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1. [bookmark: _Toc219709470]Introduction


1.1. [bookmark: _Toc219709471]What is Eco Rider?

EcoRider is an electric bike rental scheme created to encourage environmentally friendly transport. It allows registered users to hire electric bikes from public locations such as train stations, parks, and campuses, and return them to designated EcoRiders stations. The aim of the scheme is to reduce car usage and promote sustainable travel within the local area.

1.2. [bookmark: _Toc219709472]Challenges Faced by EcoRider

At present, EcoRider relies on paper forms and basic spreadsheets to record rider details, bike rentals, and maintenance information. As the system has grown, this manual approach has become inefficient and difficult to manage. Problems such as lost records, incorrect data, difficulty tracking bike availability, and delays in identifying bikes that require maintenance have started to occur. These issues make it harder for staff to manage the service effectively.

1.3. [bookmark: _Toc219709473]Why a Database Is Needed

A database is needed to store all EcoRider information in a structured and organised way. Using a database will reduce errors, improve data accuracy, and allow staff to quickly access up-to-date information about riders, bikes, rentals, and maintenance. It will also make it easier to produce reports, analyse usage patterns, and support the future growth of the EcoRider scheme.




2. [bookmark: _Toc219709474]Database Design


2.1. [bookmark: _Toc219709475]Overview

The EcoRiders database was designed to support the management of an electric bike rental scheme. The main objective was to store data in a structured way that reduces redundancy, improves accuracy, and supports day-to-day operations such as bike rentals, maintenance, and reporting.
Before designing the EcoRiders database, it was necessary to identify the key questions the system needed to answer to support the electric bike rental scheme. These included what information must be stored about riders, electric bikes, stations, and staff, and how these elements interact during a rental or maintenance activity. It was also important to consider how bike availability, locations, and rental history would be tracked, as well as what reports would be required, such as bikes availability, revenue summaries, and maintenance logs. Addressing these questions at an early stage ensured that the database design accurately reflects the real-world operation of EcoRider and supports efficient management of the scheme.

2.2. [bookmark: _Toc219709476]
Establishing initial Data

To start a database design, the initial data needed is a clear list of Entities, their Attributes, and Relationships between them. [1, p. 342]

2.2.1. [bookmark: _Toc219709477]The Core Entities

· Rider with the following attributes: RiderID (Primary Key), FirstName, Surname, Address, Phone_number, and ID_Number.
· Station: Represents the physical hubs where bikes are kept, identified by StationID (Primary Key) and LocationName.
· ElectricBike: Tracks the fleet using BikeID (Primary Key), Type, Status.
· Staff: Tracks employees via StaffID, FirstName, Surname, and Role.

2.2.2. [bookmark: _Toc219709478]Associative Entities

· RentalTransaction: It stores the RentalID (Primary Key), RentalDate, ReturnDate, Duration as a derived attribute [1, p. 352], meaning it is calculated from the start and end times, and the calculated Cost,
· MaintenanceRecord: with the following Attributes like RecordID (Primary Key), ServiceDate, Details, and Outcome.

2.2.3. [bookmark: _Toc219709479]Foreign Keys (FK): Connecting the Data

Foreign Keys are attributes that link one table to another. They "migrate" from a parent table to a child table to create a logical connection [2, p. 163].
• Bike to Station: StationID is an FK in the ElectricBike table to show where the bike is currently located.
• Rental to Rider/Bike: RiderID and BikeID are FKs in the RentalTransaction table to record "who" rented "which" bike.
• Maintenance to Bike/Staff: BikeID and StaffID are FKs in the Maintenance table to track "which" bike was serviced and "who" did the work.

2.2.4. [bookmark: _Toc219709480]Key Relationships (Cardinality)

Cardinality describes the numerical relationship between entities in a database and defines how many instances of one entity can be associated with instances of another [2, p. 76]:
· Rider to Rental (1:N): One Rider can have many Rental Transactions.
· Bike to Rental (1:N): One ElectricBike can be involved in many different Rental Transactions over its lifetime.
· Station to Bike (1:N): One Station can be the location for many ElectricBikes.
· Maintenance: An ElectricBike can have many MaintenanceRecords (1:N), each performed by exactly one Staff member (1:N).


2.3. [bookmark: _Toc219709481]Entity Relationship Diagram (ERD)

The Entity–Relationship Diagram (ERD) for the EcoRiders database was developed using a structured database design methodology and Chen notation [3] [4, pp. 9-36]. The process followed recognised database design principles to ensure that the final model accurately represents the real-world operation of the electric bike rental scheme while remaining efficient, consistent, and scalable [1, pp. 342-367].
To draw the Diagram “draw.io” [5] has been used because is a free, open-source tool that allows you to create professional ERDs without the need for an account. It includes specialized shape libraries that make it easy to depict Entities, Attributes, and Relationships.






Figure 1. ERD

[image: ]

Normalization has been applied to  EcoRide database by organizing data into separate tables to eliminate redundancy and improve integrity, following these key steps based on the ERD [6, pp. 351-352]:
· First Normal Form (1NF): Each entity represents a single subject with a unique identifier (Primary Key), such as RiderID or BikeID , ensuring that all attributes like FirstName and Type  contain atomic values.
· Second Normal Form (2NF): By using RentalTransaction  as an associative entity, you have removed partial dependencies. Attributes like RentalDate and Cost depend on the entire RentalID, not just the bike or rider.
· Third Normal Form (3NF): Transitive dependencies are removed by separating "lookup" data. For instance, Station details are stored in their own table rather than repeated inside the ElectricBike table, ensuring that changing a station name only requires a single update.
· Relationship Management: Clear 1:N (one-to-many) relationships, such as one Staff member performing many MaintenanceRecords , ensure data remains consistent across the system.




3. [bookmark: _Toc219709482]Physical Database Implementation


The Microsoft Access database for the EcoRiders system was created using the final Entity–Relationship Diagram (ERD) as a blueprint. The ERD defined the required entities, attributes, and relationships, ensuring that the database structure accurately reflects the real-world operation of the electric bike rental scheme [4, pp. 9-36]. 
Each entity shown in the ERD was implemented as a separate table in Microsoft Access. Tables were created for Rider, Station, ElectricBike, RentalTransaction, Staff, and MaintenanceRecord. During table creation, appropriate data types were selected for each attribute, such as Short Text for names and identifiers, Date/Time for rental and service dates, and Currency for cost values. Primary keys identified in the ERD (for example, RiderID, BikeID, and RentalID) were implemented using AutoNumber fields to ensure uniqueness. 

Figure 2. Tables
[image: ]

Relationships between tables were created using the Relationships tool in Access, following the cardinalities defined in the ERD. One-to-many relationships were enforced between Rider and RentalTransaction, ElectricBike and RentalTransaction, Station and ElectricBike, and Staff and MaintenanceRecord. Referential integrity was enabled to prevent invalid data entry, ensuring that related records cannot exist without a corresponding parent record. [7]
Field properties and validation rules were applied to improve data quality. For example, ReturnDate was allowed to be null for active rentals, while primary and foreign key fields were set as required where appropriate. These design choices ensure the database enforces real-world rules defined in the ERD.
Macros were also used to automate updates [8], such as updating bike location information and status when a rental is returned, improving consistency and reducing manual input errors.

Fig 3. Macros

[image: ]

Queries were created to support system requirements such as viewing active rentals, generating monthly revenue totals, and reviewing maintenance history. 




Figure 4. Query
[image: ]


Once all tables, relationships, and queries were implemented, the database was tested using sample data to ensure that relationships behaved correctly and queries returned accurate results. The final Access database fully reflects the structure and constraints defined in the ERD and provides a reliable foundation for managing the EcoRiders scheme. 
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