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1. Introduction
The purpose of this project is to design and implement a relational database system for Auto Park Management System, a city-based parking service provider responsible for managing multiple parking locations.
Currently, Auto Park records vehicle movements, customer information, parking spaces, and payment transactions manually. This approach creates several operational problems, including:
· Incorrect data entry
· Duplicate records
· Difficulty monitoring available parking spaces
· Slow payment processing
· Limited ability to generate management reports
To overcome these issues, a Microsoft Access database solution has been developed. The database provides a centralised system for storing and managing information about:
· Parking sites
· Parking slots
· Customers
· Vehicles
· Bookings
· Payments
The system aims to improve operational efficiency by allowing staff to monitor parking availability, track vehicle movements, record payments, and generate reports to support business decisions.
A relational database approach has been selected because it provides structured data management through relationships between tables, primary keys, and foreign keys.





2. Literature Review and Database Concepts
A database management system (DBMS) is a software solution used to store, organise, retrieve, and manage data efficiently. According to Silberschatz et al. (2021), relational database systems organise information into tables where relationships between data items can be maintained through keys.
Relational databases are widely used because they improve:
· Data consistency
· Security
· Accuracy
· Data retrieval efficiency
The relational database model uses:
Primary Keys
A primary key uniquely identifies each record within a table.
Example:
Customer ID: identifies each customer.
Foreign Keys
A foreign key connects related tables.
Example:
Customer ID: in the Vehicle table links vehicles to their owners.
Database Normalisation
Normalisation is the process of organising database structures to reduce duplication and improve integrity. Elmasri and Navathe (2016) explain that normalisation helps eliminate unnecessary dependency between attributes.
The Auto Park database follows Third Normal Form (3NF) to ensure efficient storage and reliable information management.







3. Scenario Analysis
Auto Park Management System requires a database capable of handling daily parking operations.
The main activities include:
· Registering customers
· Recording vehicles
· Managing parking locations
· Allocating parking slots
· Recording bookings
· Processing payments
· Generating operational reports
The system consists of six main entities:
1. Customer
2. Vehicle
3. Parking Site
4. Parking Slot
5. Booking
6. Payment










4. Entity Identification and Relationships
Customer Entity
The Customer entity stores information about vehicle owners.
Attributes:
	Attribute
	Description

	Customer ID (PK)
	Unique customer identifier

	Full Name
	Customer name

	Phone
	Contact number

	Email
	Email address


Relationship:
One customer can own multiple vehicles.

Vehicle Entity
Stores registered vehicle information.
	Attribute
	Description

	Vehicle ID (PK)
	Vehicle identifier

	Customer_ID :(FK)
	Vehicle owner

	Registration No
	Vehicle registration

	Vehicle Type
	Car/Motorcycle

	Model
	Vehicle model


Relationship:
One customer can have many vehicles.

Parking Site Entity
Stores information about parking locations.
	Attribute
	Description

	Site_ID (PK)
	Unique site identifier

	Site_Name
	Parking location name

	Location
	Address

	Capacity
	Number of spaces


Relationship:
One parking site contains many parking slots.

Parking Slot Entity
Stores individual parking spaces.
	Attribute
	Description

	Slot_ID (PK)
	Slot identifier

	Site_ID (FK)
	Connected parking site

	Slot_Number
	Slot number

	Status
	Available/Occupied


Relationship:
One parking site has many parking slots.

Booking Entity
Records parking activity.
	Attribute
	Description

	Booking_ID (PK)
	Booking identifier

	Vehicle_ID (FK)
	Parked vehicle

	Slot_ID (FK)
	Allocated slot

	Entry_Time
	Arrival time

	Exit_Time
	Departure time


Relationship:
A vehicle can have multiple bookings.

Payment Entity
Stores payment transactions.
	Attribute
	Description

	Payment_ID (PK)
	Payment identifier

	Booking_ID (FK)
	Related booking

	Amount
	Payment value

	Payment Date
	Transaction date

	Payment Method
	Cash/Card


Relationship:
Each booking has one payment record.






5. Entity Relationship Diagram (ERD)
The database relationships are:
CUSTOMER
---------
Customer_ID PK
Full Name
Phone
Email

       1
       |
       |
       M

VEHICLE
---------
Vehicle_ID PK
Customer_ID FK
Registration No
Vehicle Type
Model


       1
       |
       |
       M


BOOKING
---------
Booking_ID PK
Vehicle_ID FK
Slot_ID FK
Entry_Time
Exit_Time


       M
       |
       |
       1


PARKING_SLOT
-------------
Slot_ID PK
Site_ID FK
Slot_Number
Status


       M
       |
       |
       1


PARKING_SITE
-------------
Site_ID PK
Site_Name
Location
Capacity


BOOKING

       1

       |

       1


PAYMENT
---------
Payment_ID PK
Booking_ID FK
Amount
Payment Date
Payment Method














6. Database Structure Development
The database was created in Microsoft Access using six linked tables.
Relationships Created:
Customer → Vehicle
Relationship Type:
One-to-Many
Reason:
A customer may own several vehicles.

Parking Site → Parking Slot
Relationship Type:
One-to-Many
Reason:
Each parking location contains multiple spaces.

Vehicle → Booking
Relationship Type:
One-to-Many
Reason:
A vehicle may use parking services multiple times.

Booking → Payment
Relationship Type:
One-to-One
Reason:
Each completed booking generates one payment.







7. Normalisation Compliance (3NF)
The Auto Park database has been normalised to Third Normal Form.
First Normal Form (1NF)
Requirements:
· No repeating values
· Each field contains a single value
Example:
Incorrect:
	Customer
	Vehicles

	John
	AB12,CD34


Correct:
Separate vehicle records are created.

Second Normal Form (2NF)
Requirements:
· All attributes depend on the complete primary key.
Example:
Vehicle information is stored separately from booking information.

Third Normal Form (3NF)
Requirements:
· No non-key attributes depend on another non-key attribute.
Example:
Parking site details are stored separately rather than repeated in every booking record.
Benefits:
· Reduced duplication
· Improved accuracy
· Easier maintenance



8. Sample Data Population
Customer Table
	ID
	Name
	Phone

	C001
	John Smith
	0712345678

	C002
	Emma Brown
	0723456789

	C003
	David Wilson
	0734567890

	C004
	Sarah Jones
	0745678901

	C005
	Michael Lee
	0756789012



Vehicle Table
	Vehicle ID
	Customer ID
	Registration

	V001
	C001
	AB12XYZ

	V002
	C002
	CD34ABC

	V003
	C003
	EF56DEF

	V004
	C004
	GH78GHI

	V005
	C005
	JK90JKL















9. Query Development
Query 1: Available Parking Spaces
Purpose:
Allows employees to view available spaces.
SELECT *
FROM Parking Slot
WHERE Status="Available";

Query 2: Customer Vehicle Report
Purpose:
Displays customers and registered vehicles.
SELECT Customer.Full_Name,
Vehicle.Registration_No

FROM Customer

INNER JOIN Vehicle

ON Customer.Customer_ID =
Vehicle.Customer_ID;

Query 3: Revenue Report
Purpose:
Calculates total income.
SELECT SUM(Amount)
AS Total Revenue

FROM Payment;

Query 4: Active Parking Sessions
Purpose:
Shows vehicles currently parked.
SELECT *

FROM Booking

WHERE Exit Time IS NULL;






10. Validation and Testing
Testing was conducted to ensure the system met the functional requirements.
	Test
	Expected Result
	Outcome

	Add customer
	Customer stored successfully
	Pass

	Register vehicle
	Vehicle linked correctly
	Pass

	Create booking
	Parking slot assigned
	Pass

	Process payment
	Transaction recorded
	Pass

	Generate report
	Correct results displayed
	Pass


The testing confirmed that the database successfully supports AutoPark operations.
















11. System Reports
The database can generate:
Parking Occupancy Report
Provides:
· Total spaces
· Occupied spaces
· Available spaces

Revenue Report
Shows:
· Daily income
· Monthly income
· Payment trends

Customer Activity Report
Displays:
· Customer details
· Vehicle information
· Parking history









12. Critical Evaluation
The database provides significant improvements compared with the previous manual system.
Advantages:
· Faster access to information
· Reduced human errors
· Improved parking management
· Better financial tracking
· Reliable reporting
However, further improvements could include:
· Online customer booking
· Mobile application integration
· Automatic number plate recognition
· Cloud database hosting













13. Conclusion
The AutoPark Management System database successfully provides a structured solution for managing parking operations.
The implementation demonstrates knowledge of:
· Relational database design
· Entity relationships
· Primary and foreign keys
· Normalisation principles
· Query development
· Database testing
The system improves data accuracy, operational efficiency, and decision-making through automated reporting.
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