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[bookmark: _Toc234408890]Introduction
This report details the design and implementation of a relational database system for an AutoPark Management System, developed using Microsoft Access. The primary purpose of database systems in modern business environments is to efficiently store, manage, and retrieve vast amounts of information, transforming raw data into actionable insights [1]. Manual systems, prevalent in many traditional operations, often suffer from inherent limitations such as data redundancy, inconsistencies, and inefficiencies in data retrieval and reporting. These shortcomings can lead to significant operational bottlenecks, increased administrative overheads, and suboptimal decision-making, particularly in dynamic environments like parking management where real-time information is crucial [2].

The adoption of relational databases offers substantial benefits, including enhanced data accuracy through integrity constraints, improved data consistency, reduced redundancy, and greater flexibility in querying and reporting. By structuring data into interconnected tables, relational databases facilitate a clear and logical representation of complex business processes [3]. This report will systematically address the development of a robust database solution for AutoPark, moving from conceptual design to practical implementation considerations. It will cover a comprehensive scenario analysis, the creation of an Entity-Relationship Diagram (ERD), detailed data structure development, the application of normalisation principles up to Third Normal Form (3NF), and the design of essential queries, forms, and reports. Furthermore, the report will include a thorough validation and testing methodology, concluding with a reflection on the project's strengths, challenges, and potential future enhancements for the AutoPark Management System.
[bookmark: _Toc234408891]Scenario Analysis
Effective database design commences with a meticulous analysis of the operational scenario to accurately identify and define the core entities and their interrelationships. For the AutoPark Management System, the following entities are critical for managing parking operations, customers, vehicles, bookings, and payments. Each entity represents a distinct, real-world object or concept about which data needs to be stored, and its identification is foundational to constructing a robust relational database schema [4].
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Figur:1 showing parking site in design view
[bookmark: _Toc234408893]Parking Slot
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Figur:2 showing parking slot in design view
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Figur:3 showing customer in design view
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Figur:4 showing vehicle in design view
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Figur:5 showing booking in design view
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Figur:6 showing payment  in design view


[bookmark: _Toc234408898]Entity Relationship Diagram
An entity-relationship diagram (ERD) is a high-level conceptual data model that shows the entities in a system and the connections between them in order to graphically depict the structure of a database [6]. It acts as the database's blueprint, promoting effective stakeholder communication and guaranteeing that all business rules are appropriately incorporated into the database design. The ERD provides the conceptual basis for the relational database for the AutoPark Management System by outlining the interactions between the Parking Site, Parking Slot, Customer, Vehicle, Booking, and Payment entities.
[bookmark: _Toc234408899]Key Components of the ERD
[bookmark: _Toc234408900]Primary Keys (PK)
A Primary Key is an attribute, or a set of attributes, that uniquely identifies each record in a 
table [5]. Its major function is to guarantee Entity Integrity, a fundamental relational database principle that stipulates that each row's primary key value must be unique and cannot be null. Within the AutoPark framework:

· The PK for Parking Site is called SiteID.
· The PK for Parking Slot is SlotID.
· The PK for a customer is CustomerID.
· The PK for Vehicle is VehicleID.
· The PK for Booking is BookingID.
· The PK for Payment is PaymentID.
[bookmark: _Toc234408901]Foreign Keys (FK)
An attribute, or collection of characteristics, in one table that establishes a connection with the primary key in another table is known as a foreign key [7]. Referential integrity, which states that if a foreign key value exists, it must match a primary key value in the referenced table or be completely null, depends on foreign keys. This keeps the database consistent and avoids orphaned records. SiteID in Parking Slot, for example, is a foreign key that references SiteID in Parking Site.

[bookmark: _Toc234408902]Cardinality
Cardinality defines the number of instances of one entity that can be associated with the number of instances of another entity [8]. It describes the maximum number of possible relationship occurrences for an entity participating in a given relationship type. The common types are:

1. One-to-One (1:1): An instance of entity A is associated with at most one instance of entity B, and vice-versa. While less common in relational databases, it can be used for partitioning a table for security or performance reasons.
1. One-to-Many (1:M): An instance of entity A can be associated with one or many instances of entity B, but an instance of entity B is associated with at most one instance of entity A. This is the most prevalent relationship type.
1. Many-to-Many (M:N): An instance of entity A can be associated with one or many instances of entity B, and an instance of entity B can be associated with one or many instances of entity A. This relationship cannot be directly implemented in a relational database and requires an associative table (also known as a junction or bridge table) to resolve it into two one-to-many relationships.

[bookmark: _Toc234408903]Participation
Participation specifies whether an entity instance must participate in a relationship (mandatory) or can exist without participating (optional) [8]. It describes the minimum number of possible relationship occurrences for an entity participating in a given relationship type.








[bookmark: _Toc234408904]Relationships in AutoPark Management System
[bookmark: _Toc234408905]Parking Site and Parking Slot (One-to-Many)
[bookmark: _Toc234408906][image: ]
Figure 7 on this screenshot showing one to many relationships between parking slot and parking site.
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Figure 8 on this screenshot showing one to many relationships between customer and vehicle.
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Figure 9 on this screenshot showing one to many relationships between booking and customer.
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Figure: 10 on this screenshot showing one to many relationships between vehicle and booking.
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Figure: 11 on this screenshot showing one to many relationships between parking slot and booking.
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Figure: 12 on this screenshot showing one to many relationships between booking and payment.


Figure 1 – ER Diagram

[bookmark: _Toc234408910] ata Structure Development
The logical design phase, informed by the ERD, translates the conceptual model into a detailed schema, specifying tables, fields, data types, and constraints. This section elaborates on the creation of each table within the AutoPark Management System database in Microsoft Access, justifying the choices made to enhance data integrity and system efficiency [9].
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[bookmark: _Toc234408911]Table: Parking Site
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This table stores information about each parking location.


[bookmark: _Toc234408912]Table: ParkingSlot
[image: ]
This table details individual parking spaces within each site.



[bookmark: _Toc234408913]Table: Customer
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This table stores information about the customers.

[bookmark: _Toc234408914]Table: Vehicle
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This table stores details about customer vehicles.
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This table records each parking reservation.

[bookmark: _Toc234408916]Table: Payment
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This table records all financial transactions.


[bookmark: _Toc234408917]rmalisation
Database normalisation is a systematic process of structuring a relational database to reduce data redundancy and improve data integrity [10]. It involves decomposing larger tables into smaller, less redundant tables and defining relationships between them. The goal is to achieve a state where data is stored logically and efficiently, minimising anomalies that can arise during data insertion, deletion, or update operations. This section will demonstrate the normalisation process for a hypothetical unnormalised table from the AutoPark Management System, progressing through First, Second, and Third Normal Forms (1NF, 2NF, 3NF).

[bookmark: _Toc234408919]First Normal Form (1NF)
A table is in First Normal Form (1NF) if it contains no repeating groups and all attributes are atomic (indivisible) [11]. To achieve 1NF from the UNF table, we eliminate the repeating groups by creating separate tables for Booking and Payment and ensuring each column holds a single value.

[bookmark: _Toc234408920]Second Normal Form (2NF)
A table is in Second Normal Form (2NF) if it is in 1NF and all non-key attributes are fully functionally dependent on the primary key [12]. This means that no non-key attribute is dependent on only a part of a composite primary key. 


[bookmark: _Toc234408921]Third Normal Form (3NF)
A table is in Third Normal Form (3NF) if it is in NF and all non-key attributes are not transitively dependent on the primary key.


[bookmark: _Toc234408922]Importance of Third Normal Form
Achieving Third Normal Form is crucial for several reasons:

1. Data Redundancy: 3NF significantly reduces data redundancy by ensuring that each piece of information is stored in only one place. This minimises storage space and prevents inconsistencies that can arise from duplicate data entries.
1. Data Integrity: By eliminating transitive and partial dependencies, 3NF enhances data integrity. Update, insertion, and deletion anomalies are largely prevented, ensuring that the data remains accurate and consistent across the database.
1. Maintenance: A normalised database is easier to maintain. Changes to data only need to be made in one location, simplifying updates and reducing the risk of errors.
1. Storage Efficiency: Reduced redundancy directly translates to more efficient use of storage space, which can be a significant advantage for large databases.
1. Flexibility and Scalability: A well-normalised database is more flexible and easier to extend. New entities or attributes can be added without significantly impacting existing structures, making the system more adaptable to future business requirements.

By applying normalisation principles up to 3NF, the AutoPark Management System database achieves a robust and efficient structure, capable of accurately managing complex parking operations while maintaining high data quality and integrity. This systematic approach ensures that the database is not only functional but also resilient to common data management challenges.

[bookmark: _Toc234408923]Sample Data
Populating the database with realistic sample data is a critical step in the development process, serving multiple purposes beyond merely filling tables. It allows for thorough testing of the database structure, validation of relationships and constraints, and provides a tangible representation of how the system will operate with live information [14]. For the AutoPark Management System, the following sample data sets are provided for each table, ensuring a minimum of five records per table, reflecting typical parking scenarios.

[bookmark: _Toc234408930]Importance of Realistic Sample Data During Testing
Realistic sample data is paramount during the testing phase of database development for several reasons:

1. Validation of Constraints and Relationships: By inserting data that mimics real-world scenarios, developers can verify that primary key, foreign key, and other integrity constraints (like validation rules) are functioning as intended. For example, attempting to insert a Booking with a non-existent CustomerID should trigger an error, confirming referential integrity [15].
1. Query Accuracy and Performance: Sample data allows for the creation and execution of various queries to ensure they return the expected results. It also helps in assessing query performance, identifying potential bottlenecks, and optimising indexes. Queries for available parking spaces or revenue reports can be tested against this data to confirm their correctness.
1. Form and Report Functionality: Forms designed for data entry and reports generated for analysis can be thoroughly tested with realistic data. This helps in identifying usability issues, display errors, and ensuring that reports accurately reflect the underlying data.
1. Identification of Edge Cases: Realistic data often includes variations and edge cases (e.g., bookings spanning midnight, disabled parking slots, pending payments) that might not be considered with generic test data. Testing with such data helps uncover unforeseen bugs or design flaws.
1. User Acceptance Testing (UAT): When the database is presented to end-users for UAT, realistic data makes the system more relatable and allows users to provide more meaningful feedback, as they can interact with data that resembles their daily operations.
1. Data Volume Simulation: While not full-scale, a reasonable amount of sample data can provide an early indication of how the database will perform under a certain load, guiding decisions on indexing and hardware requirements.

In summary, the use of realistic sample data moves the testing process beyond theoretical validation to practical verification, ensuring that the AutoPark Management System database is robust, reliable, and fit for purpose.

[bookmark: _Toc234408931]Query Development
Queries are fundamental to extracting meaningful information from a relational database, transforming raw data into actionable insights that support operational efficiency and strategic decision-making [16]. In the AutoPark Management System, a variety of queries can be developed to monitor parking availability, track bookings, manage revenue, and provide comprehensive reporting. This section outlines several essential queries, detailing their purpose, the tables involved, criteria, expected output, and the business benefits they provide.



[bookmark: _Toc234408948]Reports
Reports are crucial for transforming raw database data into organised, presentable, and actionable information, enabling stakeholders to monitor performance, identify trends, and make informed decisions [18]. In the AutoPark Management System, various reports can be generated to provide insights into daily operations, financial performance, and site utilisation. Microsoft Access offers robust reporting tools that can aggregate data from multiple tables, apply calculations, and present the results in a clear and professional format.

[bookmark: _Toc234408949]Daily Revenue Report
1. Purpose: To summarise the total revenue generated on a specific day, potentially broken down by parking site or payment method.
1. Explanation: This report would pull data from the Payment table, linked to the Booking and ParkingSite tables. It would group payments by date and sum the Amount field. Filters could be applied to select a specific date range.
1. Assists Management: Provides a quick and accurate overview of daily financial performance, helping management track income, reconcile daily transactions, and identify any discrepancies promptly. It supports short-term financial planning and cash flow management.

[bookmark: _Toc234408950]Bookings Report
1. Purpose: To list all bookings within a specified period, including details such as customer, vehicle, site, slot, and booking times.
1. Explanation: This report would join data from Booking, Customer, Vehicle, ParkingSlot, and ParkingSite tables. It could be filtered by date range, customer, or site to provide targeted information.
1. Assists Management: Offers a comprehensive view of booking activity, allowing management to assess occupancy rates, identify peak booking times, and manage resource allocation. It can also be used for customer service inquiries and operational planning.

[bookmark: _Toc234408951]Payments Report
1. Purpose: To detail all payment transactions, including payment status (paid, pending, refunded), amount, and method.
1. Explanation: This report would primarily draw from the Payment table, linked to the Booking and Customer tables. It could highlight outstanding payments or provide a summary of payment methods used.
1. Assists Management: Essential for financial auditing, tracking payment collection, and managing accounts receivable. It helps in identifying payment trends, managing overdue payments, and ensuring financial health.

[bookmark: _Toc234408952]Parking Occupancy Report
1. Purpose: To show the occupancy levels of parking slots at different sites over time.
1. Explanation: This report would analyse data from the ParkingSlot and Booking tables to determine how many slots are occupied versus available. It could present occupancy rates as percentages or counts, potentially with graphical representations.
1. Assists Management: Provides critical insights into the utilisation of parking assets. Management can use this information to optimise pricing, adjust staffing levels, or consider expansion/contraction of parking facilities based on demand.

[bookmark: _Toc234408953]Site Performance Report
1. Purpose: To compare the performance of different parking sites based on various metrics such as revenue, booking volume, and occupancy rates.
1. Explanation: This report would aggregate data from Booking, Payment, and ParkingSite tables, presenting key performance indicators (KPIs) for each site. It could include comparative charts or tables.
1. Assists Management: Facilitates strategic decision-making by allowing management to identify top-performing sites, understand underperforming assets, and allocate resources more effectively. It supports competitive analysis and strategic planning.

Figure 12 – Revenue Report

These reports provide management with the necessary tools to gain a holistic understanding of the AutoPark Management System's operations, financial standing, and resource utilisation, ultimately contributing to improved efficiency and profitability.

[bookmark: _Toc234408954]alidation and Testing
Database validation and testing are indispensable processes to ensure the reliability, accuracy, and integrity of the AutoPark Management System. This involves systematically checking that the database design meets the specified requirements, functions correctly, and handles various data scenarios without errors [19]. A professional testing table is crucial for documenting the testing process, recording observations, and tracking resolutions.

[bookmark: _Toc234408955]Professional Testing Table
The following table outlines a structured approach to testing various aspects of the AutoPark database, including primary keys, foreign keys, data validation, relationships, queries, forms, and reports.


[bookmark: _Toc234408956]Issues Discovered and Corrections
During the testing phase, several potential issues were identified and subsequently corrected to enhance the database's robustness and user experience:

These iterative testing and correction cycles are vital for refining the database design and implementation, ensuring that the AutoPark Management System is not only functional but also reliable and user-friendly.

[bookmark: _Toc234408957]Reflection
The development of the AutoPark Management System database has been an insightful journey, offering a practical application of theoretical database design principles. This reflection critically examines the strengths, weaknesses, and challenges encountered, the lessons learned, and potential future enhancements for the system.

[bookmark: _Toc234408958]Strengths
One of the primary strengths of this project lies in its structured approach to design, beginning with a comprehensive scenario analysis and progressing through ERD creation, normalisation, and implementation. This systematic methodology ensured that the database schema is logically sound, minimising redundancy and maximising data integrity. The application of Third Normal Form (3NF) significantly reduced data anomalies, making the database robust and reliable for operational use [13]. Furthermore, the use of Microsoft Access as the development platform proved beneficial for rapid prototyping and demonstrating core relational database concepts, including the creation of tables, relationships, queries, forms, and reports within an integrated environment. The emphasis on referential integrity and entity integrity throughout the design process ensures that the relationships between entities are consistently maintained, preventing orphaned records and maintaining data consistency [5, 7].

[bookmark: _Toc234408959]Weaknesses
Despite its strengths, the current implementation has certain weaknesses. While Microsoft Access is excellent for small-to-medium scale applications and educational purposes, its scalability and concurrency handling are limited compared to enterprise-grade RDBMS like SQL Server or MySQL. For a rapidly expanding AutoPark system with potentially thousands of concurrent users, Access might become a bottleneck, leading to performance degradation and data contention issues [20]. Additionally, the security features inherent in Access are less robust than those found in more sophisticated database systems, which could be a concern for sensitive customer and payment data. The current design also relies on manual data entry for much of its operation, which, despite form validations, still presents a potential for human error.

[bookmark: _Toc234408960]Challenges
Several challenges were encountered during the project. One significant challenge was accurately translating complex business rules into precise cardinality and participation constraints within the ERD. For instance, determining whether a ParkingSlot must always be associated with a Booking or if it could exist independently required careful consideration of the business logic. Another challenge involved the normalisation process, particularly in identifying and eliminating transitive dependencies to reach 3NF without over-normalising and complicating query performance. Balancing the theoretical purity of normalisation with practical implementation considerations, such as the trade-off between data integrity and query complexity, was a continuous learning curve. Finally, ensuring comprehensive testing across all functionalities, from basic data entry to complex query outputs and report generation, demanded meticulous planning and execution to identify and rectify subtle errors.

[bookmark: _Toc234408961]Lessons Learned
This project underscored several critical lessons. Firstly, the importance of a thorough initial requirements analysis cannot be overstated; ambiguities at this stage propagate throughout the design and implementation phases. Secondly, iterative development and testing are crucial. Rather than a linear progression, the process of designing, implementing, testing, and refining allowed for early detection and correction of errors, leading to a more robust final product. Thirdly, understanding the trade-offs inherent in database design – for example, between normalisation levels and query performance – is vital for making informed decisions. Finally, the project highlighted the value of clear documentation at each stage, from ERD to data dictionary, which serves as an invaluable resource for development, maintenance, and future enhancements.

[bookmark: _Toc234408962]Possible Improvements and Future Enhancements
Looking ahead, several improvements and enhancements could significantly elevate the AutoPark Management System:

1. Cloud Database Migration: Migrating the database from Microsoft Access to a cloud-based relational database service (e.g., Azure SQL Database, AWS RDS) would address scalability, concurrency, and security concerns, enabling the system to handle a larger user base and data volume more effectively [21].
1. Mobile App Integration: Developing a complementary mobile application for customers would enhance user experience, allowing them to view available slots, make bookings, and manage payments on the go. This would require a robust API layer interacting with the backend database.
1. ANPR (Automatic Number Plate Recognition) Integration: Integrating ANPR technology at parking site entrances and exits would automate vehicle identification, streamline entry/exit processes, and enhance security, reducing the need for manual checks and improving efficiency [22].
1. Online Payments Gateway: Implementing a secure online payment gateway would provide customers with convenient and diverse payment options, improving the payment process and potentially increasing revenue collection efficiency.
1. Real-Time Monitoring and Analytics: Developing a dashboard for real-time monitoring of parking slot availability and occupancy, coupled with AI-powered parking analytics, could provide predictive insights into demand patterns, optimising pricing and resource allocation [23].
1. QR Code Entry/Exit: Implementing QR code-based entry and exit systems could offer an alternative, contactless method for accessing parking facilities, enhancing user convenience and operational flexibility.
1. AI Parking Analytics: Leveraging AI for demand forecasting, dynamic pricing, and identifying optimal parking strategies could significantly improve revenue management and customer satisfaction by predicting peak times and adjusting rates accordingly.

These enhancements would transform the AutoPark Management System into a more modern, scalable, and intelligent solution, capable of meeting the evolving demands of urban mobility and smart city initiatives.

[bookmark: _Toc234408963]Conclusion
The development of the AutoPark Management System database, meticulously designed using Microsoft Access, has successfully demonstrated the application of foundational database principles to address the inefficiencies inherent in manual parking management systems. The primary objective of this database was to enhance accuracy, efficiency, reporting capabilities, slot availability management, and revenue management for AutoPark operations. Through a systematic approach encompassing scenario analysis, ERD creation, data structure development, normalisation, query formulation, and the design of user interfaces (forms and reports), a robust and functional relational database has been constructed.

The benefits of adopting a relational database system for AutoPark are manifold. It significantly reduces data redundancy, ensures data consistency through the enforcement of entity and referential integrity, and provides a structured framework for efficient data storage and retrieval. The rigorous application of normalisation, specifically achieving Third Normal Form (3NF), has been pivotal in optimising the database structure, mitigating update, insertion, and deletion anomalies, and thereby safeguarding the long-term integrity and reliability of the data. The creation of diverse queries empowers the system to extract valuable insights, ranging from real-time slot availability to comprehensive revenue analysis, directly supporting operational decision-making and strategic planning.

Furthermore, the implementation phase, including the design of user-friendly forms and informative reports, ensures that the database is not only technically sound but also practically usable by AutoPark staff. The thorough validation and testing process, documented through a professional testing table, has been instrumental in identifying and rectifying potential issues, affirming the system's reliability. Overall, this project has successfully met its objectives, providing a comprehensive database solution that significantly improves the management of AutoPark operations. The insights gained and the robust structure established lay a solid foundation for future enhancements, positioning AutoPark for greater efficiency and adaptability in a dynamic market.
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