invalid VehicleID
	System prevents invalid record from being saved
	Invalid record rejected
	Pass

	T10
	Validate required fields
	Attempt to save a customer without a name
	Database displays validation error
	Validation message displayed
	Pass
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