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Modern organisations rely heavily on structured data systems to support efficient operations, ensure data integrity, and enable meaningful analysis. Relational databases provide a robust framework for storing and managing interconnected data, offering consistency, reliability, and scalability [1]. This report presents the design and implementation of a relational database for EcoRide, a sustainable bike rental service.
The database was developed following established database design principles, beginning with conceptual modelling through an Entity–Relationship Diagram (ERD), progressing to logical and physical design, and concluding with implementation in Microsoft Access [2]. The aim is to replace manual processes with a structured digital solution that supports accurate record‑keeping, enforces business rules, and enables analytical queries.
Screenshots are included throughout the report to demonstrate the design process, table structures, relationships, and query outputs. These visual elements provide evidence of the system’s functionality and alignment with academic database design standards [3].
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EcoRide operates across multiple stations, offering bicycles for rental to registered riders. Each rider provides unique identification details, and each bike is assigned to a specific station. Rentals are managed by staff members, who also perform maintenance tasks to ensure the fleet remains safe and operational.
The system must capture:
· Rider details
· Bike information
· Station locations
· Rental transactions
· Staff roles
· Maintenance activities
The database must also enforce business rules such as:
· One rider can make many rentals over time
· One bike can be rented many times
· One bike can have many maintenance records
· One staff member can manage many rentals and maintenance tasks
These requirements align with typical operational needs of rental‑based services and justify the use of a relational model [4].
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The design process followed classical database development stages:
Requirement Analysis
Understanding EcoRide’s operational needs and identifying required data elements.


Conceptual Design
Creating an ERD to represent entities, attributes, and relationships. ER modelling is widely used because it provides a clear conceptual view of the system [4].

Logical Design
Mapping the ERD into relational tables with primary keys, foreign keys, and constraints.

Normalization
Applying normalization up to Third Normal Form (3NF) to eliminate redundancy and ensure consistency [5].

Physical Implementation
Building the database in Microsoft Access, creating tables, enforcing relationships, and developing queries [3].
Normalization and referential integrity were essential to prevent anomalies and maintain data quality [6].
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Entities were identified based on EcoRide’s operational structure and the information required to support its processes [2].
· Rider: stores personal and identification details of individuals renting bikes.
[image: ]
Figure 1. Rider Table – Design View and Datasheet View
The Design View defines the RiderID as the primary key and IDNumber as a unique identifier. The Datasheet View displays sample rider records, demonstrating how personal and contact information is stored in a structured format.

Bike: stores information about each bicycle in the fleet.
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Figure 2. Bike Table – Design and Datasheet Views
The Design View outlines the table’s structure, including BikeID as the primary key and StationID as a foreign key. The Datasheet View contains sample entries representing different bike types and conditions, confirming that the table supports accurate fleet management.

· Station:  stores details of physical locations where bikes are stored.
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Figure 3. Station Table – Design and Datasheet Views
The Design View specifies StationID as the primary key and defines fields for station name and location. The Datasheet View includes sample station records, illustrating how geographic data is captured and linked to bikes.

· Rental:  records each rental transaction linking riders and bikes.
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Figure 4. Rental Table – Design and Datasheet Views
The Design View includes foreign keys linking to RiderID, BikeID, and StaffID, along with fields for rental dates, duration, and cost. The Datasheet View displays sample rental transactions, confirming that the table supports tracking of rental activity and financial data.

· Staff:  stores information about employees managing rentals and maintenance.
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Figure 5. Staff Table – Design and Datasheet Views

The Design View defines StaffID as the primary key and includes fields for staff name and role. The Datasheet View shows sample staff entries, demonstrating how personnel data is stored and categorised by function.


· Maintenance: records service tasks performed on bikes.
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Figure 6. Staff Table – Design and Datasheet Views
The Design View defines MaintenanceID as the primary key and includes foreign keys for BikeID and StaffID. The Datasheet View contains sample maintenance records, demonstrating how service tasks are documented and linked to responsible staff and affected bikes.
Each entity contains attributes relevant to its purpose. For example, Rider includes a unique IDNumber to prevent duplicate registrations, while Rental includes derived attributes such as Duration. This separation of entities supports normalization and ensures data integrity [5].
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Figure 7. Entity Relationship Diagram for EcoRide Database
The ERD visually represents the structure of the database and the relationships between entities. Crow’s foot notation is used to show cardinality, which is widely recommended for clarity in conceptual modelling [4].
The relationships are:
· A Station hosts many Bikes
· A Rider makes many Rentals
· A Bike supports many Rentals
· A Bike requires many Maintenance tasks
· A Staff member performs many Maintenance tasks
· A Staff member manages many Rentals
These verbs express the 1‑to‑many nature of each relationship while maintaining academic clarity.
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Tables were created in Access with clearly defined primary keys and foreign keys. The design adheres to 3NF principles, ensuring that each table contains only attributes directly related to its primary key and that no transitive dependencies exist [5]. 
For example:
· StationID appears only in the Bike table, not repeated across multiple tables.
· Rider IDNumber is marked as unique to prevent duplicate registrations.
· Rental includes foreign keys RiderID and BikeID to maintain referential integrity.
[image: ]
Figure 8.  Relationships Window of EcoRide Tables
The Relationships window (Figure 7) demonstrates enforced referential integrity, preventing orphan records and ensuring consistency across the database [6].
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Sample data was entered into each table to test the structure and relationships. The Rider table includes unique IDNumbers, while the Rental table links valid RiderID and BikeID values.
This step ensures that the database can store realistic data and that constraints such as uniqueness and foreign key dependencies function correctly [2].
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[image: ]
Figure 9. MostUsedBikes Query – Combined Design and Datasheet Views
Queries were developed to support EcoRide’s operational needs. These include:
· OngoingRentals – identifies rentals where ReturnDate is NULL
· MostUsedBikes – counts rentals per bike
· MaintenanceHistory – lists maintenance tasks for each bike
· RiderActivity – shows number of rentals per rider
Query design is a crucial part of database implementation because it enables meaningful analysis and supports decision‑making [3].
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Validation involved testing constraints, relationships, and queries. Attempting to insert a rental with an invalid RiderID produced an error, demonstrating that referential integrity was correctly enforced [6]. As in (Figure. 9) it ensures each rider is uniquely identified, and in (Figure. 10) the referential integrity prevents orphan rentals without valid riders.
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Figure 10. Checking Referential Integrity
[image: ]
Figure 11. Testing Primary Key Uniqueness
Queries were tested against expected outputs to ensure accuracy and reliability.
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Figure 12. OngoingRentals Query: Test and Result
This figure displays the test configuration and result of the OngoingRentals query. The query filters rental records where the ReturnDate is NULL, identifying active transactions. The result confirms that the query successfully retrieves ongoing rentals.
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Figure 13. MaintenanceHistory Query: Test and Result
This figure presents the test setup and output of the MaintenanceHistory query. The query extracts maintenance records linked to specific bikes, enabling tracking of service history. The result verifies correct retrieval of maintenance data.


[image: ]
Figure 14. Rental Query:  Test and Result
This figure illustrates the test and result of a general Rental query. The query retrieves rental details This figure illustrates the test and result of a general Rental query. The query retrieves rental details including RiderID, BikeID, RentalDate, ReturnDate, Duration, and Cost. The result demonstrates successful extraction of rental transaction data.
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Figure 15. RiderActivity Query: Test and Result
This figure shows the test structure and result of the RiderActivity query. The query groups rental records by RiderID and counts the number of rentals per rider. The result confirms accurate aggregation of rider activity.
These steps confirms that the database behaves as intended and support EcoRide’s operational requirements.
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The project highlighted several challenges, including handling NULL values, enforcing uniqueness, and designing derived attributes. Rider IDNumber was marked as unique to prevent duplication, while ongoing rentals were identified using NULL in ReturnDate.
Future improvements could include:
· User‑friendly forms for data entry
· Automated cost calculation based on rental duration
· Monthly usage and maintenance reports
· Role‑based access control for staff
These enhancements would improve usability, security, and operational efficiency [1].
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