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The Smart AutoPark Management System is a database project developed to manage parking operations in an organised and efficient way. The system stores information about drivers, vehicles, parking spaces, parking visits and payments. It helps users record parking activities accurately while reducing paperwork and improving data management.
This project was designed using Microsoft Access together with database design principles. Before creating the database, a Conceptual Entity Relationship Diagram (Conceptual ERD) and a Logical Entity Relationship Diagram (Logical ERD) were prepared to identify the entities, attributes and relationships. These diagrams were then used to create the database tables [5].
The database has been normalised to Third Normal Form (3NF) to reduce duplicate data and improve data integrity. Relationships between tables were created using primary keys and foreign keys. Queries, forms and reports were also developed to demonstrate how the database can be used in a real parking management environment.
The aim of this project is to produce a simple, reliable and well-structured database that satisfies the assignment requirements while demonstrating the use of Microsoft Access and relational database design concepts [1], [7].
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  Smart AutoPark Management System Overview
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The Smart AutoPark Management System is designed to manage parking operations in an organised and efficient way. The system records information about drivers, vehicles, parking spaces, parking visits and payments. Instead of using paper records, all information is stored in a Microsoft Access database, making it easier to manage and retrieve data.
When a driver arrives at the car park, the driver's details and vehicle information are already stored in the database. The system checks for an available parking space and records the vehicle's entry time. When the driver leaves the car park, the exit time is recorded automatically, the parking fee is calculated, and the payment information is saved.
The database is made up of five main entities:
· Driver – stores driver details such as name, phone number, email address and driving licence number. 
· Vehicle – stores vehicle information including registration number, brand, model and colour. 
· ParkingSpace – stores information about parking spaces including the space number, type and availability. 
· ParkingVisit – records every parking session including entry time, exit time and parking fee. 
· Payment – stores payment details such as payment amount and payment method. 
The entities are connected through one-to-many relationships. A single driver can own multiple vehicles, one vehicle can have multiple parking visits over time, one parking space can be used in many different visits, and each parking visit has one corresponding payment record. These relationships help maintain data integrity and ensure that the database operates efficiently.

	           Entity
	Description
	Primary Key
	Relationship

	
	
	
	

	Driver
	Stores driver information
	DriverID
	One driver can own many vehicles

	Vehicle
	Stores vehicle details
	VehicleID
	Linked to Driver and ParkingVisit

	ParkingSpace
	Stores parking space details
	SpaceID
	Linked to ParkingVisit

	ParkingVisit
	Records parking sessions
	VisitID
	Linked to Vehicle, ParkingSpace and Payment

	Payment
	Stores payment information
	PaymentID
	Linked to ParkingVisit



Table 1. Main entities used in the Smart AutoPark Management System
The scenario analysis provided the foundation for developing the Conceptual ERD and Logical ERD. It also helped identify the entities, attributes and relationships required for the database design.

[image: ] Smart AutoPark System Workflow
Driver Entity
The Driver entity stores personal information about each customer who uses the parking system. Every driver has a unique DriverID, which is the primary key of the table. Other attributes include the driver's full name, phone number, email address, and driving licence number. One driver can own multiple vehicles, but each vehicle belongs to only one driver.
Attributes
· DriverID (Primary Key) 
· FullName 
· Phone 
· Email 
· DrivingLicenceNO
 Vehicle Entity
The Vehicle entity stores information about each registered vehicle. Every vehicle has a unique VehicleID and is linked to a driver using DriverID as a foreign key. The table also stores the vehicle registration number, brand, model, and colour. This allows the system to identify each vehicle correctly.
Attributes
· VehicleID (Primary Key) 
· DriverID (Foreign Key) 
· PlateNumber 
· Brand 
· Model 
· Colour
 ParkingSpace Entity
The ParkingSpace entity stores information about all parking spaces available in the parking facility. Each parking space has a unique SpaceID. The table records the parking space number, parking type, and whether the space is available or occupied.
Attributes
· SpaceID (Primary Key) 
· SpaceNumber 
· SpaceType 
· Availability 
 ParkingVisit Entity
The ParkingVisit entity records every parking session. Each visit has a unique VisitID and is linked to a vehicle and a parking space. The table stores the vehicle entry time, exit time, and the parking fee charged for the visit.
Attributes
· VisitID (Primary Key) 
· VehicleID (Foreign Key) 
· SpaceID (Foreign Key) 
· EntryTime 
· ExitTime 
· ParkingFee 

Payment Entity
The Payment entity stores payment information for each parking visit. Every payment has a unique PaymentID and is linked to a parking visit through VisitID. The table also stores the payment amount and payment method.
Attributes
· PaymentID (Primary Key) 
· VisitID (Foreign Key) 
· Amount 
· PaymentMethod 
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 Conceptual Entity Relationship Diagram


The Conceptual Entity Relationship Diagram (Conceptual ERD) provides a high-level representation of the Smart AutoPark Management System. It identifies the main entities involved in the parking process and shows how they are related to each other. At this stage, the focus is on business requirements rather than technical implementation.
The conceptual design was created before developing the database in Microsoft Access. It helped identify the entities required for the system and the relationships between them. This model was later converted into a logical database design.
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 Logical Entity Relationship Diagram

[bookmark: _Toc235461264]Data Structure Development
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The database was designed using five related tables. Each table stores different information and is connected using primary keys and foreign keys. This structure reduces duplicate data and improves database accuracy [1].
	Attribute
	Description

	DriverID
	Primary Key used to identify each driver.

	FullName
	Stores the driver's full name.

	Phone
	Stores the driver's contact number.

	Email
	Stores the driver's email address.

	DrivingLicenceNo
	Stores the driver's driving licence number.


 Table 2. Driver Table Attributes
Description
The Driver table stores information about each driver using the parking system. Each driver is identified by a unique DriverID. This table is linked to the Vehicle table to show which vehicles belong to each driver.
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Driver Table Screenshot
 Driver Table in Microsoft Access
The Driver table stores information about registered drivers. Each record includes the driver's personal details such as full name, phone number, email address and driving licence number. The DriverID is used as the primary key to uniquely identify every driver in the database.
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The Vehicle table stores information about each vehicle. Every vehicle belongs to one driver.
	
	

	
	

			Attribute
	



	Description

		VehicleID



	



	Primary Key used to identify each vehicle

	DriverID
	Foreign Key linked to the Driver table

	PlateNumber
	Stores the vehicle registration number

	Brand
	Stores the vehicle manufacturer

	Model
	Stores the vehicle model

	Colour
	Stores the vehicle colour



	

	


	

	Table 3. Vehicle Table Attributes
Description
The Vehicle table contains information about all registered vehicles. Each vehicle is connected to a driver through the DriverID foreign key. This relationship allows one driver to register multiple vehicles.
	

	
	

	
	

	
	



[image: ]
Vehicle Table Screenshot
 Vehicle Table in Microsoft Access
The Vehicle table contains information about vehicles registered in the parking system. Each vehicle is connected to a driver through the DriverID foreign key. This relationship allows one driver to own one or more vehicles while maintaining data integrity.
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The ParkingSpace table stores all parking spaces available in the car park.

	Attribute
	Description

	SpaceID
	Primary Key used to identify each parking space.

	SpaceNumber
	Parking space number

	SpaceType
	Type of parking space (Standard, Disabled, etc.)

	Availability
	Indicates whether the parking space is available



Table 4. ParkingSpace Table Attributes
Description
The ParkingSpace table stores details about each parking space. It records the space number, type and availability status. This information helps the system assign available spaces to vehicles.
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ParkingSpace Table Screenshot
 ParkingSpace Table in Microsoft Access
The ParkingSpace table stores information about every parking space available in the car park. It records the space number, type and current availability. This allows the system to identify which parking spaces are free or occupied.
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The ParkingVisit table records every parking session

	Attribute
	Description

	VisitID
	Primary Key used to identify each parking visit

	VehicleID
	Foreign Key linked to the Vehicle table

	SpaceID
	Foreign Key linked to the ParkingSpace table.

	EntryTime
	Records the vehicle entry time.

	ExitTime
	Records the vehicle exit time.

	ParkingFee
	Stores the calculated parking fee.



Table 5. ParkingVisit Table Attributes
Description
The ParkingVisit table records every parking session. It stores the vehicle, parking space, entry time, exit time and parking fee. This table connects vehicle records with parking activities.
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ParkingVisit Table 
 ParkingVisit Table in Microsoft Access
The ParkingVisit table records each parking session. It stores the vehicle used, assigned parking space, entry time, exit time and calculated parking fee. This table plays a central role in linking drivers, vehicles and payments.
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The Payment table stores payment details for each parking visit


	Attribute
	Description

	PaymentID
	Primary Key used to identify each payment

	VisitID
	Foreign Key linked to the ParkingVisit table

	Amount
	Stores the payment amount

	PaymentMethod
	Stores the payment method used



Table 6. Payment Table Attributes
Description
The Payment table stores payment information for each parking visit. It records the payment amount and payment method. Every payment is linked to a parking visit using the VisitID.
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Payment Table 
Figure 9. Payment Table in Microsoft Access
The Payment table stores payment information for completed parking visits. It records the amount paid and the payment method. Every payment record is linked to a parking visit through the VisitID foreign key.
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First Normal Form requires that every table has a primary key and every field contains only one value. Repeating groups are not allowed.
In this project each table has a unique primary key.
· Driver → DriverID 
· Vehicle → VehicleID 
· ParkingSpace → SpaceID 
· ParkingVisit → VisitID 
· Payment → PaymentID 
All attributes contain single values only.
[bookmark: _Toc235461272] Second Normal Form (2NF)
Second Normal Form removes partial dependency.
Each non-key attribute depends on the whole primary key.
For example:
· Vehicle information depends only on VehicleID. 
· Driver information depends only on DriverID. 
· ParkingVisit information depends only on VisitID. 
There are no partial dependencies.
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Third Normal Form (3NF)
Third Normal Form removes transitive dependency.
Each table stores information about one entity only.
Relationships are created using foreign keys.
For example:
· Vehicle stores DriverID as a foreign key. 
· ParkingVisit stores VehicleID and SpaceID. 
· Payment stores VisitID. 
Therefore, the Smart AutoPark Management System database satisfies Third Normal Form (3NF) [3], [4].
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The Smart AutoPark Management System database was created using Microsoft Access. Five tables were created based on the Logical ERD. Each table contains a primary key, and the related tables are connected using foreign keys. Sample data was entered into every table to test the relationships and ensure that the system works correctly. [6], [7]
[bookmark: _Toc235461275] Driver Table
The Driver table stores information about each driver. The primary key is DriverID. Each driver has a full name, phone number, email address and driving licence number.
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The Vehicle table stores vehicle information. Every vehicle belongs to one driver through the DriverID foreign key.
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The ParkingSpace table stores all available parking spaces. Each parking space has a unique SpaceID.
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The ParkingVisit table records every parking session. It stores the vehicle, parking space, entry time, exit time and parking fee.
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The Payment table stores payment information for each parking visit. It records the payment amount and payment method.
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Relationships 
Figure 10. Relationships between Database Tables
The Relationships window shows how all tables are connected using primary keys and foreign keys. These relationships help maintain referential integrity and ensure that related records remain accurate and consistent throughout the database.



The relationships were created using primary keys and foreign keys. Microsoft Access enforces referential integrity to prevent invalid records. The relationships ensure that every vehicle belongs to a valid driver, every parking visit is linked to a valid vehicle and parking space, and every payment belongs to a valid parking visit.
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The Smart AutoPark Management System uses one-to-many (1:M) relationships between tables. Primary keys and foreign keys ensure data integrity and reduce duplicate data.
The relationships are shown in the Microsoft Access Relationships window below.


Relationship 1: Driver – Vehicle
One driver can own many vehicles.
Each vehicle belongs to only one driver.
Driver (1) → Vehicle (M)
Relationship 2: Vehicle – ParkingVisit
One vehicle can have many parking visits.
Each parking visit belongs to one vehicle.
Vehicle (1) → ParkingVisit (M)

Relationship 3: ParkingSpace – ParkingVisit
One parking space can be used many times.
Each parking visit uses only one parking space.

Relationship 4: ParkingVisit – Payment
One parking visit has one payment.
Each payment belongs to one parking visit.
ParkingVisit (1) → Payment (1)
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A query was created to combine data from the Driver and Vehicle tables. This allows staff to see driver information together with vehicle details.
[image: ]
Query Design 
Figure 11. Driver and Vehicle Query Design
This query combines information from the Driver and Vehicle tables. It allows users to view driver details together with their registered vehicles in a single result, making data retrieval more efficient.
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Figure 12. Driver Form

Forms provide an easy way for users to enter and edit records without directly opening database tables.


[bookmark: _Toc235461283]Reports
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Figure 13. Driver Report

Reports are used to display information in a printable format.
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SQL View of Driver-Vehicle Query

SQL View shows the SQL statement automatically generated by Microsoft Access.
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The database was tested by entering sample data into all tables. The relationships worked correctly, and Microsoft Access prevented invalid records. The tests confirmed that the database stores and retrieves data accurately.

	Test Case
	Expected Result
	Actual Result
	Status

	Add Driver
	Driver record saved
	Successful
	Pass

	Add Vehicle
	Vehicle linked to Driver
	Successful
	Pass

	Add Parking Space
	Parking space created
	Successful
	Pass

	Record Parking Visit
	Visit recorded correctly
	Successful
	Pass

	Process Payment
	Payment linked to Visit
	Successful
	Pass

	Display Relationships
	All relationships shown
	Successful
	Pass

	Run Query
	Driver and Vehicle data displayed
	Successful
	Pass

	Generate Report
	Report created successfully
	Successful
	Pass




[bookmark: _Toc235461286]Conclusion

The Smart AutoPark Management System successfully meets the objectives of this project by providing a structured and reliable database for managing parking operations. The database stores information about drivers, vehicles, parking spaces, parking visits and payments while maintaining data integrity through the use of primary keys, foreign keys and table relationships.
The database was designed using Conceptual and Logical ER diagrams before being implemented in Microsoft Access. The design was further improved through the normalisation process, ensuring that data redundancy was reduced and consistency was maintained. Queries, forms and reports were created to demonstrate that the database can efficiently retrieve, manage and present information.
Overall, this project demonstrates a practical understanding of database design principles and Microsoft Access implementation. The completed system is simple, organised and capable of supporting the daily operations of a smart parking management system.
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