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[bookmark: _Toc233469562]Introduction 
Effective parking management is essential for small facilities with limited resources, as relying on manual procedures often results in inefficiencies, inaccurate data, and revenue losses that compromise service quality and profitability[1]. Recent research demonstrates that digital tools and automation can significantly reduce these issues; for example, Optical Character Recognition(OCR) is a digital tool that captures the license plate and converts the image into text, which can be used as an entry in the database for further reference, thereby considerably reducing manual workload[2]. In response to these challenges, this report presents the design and implementation of a database system that is essential to a Parking Management System that aims to automate core operations such as vehicle tracking, rate calculation, and payment processing to reduce inefficiencies common in manual management. 
1. [bookmark: _Toc233469563]Scenario Analysis 
The scenario focuses on developing a robust database solution for “AutoPark Management System”, a city‑based parking service provider that currently relies on manual processes to record vehicle entries, parking slots, customer details, and payments. The purpose of the assignment is to design and implement a structured relational database in Microsoft Access to automate these operations, thereby reducing errors and data loss and improving efficiency across multiple parking sites. Within this context, the project requires identifying and describing the main entities – namely, the objects about which the system must store information – defining their attributes and the relationships that connect them, and constructing a model that supports real‑time monitoring, accurate record‑keeping, and reliable reporting for operational decision‑making[3].
The database for the AutoPark Management System, called the AutoPark Central Management Database(ACMD), was developed using a relational methodology, as shown in Figure 1, to ensure data integrity, minimise redundancy, and support efficient operational workflows[4]. 
[image: ]
Figure 1: The Logical Relational Design Methodology: basic steps
After analysing the system's functional requirements, six main entities—Customer, Vehicle, Parking Site, Parking Slot, Booking, and Payment—were identified. Each entity represents a fundamental component of the parking management process, as summarised in Table 1.
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Table 1: Main Entities of the AutoPark Management System
[image: ]
A Customer owns one or more Vehicles, and each vehicle may be associated with multiple bookings over time. ParkingSites consist of several ParkingSlots, with each slot allocated to bookings as needed. The Booking entity functions as the central associative entity, connecting the customer, vehicle, and parking slot for each parking session. Once a booking is confirmed, it generates a corresponding Payment, which records the financial transaction for that session.
Together, these structured relationships ensure accurate tracking of customer activity, vehicle usage, slot allocation, and revenue collection within a coherent and integrated relational database system. 
2. [bookmark: _Toc210402486][bookmark: _Toc231128378][bookmark: _Toc233469564]Entity Relationship Diagram(ERD) 
[bookmark: _Hlk170769605]The Entity-Relationship Diagram (ERD), first introduced by Chen, is essential for designing the logical structure of databases because it enables the specification of data and relationships among entities. ERDs provide a solid foundation for subsequent technical implementation[4], [5]. 
The ERD for the ACMD illustrates the system’s logical structure by outlining the main entities, their attributes, and the relationships that support automated parking operations.
2.1 [bookmark: _Toc233469565]List of attributes and their descriptions
Tables 2 to 7 describe each entity in the ACMD ERD, outlining all attributes, their purposes, and the primary key(PK) and foreign keys(FK). 
Table 2: Customer Entity
[image: ]
Table 3: Vehicle Entity
[image: ]

Table 4: ParkingSite Entity
[image: ]
Table 5: ParkingSlot Entity	
[image: ]
Table 6: Payment Entity
[image: ]

Table 7 : Booking Entity
[image: ]
2.2 [bookmark: _Toc233469566]List of relationships and their meaning 
The relationships among the main entities in the ACMD ERD are defined through cardinality, which specifies the type of relationship between entities, and participation constraints, which determine whether an entity’s existence depends on its involvement in that relationship[3], [6]. Together, these constraints ensure that the data model accurately represents operational dependencies.
A one‑to‑many relationship exists between Customer and Vehicle entities: each customer may own multiple vehicles, but each vehicle is owned by exactly one customer. This configuration enforces full participation for Vehicle and partial participation for Customer, as customers may be present in the system prior to registering any vehicles.
Similarly, a customer may create multiple bookings, each booking linked to one customer, resulting in a one-to-many relationship between Customer and Booking entities, with full participation by Booking. 
Each Booking is also associated with exactly one Vehicle, although a vehicle can appear in many bookings, thereby forming a many-to-one relationship with full participation on the Booking side. 
The relationship between Booking and Payment is one‑to‑one: each booking is associated with exactly one payment, and each payment corresponds to one booking. Payment require full participation, while bookings may exist without payment in cases such as cancellations. 
At the site level, each ParkingSite contains multiple ParkingSlots, and every slot must belong to a site, resulting in a one‑to‑many relationship with full participation for ParkingSlots. 
A ParkingSlot can be used in multiple bookings over time, but each Booking refers to one slot, creating a one‑to‑many relationship. This ensures full participation on the Booking side and partial participation on the ParkingSlots, as slots may remain unused.  
2.3 [bookmark: _Toc233469567]ER diagram 
Figure 2 presents the ERD that illustrates the logical structure of the ACMD.
[image: ]
Figure 2: ERD for the AutoPark Central Management Database 
The data structure for the ACMD was developed directly from the ERD to ensure that each entity is represented as a well‑defined table with appropriate keys, constraints, and relational links. Each table includes a primary key to uniquely identify records, while foreign keys enforce referential integrity between related entities[3]. Additional constraints such as data types, validation rules, and relationship cardinalities were applied to maintain consistency and prevent anomalies during data entry.
The Customer table was created with CustomerID as the PK, ensuring each customer is uniquely identifiable. The Vehicle table includes VehicleID as its PK and CustomerID as a FK, ensuring that every vehicle belongs to a registered customer. The ParkingSite table uses SiteID as its PK, while the ParkingSlot table includes SlotID as its PK and SiteID as a FK, ensuring that each slot is correctly associated with a specific parking site. The Booking table acts as the central associative structure, linking vehicles and parking slots. It contains a primary key, BookingID, and foreign keys, VehicleID and SlotID, ensuring that bookings can only be created for registered vehicles and available slots. Finally, the Payment table includes PaymentID as the primary key and BookingID as a foreign key, enforcing the one‑to‑one relationship between bookings and payments. 
Together, these structured entities and constraints form a robust relational database that supports data integrity, prevents duplication, and ensures reliable operation of the AutoPark Management System.
3. [bookmark: _Toc233469568]Normalisation 
Database normalisation involves eliminating partial and transitive dependencies by decomposing relations into smaller, well-structured tables and establishing appropriate foreign key constraints[3].
The normalisation process begins by examining the relational schema in its unnormalized state, followed by applying First Normal Form, Second Normal Form and finally Third Normal Form.
[bookmark: _Toc233469569]3.1	Relational Schema Before Normalisation 
The initial relational schema was derived directly from the ERD and consisted of the following unnormalized entity structures, as shown in Figure 3, which outlines the key entities and their attributes.

Figure 3: Initial unnormalized entity structures derived directly from the ERD
All PK and FK are already identified.
[bookmark: _Toc233469570]3.2	First Normal Form(1NF) 
A table satisfies 1NF when all attributes contain atomic values, no repeating groups exist, and each record is unique[3], [7]. In the Customer table, the Address attribute—comprising HouseNumber, StreetLine, City, Postcode, and Country—violates this requirement because it contains multiple distinct components. To achieve 1NF and avoid repeating groups, these elements were separated into individual attributes and a CustomerAddresses table was introduced, with AddressID stored as a foreign key in the Customer table. In addition, the FullName attribute was decomposed into FirstName and LastName to ensure atomicity. A similar issue occurred in the ParkingSite table, where the Address attribute was non‑atomic; therefore, it was normalised into StreetLine, Area, City, and Postcode to maintain consistency with 1NF principles.
After normalising all entities to satisfy 1NF requirements, the updated schema is shown in Figure 4, illustrating the revised entity structures.

Figure 4: Updated relational schema after applying 1NF
3.3 [bookmark: _Toc233469571]Second Normal Form(2NF)
A table satisfies 2NF when it is already in 1NF and contains no partial dependencies, meaning no non‑key attribute depends on only part of a composite primary key[3], [7]. In this design, all tables use single‑attribute primary keys rather than composite keys; therefore, partial dependencies cannot occur, and all tables inherently meet the requirements of 2NF.
[bookmark: _Toc233469572]3.4	Third Normal Form(3NF)
A table satisfies 3NF when it is already in 2NF and contains no transitive dependencies, meaning no non‑key attribute depends on another non‑key attribute[3], [7]. To meet this requirement, the Booking table was decomposed into Booking and BookingStatus, the Payment table into Payment and PaymentStatus, and the ParkingSlot table into ParkingSlot and SlotType, with the corresponding status or type identifiers stored as foreign keys. This separation removes descriptive attributes such as status names and slot type names, which depend on intermediate identifiers rather than the primary key, thereby eliminating transitive dependencies. The resulting structure reduces redundancy, improves data accuracy, and ensures more efficient storage. Figure 5 presents the final normalised tables in 3NF.

Figure 5: Normalised Tables in 3NF
4 [bookmark: _Toc210402491][bookmark: _Toc231128383][bookmark: _Toc233469573]Sample Data Population
Sample data was populated across all database tables to support testing, query development, and system validation, and to demonstrate how the ACMD system operates with realistic records. Figures 6 to 15 display the sample records for each table.
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Figure 6: Customer table
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Figure 7: CustomerAddresses table
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Figure 8: Vehicle table
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Figure 9: ParkingSite table
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Figure 10: ParkingSlot table
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Figure 11: SlotType table
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Figure 12: Booking table
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Figure 13: BookingStatus table
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Figure 14: Payment table
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Figure 15: PaymentStatus table
5 [bookmark: _Toc210402492][bookmark: _Toc231128384][bookmark: _Toc233469574]Query Development 
A query is a structured instruction used to retrieve, analyse, update, or delete data stored within a relational database. Queries enable users to filter information, calculate or summarise data, and automate data management tasks[8]. In the ACMD system, queries are essential for managing bookings, payments, parking activity, and system maintenance.
Figures 16 to 25 present a series of query screenshots that demonstrate how these operations were implemented, showing both the logic behind each query and the practical outcomes they produce within the database.
[image: ]
Figure 16: Query Design retrieving customer address details based on a specific vehicle registration number
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Figure 17: Query Design for identifying vehicles parked at a specific site, date, and time range
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Figure 18: Query Design for identifying the most in‑demand parking site by counting bookings per site
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Figure 19: Query Design for showing parking slot usage filtered by date, site, and booking status
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Figure 20: Query Design for retrieving vehicle and booking details for a specific parking slot
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Figure 21: Query Design for counting the total number of cancelled bookings
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Figure 22: Query Design for calculating booking duration and fee
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Figure 23: Query Design for calculating total revenue per parking site based on paid transactions
[image: ]
Figure 24: Query Design that automatically populates the Amount field in the Payment table with the calculated fee for confirmed bookings
[image: ]
Figure 25: Query Design for removing all booking records with a status of ‘Cancelled’
6 [bookmark: _Toc210402493][bookmark: _Toc231128385][bookmark: _Toc233469575]Testing and Validation of Functional Requirements 
The functional requirements of the AutoPark Management System were validated through test planning, test case execution, and data-driven verification to ensure proper functionality. This approach aligns with Gupta and Upadhyay’s focus on systematic database testing, emphasising the need for planned procedures and realistic datasets to verify schema behaviour and data consistency [9]. Pankaj also highlights the importance of database testing in ensuring data accuracy, integrity, and adherence to business rules, while identifying performance and security issues early [10]. 
Each requirement of the AutoPark Management System was translated into specific test cases with defined inputs and expected outputs, as shown in Table 8. These cases were executed using sample customer records, vehicle registrations, parking slot data, and booking transactions to create realistic operational scenarios.
In all tests, the results were compared to the expected outcomes to ensure compliance with the functional requirements. Inconsistencies were analysed and resolved through iterative adjustments of table constraints, relationship definitions, and validation rules. This systematic approach guaranteed that the final database design consistently and reliably met all functional requirements.


Table 8: Test cases validating the functional requirements of the AutoPark Management System
[image: ]

Figure 26: Attempting to update a customer record without a corresponding entry in CustomerAddresses triggers a referential‑integrity error


Figure 27: Attempt to enter an existing email address in the Customer table triggers a Microsoft Access validation error

Figure 28: Attempting to add or modify a vehicle record without a matching Customer entry results in a referential‑integrity error

Figure 29: Attempting to update a parking‑slot record with a non‑existent SiteID triggers a referential‑integrity error

Figure 30: Attempting to add a booking record with a non‑existent VehicleID triggers a referential‑integrity error

Figure 31: Attempting to add a payment record with a non‑existent BookingID triggers a referential‑integrity error

Figure 32: Attempting to enter a negative PricePerHour value triggers a validation error preventing invalid pricing data

Figure 33: Attempting to delete a customer record with cascading‑delete relationships triggers a warning indicating that related records will also be removed

Figure 34: Retrieve customer booking history through linked Customer → Vehicle → Booking records
7 [bookmark: _Toc210402494][bookmark: _Toc231128386][bookmark: _Toc233469576]Design Decisions and Future Work 
7.3 [bookmark: _Toc210402495][bookmark: _Toc231128387][bookmark: _Toc233469577]Design Decisions
The design of the ACMD aimed to replace an error-prone manual process with a structured, reliable, and scalable digital solution. A relational model was selected to support data integrity, minimise redundancy, and accurately represent the operational workflow of a multi-site parking service. The primary entities—Customer, Vehicle, ParkingSite, ParkingSlot, Booking, and Payment—were identified according to the scenario's functional requirements. Each entity was assigned a clear primary key, and foreign keys were implemented to enforce referential integrity and model real-world dependencies. The Booking entity serves as the central link between vehicles and parking slots, mirroring the sequence of actions in reserving and using a parking space. Participation and cardinality constraints were established to prevent invalid or unlinked records, such as payments without bookings or vehicles without owners.
The implemented database includes fully defined tables, relationships, and constraints, supported by an ERD that illustrates the system's structure. This design enables the recording of vehicle entries, slot allocation, customer details, and payment transactions, while also facilitating reporting functions such as occupancy monitoring and revenue analysis. The resulting structure establishes a foundation for real-time operational management and future system enhancements.
Several challenges arose during the development of the database. Determining the appropriate level of normalisation to balance data integrity with practical usability was particularly complex when modelling historical bookings and slot usage. Another challenge was ensuring that participation constraints accurately reflected real-world rules without restricting legitimate system behaviour, such as allowing customers to exist before registering vehicles. Furthermore, designing a one-to-one relationship between bookings and payments demanded attention to avoid unnecessary complexity. Finally, constructing queries presented additional complexity, particularly when calculating parking durations and fees, identifying the most in‑demand parking locations, and generating total revenue reports for each site. Despite these challenges, the final design meets the scenario's requirements and delivers a coherent, efficient, and maintainable database solution.
7.4 [bookmark: _Toc210402496][bookmark: _Toc231128388][bookmark: _Toc233469578]Future Work
[bookmark: _Toc210402497][bookmark: _Toc231128389]While the current database design provides a robust foundation for managing customers, vehicles, parking slots, bookings, and payments, several enhancements may be considered for future iterations to further improve system functionality and operational efficiency. Integrating an automated licence-plate recognition module would enable real-time vehicle identification and facilitate seamless entry and exit tracking. Additionally, extending the system to support dynamic pricing models would allow parking fees to adjust according to demand, time of day, or site occupancy levels. Introducing a customer self-service portal would enable users to manage bookings, view payment history, and update personal details online. These features would enhance usability, scalability, and the overall effectiveness of the AutoPark Management System.
[bookmark: _Toc233469579]Conclusion 
This report outlines the design and development of a relational database for the AutoPark Management System, aimed at overcoming the limitations of the current manual processes through a structured, scalable solution. By identifying key entities, defining their attributes, and establishing clear relationships with appropriate constraints, the system ensures accurate data management, improved operational efficiency, and enhanced reliability. The resulting database serves as a foundation for managing customers, vehicles, parking sites, bookings, and payments, while also supporting future expansion and integration. Overall, this project demonstrates a systematic approach to database design and provides a robust model that meets the organisation’s current and evolving needs.
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