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[bookmark: _Toc234568603]Scenario Analysis
The AutoPark Management System requires a relational database to replace its existing manual method of recording parking operations. At present, information relating to parking sites, parking slots, customers, vehicles, bookings, and payments is maintained manually, increasing the risk of data duplication, inaccuracies, and inefficient management of parking spaces. Implementing a database in Microsoft Access will provide a centralised system that stores information securely and allows users to retrieve and update records efficiently.
The proposed database is designed to manage six key entities: ParkingSite, ParkingSlot, Customer, Vehicle, Booking and Payment. These entities represent the core activities of the parking service. ParkingSite stores information about each parking location, while ParkingSlot records the individual parking spaces available at each site. Customer and Vehicle maintain information about registered vehicle owners and their vehicles. Booking records each parking session by linking a vehicle to a parking slot, and Payment stores the financial transactions associated with each booking.
The relationships between these entities enable the system to monitor parking space availability, record vehicle movements, and track payments accurately. By applying relational database principles, including primary keys, foreign keys, and referential integrity, the proposed solution reduces data redundancy and supports reliable reporting for operational and management purposes [1], [2].




[bookmark: _Toc234568604]Entity Relationship Diagram (ERD)
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1. [bookmark: _Toc234568605]List of attributes and their descriptions
Table 1 		Entity: Parking Site
	Attribute
	Data Type (Access)
	Description

	SiteID (PK)
	AutoNumber
	Unique identifier for each parking site.

	SiteName
	Short Text
	Name of the parking site.

	Location
	Short Text
	Address or location of the parking site.

	TotalSlots
	Number
	Total number of parking spaces available at the site.

	ContactNumber
	Short Text
	Contact number for the parking site.



Table 2                          Entity: Parking Slot
	Attribute
	Data Type (Access)
	Description

	SlotID (PK)
	AutoNumber
	Unique identifier for each parking slot.

	SiteID (FK)
	Number
	Links the parking slot to a parking site.

	SlotNumber
	Short Text
	Identifies the parking slot within the site (e.g., A01).

	SlotType
	Short Text
	Type of slot (Standard, Disabled, Electric Vehicle).

	AvailabilityStatus
	Short Text
	Indicates whether the slot is Available or Occupied.






Table 3                         Entity: Customer
	Attribute
	Data Type (Access)
	Description

	CustomerID (PK)
	AutoNumber
	Unique identifier for each customer

	FirstName
	Short Text
	Customer's first name

	LastName
	Short Text
	Customer's surname

	PhoneNumber
	Short Text
	Customer's contact number

	Email
	Short Text
	Customer's email address

	Address
	Long Text
	Residential address of the customer



Table 4 		  Entity: Vehicle
	Attribute
	Data Type (Access)
	Description

	VehicleID (PK)
	AutoNumber
	Unique identifier for each vehicle.

	CustomerID (FK)
	Number
	Identifies the owner of the vehicle.

	RegistrationNumber
	Short Text
	Vehicle registration number.

	VehicleType
	Short Text
	Type of vehicle (Car, Motorcycle, Van).

	VehicleModel
	Short Text
	Manufacturer of the vehicle (e.g., Toyota).

	Colour
	Short Text
	Vehicle colour.



Table 5 		   Entity: Booking
	Attribute
	Data Type (Access)
	Description

	BookingID (PK)
	AutoNumber
	Unique identifier for each booking.

	VehicleID (FK)
	Number
	Identifies the parked vehicle.

	SlotID (FK)
	Number
	Identifies the allocated parking slot.

	EntryDateTime
	Date/Time
	Date and time the vehicle entered the parking site.

	ExitDateTime
	Date/Time
	Date and time the vehicle left the parking site.

	BookingStatus
	Short Text
	Current status (Active or Completed).






Table 6		  Entity: Payment
	Attribute
	Data Type (Access)
	Description

	PaymentID (PK)
	AutoNumber
	Unique identifier for each payment.

	BookingID (FK)
	Number
	Identifies the related booking.

	PaymentDate
	Date/Time
	Date the payment was made.

	Amount
	Currency
	Total amount paid.

	PaymentMethod
	Short Text
	Method of payment (Cash, Card, Mobile Payment).

	PaymentStatus
	Short Text
	Indicates whether the payment is Paid or Pending.





2. [bookmark: _Toc234568606]List of relationships and their meaning. 
The relationships between the entities define how data is connected within the AutoPark Management System. Establishing these relationships ensures data consistency, reduces duplication, and supports accurate retrieval of information. Each relationship is implemented using primary and foreign keys to maintain referential integrity.
Relationship 1: ParkingSite – ParkingSlot (One-to-Many)
A single parking site contains multiple parking slots, whereas each parking slot belongs to only one parking site. This relationship allows the system to identify the location of every parking slot and monitor slot availability at each site.
Relationship 2: Customer – Vehicle (One-to-Many)
A customer may own one or more vehicles, while each vehicle is registered to only one customer. This relationship enables the system to maintain customer ownership details without storing duplicate customer information for every vehicle.
Relationship 3: Vehicle – Booking (One-to-Many)
A vehicle can have multiple parking bookings over time, but each booking is associated with only one vehicle. This relationship provides a historical record of vehicle parking activity.
Relationship 4: ParkingSlot – Booking (One-to-Many)
A parking slot may be allocated to many bookings over different periods, although each booking is assigned to only one parking slot. This relationship allows the system to track which parking slot was used during a particular parking session.
Relationship 5: Booking – Payment (One-to-Many)
A booking has a one-to-many relationship with the Payment entity. Each payment record is linked to one booking, while a booking may have one or more associated payment records. This relationship enables the system to record payment information accurately and maintain a clear connection between parking services and financial transactions.
3. [bookmark: _Toc234568607]ER diagram:  
[image: ]Screenshot of ERD:

      Primary Keys and Corresponding Foreign Keys:

	Entity
	Foreign Key
	References Primary Key

	ParkingSlot
	SiteID
	ParkingSite.SiteID

	Vehicle
	CustomerID
	Customer.CustomerID

	Booking
	VehicleID
	Vehicle.VehicleID

	Booking
	SlotID
	ParkingSlot.SlotID

	Payment
	BookingID
	Booking.BookingID



[bookmark: _Toc234568608]Normalization 
Relational Schema:
The ER diagram is converted into the following relational schema by applying the ER-to-Relational Schema mapping rules:
· ParkingSite(SiteID, SiteName, Location, TotalSlots, ContactNumber) 
· ParkingSlot(SlotID, SiteID (FK), SlotNumber, SlotType, AvailabilityStatus) 
· Customer(CustomerID, FirstName, LastName, PhoneNumber, Email, Address) 
· Vehicle(VehicleID, CustomerID (FK), RegistrationNumber, VehicleType, VehicleModel, Colour) 
· Booking(BookingID, VehicleID (FK), SlotID (FK), EntryDateTime, ExitDateTime, BookingStatus) 
· Payment(PaymentID, BookingID (FK), PaymentDate, Amount, PaymentMethod, PaymentStatus) 

All six relations satisfy 1NF as each table has its own Primary Key with no multivalued attributes.
Since every table uses a single attribute Primary Key with no partial dependency, Therefore, all six relations satisfy 2NF.
Each non-key attribute depends only on its table's primary key. Therefore, all relations satisfy 3NF.

Final Normalized Tables:
	Table
	Primary Key
	Foreign Key(s)

	ParkingSite
	SiteID
	----

	ParkingSlot
	SlotID
	SiteID

	Customer
	CustomerID
	----

	Vehicle
	VehicleID
	CustomerID

	Booking 
	BookingID
	VehicleID,SlotID

	Payment
	PaymentID
	BookingID




[bookmark: _Toc234568609]Sample Data Population 
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[bookmark: _Toc234568610]Query Development
A series of queries were developed in Microsoft Access to demonstrate the functionality of the AutoPark Management System. These queries were designed to retrieve meaningful information from the relational database, including vehicle activity, slot usage, customer details, and financial transactions. The queries make use of joins, filtering conditions, grouping, and aggregate functions to support operational decision-making within the parking system. 

Query 1: Occupied Parking Slots
Purpose: To display all currently occupied parking slots.
Tables used: ParkingSlot
Type: Select Query  (WHERE condition)
Query 2: Active Vehicles
Purpose: To display vehicles currently parked in the system.
Tables used: Vehicle, Booking
Type: Select Query (JOIN + WHERE condition)
Query 3: Booking Details with Slot Information
Purpose: To display complete booking details including assigned parking slot and vehicle information.
Tables Used: Booking, Vehicle, ParkingSlot
Type: Select Query (Multiple JOIN)
Query 4: Total Revenue Generated
Purpose: To calculate total revenue generated from paid bookings.
Tables used: Payment
Type: Aggregate Query (SUM)
		Query 5: Customer Vehicle Details
Purpose: To display vehicles registered under each customer.
Tables Used: Customer, Vehicle
Type: Select Query (JOIN)
Query 6: Parking Site Usage Report
Purpose: To count the number of parking slots available at each parking site.
Tables Used: ParkingSite, ParkingSlot
Type: Aggregate Query (COUNT + GROUP BY)
Query 7: Pending Payments
Purpose: To display all payments that are still pending.
Tables Used: Payment
Type: Select Query (WHERE condition)
Query 8: Most Frequently Used Parking Slots
Purpose: To identify the most frequently used parking slots.
Tables Used: ParkingSlot, Booking
Type: Aggregate Query (COUNT + GROUP BY + ORDER BY)

These queries demonstrate the ability of the system to support real-time decision-making and reporting in a multi-site parking environment.

	




[bookmark: _Toc234568611]Testing and Validation

1. Testing of Tables
All created tables were tested by inserting sample records. The system successfully stored data in all entities including ParkingSite, ParkingSlot, Customer, Vehicle, Booking, and Payment. Primary keys were automatically generated using AutoNumber, ensuring uniqueness of records.

2. Testing of Relationships
Relationships between tables were tested using Microsoft Access relationship tools. Referential integrity was enforced successfully between all related tables, ensuring that invalid foreign key values could not be entered. For example, a booking cannot exist without a valid vehicle and parking slot.

3. Testing of Queries
All SQL queries were executed successfully in Microsoft Access. The queries returned expected results such as occupied parking slots, active bookings, customer vehicle details, and pending payments. The Total Revenue query correctly calculated the sum of all paid transactions using aggregate functions.

4. Error Handling and Issues Faced
During implementation, issues were encountered such as incorrect data formats in date/time fields and inconsistent payment status values. These issues were resolved by correcting data types and ensuring consistent formatting across the database.

5. Validation of Results
The system was validated by comparing query outputs with manually entered data. Results confirmed that the database accurately retrieves and processes information according to the defined relationships and constraints.





[bookmark: _Toc234568612]Design Decisions and Future Work
1. [bookmark: _Toc234568613]Design Decisions: 
The AutoPark Management System was designed using a relational database approach in Microsoft Access to efficiently manage parking operations, customer data, vehicle records, bookings, and payments. The relational model was selected because it allows structured storage of data, reduces redundancy, and ensures data consistency through relationships between tables [1],[3].

The system includes six main entities: ParkingSite, ParkingSlot, Customer, Vehicle, Booking, and Payment. Each entity was carefully designed with appropriate attributes, primary keys, and foreign keys to represent real-world parking operations accurately. One-to-many relationships were implemented between key entities to reflect system logic, such as one customer having multiple vehicles and one parking site containing multiple slots [1].

Microsoft Access was chosen due to its simplicity, ease of use, and suitability for small-scale database applications. It also provides built-in tools for table creation, relationship management, and query development, which made implementation more efficient [2] .

During development, several challenges were encountered, including ensuring correct data types for fields such as Date/Time and Currency, maintaining referential integrity, and resolving issues related to foreign key constraints. These issues were resolved through careful database design and structured data entry [3].

Overall, the design successfully supports core parking operations such as slot allocation, booking management, and payment tracking.

2. [bookmark: _Toc234568614]Future Work: 

In future development, the system can be enhanced to improve functionality, scalability, and user experience.

One major improvement would be the implementation of an automated slot allocation system that assigns available parking spaces dynamically based on real-time availability and vehicle type. This would reduce manual input and improve efficiency [3].

The system could also be expanded into a web-based or mobile application to allow users to book parking spaces remotely. This would make the system more accessible and user-friendly [4], [5].

Integration of online payment gateways such as card or digital wallet systems could also be added to support cashless transactions and improve financial tracking.

Additionally, real-time monitoring features and dashboard analytics could be introduced to provide insights into parking usage, occupancy rates, and revenue generation [3].

Finally, user authentication and role-based access control could be implemented to improve system security and restrict access based on user roles such as administrators and customers.
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