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[bookmark: _Toc235459770]3. Introduction
Overview of Auto Park Management System Scenario
[bookmark: _Toc235448319][bookmark: _Toc235459771]Purpose of the database system
Introduction The different parking management process is automated and consolidated into a database system creating new parking database [1]. After conversion to the relational database using Microsoft Access, management will have real-time monitoring of parking space occupancy, customer vehicle tracking, secure reservation logging and reliable revenue and operational reports. Data entry has been made to be redundant free and achieve seamless data integrity across branches.

[bookmark: _Toc235459772]4. Scenario Analysis
Detailed Scenario Analysis and System Objectives: The Parking Management System currently faces significant operational bottlenecks and inefficiencies due to a reliance on manual, paper-based record-keeping across multiple parking sites. Staff members manually record vehicle entries, allocate parking spaces, and process payments. This approach inherently leads to data redundancy, frequent human errors (such as double-booking a single parking space), and critical flaws regarding real-time visibility into parking occupancy.
The primary objective of creating this relational database using Microsoft Access is to eliminate these inefficiencies by centralizing data management. By utilizing defined, distinct entities, the system ensures that data is entered only once, thereby maintaining data integrity and accuracy.
Key Entities and System Roles:
· Customers: Stores essential contact information. Isolating this entity ensures that a customer's details are not repeated every time they make a booking.
· Vehicles: Acts as a bridge between the customer and the booking. Storing vehicle details (Make, Model, Colour) separately ensures that recurring customers do not need to re-register their cars.
· Parking Sites & Slots: Represents the physical infrastructure. Separating Sites from Slots allows the system to accurately track capacity per location and monitor the real-time 'Current Status' (Available/Occupied) of individual spaces.
· Bookings & Payments: The operational core of the database. Bookings record the temporal aspect (Entry/Exit times) linking a vehicle to a slot, while Payments track the financial revenue generated from these bookings.


[bookmark: _Toc235459773]5. Entity Relationship Diagram (ERD)
Database Design and Architecture
Conceptual ERD

[image: ]
The conceptual database design helps you map the main business requirements of Auto Park Management System before you start designing any software. demonstrates the ER diagram at a conceptual level using typical Chen's notation. At the top level, it recognizes CUSTOMER, VEHICLE, BOOKING, PARKING_SITE, PARKING_SLOT and PAYMENTS as needs for the system.
The diagram shows the main properties for each entity as ovals, but also where the business logic is by defining relationships with diamond shapes. In this example, the business rule that a customer can register multiple cars is modelled as "CUSTOMER Owns VEHICLE". Likewise, it logs which one "VEHICLE is Included In BOOKING" and how a "PARKING_SITE Contains PARKING_SLOT". This conceptual map helps cover all data points from license plates to payment methods without being restricted by DBMS constraints.
Logical ERD
[image: ]

After conceptual modelling, the design was transformed from a Logical Entity-Relationship Diagram to Logical ERD. This was where the conceptual entities were now transformed into structured relational tables and the attributes were made into actual fields on a table.
PKs are explicitly defined in the logical design to maintain entity integrity, Customer ID for Customers table and License Plate for Vehicles table in addition, Foreign Keys (FK) were created to enforce referential integrity over the system. This diagram excellently illustrates the 1: N (one-to-many) relationship that is a backbone of Auto Park Management System. A single customer can have multiple vehicles (Customer ID as FK in Vehicles) and a single vehicle (License Plate as FK in Bookings). This logical schema gives clear guidance with how it will eventually be constructed in Microsoft Access.

[bookmark: _Toc235459774]Physical ERD

[image: ]
Figure 1: Entity Relationship Diagram showing the database schema, including primary keys, foreign keys, and cardinality.
The Entity-Relationship Diagram is a fundamental blueprint for the Parking Management System. This diagram visualizes the structural design of the database by illustrating how different tables interact with one another [2].
Design Highlights:
· Primary and Foreign Keys: The diagram enables the unique identification of records by defining Primary Keys for each table. Foreign Keys, on the other hand, are used to establish connections between tables and ensure referential integrity across the system.
· Cardinality: Relationships represented by the symbols for "one" and "infinity" define the rules of interaction. For example, there is a one-to-many relationship between "Customers" and "Vehicles," indicating that a single customer can register multiple vehicles.
· Referential Integrity: The established relationships prevent errors by linking each reservation to an existing vehicle. This structure ensures data consistency and facilitates efficient querying for management reports.



[bookmark: _Toc235459775]6. Data Structure Design
Tables created: The database's core tables are Customers, Parking Areas, Parking Spaces, Payments, Vehicles, and Reservations. These tables were created to organize data into logical groups, reduce data redundancy, and ensure efficient and accurate data retrieval.
Field names and data types: Each table has been designed with specific data types chosen for their role in the system (AutoNumber for primary keys, Short Text for names/addresses, Date/Time for scheduling, and Currency for financial transactions)
[image: ]
Figure 2: Design View of the Bookings table showing field names, data types, and primary key configuration.
[image: ]
Figure 3: Design View of the Customers table, detailing field properties and data types for storing customer information.
[image: ]
Figure 4: Design View of the Payments table, illustrating the structure for financial records and the use of the Currency data type for payment amounts.
[image: ]
Figure 5: Enforce Referential Integrity settings to ensure data consistency.

[bookmark: _Toc235459776]7. Normalization (Up to 3NF)
To ensure data integrity and minimize data redundancy, database design proceeds through the following stages [3].
· 1st Normal Form (1NF): All tables are structured to ensure uniqueness. Each field contains only a single value, and there is no redundant or repetitive data.
· 2nd Normal Form (2NF): The database satisfies 2NF as all tables are already in 1NF and every non-key attribute is fully functionally dependent on the primary key. There are no partial dependencies.
· 3rd Normal Form (3NF): We eliminated transitive dependencies by ensuring that all non-key attributes depend solely on the primary key. For instance, customer information is stored in the Customers table rather than the Reservations table, so that it does not depend on the booking ID.
· Explain decisions: The decision to normalize the database up to 3NF was driven by the need to prevent data anomalies:
· Preventing Update Anomalies: By separating Customers from Bookings, we only need to update customer contact information in one place, rather than in every booking record.
· Reducing Redundancy: Storing vehicle information in a dedicated Vehicles table prevents the system from re-entering full vehicle specifications every time a new booking is created.
· Ensuring Data Integrity: This modular structure ensures that the system maintains high data quality, as every piece of information is stored in its logical location.


[bookmark: _Toc235459777]8. Sample Data
The tables below present sample data entered the system. These records demonstrate the functionality and practicality of the database by verifying that all relationships, constraints, and data types—such as Currency for payments and Date/Time for reservations—operate as intended. Each table contains a representative set of records to illustrate system usage.
[image: ]
Figure 6: Datasheet View of the Bookings table showing populated sample data, demonstrating the system's operational state with active records.
[image: ]
Figure 7: Datasheet View of the Customers table, illustrating populated sample records for client contact information.
[image: ]
Figure 8: Datasheet View of the Vehicles table, illustrating populated sample data for vehicle records.
[image: ]
Figure 9: Datasheet View of the Payments table, illustrating populated sample data for financial transactions and payment methods.


[bookmark: _Toc235459778]9. Queries
The following queries were developed to extract and process data for operational and management decision-making:
	QUERY NAME
	PURPOSE

	All Booking Report
	Provides a comprehensive view of all booking records, including customer and vehicle details.

	Find Free Slots
	Filter the Parking Slots table to identify currently available spaces for new bookings.

	Sorted Vehicle List
	Organizes all registered vehicles alphabetically by make and model to improve data readability.

	Total Revenue Calculation
	Performs a mathematical calculation on the Payments table to calculate total revenue.



Detailed Analysis: The "Find Free Slots" query is a key feature of the Automated Parking Management System. This query provides convenience by instantly displaying which parking spaces are currently available for new customers, grouped by specific parking sites. It utilizes an INNER JOIN to link the "Parking Slots" and "Parking Sites" tables and filters the results using a WHERE clause based on the "Current Status" field.
SQL Code for Find Free Slots:
[image: ]
Figure 10: SQL View of the 'Find Free Slots' query, illustrating the INNER JOIN and filtering logic.
[image: ]
Figure 11: Datasheet View showing the results of the 'Find Free Slots' query, displaying only available parking spaces.

Detailed Analysis: Total Revenue Calculation
[image: ]
Figure 12: Design View of the 'Total Revenue Calculation' query, showing the calculation logic.
[image: ]
Figure 13: SQL View of the 'Total Revenue Calculation' query, illustrating the underlying code.
[image: ]
Figure 14: Datasheet View showing the result of the revenue calculation.



[bookmark: _Toc235459779]10. Forms and Reports
Forms (User Interface for Data Entry) The forms serve as the primary interface for users to input data into the system, ensuring an intuitive and error-free data entry process.
· Bookings Entry: Allows staff to register new bookings quickly.
[image: ]
    Customer Details: Used to manage customer profiles and contact information.
[image: ]
Payment Processing: Dedicated form for recording financial transactions.
[image: ]
Reports (Data Output and Summaries) Reports are designed to present data in a clear, formatted, and professional layout suitable for printing or management review.
· All Bookings Report: A summary report providing a clear overview of all booking activity. 
[image: ]



[bookmark: _Toc235459780]11.Validation and Testing
Testing Methods To verify the system's accuracy, I performed the following tests:
· Validation Rule Testing: Checked if the system rejects invalid data (e.g., negative numbers) in the 'Amount Paid' field.
· Data Entry Testing: Tested form inputs to ensure data is correctly saved in the tables.

Issues found and fixes
	Issue Identified

	Fix Implemented

	Entering negative values in 'Amount Paid’
	Added Validation Rule >0 to the field.

	Unformatted date entries
	Added Input Mask to date fields.



[image: ]
Figure 15: Validation Rule settings for the Amount Paid field.

[image: ]
Figure 16: Validation rule in action – rejecting invalid input

[bookmark: _Toc235459781]12. Reflection
Challenges Encountered The most challenging aspect of the project was to connect the tables in the database correctly. It was also time-consuming to write the right queries for how much revenue they generated. And at the same time, I added rules to prevent users from entering things in wrong.
Enhancements for Next Time In future, I can implement one more feature in the system where booking confirmations will be sent via emails automatically. In addition, I could create a more complex and graphical management dashboard to facilitate administrator tasks. I have also learnt how to construct a database structure and manage one whilst doing this project very well.


[bookmark: _Toc235459782]13.Conclusion
In conclusion, this project developed a Database for Auto Park Management System. Old manual paperwork is replaced by a new automated system. All parking data now exists in a single repository with organized data that can be secured. This makes seeing along bookings and payments and where the available slots to park become a lot easier. All in all, this system has been used for data loss and errors to solve earlier problems and a good practice of managing how databases have worked.
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[bookmark: _Toc235459784]15. Appendices
No additional documentation required.
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