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Introduction
A city based parking service provider called AutoPark management system who are in charge of managing several parking sites across the city currently depends on manual ways of recording information about vehicles, their customers, parking slots, bookings, and payments. This traditional method of recording information has led to various challenges such as duplication of data, incorrect records, data loss, poor management of parking spaces,  repeated errors and delay in accessing important information. The business is growing and the number of parking sites is also increasing, the traditional method currently being used is no longer efficient to support daily operations.
The aim of this project is to build and implement an integrated database system by using Microsoft Access to streamline how the parking operations is being managed. The database will provide an efficient and organised way of storing, organising and recovering information relating to vehicles, parking sites, customers, parking slots, payments and bookings. 
The system is going to support the main requirements of the AutoPark Management System by managing customer records, vehicle details, parking site information, parking slot availability, booking transactions, and payment records. Also, relationships between tables will be established to ensure data integrity and consistency while reducing data duplication through normalisation. Queries and reports will also be included in the system to allow management to monitor parking occupancy, track customer bookings, monitor payment records, and monitor revenue generated across parking sites. In summary, the planned database solution is expected to strengthen operational performance, help management to make informed decisions, and support future improvements of the parking management process  .
Scenario Analysis
Main Entities and Attributes
A database design start with understanding the business needs and identifying the data that needs to be stored and the links between data entities. According to standard database design principles, entities represent major objects described in the database, while attributes are the properties of those entities. A careful examination of the business requirements help to ensure that the database supports business operations and reduces redundancy and repetition by using a well-structured data modelling.
After carefully analysing the scenario, the following business objects were frequently mentioned and because these objects represent separate thing that are recorded independently, they therefore become entities in the database.
Customer- Record information of the vehicle owners who are the users of the parking service.
Attributes
Customer ID
Customer Name
Phone Number
Email 

Vehicle- Records vehicle information
Vehicle is an entity because vehicle information changes on its own from customer information
Attributes
Vehicle ID
Registration No
Vehicle Type
Colour

Parking Site-Parking Site entity stores information about all AutoPark branch operating across the cities. It enables the system to manage several parking locations at the same time.
Attributes 
Site ID
Site Name
Address
Capacity (Total Slots)

Parking Slot-Parking slot indicates single parking space at the parking sites
Attributes
Slot ID
Slot Number
Slot Status (Available/Occupied)
Parking Slot Type (Standard/Disabled)

Booking-Records all transactions relating to parking
Attributes
Booking ID
Entry Time
Exit Time
Entry Date
Exit Date

Payments-Records all payment made for any completed booking
Attributes
Payment ID
Payment Date
Amount
Payment Method.
Relationships
A relationship in a relational database refer to a connection between two or more tables also called entities which shows how data in one table is linked to another data in a different table. It simply means how entities relate with one another.
Below are the relationships identified from the given scenario:
Customer (one) ---- (Many) Vehicle- A customer can register more than one vehicles with AutoPark. but, each vehicle is associated to one customer only.
Vehicle (One)----- (Many) Bookings-One vehicle can be allowed to park in the site many times on different dates. Each booking is connected to one vehicle.
Parking Site (One)----(Many) Parking Slot- A parking site can have many parking slots. However, a parking slot can exist at one parking site only.
Parking Slot (One)----(Many) Booking- A parking slot can only accommodate one vehicle at a time, but as time passes it can also be used for many  bookings.
Booking (One)---(One) Payment- Each completed booking generates one payment record.
1. [bookmark: _Toc235100077]Entity-Relationship Diagram (ERD)
Entity Relationship Diagrams are simple pictures that show entities, attributes and relationships in a database. It helps designers to check if the system meet the business need before implementing the database and act as a step by step plan of building the database.
In an entity relationship diagram, entities are represented using rectangle shape, attributes using oval shape linked to the entity and relationship using diamond shape which is connected to entities using lines [4] [5].
1.1. [bookmark: _Toc235100078]Conceptual Data Model
This is one of the types of data models which defines the kind of information the system stores. It is commonly created by business stakeholders and database developer in order to organise data, define the scope of the system and establish business needs [6] [7].

[image: The image displays a flowchart with various input fields such as ID, Name, ParkingSlot, and Payment, along with decision points and outputs.

AI-generated content may be incorrect.]
1.2. [bookmark: _Toc235100079]Logical Data Model
Logical data model is used to indicate how data is organised and how different types of data are related to one another. It provides more detailed information of the conceptual model by showing the structure of the data and the relationship that exist between them [7].
[image: The image displays a diagram of a database schema for a parking management system, including entities such as customers, vehicles, bookings, parking sites, and payments, along with their respective attributes and foreign key relationships.

AI-generated content may be incorrect.]
2. [bookmark: _Toc235100080]Data structure Development
The tables in the database are developed in Microsoft Access using the ERD. Each table has a primary key (PK) to identify all data, while foreign keys (FK) link related tables. Referential integrity makes sure that the data is correct and accurate.
A primary key is a one or more fields that recognises each record in a table. It indicates that no two records can share the same primary key. A table can contain only one primary key, but can have many unique keys. Unlike a unique key, a primary key must always contain a Value and cannot be empty, to ensure that all record has a unique identifier.
A foreign key is a column that links one table to another by using the primary key from another table. It establish relationships between tables and it makes sure that only valid data is stored, which help to keep the database accurate and reliable [8].
Tables Example as designed in the database:
Customer
· CustomerID (PK)
· Name
· PhoneNumber
· Email
· VehicleID (FK)
ParkingSite
· ParkingSiteID (PK)
· Name
· Capacity
· Address
· SlotID (FK)
Booking
· BookingID (PK)
· EntryDate
· ExitDate
· EntryTime
· ExitTime
· VehicleID FK
· SlotID FK
Payment
· PaymentID (PK)
· Amount
· Method
· Date
· BookingID (FK) [9].
2.1. [bookmark: _Toc235100081]Database Design Screenshots
[image: The image displays a diagram of a customer-vehicle relationship, with various fields and options for managing and editing the relationship in a database.

AI-generated content may be incorrect.]
[image: The image displays a diagram of a relational database schema for a parking system, including tables for customers, vehicles, and parking slots, with various relationships and attributes defined.

AI-generated content may be incorrect.]
[image: The image displays a diagram of a relational database schema, showing relationships between entities such as ParkingSlot, ParkingSite, Customer, and Vehicle, with various fields and cascade options for updating and deleting.

AI-generated content may be incorrect.]
[image: The image displays a diagram of a database schema for a parking management system, with relationships between tables such as ParkingSlot, Customer, Vehicle, and ParkingSite.

AI-generated content may be incorrect.]
[image: The image displays a diagram of a relational database schema, specifically the relationship between the 'Booking' and 'Payment' tables, with various fields and options for managing referential integrity.

AI-generated content may be incorrect.]
Relationships between entities
[image: The diagram illustrates a database schema for a parking management system, detailing various relationships between entities such as customers, payments, bookings, and parking slots.

AI-generated content may be incorrect.]
3. [bookmark: _Toc235100082]Normalisation Compliance
The AutoPark system is normalised to third normal form (3NF) to minimise data duplicate and enhance data consistency. In first normal form (1NF), each table stores one single values and ensures no repeating groups are found within the table. second normal norm (2NF) ensures that each non-key attributes is fully depending on the primary key, while third normal form (3NF) remove transitive dependencies ensuring all non-key attributes are only depending on the primary key.
The database consists of separate tables which satisfy 3NF by recording customer, parking site, parking slot, vehicle, booking, and payment information in an individual related tables. This structure reduces data duplication, support consistency, and makes it easier to manage the database [10].
4. [bookmark: _Toc235100083]Sample Data Population
Sample data shows how the database works before actual implementation
Customer data population
[image: The image displays a customer relationship management table with columns for customer details, contact information, and related bookings.

AI-generated content may be incorrect.]
Vehicle data population
[image: The image displays a table with various vehicle types, colors, and registration numbers, alongside options for booking, customizing, and managing parking and payments.

AI-generated content may be incorrect.]
Booking data population
[image: The image displays a table with a list of bookings for parking slots, including customer details, entry and exit times, and vehicle information.

AI-generated content may be incorrect.]
Parking site data population
[image: Booking

AI-generated content may be incorrect.]
Parking slot data population
[image: The image displays a table with various fields related to parking, including available statuses, slot types, and IDs, with some fields marked for input.

AI-generated content may be incorrect.]
Payment data population
[image: The image displays a table with columns for different payment methods, including card and cash, with dates, amounts, and customer details.

AI-generated content may be incorrect.]
5. [bookmark: _Toc235100084]Query Development
Queries are used to extract meaningful information from the database t support operational and management activities [11]. 
Below are screenshots of some queries and result from the autopark management system
[bookmark: _Toc235100085]Fig. 1. Customer email from Customer Table
[image: The image displays a user interface with various options to query customer information, including email, booking details, parking, payment, and vehicle information.

AI-generated content may be incorrect.]
[image: The image displays a table in a customer database, showing customer emails, and includes various fields such as booking, parking, payment, and queries.

AI-generated content may be incorrect.]
[bookmark: _Toc235100086]Fig. 1. Find Available Standard ParkingSlots
[image: The image displays a user interface with a list of available standard parking slots, including a searchable database for selecting specific parking sites, payment options, and vehicle types.

AI-generated content may be incorrect.]
[image: The image displays a table with columns for ParkingSlotID, ParkingSlotStatus, ParkingSlotNumber, ParkingSlotType, and a list of available parking slots, including information on the number of slots, their status, and their type.

AI-generated content may be incorrect.]
[bookmark: _Toc235100087]Fig.3. Find customers who entered between 8AM and 12PM
[image: The image appears to be a screenshot of a Microsoft Access query builder interface, where a query is being constructed to find customers who entered a parking site between 8:00 AM and 12:00 PM.

AI-generated content may be incorrect.]
[image: The image displays a table listing customer entries and exits from a parking facility, with columns for booking ID, entry and exit times, dates, and vehicle information.

AI-generated content may be incorrect.]
[bookmark: _Toc235100088]Fig. 4. Find payments more that £20 and paid by Card
[image: The image displays a SQL query snippet that finds all payments greater than ￂﾣ20, paid by card, from a customer's booking record.

AI-generated content may be incorrect.]
[image: The image displays a table listing various payments, each with a payment ID, payment method, date, and amount, indicating that payments greater than ￂﾣ20 have been made by card.

AI-generated content may be incorrect.]
[bookmark: _Toc235100089]Fig.5. Find Vehicle that are Red or Blue
[image: The image appears to be a screenshot or a schematic representation of a user interface, likely from a software application, where a user is performing a query to filter and display a list of vehicles that are either red or blue.

AI-generated content may be incorrect.]
[image: The image displays a table with a vehicle search feature, filtering results by color (red or blue) and vehicle type (SUV or motorcycle), and includes additional columns for registration number, booking, customer information, and parking details.

AI-generated content may be incorrect.]
[bookmark: _Toc235100090]Fig. 6. Find card or cash payments above £20
[image: The image displays a user interface with a table listing payment records, filtering for payments above ￂﾣ20, and includes options to search for cards, cash payments, customers, parking sites, and vehicles.

AI-generated content may be incorrect.]
[image: The image displays a table listing various payment details, including payment IDs, methods, dates, amounts, and customer information.

AI-generated content may be incorrect.]

5.1. [bookmark: _Toc235100091]Forms
[image: The image displays a customer information form with fields for customer details, contact information, and vehicle information.

AI-generated content may be incorrect.]
[image: The image displays a vehicle parking system interface, showing a black car (VehicleID: 1) with registration number AB23 XYZ, booked by a customer (CustomerID: 1), with entry and exit times recorded for a specific slot.

AI-generated content may be incorrect.]
[image: The image displays a booking record in a system, detailing a customer's parking reservation, including the booking ID, entry and exit times, dates, vehicle ID, and parking slot number.

AI-generated content may be incorrect.]
[image: The image displays a user interface with a form for searching and booking parking slots, including fields for location, capacity, and payment details.

AI-generated content may be incorrect.]
[image: The image displays a user interface with a parking slot management system, including fields for parking slot ID, status, site, number, type, and options to search for payment or vehicle details.

AI-generated content may be incorrect.]
[image: The image displays a payment form with fields for payment method, date, amount, and booking ID.

AI-generated content may be incorrect.]
[bookmark: _Toc235100092]7.2 Reports
[image: The image displays a booking form with columns for booking ID, entry and exit times, vehicle and parking slot details, and payment information.

AI-generated content may be incorrect.]
[image: The image displays a table listing five parked slots, each with a status, type, and a timestamp indicating the last update.

AI-generated content may be incorrect.]
[image: The image displays a payment summary table with columns for payment ID, payment method, date, amount, and booking ID.

AI-generated content may be incorrect.]
[image: The image displays a vehicle tracking sheet with columns for date, time, vehicle ID, type, color, and registration number, listing various types of vehicles.

AI-generated content may be incorrect.]
6. [bookmark: _Toc235100093]Validation and Testing
The normalisation and ERD were checked by reviewing that the database satisfied the requirements of the AutoPark System. The entities, relationships, primary and foreign keys were verified to confirm they were properly assigned. The database was assessed using the principles of 1NF, 2NF and 3NF to minimise duplicate data and improve data consistency. These techniques helped confirm that the database was accurate, reliable, and suitable for AutoPark management system [10] .
The figure below indicates that the value entered does not match the data type in the exit date column
[image: The image displays a booking management table with columns for customer details, vehicle information, parking slot, and booking entries, including time and date for entry and exit.

AI-generated content may be incorrect.]
The figure below shows the value entered does not match the data type in the payment amount column.
[image: The image displays a booking payment form with various payment options, including cards, cash, and contactless payments, along with associated dates and amounts.

AI-generated content may be incorrect.]
The figure below is the vehicle table and it shows an error message when adding data that does not exist on the customer table to customer ID (FK) 
[image: The image displays a Microsoft Access database table layout with various vehicle and customer information fields, indicating a missing customer record error.

AI-generated content may be incorrect.]
7. [bookmark: _Toc235100094]Design Decisions
The database was developed by making use of different tables for customers, vehicles, parking sites, parking slots, bookings and payments to minimise data duplication and improve data consistency. MS Access has been chosen because it is user friendly and support efficient designing of tables, relationships, generating forms and queries. It is suitable for developing small to medium size database such as the AutoPark management system.
Some of the challenges faced while using MS Access to develop the database include ensuring that the foreign keys matched the primary keys, generating SQL queries and developing a normalised structure. Future developments may include automated payments, online booking, and real-time parking availability tracking
8. [bookmark: _Toc235100095]Conclusion
The AutoPark Management System database was developed to improve the manual parking operations with a more functioning and reliable solution. The database was developed to oversee important areas of the business such as customers, vehicles, parking slots, parking sites, bookings, and payments. The system followed the principles of database by designing the Entity Relationship Diagram creating relationships between entities and normalising the database to Third Normal Form (3NF) to minimise data duplication and improve data quality. Sample data and queries were created to demonstrate how the system function and how it can support daily operations including monitoring parking availability, tracking vehicle movements, and managing payment records.
In summary, the Microsoft Access database offers AutoPark Management System with a structured way to store and manage parking information. It reduces manual errors, it improves data consistency and enable management to generate useful reports for effective decision making [7] [10].
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