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[bookmark: _Toc234332773]Scenario Analysis

The purpose of the Parking Management System developed for this project is to provide an efficient solution for managing customers, vehicles, parking sites, parking spaces, bookings, and payments within a single relational database. The system has been designed for a parking service company that operates one or more parking locations and requires accurate storage and retrieval of operational data[1]. By replacing manual administration with a relational database, the organisation can improve the speed, accuracy, and reliability of daily parking operations.
The system stores and manages customer, vehicle, site, slot, booking, and payment data in a relational database. It supports parking administrators, site managers, finance staff, and customers by improving booking, tracking occupancy, recording payments, and generating reports[2]. The design uses primary and foreign keys to keep data accurate, reduce duplication, and maintain referential integrity. Normalisation makes the database easier to update and more scalable for future growth.
[bookmark: _Toc210402486][bookmark: _Toc234332774]Entity Relationship Diagram (ERD)
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1. [bookmark: _Toc210402487][bookmark: _Toc234332775]List of attributes and their descriptions

The parking management system consists of six main entities that store and manage the essential information required for the operation of the system.
Each entity plays an important role in supporting the functionality of the parking management system.

The Customer entity stores information about vehicle owners and allows the system to identify users who make parking reservations. It includes attributes such as CustomerID, full name, phone number, email address, residential address.

The Vehicle entity stores information about each registered vehicle. Its attributes include VehicleID, vehicle registration number, make, model, vehicle type, and CustomerID, which acts as a foreign key linking each vehicle to its owner.

The Parking Site entity stores information about each parking location managed by the company. It contains attributes such as SiteID, site name, location, total parking capacity, and operational status. This entity enables the system to support multiple parking locations across different areas. It enables the system to manage each site independently while maintaining centralized records.

The Parking Slot entity stores information about every individual parking space within a parking site. It includes attributes such as SlotID, SiteID, slot number or code, slot type, occupancy status, pricing category, and accessibility information. Each parking slot belongs to one parking site. The Parking Slot entity is necessary to monitor the availability, occupancy, and allocation of individual parking spaces within each parking site.

The Booking entity records every parking reservation or parking session made by a customer. It stores details such as BookingID, CustomerID, VehicleID, SlotID, booking date and time, entry time, exit time, parking duration, and booking status. This entity links customers, vehicles, and parking slots together.
The Payment entity records the financial transactions associated with bookings. It contains attributes including PaymentID, BookingID, payment amount, payment method, payment date and time, and payment status. Each payment corresponds to a specific booking and allowing the system to process payments, generate receipts, monitor revenue, and produce financial reports.


[bookmark: _Toc234332786]Table 1 – Entities and Key fields
	Entity
	Key fields

	Customer
	CustomerID, Name, Phone, Email, Address 

	Vehicle
	VehicleID, CustomerID, RegNo, Make, Model, Type 

	Parking Site
	SiteID, SiteName, Location, Capacity, Status 

	Parking Slot
	SlotID, SiteID, SlotNumber, SlotType, AvailabilityStatus 

	Booking
	BookingID, CustomerID, VehicleID, SlotID, EntryTime, ExitTime, Status 

	Payment
	PaymentID, BookingID, Amount, Method, PaymentDate, PaymentStatus 



This structure lets Auto Park track slot availability in real time, record each vehicle movement, prevent duplicate slot use, and produce reports on occupancy and revenue by site, slot type, or date range[3]. It also supports cleaner data entry because each fact is stored once and linked through keys rather than repeated manually across paper records.

2. [bookmark: _Toc210402488][bookmark: _Toc234332776]List of relationships and their meaning. 

The system defines multiple key relationships between its entities to ensure accurate data organisation and efficient parking management. 
A Customer-to-Vehicle relationship exists where one customer can own multiple vehicles, while each vehicle is associated with a single customer. This allows the system to track all vehicles belonging to a specific user.
The Parking Site-to-Parking Slot relationship reflects the physical structure of the parking system. Each parking site contains multiple parking slots, but every slot is assigned to only one site. This ensures that parking availability can be managed at both site and individual space levels.
The Vehicle-to-Booking relationship captures parking usage over time. A single vehicle can have many bookings, representing different parking sessions, but each booking is linked to only one vehicle.
The Parking Slot-to-Booking relationship shows that a slot can be used for multiple bookings at different times, while each booking is assigned to one specific slot.
The Booking-to-Payment relationship manages financial transactions. Typically, each booking generates one payment record; however, the system can be designed to support multiple payments per booking in cases such as partial payments or refunds.

[bookmark: _Toc234332787]Table 2 - Relationship Cardinality
		Relationship
	Cardinality
	Description

	ParkingSite - Parking Slot
	1: M
	One parking site contains many parking slots.

	Customer - Vehicle
	1: M
	One customer may own multiple vehicles.

	Customer - Booking
	1: M
	One customer can make many bookings.

	Vehicle - Booking
	1: M
	One vehicle may have many parking bookings.

	ParkingSlot - Booking
	1: M
	One parking slot can be booked many times over different periods.

	Booking - Payment
	1: 1
	Each booking generates one payment.






  
[bookmark: _Toc234332788]Table 3 - Referential Integrity Constraints
		Relationship
	Constraint

	ParkingSite - ParkingSlot
	Cannot create a parking slot without an existing parking site.

	Customer - Vehicle
	A vehicle cannot exist unless it belongs to a registered customer.

	Customer - Booking
	A booking must belong to a valid customer.

	Vehicle - Booking
	A booking must reference a registered vehicle.

	ParkingSlot - Booking
	A booking must use an existing parking slot.

	Booking - Payment
	A payment cannot exist without a valid booking.






3. [bookmark: _Toc210402489][bookmark: _Toc234332777]ER diagram:  



[image: ]
[bookmark: _Toc234332851]Figure 1: Entity-Relationship Diagram

The following tables are designed based on the ER model. Primary Keys (PK) uniquely identify each record, while Foreign Keys (FK) establish relationships between tables and enforce referential integrity[4].

[bookmark: _Toc234332789]Table 4 – Parking Site
		Field Name
	Data Type
	Key
	Constraints

	SiteID
	AutoNumber
	PK
	Not Null

	SiteName
	Short Text
	
	Required

	Address
	Short Text
	
	Required

	ContactNumber
	Short Text
	
	Required

	TotalSlots
	Number
	
	Greater than 0






[bookmark: _Toc234332790]Table 5 – Parking Slot
		Field Name
	Data Type
	Key
	Constraints

	SlotID
	AutoNumber
	PK
	Not Null

	SiteID
	Number
	FK
	References ParkingSite.SiteID

	SlotNumber
	Short Text
	
	Unique

	SlotType
	Short Text
	
	Car, Bike, Van

	AvailabilityStatus
	Short Text
	
	Available, Occupied, Reserved







[bookmark: _Toc234332791]Table 6 – Customer
		Field Name
	Data Type
	Key
	Constraints

	CustomerID
	AutoNumber
	PK
	Not Null

	FullName
	Short Text
	
	Required

	PhoneNumber
	Short Text
	
	Unique

	Email
	Short Text
	
	Optional

	Address
	Long Text
	
	Optional






[bookmark: _Toc234332792]Table 7 – Vehicle
		Field Name
	Data Type
	Key
	Constraints

	VehicleID
	AutoNumber
	PK
	Not Null

	CustomerID
	Number
	FK
	References Customer.CustomerID

	RegistrationNumber
	Short Text
	
	Unique

	VehicleType
	Short Text
	
	Required

	Color
	Short Text
	
	Optional

	Model
	Short Text
	
	Optional






[bookmark: _Toc234332793]Table 8 – Booking
		Field Name
	Data Type
	Key
	Constraints

	BookingID
	AutoNumber
	PK
	Not Null

	CustomerID
	Number
	FK
	References Customer.CustomerID

	VehicleID
	Number
	FK
	References Vehicle.VehicleID

	SlotID
	Number
	FK
	References ParkingSlot.SlotID

	BookingDate
	Date/Time
	
	Required

	EntryTime
	Date/Time
	
	Required

	ExitTime
	Date/Time
	
	Must be greater than EntryTime

	BookingStatus
	Short Text
	
	Active, Completed, Cancelled






[bookmark: _Toc234332794]Table 9 – Payment
		Field Name
	Data Type
	Key
	Constraints

	PaymentID
	AutoNumber
	PK
	Not Null

	BookingID
	Number
	FK
	References Booking.BookingID

	PaymentDate
	Date/Time
	
	Required

	AmountPaid
	Currency
	
	Greater than 0

	PaymentMethod
	Short Text
	
	Cash, Card, Mobile Payment

	PaymentStatus
	Short Text
	
	Paid, Pending, Refunded








[bookmark: _Toc210402490][bookmark: _Toc234332778]Normalization 

First Normal Form (1NF)
A relation is in First Normal Form 1NF if it has a primary key, all attributes contain atomic values, and there are no repeating groups or multivalued attributes.
 
Example: Customer
[bookmark: _Toc234332795]Table 10 – First Normal Form (1NF)
		CustomerID
	FullName
	PhoneNumber
	Email
	Address

	101
	John Smith
	07123456789
	john@email.com
	London







Each column contains only one value.
The same applies to all other tables.
Therefore, the database satisfies 1NF.

Second Normal Form (2NF)
A relation is in 2NF if it is already in 1NF, every non-key attribute depends on the whole primary key, and there are no partial dependencies. Since each table uses a single-column primary key, partial dependency cannot occur.

Example:Vehicle

Primary Key: VehicleID
[bookmark: _Toc234332796]Table 11 – Second Normal Form (2NF)
	

	Functional Dependency

	VehicleID
    - RegistrationNumber
    - VehicleType
    - Colour
    - Model
    




Every attribute depends entirely on VehicleID.
The same applies to every other relation.
Therefore, the database satisfies 2NF.

Third Normal Form (3NF)
A relation is in 3NF if it is already in 2NF, there are no transitive dependencies, and every non-key attribute depends only on the primary key.


[bookmark: _Toc234332797]Table 12 – Third Normal Form (3NF) 
Final Normalized Tables (3NF)
		Relation
	Primary Key
	Foreign Key(s)

	CUSTOMER (CustomerID, FullName, PhoneNumber, Email, Address)
	CustomerID
	–

	VEHICLE (VehicleID, CustomerID, RegistrationNumber, VehicleType, Colour, Model)
	VehicleID
	CustomerID - CUSTOMER(CustomerID)

	PARKING_SITE (SiteID, SiteName, Address, ContactNumber, TotalSlots)
	SiteID
	–

	PARKING_SLOT (SlotID, SiteID, SlotNumber, SlotType, AvailabilityStatus)
	SlotID
	SiteID - PARKING_SITE(SiteID)

	BOOKING (BookingID, CustomerID, VehicleID, SlotID, BookingDate, EntryTime, ExitTime, BookingStatus)
	BookingID
	CustomerID - CUSTOMER(CustomerID); VehicleID - VEHICLE(VehicleID); SlotID - PARKING_SLOT(SlotID)

	PAYMENT (PaymentID, BookingID, PaymentDate, AmountPaid, PaymentMethod, PaymentStatus)
	PaymentID
	BookingID - BOOKING(BookingID)







[bookmark: _Toc234332798]Table 13 – Foreign Keys and Referenced Primary Key
Foreign Keys and Referenced Primary Keys
		Foreign Key
	References

	Vehicle.CustomerID
	Customer.CustomerID

	ParkingSlot.SiteID
	ParkingSite.SiteID

	Booking.CustomerID
	Customer.CustomerID

	Booking.VehicleID
	Vehicle.VehicleID

	Booking.SlotID
	ParkingSlot.SlotID

	Payment.BookingID
	Booking.BookingID







The Parking Management System has been successfully transformed from the ER model into a relational schema and normalised through 1NF, 2NF, and 3NF. Each relation contains atomic attributes, every non-key attribute is fully dependent on its primary key, and there are no transitive dependencies. Relationships between tables are maintained through foreign keys, resulting in a database that minimizes redundancy, preserves referential integrity, and supports efficient data storage and querying[5]. 

[bookmark: _Toc210402491][bookmark: _Toc234332779]Sample Data Population 

All records are fictional, ensuring no sensitive information is used while demonstrating how the system would operate in a real-world parking management environment.

The Booking table serves as the main transaction table, recording each parking reservation or session. It links customers, vehicles, and parking slots through foreign keys and includes details such as booking date, entry and exit times, and status. This structure avoids data duplication while providing a complete history of parking activity. The booking status also supports operational management by distinguishing between active, completed, cancelled, and future bookings.
[image: ]
[bookmark: _Toc234332852]Figure 2: Booking Table in MS Access

The Customer table stores each registered customer’s details, including a unique CustomerID, name, contact information, and address. The CustomerID serves as the primary key, ensuring each record is distinct and preventing duplication. By separating customer data into its own table, the system maintains consistency and supports normalization. This table is central to the database, as it is referenced by other tables such as Vehicle and Booking, enabling tracking of vehicle ownership and customer booking history.

[image: ]
[bookmark: _Toc234332853]Figure 3: Customer Table in MS Access

The Parking Site table stores details of each parking facility, including a unique SiteID, name, address, contact number, and total capacity. This structure allows multiple sites to be managed within one system while keeping records separate and organized. The TotalSlots attribute supports operational tasks such as occupancy tracking, utilisation analysis, and future planning.

[image: ]
[bookmark: _Toc234332854]Figure 4: Parking Site Table in MS Access

The Parking Slot table records individual parking spaces, each identified by a unique SlotID and linked to a site through SiteID. It includes details such as slot number, type, and availability status (available, occupied, or reserved). This structure enables precise occupancy tracking at the space level and supports efficient allocation of parking during bookings.

[image: ]
[bookmark: _Toc234332855]Figure 5: Parking Slot Table in MS Access


The Payment table stores financial data for parking bookings, including a unique PaymentID, BookingID, payment date, amount, method, and status. Each payment is linked to a valid booking, ensuring traceability and referential integrity. This structure supports financial reporting, revenue analysis, and payment management without affecting booking records.

[image: ]
[bookmark: _Toc234332856]Figure 6: Payment Table in MS Access

The Vehicle table stores details of customer-registered vehicles, including a unique VehicleID, registration number, type, colour, and model. Each vehicle is linked to its owner through the CustomerID foreign key, ensuring referential integrity and preventing unassigned records. This structure avoids duplication, allows easy retrieval of a customer’s vehicles, and supports features such as parking allocation and reporting.

[image: ]
[bookmark: _Toc234332857]Figure 7: Vehicle Table in MS Access
[bookmark: _Toc210402492][bookmark: _Toc234332780]Query Development
	
Microsoft Access queries were created to efficiently combine data from related tables. They help staff manage bookings, parking spaces, payments, and customer activity[6].
Four queries demonstrate key database concepts such as keys, joins, and filtering, each designed to meet specific business needs. The following sections outline their purpose, design, and expected results with screenshots.

Query 1 – Customer Booking Details 
Display customer details together with their vehicle and booking information.
The purpose of this query is to display customer details together with their vehicle and booking information by combining data from the Customer, Vehicle, and Booking tables. This allows staff to quickly view booking records, verify customer information, and improve the efficiency of managing parking bookings.

[image: ]
[bookmark: _Toc234332858]Figure 8: Query 1 design view
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[bookmark: _Toc234332859]Figure 9: Query 1 results

Query 2 – Booking, Parking Slot and Site Information 
Show where each customer parked.

The second query was developed to provide detailed information about booking together with the allocated parking slot and site information by combining data from the Booking, Customer, Parking Slot, and Parking Site tables. This enables staff to quickly identify where customers are parked, manage parking space allocation, and improve operational efficiency.

[image: ]
[bookmark: _Toc234332860]Figure 10: Query 2 design view
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[bookmark: _Toc234332861]Figure 11: Query 2 results




Query 3 – Payment Report
Display payment information together with customer, vehicle and booking details.
The third query was designed to displays payment information together with customer, vehicle, and booking details by combining data from the Payment, Booking, Customer, Vehicle, and Parking Slot tables. This helps staff monitor payments, verify transactions, and generate accurate financial reports.


[image: ]
[bookmark: _Toc234332862]Figure 12: Query 3 design view
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[bookmark: _Toc234332863]Figure 13: Query 3 results

Query 4 – Available Parking Slots
Show only parking spaces that are currently available.
The fourth query was created to identify all parking spaces that are currently available by combining data from the Parking Slot and Parking Site tables. This allows staff to quickly identify vacant spaces, allocate parking efficiently, and monitor parking capacity across different sites.

[image: ]
[bookmark: _Toc234332864]Figure 14: Query 4 design view
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[bookmark: _Toc234332865]Figure 15: Query 4 results
[bookmark: _Toc210402493][bookmark: _Toc234332781]Testing and Validation

Testing was carried out to ensure the Parking Management System functioned correctly and met its design requirements. Sample data was used to verify that all tables, relationships, and validation rules worked as expected[7].
Referential integrity was tested by confirming that vehicles could not be created without a valid customer, bookings required existing customers, vehicles and parking slots, and payments required a valid booking. Validation rules also prevented duplicate values, invalid payment amounts, and incorrect booking dates[8].
All four Microsoft Access queries were tested using the sample data and returned accurate results, including customer booking details, parking location information, payment reports, and available parking slots.
The successful test results confirm that the database stores and retrieves data accurately, maintains data integrity, and supports the daily operation of the Parking Management System.



[bookmark: _Toc210402494][bookmark: _Toc234332782]Design Decisions and Future Work
1. [bookmark: _Toc210402495][bookmark: _Toc234332783]Design Decisions: 

The Parking Management System was designed using a relational database structure to reduce data redundancy and maintain data integrity. Separate tables were created for customers, vehicles, parking sites, parking slots, bookings, and payments, with relationships established through primary and foreign keys. The database was normalised to Third Normal Form (3NF) to improve consistency, simplify maintenance, and support efficient data retrieval[9].

2. [bookmark: _Toc210402496][bookmark: _Toc234332784]Future Work: 

Future improvements could include an online booking system, automatic payment processing, and real-time parking space availability. Additional features such as user accounts, booking notifications, and reporting dashboards could further improve the system's functionality and enhance the user experience.

[bookmark: _Toc210402497]
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