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[bookmark: _Toc218009352]1. Introduction
The purpose of this report is to design and implement a relational database system for EcoRide, an electric bike rental program launched by a local authority to promote healthy and environmentally friendly transportation. EcoRide provides electric bikes in public locations such as parks, train stations, and university campuses, allowing registered users to rent and return bikes throughout the city.
Currently, the EcoRide system relies on paper forms and basic spreadsheets to record user information, bike availability, rental transactions, and maintenance activities. This manual approach has caused several operational issues, including duplicate bookings, lost or undelivered bikes, inconsistent maintenance records, and limited reporting capabilities. As a result, the organization lacks a clear overview of system usage and bike availability.
To address these challenges, a structured relational database is required. The proposed database system aims to centralize all operational data, reduce errors, improve data consistency, and facilitate efficient querying and analysis. This report documents the process of scenario analysis, database structure design, implementation of tables and relationships using Microsoft Access, sample data population, query creation, and system validation.
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The EcoRide system operates as a city-wide electric bike rental service. Users must register before using the service, providing essential personal information and an identification number. Once registered, they can access bikes at any EcoRide station by scanning their ID.
Each station has multiple bikes, which can be in different states: available, currently rented, or undergoing maintenance. Bikes require regular inspections and repairs to ensure their safety and reliability. These maintenance tasks are performed by EcoRide staff.
When a rider rents a bike, a rental transaction is created. This transaction records data such as the user, the bike used, the rental start time, the return time, the length of the rental, and the total cost. Accurate rental records are essential for tracking usage patterns and identifying issues such as overdue or lost bikes.
Key Entities Identified
Rider:
Rider are registered users of the EcoRide service. Their personal and contact information must be stored to ensure accountability and communication.
Bike:
Bike are the main asset of the system. Each bike has a unique identifier, type, status, condition, and location.
Station:
Stations are the physical locations where bikes are picked up and returned. Tracking stations allow for better management of bike distribution.
Staff:
Staff are responsible for the maintenance and inspection of bikes. Recording staff involvement facilitates accountability and tracking of maintenance.
Rental:
Rental records are the core business of the system and link users, bikes, and stations.
Maintenance:
Maintenance records store information about inspections and repairs performed on bikes.
Operational Challenges Identified:
• Manual data entry leads to errors and inconsistencies.
• Difficulties in tracking bike availability in real time.
• Maintenance information is informal and incomplete.
• Occasional duplicate bookings and unreturned bikes.
• Limited ability to analyse overall service usage.
These challenges justify the need for a structured database solution.
[bookmark: _Toc218009354]3. Data Structure Development
During the data structure development phase, best practices for relational database design were followed to ensure integrity and consistency. According to Microsoft technical support, good database design involves clearly identifying entities, defining attributes, and establishing relationships with primary and foreign keys, thereby ensuring efficient and reliable information management [1].
The EcoRide database was developed using Microsoft Access. Based on the scenario analysis, six tables were created to represent the system’s main entities
Rider Table
The Rider table stores information about registered users. Each rider is assigned a unique RiderID, which acts as the primary key. Additional fields include full name, email address, phone number, ID number, and registration date.
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Figure 1: Rider table design
Station Table
The Stations table stores information about EcoRide locations. The fields include the station ID, name, and description. This table allows the system to track where bikes are picked up and returned.
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Figure 2: Station table design
Bike Table
The Bike table stores information about all electric bikes. Fields include Bike ID, bicycle type, status, purchase date, and current station. The Station ID field acts as a foreign key that links bikes to their location.
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Figure 3: Bike table design
Staff Table
The Staff table stores information about employees involved in maintenance and inspection. Fields include StaffID, FullName, role and contact number.[image: A screenshot of a computer
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Figure 4: Staff table design
Rental Table
The rental table records each transaction. It links rider, bike, and station using foreign keys and stores the start time, return time, duration, and total rental cost.
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Figure 5: Rental table design
Maintenance table
The maintenance log records all maintenance activities performed on the bike. It links the bike to the staff member and includes the date and type of service, as well as any notes.
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Figure 6: Maintenance table design
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The development of the Entity-Relationship Diagram (ERD) was guided by the principles of entity-relationship modelling. As described in TutorialsPoint, the ERD allows visualization of the connections between entities, definition of cardinalities and types of relationships, thus ensuring that the design accurately reflects the actual operations of the EcoRide system [2].
After creating all the tables, the relationships between entities were defined using the Relationships tool in Microsoft Access. Each primary key was linked to its corresponding foreign key, and referential integrity was ensured to guarantee data accuracy and consistency throughout the database.
The ERD presents several one-to-many relationships that reflect the actual operations of the EcoRide system. For example, a single user can complete multiple rental transactions over time, while each rental is associated with only one user. Similarly, each bicycle can be rented multiple times and can also have multiple maintenance records throughout its lifecycle.
Stations are linked to multiple bicycles, allowing the system to track the location of each one, while staff are linked to maintenance records to ensure accountability for service activities. Cascading updates have been enabled to maintain consistency when key values ​​change, while cascading deletes have been intentionally disabled to prevent the accidental loss of important historical data.
This structured relational design ensures that the database remains consistent, reliable, and easy to maintain.
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Figure 7: Entity-Relationship Diagram
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To ensure efficient data organization and minimize unnecessary redundancies and dependencies, the EcoRide database was normalized to Third Normal Form (3NF). According to Guru99, normalization helps maintain data integrity, facilitates database maintenance, and optimizes query performance, which is essential for a system that manages bicycle rental and maintenance transactions [3].
The EcoRide database has been normalized according to Third Normal Form (3NF) to minimize redundancy and dependency issues.
First Normal Form (1NF):
All tables contain atomic values ​​and there are no repeating groups.
Second Normal Form (2NF):
All non-key attributes are completely dependent on the primary key.
Third Normal Form (3NF):
There are no transitive dependencies between non-key attributes.
This level of normalization ensures data integrity, simplifies maintenance, and improves database performance.

[bookmark: _Toc218009357]6. Sample Data Population
To demonstrate the practical use of the database, sample data was added to each table. At least six realistic records were inserted into the Rider, Station, Bike, Staff, Rental, and Maintenance tables.
The sample data represents typical scenarios, such as registered rider, active and completed rental, bike in maintenance, and staff performing inspections.
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Figure 9: Rider sample data
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Figure 10: Station sample data
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Figure 11: Bike sample data
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Figure 12: Staff sample data
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Figure 13: Rental sample data
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Figure 14: Maintenance sample data
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The query development phase enabled the extraction of useful information from the database for daily operations and usage analysis. According to Microsoft Support, queries in relational databases allow filtering, sorting, and combining data from multiple tables, facilitating the retrieval of accurate information about bike availability, maintenance status, and user activity [4].
The query development phase demonstrates how the EcoRide database can be used to retrieve meaningful and relevant information to support daily operations and decision-making. The queries were created using Microsoft Access Query Design View to reflect the techniques demonstrated during the lectures and hands-on sessions.
The queries focus on common operational requirements, such as identifying available bikes, tracking rented bikes, monitoring maintenance needs, and reviewing user activity. Each query has been tested with sample data and includes screenshots showing both the query design and the results. Taken together, these queries highlight the effectiveness of the relational database structure and confirm that the system can effectively manage and analyse EcoRide’s operational data.
Query 1 – Available Bikes
This query was designed to display all bikes that are currently available for rental. It retrieves information from the BikeID, bike type, status, and current station. A criteria was applied to the Status field to only return records where the status is set to “Available”.
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Figure 15: Query design Bike table
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Figure 16: Query showing all available bikes
This query is particularly useful for operational staff, as it provides a quick overview of which bikes are ready to be rented at any given time. It also helps prevent double bookings by ensuring that only available bikes are considered for new rentals.
Query 2 – Bikes Currently on Rental
This query identifies all bikes that are currently rented and have not yet been returned. The query uses the Rental table and applies a criterion  where the RentalEnd field is left empty a criterion where the RentalEnd field is left empty (NULL). This ensures that only active rental transactions are displayed.
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Figure 17: Query design Bike & Rental
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Figure 18: Query showing bikes currently out on rental
By using this query, EcoRider staff can easily track ongoing rentals and indentify bikes that are still in use. This reduces the risk of unreturned bikes and improves overall control of thre rental process.


Query 3 – Bikes Under Maintenance
This query retrieves information about bikes that are currently undergoing maintenance or have been flagged as requiring inspection. Data is sourced from Maintenance and Bike tables, allowing staff to view bike condition, maintenance dates and responsible staff members.
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Figure 19: Query design Bike
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Figure 20: Query showing bikes under maintenance
The query supports effective maintenance management by ensuring that bikes under repair are clearly identified and not made available for rental. It also assists in planning future servicing and maintaining safety standards.
Query 4 – Rentals by a Specific Rider
This query displays the rental history of a specific rider by filtering results based on the RiderID field. It combines data from the Rider and Rental tables to show the rider’s full name, rental end date and total cost.
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Figure 21: Query design Rider & Rental 
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Figure 22: Query showing rental history for specific rider
This query is useful for reviewing user activity, handling customer enquiries and analysing individual usage patterns. It also demonstrates how database supports personalised data retrieval while maintaining data integrity through enforced relationships.

8. Validation and Testing
The purpose of the validation and testing phase is to confirm that the database is working correctly and meets the system requirements. This process involves verifying that data can be stored, edited, displayed, and organized correctly, while ensuring the integrity of the data in the related tables. The following tests demonstrate typical actions that a user performs in Microsoft Access to validate the functionality, reliability, and usability of the database.
The empty row shown at the button of the table represents Microsoft Access default option for adding new records. This does not indicate missing data and does not affect the integrity or functionality of the database.
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Figure 23: Rider table with exiting data
When attempting to edit an existing record, Microsoft Access prevented the change due to referential integrity rules linked to Bike table. This confirms that the system correctly enforces data consistency.
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Figure 24: Referential integrity enforced during data editing






During this validation test, data in the table was sorted using the sorting tools built into Microsoft Access. The sorting was applied to a selected column in ascending and descending order to confirm that the system can correctly organize the stored records. The results demonstrate that the database responds to user input and that the data can be arranged efficiently for review and management purposes.
[image: A screenshot of a computer]
	Figure 25: Records sorted during validation testing

Conclusion
In conclusion, the EcoRide database system successfully meets the requirements of the initial report. Implementing a structured relational database, instead of paper records and spreadsheets, has significantly improved operational efficiency, minimized errors, and facilitated faster and more accurate data analysis.
The project demonstrates a solid understanding of database design principles, including the correct identification of entities, relationship modelling, normalization, and data validation to ensure integrity and consistency across all tables. Each of these phases ensures that the system not only functions correctly but is also reliable and scalable for the daily use of EcoRide program administrators and users.
While the current database meets the basic requirements, there is considerable potential for improvement. Future updates could include automated rental cost calculations, bike maintenance reminders, more intuitive user forms, and integration with mobile platforms, enabling more flexible access and more efficient operational management.
Overall, the EcoRide database is a robust and reliable tool for managing the electric bike rental program, providing a solid foundation for future system expansions and optimizations, while ensuring a more organized and efficient experience for all users involved.
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