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[bookmark: _Toc235501795]Introduction
Modern society is a product of digital transformation, where information and data play a fundamental role in every aspect of life. Enormous volumes of data are created, processed, and stored every day. Effective data management is rule for success in our digital environment. A database, as a collection of electronic records, has little value to an organisation if the data cannot be processed, managed, and analysed to produce meaningful information that supports informed business decision-making. Therefore, organisations rely on a Database System (DBS), which combines the database, the Database Management System (DBMS), applications, and users into a single environment for managing data. 
[bookmark: _Toc235104199][bookmark: _Toc235484616][bookmark: _Toc235501796]Task 1.1 DBMS  concept and Data modelling – Scenario analysis and Conceptual data modelling
DBMS is a software system that enables the creation, storage, organization, retrieval, and management of databases. It provides mechanisms for efficient data access and manipulation while ensuring auditing, integrity, security, consistency, concurrency control, and recovery in the event of system failures, which constitute its core functions.[1]
DBMS has a three-level architecture: external, conceptual, and physical. Its main goal is to meet business requirements while ensuring data abstraction, data independence, and efficient data management. The external level defines how data is viewed by individual users or user groups and hides internal storage details. The conceptual level describes the overall logical structure of the database, including entities, attributes, and relationships, independent of physical implementation. The physical level defines how data is actually stored on storage media, including files, indexes, and performance structures. [1]
In my scenario I have AutoPark System for a city-based parking service provider that currently manages multiple parking sites using manual records. Which resulting in frequent errors, duplicated records, inaccurate payment tracking, and an inability to monitor available parking spaces across individual parking sites or the entire parking network in real time.
Developing DBS will centralise all parking information and automate the management of vehicle movements, parking sessions, and payment transactions. It will maintain accurate parking occupancy information and payments, allowing staff to identify available parking spaces at each parking site and across all sites while supporting efficient day-to-day operations.
In addition, the system will generate reports on parking activity, customer usage, vehicle movements, payments, monthly revenue, and operational performance across multiple parking sites. The overall objective is to improve data accuracy, eliminate manual record-keeping, increase operational efficiency, and provide reliable information to support informed business decision-making.
To design a database system that satisfies these business requirements, the data must first be analysed and structured through data modelling.
Data modelling is the process of creating a conceptual representation of data and its relationships within a system. It defines how data is structured, stored, and related, and serves as a plan for designing a database system that reflects real-world entities and their interactions, following rules and procedures.[2]
It is a blueprint mainly applied at the conceptual level, but it influences all levels of the DBMS architecture, which defines its three main types of data models: conceptual, logical and physical
On the conceptual level, the business requirements are translated into a high-level representation of entities, attributes, and relationships without considering how the data will be physically stored. [1]
This conceptual model forms the foundation for the logical data model, which defines tables, primary and foreign keys, relationships, and constraints, and subsequently the physical data model, which specifies how the database will be implemented within DBMS. Therefore, although data modelling starts at the conceptual level, it continues through the logical and physical stages of database design.
Applying the theory presented above, Task 1.1 of this project is to develop the conceptual data model. This involves identifying the main entities, their attributes, and the relationships between them. One of the most widely used techniques for modelling is the Entity Relationship Model (ERM) developed by Peter Chen in 1976. The model is typically represented visually using an Entity-Relationship Diagram (ERD). 
Fig.1 is conceptual model of my scenario.


figure 1 Conceptual model
[image: This image illustrates a customer information system with various attributes like customer ID, vehicle ID, and payment details.

AI-generated content may be incorrect.]
The main entities are Customer, Vehicle, Parking Site, Parking Session, and Payment. A customer can own one or more vehicles, and each vehicle can have multiple parking sessions over time. When a vehicle enters a parking, a parking session is created to record the entry and takes place from the ParkingSite. One ParkingSite can have many Parking sessions. When the car goes out from parking, the exit time is recorded and payment is calculated. At the end of the parking session, a payment is recorded based on the duration of the stay and Parking Site hourly rate, payments should be tracked for better resolved business decisions. Each ParkingSession can have one payment, relation 1:1, because I design my project as many parking sites managed by operators who will fill in enter time and exit time and payment is aways on exit.
[bookmark: _Toc235104200][bookmark: _Toc235484617][bookmark: _Toc235501797]Task 1.2 Relational Data Model – Logical data modelling
 My DBMS will be Access, where the data is organised in tables (relations). 
 The Relational Data Model is a logical data model where data is organized into relations (tables). Relationships between tables are established using primary and foreign keys.[1]
The logical level of modelling is concerned with describing the data requirements for a single project in more detail than the conceptual level. It provides a detailed representation of the application domain by defining entities, attributes, relationships, primary and foreign keys, and integrity constraints.[3]
This level is also referred to as the database schema because it is foundation for physical model but still developed independent from DBMS.
The logical data model is represented as a relational database schema using a Logical ERD, Fig.2, which is then implemented in Microsoft Access.
[image: This image displays a relational database schema with three main tables: Vehicle, Customer, and ParkingSession, connected through foreign keys, illustrating a many-to-many relationship among customers, vehicles, and parking sessions.

AI-generated content may be incorrect.]figure 2 Logical ERD

In Logical ERD, I specified the attributes with data types, primary and foreign keys, and the relationships between the tables. Primary keys uniquely identify each customer, vehicle, parking site, parking session, and payment record, while foreign keys maintain the relationships between the tables. Fields such as RegistrationPlate, EntryDateTime, HourlyRate, Capacity and Amount cannot be NULL, and RegistrationPlate is defined as a unique attribute to prevent duplicate vehicle registrations.

[bookmark: _Toc235104201][bookmark: _Toc235484618][bookmark: _Toc235501798]Task 1.3 Normalization Compliance
During the process of  logical data model creation, normalization should be done.
Normalization is a database design technique proposed by Codd in 1972 to produce a suitable set of relations for data requirements of an enterprise. It is the process of structuring a relational database according to a series of rules known as normal forms. The purpose of these rules is to improve the organisation of data, minimise redundancy, ensure that functionally related attributes are stored in the same relation, and maintain data integrity.[4]
There are 6 NF - the main are first three. A relation is in 1NF if each row and column intersection contains a single, atomic value. Repeating groups are removed, and data is organized into separate parent and child relations where necessary. 
My database was converted into 1NF by ensuring that each table cell has single value and no repeating groups. Each record is uniquely identified by a primary key. Initially, Vehicle was modelled as an attribute of Customer. It was later separated into its own entity because one customer can own or use multiple vehicles. This resulted in a one-to-many relationships between Customer (Parent table) and Vehicle (Child table). The Customer relation was retained because the system needs to manage customer information independently and keep  records of all registered customers - this is for future use of system.
A relation is in 2NF if it satisfies the requirements of 1NF and all non-key attributes are fully functionally dependent on the whole primary key. Any attributes that depend on only part of a composite primary key are removed and placed in separate relations.
The logical model presented above is normalised to 2NF. Each relation has a single  - attribute primary key. All non-key attributes are fully functionally dependent on their PK. 
Relation is in 3NF if it is already in 2NF and no transitive dependencies between non-key attributes, eliminates data redundancy. In my ERD, no attributes are stored simultaneously as relationship by foreign keys and as separate attributes in the same table, only The SessionStatus attribute will be removed because it can be derived from ExitDateTime. If ExitDateTime is NULL, the session is active; otherwise, it is completed. This avoids redundant data and supports the principles of Third Normal Form (3NF).

[bookmark: _Toc235104202][bookmark: _Toc235484619][bookmark: _Toc235501799]Task 1.4 Physical Database Design implemented in Microsoft Access
After the logical database schema had been normalized, it was transformed into a physical database model and implemented in Microsoft Access. This involved creating the database tables, assigning appropriate data types, defining primary and foreign keys, and establishing the relationships between the tables, Fig.3.
figure 3 Relashionship Design in Access
[image: The image depicts a data modeling interface with various components such as databases, relationships, and fields, including tables like Customer, Vehicle, and Payment, with various attributes and relationships highlighted.

AI-generated content may be incorrect.]

[bookmark: _Toc235484620][bookmark: _Toc235501800]Task 1.5 Sample Data Population
The database tables were populated with sample records to test the functionality of the AutoPark Management System and to verify the relationships and queries. Fig.4, Fig.5, Fig.6, Fig.7, Fig.8

figure 4 Relation Customer
[image: The image shows a Microsoft Access database interface, displaying a list of customer records, with fields such as CustomerID, Name, Email, and Phone, and includes options to add, search, and manage data.

AI-generated content may be incorrect.]
[image: The image displays a Microsoft Excel interface with various tabs and fields for managing data, including fields for vehicles, customers, and payment details, and includes tools for sorting, filtering, and editing.

AI-generated content may be incorrect.]figure 5 Relation Vehicle





[image: HourlyRate,

AI-generated content may be incorrect.]figure 6 Relation Parking Site


figure 7 Relation ParkingSession
[image: The image displays a table with customer parking session data, including session IDs, dates, and durations.

AI-generated content may be incorrect.]


figure 8 Payment relation
[image: The image shows a table with various fields such as 'Payment ID', 'Session ID', 'Payment Date and Time', and 'Amount', displaying a list of transactions with different dates and amounts.

AI-generated content may be incorrect.]
[bookmark: _Toc235484621][bookmark: _Toc235501801]Task 1.5 Query development
Queries display information in a dynamic result set (dynaset), which is a temporary view of data rather than a permanently stored table. Although the query results themselves are not saved, the query structure and specification can be stored and reused whenever up-to-date information is required. Each time a query is executed, it retrieves the latest data based on the current contents of the underlying tables. 
[bookmark: _Toc235484622][bookmark: _Toc235501802]QryOccupiedSpaces  
A parking space is considered occupied, when  vehicle enters the parking site and a new record is created in the ParkingSession table. And ExitDateTime field is empty. Fig.9 and Fig.10 show my query and result.
figure 9 SQL QryOccupiedSpaces
[image: The image displays a data query interface in a database software, featuring a query to count occupied spaces by site ID in a parking system.

AI-generated content may be incorrect.]

figure 10 Result for occupied Places
[image: The image shows a Microsoft Access interface with various tools and fields for managing data, including sorting, filtering, and querying information related to parking spaces.

AI-generated content may be incorrect.]
[bookmark: _Toc235484623][bookmark: _Toc235501803]QryAvailableSpaces 
Fig.11 and Fig.12 are Query and result. The result includes the ParkingSite that have not got any car too by DCount function.

figure 11 SQL Available places
[image: ]
Figure12 Result Available Spaces
[image: The image shows a user interface with various options for sorting, filtering, and managing records, including a list of spaces with their names, capacities, and occupancy status.

AI-generated content may be incorrect.]

[bookmark: _Toc235484624][bookmark: _Toc235501804]QrySessionMin
 Fig.13 and Fig.14  - it is only calculated for Customer information. 
[image: The image displays a SQL query snippet for calculating the duration in minutes of parking sessions by subtracting the entry and exit dates and times.

AI-generated content may be incorrect.]figure 13  SQL Session Duration min


[image: The image displays a table or spreadsheet listing dates, start and end times, and duration in minutes for various sessions or bookings.

AI-generated content may be incorrect.]figure 14 Result Parking Session Duration Min

[bookmark: _Toc235484625][bookmark: _Toc235501805]QryCalculatePayment 
Fig.15 and Fig.16 -  Only sessions with a recorded ExitDateTime are included, rounding up to the next full hour, and multiplies it by the hourly parking rate to determine the payment amount. The calculated values are displayed by the query and can be used for payment processing or reporting. FrmPayment actually records the payments in relation Payment, when Vehicle goes out.

[image: The image depicts a data table in a query builder interface, showcasing various fields related to parked sessions, including session IDs, entry and exit times, hourly rates, and calculated charges.

AI-generated content may be incorrect.]figure 15Design View QryCalculatePayment


[image: The image shows a list of data related to parking sessions, including dates, durations, and charges.

AI-generated content may be incorrect.]figure 16 Result Calculate Payment

[bookmark: _Toc235484626][bookmark: _Toc235501806]QryDailyRevenueSite
 Fig.17 and Fig.18 -This query generates the data for the daily revenue report. It joins the ParkingSite, ParkingSession and Payment tables to retrieve the parking site name, payment date and payment amount. The query extracts only the date from PaymentDateTime and prompts the user to enter parking site name and report date in format DD/MM/YYYY, which is accepted as payment  date, then displays all payments made for the selected parking site on the specified date.
figure 17 Design view QryDailyRevenueSite
[image: A user interface displaying a data table for a parking management system, showing fields such as site name, payment date, amount, and session details.

AI-generated content may be incorrect.]





figure 18 Result from QryDailyRevenueSite
[image: Daisy

AI-generated content may be incorrect.]

[bookmark: _Toc235484627][bookmark: _Toc235501807]Task1.6 Forms developed
Forms provide a user interface for interacting with the DB. They are used to enter, edit, and display data in a database tables.
[bookmark: _Toc235484628][bookmark: _Toc235501808]FrmEntryParkingSession
Fig.19, This is interface to start Parking session, the operator records EntryDateTime.
figure 19 FrmEnryParkingSession
[image: The image displays a digital dashboard interface, showing a list of parking sessions with details such as vehicle ID, site ID, and entry time, specifically for a session on June 22, 2026, at 4:30 AM.

AI-generated content may be incorrect.]
[bookmark: _Toc235484629][bookmark: _Toc235501809]FrmExitParkingSession
Fig.20 – The operator edits ExitTime, the Form shows only records without ExitDateTime.
[image: The image displays a form for recording a parking session, including fields for vehicle identification, entry and exit dates and times, and a session ID.

AI-generated content may be incorrect.]figure 20 FrmExitParkingSession
[bookmark: _Toc235484630][bookmark: _Toc235501810]FrmPayment
Fig.21 - With this form payment is recorded in relation Payments, to store results for reporting purposes.
[image: The image displays a payment form with fields for session ID, amount, and payment date, and a button to record or filter the data.

AI-generated content may be incorrect.]figure 21 FrmPayment

[bookmark: _Toc235484631][bookmark: _Toc235501811] Task 1.7 Reports
Reports present data in a formatted and printable layout for analysis and decision-making, Fig.22.and Fig.23.
[bookmark: _Toc235484632][image: ]figure 22 RptDailyRevenueSite
figure 23 RptTotalRevenue
[image: The image displays a database table listing various payment transactions for parking sessions, including information such as date, time, amount, and vehicle details.

AI-generated content may be incorrect.]
[bookmark: _Toc235484633][bookmark: _Toc235501812]Task 1.8 Validation and Tasting	
The workflow of the parking management system is as follows:
· The vehicle is registered in the Vehicle table, Fig.24. 
· The operator records the vehicle entry using frmEntryParkingSession, Fig.25.
· Availability places are reduced, Parksite Daisy has three cars, QryAvailableSpaces, fig.26.
· The operator records the vehicle exit using frmExitParkingSession, Fig.27.
· QryCalculatePayment calculates the parking fee, Fig.28.
· The payment is recorded using frmPayment, Fig.29.
· qryDailyRevenueSite retrieves the daily revenue for a selected parking site and date, Fig30. 
· rptDailyRevenueBySite displays the daily revenue report, Fig.31

figure 24 Register Vehicle - ID7
[image: The image displays a table or list with columns for VehicleID, CustomerID, Registration Plate, and Mark, including entries for various car brands and their associated details.

AI-generated content may be incorrect.]

figure 25 EntryParkingSession
[image: The image displays a parking session entry form with fields for session ID, vehicle ID, site code, and entry date and time.

AI-generated content may be incorrect.]

figure 26 Available Spaces
[image: The image is a table listing various parking sites with their names, capacities, and available spaces.

AI-generated content may be incorrect.]

figure 27 Exit parking session
[image: The image depicts a database table or grid layout, likely from a software application, containing fields for parking sessions, such as session IDs, parked vehicle information, and payment details, with various fields for calculating and reporting parking statistics.

AI-generated content may be incorrect.]
figure 28 Payment for session 21 is calculated
[image: The image displays a table or spreadsheet with columns for various fields such as SessionID, EntryDateTime, ExitDateTime, and Amount, showing entries for parking sessions, payments, and vehicles.

AI-generated content may be incorrect.]
figure 29 payment is recorded in table Payment
[image: The image displays a web page with a payment form for a vehicle parking session, including fields for duration, calculation, available spaces, and a session ID, with the amount set to 1.

AI-generated content may be incorrect.]
figure 30 QRY daily revenue by site
[image: Daisy

AI-generated content may be incorrect.]
[image: The image displays a daily report form with fields for the site name, payment date, and payment amount, totaling ￂﾣ1.00.

AI-generated content may be incorrect.]figure 31 Daily report by Sites


[bookmark: _Toc235501813]System limitations and future improvements
· The Customer relation is not currently required for the implemented functionality; however, it has been retained to support future system expansion. 
· The Entry Parking Session form could be simplified by combining the vehicle registration entry with the automatic recording of EntryDateTime, reducing manual input and improving usability. 
· To further simplify the database design and data entry process, RegistrationPlate could be used as the primary key instead of VehicleID.

[bookmark: _Toc235484634][bookmark: _Toc235501814]Conclusion
Data modelling provides the foundation for designing reliable DBS. Its principles were applied to design an AutoPark MS in Microsoft Access.  The implemented tables, relationships, queries, forms, and reports support vehicle movements, parking sessions, payments, parking availability, and revenue reporting. Validation confirmed that the system satisfies the business requirements by centralising parking information, automating key processes, maintaining accurate parking occupancy records, and supporting operational and business decision-making. Although several improvements have been identified, the implemented DBS demonstrates the core functions of DBMS by ensuring efficient data storage and retrieval, data integrity, consistency, and reliable reporting for better business management.
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