Design and Implementation of a Relational Database System for the EcoRide E-Bike Scheme
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1.0 Introduction
1.1 Project Context and Problem
The EcoRide e-bike program is a green transport program that seeks to offer sustainable transportation to the populace. The current operation of the service is handled manually with the use of paper forms and spreadsheets, which is an inefficient and operationally opaque way of managing the operations. With this system, there is a major problem in data integrity, such as redundancy and inconsistency, and real-time tracking of the bike fleet is not possible. Absence of a structured data management system causes peddling with duplication of bookings, unreturned bikes and the inability to do a strategic analysis, and this effectively limits the scale and reliability of the service.
1.2 The Solution
To centralise and run all the operations in the company, the solution adopted is a strong Relational Database Management System (RDBMS). This overtakes the manual system with a single source of truth. This database should handle the registration of the riders, track the bikes (their location, condition, and maintenance), and document all the transactions of the rental and staff engagement. The project presents a relational database that is 3NF compliant and has allowed assurance of the integrity of data as well as the ability to query it in complex and real-time [1].
1.3 Report Structure
This report records the design, implementation as well and validation of the database. Section 2 describes the approach to the design, such as the compliance with the ERD and 3NF. Section 3 gives the implementation of physical and population data through SQL. Section 4 presents some evidence of the functionality of the database in the form of a chain of validation queries. Section 5 critically reflects on the project, and Section 6 will include a concluding section.
2.0 Database Design Methodology
2.1 System Requirements and Entity Identification
The basic functional requirements were discovered in the scenario evaluation, the system needs to create a rider registration, monitor bikes (status, location, condition), document rentals, and trace maintenance (staff input).
According to these needs, it was possible to single out six major entities:
· Rider: User stores information on registered users.
· Employees: Employees' information.
· Station: This stores the physical rental locations.
· Bike: Provided the description of each individual e-bike and its condition.
· Rental: An associative table of all the Rentals.
· MaintenanceLog: This is an associative table that records every service event.
2.2 Conceptual Design: Entity-Relationship Diagram (ERD)
A conceptual plan of the database was developed by the use of an Entity-Relationship Diagram (ERD). This is a graphical representation of the six entities, their attributes, and the relationships among them, first formalised by Peter Chen [3]. The ERD establishes the primary key (PK), foreign key (FK) and the cardinality of the relationship between two data entities (i.e., one-to-many), achieving the logical and valid data structure.
[image: ]
Figure 1: EcoRide Entity-Relationship Diagram

This design involves the use of Rental and MaintenanceLog as associative tables. When we rent a bike, we register a transaction between Rider, Bike and Station. MaintenanceLog establishes a linkage between Bike and Staff to document a service, solving the many-to-many relationship in the relational model [2].
2.3 Logical Design: Normalisation to Third Normal Form (3NF)
In order to maintain the efficiency of the database and remove data anomalies, the schema underwent normalisation to the Third Normal Form (3NF).
· 1NF: There is a primary key (such as RiderID) in all the tables, and all the attribute values are atomic.
· 2NF: This is the property of a full dependence of all the non-key attributes on the primary key. Because all the tables share the single-column primary key, there is an implicitly achieved 2NF.
· 3NF: The design eradicates transitive dependencies [4]. As an instance, the Position of the Staff member is not written in the MaintenanceLog table; rather, it is written in the Staff table. StaffID (foreign key) is the only key to the MaintenanceLog. When the position of a staff member is altered, it is only maintained in a single location, hence data integrity [5].
This is a 3NF compliant design that guarantees that the database is well-built, scalable and has one source of truth.
3.0 Database Implementation and Population
3.1 Implementation Environment
MySQL was installed on the XAMPP environment to have the database. XAMPP is a stack of server solutions that includes phpMyAdmin graphical interface and MySQL database server, which is used to execute SQL commands and control the database [6].
3.2 Physical Schema: Table Creation
This was converted into the physical schema using SQL Data Definition Language (DDL) CREATE TABLE statements. The data types of the columns and the integrity constraints, as well as the definition of the table structures, are defined by these statements.
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Figure 2: Screenshots of CREATE TABLE execution in phpMyAdmin
Some of the major technical decisions made in this stage were:
· Surrogate Keys: INT AUTO_INCREMENT as the primary key of all rows to have a unique identifier, which is managed by the system [2].
· Referential Integrity: Imposing relationships based on FOREIGN Key constraints. As an example, on delete, set null was applied to Bike.CurrentStationID, where, in case of a station being deleted, the bikes are not removed but instead set to indicate that they have no location.
· Types of Data: It is important to choose the right types of data, e.g. DECIMAL(10, 2), which would be used as RentalCost to make sure it is used in money, and DATETIME, which would use proper time stamps [7, 9].
3.3 Data Population
Each of the tables was filled with at least five rows of realistic but interrelated sample data using INSERT INTO statements.
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Figure 3: Screenshots of INSERT INTO execution in phpMyAdmin
This is a sample of data that would be used in validating the database. The Rental records, eg, RiderID, BikeID, which are used, are shown in the parent table, which simulates the real use and makes it possible to test the query meaningfully.
4.0 Database Testing and Validation
To test the functionality of the system against the functional requirements, the database was tested by running a set of SQL which to recreate business operations.
4.1 Simulating Business Logic: Database Updates
One of the business rules is to update the status of a bike after it is rented. The UPDATE query was executed with changing the Status of the bike to Rented and the Current StationID to null.
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Figure 4: Screenshot of UPDATE query execution
The successful execution is also confirmed by the screenshot, as shown in Figure 4, and it gives a simulation of the first step of an active rental and demonstrates the flexibility of the schema.
4.2 Query 1: Identifying Bikes Currently on Rental
· Business Problem: To make the operational team have a live list of all bikes which are on rent.
· Validation:
· [image: ]
Figure 5: Result of Query 1
The successful query is presented in Figure 5, and it is used to join Rental, Bike, and Rider tables and select only those records whose ReturnDate IS NULL. The outcome also accurately determines the two pending rentals based on the sample data.
4.3 Query 2: Identifying Bikes Due for Service
· Business Requirement: To recognise all bikes that need preventative maintenance (e.g. last serviced more than 6 months ago or never).
· Validation:
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· Figure 6: Result of Query 2
According to Figure 6, the correct query involves date functions (DATESUB) where BikeID 3, the LastServiceDate of which is older than 6 months, is identified. This is a very important query for fleet management.
4.4 Query 3: Retrieving Rentals by a Specific Rider
· Business Need: To enable customer service to view the complete history of rentals of a given rider (RiderID = 1).
· Validation:
· [image: ]
Figure 7: Result of Query 3
The advanced query given in Figure 7 joins the Station table twice (with the aliases sstart and send) to show the start and end station names. LEFT JOIN is utilised in order to appropriately demonstrate the USS null in a unreturned rental [8]. The query gets the whole history of the given rider.
4.5 Query 4: Analysing Bike Usage Frequency
· Business Requirement: To report on any business on the most used bikes and make the management make decisions on how to maintain and buy.
· Validation:

· [image: ]Figure 8: Result of Query 4
As displayed in Figure 8, this query combines COUNT and GROUP BY to group the information on rentals by individual bike. It accurately fills the inventory on the rentals and ranks them, which gives solid business intelligence.
4.6 Query 5: Tracking Staff Maintenance Involvement
· Business Requirement: To satisfy the need of tracing the name of the staff member to service a particular bike (BikeID = 1).
· Validation:
· [image: ]
Figure 9: Result of Query 5
This requirement is indeed fulfilled as seen in Figure 9. The query combines MaintenanceLog, Bike and Staff to give a clear service record which includes the full name of the mechanic, a date of service and notes.
4.7 Validation Summary
All CREATE, INSERT, UPDATE and SELECT queries run successfully will assure that the database is sound structurally and meets data integrity limits, as well as completes all the functional criteria of the EcoRide scenario.
5.0 Reflection and Future Work
5.1 Key Design Decisions
In retrospect of the project, there are a number of critical design choices that were made.
1. Surrogate Keys: It was a basic option to ensure only INT AUTOINCREMENT surrogate keys (e.g. RiderID) were used on natural keys (e.g. RiderIDNumber). The database is far stronger and more stable with the immutable and system-controllable surrogate keys, unlike in the scenario of using real-world data, which can be changed [2].
2. NULL Constraints: NULLable fields (e.g. Rental.ReturnDate) needed to be carefully applied. This is not missing data, but rather the actual data, because this is the mechanism that the system uses in identifying an ongoing rental.
3. Data Type Precision: RentalCost was chosen to have a DECIMAL(10, 2) to prevent the rounding of floating-point numbers that financial information is susceptible to [9].
5.2 Challenges and Resolutions
The greatest technical difficulty was the syntax error in the CREATE TABLE Bike execution.
· Error: The query was not successful due to the fact that Condition is a reserved word in MySQL [6]. It was not read as a column name in the database engine, but as a SQL command.
· Diagnosis: The diagnosis was made through the phpMyAdmin error message. The problem was addressed by placing the identifier within backticks (Condition) in any further DDL and DML. The lesson was practical lessons on debugging and following the exact syntax of a particular SQL dialect.
5.3 Future Improvements
This database is a strong background. The next year, the improvements would involve:
1. Web-Based Front-End: It is only logical to include a web or mobile-based application that will help riders and other staff to interface with the database and avoid the need to write SQL [8].
2. Transactions and Concurrency: In a live system, the process of rental (insertion of a Rental record and updating the status of the Bikes) needs to be put in an SQL transaction. This would ensure that the operation is atomic and eliminates the possibilities of race conditions in which two users may attempt to rent the same bike [1].
3. Improved Security: Role-Based Access Control (RBAC) [10]. This would introduce a User table that would have hashed passwords and roles (e.g., 'admin' and 'mechanic') to control access to the data according to the user privileges.
[bookmark: _bmz0zcq5d2oz]6.0 Conclusion
The project has managed to meet the aim of designing, implementing, and validating a relational database for the EcoRide e-bike scheme. This project has developed a solution that would substitute an ineffective manual system with a scalable, reliable and data-driven base by converting a set of business requirements into a normalised 3NF-compliant data model. The validation testing will ensure that the database is logically complete and can provide all the important questions needed to operate the business and to be able to evolve in the future, giving EcoRide the instruments with which it is possible to manage its business in an efficient way.
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SELECT BikeID, BikeType, LastServiceDate, "Condition’, “Status’, CurrentStationID FROM Bike WHERE LastServiceDate <= DATE_SUB(CURDATE(), INTERVAL 6 MONTH) OR
LastServiceDate IS NULL;

O Profiling [ Edit inline ] [ Edit] [ Explain SQL ][ Create PHP code ][ Refresh ]

[ Showall | Numberofrows: |25 v|  Filterrows: | Search this table Sortbykey: | None v

v BikelD BikeType  LastServiceDate Condition Status  CurrentStationlD
© Delete 1 City Cruiser | 2025-05-01 Good Available 1
© Delete. 2 Mountain Bike | 2025-05-02 Good Rented NULL
© Delete. 3 City Cruiser | 2025-03-15 Fair Available 2
© Delete. 4 RoadBike  |2025-04-20 Excellent  Available 3

© Delete. 5 City Cruiser | 2025-05-03 Good Rented NULL
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SELECT r.RentallD, b.BikeType, s_start.StationName AS StartStation, s_end.StationName AS EndStation, r.RentalDate, r.ReturnDate, r.RentalCost FROM Rental AS r
JOIN Bike AS b ON r.BikeID = b.BikeID JOIN Station AS s_start ON r.StartStationID = s_start.StationID LEFT JOIN Station AS s_end ON r.EndStationID =
13

s_end.StationID WHERE r.RiderID

O Profiling [ Edit inline ] [ Edit] [ Explain SQL ][ Create PHP code ][ Refresh ]

[ Showall | Numberofrows: |25 v| Filterrows: | Search this table

Exira options

RentallD _ BikeType  StartStation EndStation RentalDate ReturnDate. RentalCost
1 City Cruiser Central Park Main Train Station 2025-06-01 10:00:00 2025-06-01 11:30:00 750
4 RoadBike University Campus Central Park 2025-06-05 13:00:00 2025-06-05 17:00:00 2000
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SELECT b.BikeID, b.BikeType, COUNT(r.RentalID) AS NumberOfRentals FROM Rental AS r JOIN Bike AS b ON r.BikeID = b.BikeID GROUP BY b.BikeID, b.BikeType ORDER
BY Number0fRentals DESC;

O Profilng [ Editinline ] [ Edit] [ Explain SQL ][ Create PHP code ] [ Refresh ]

[ Showall | Numberofrows: |25 v|  Filterrows: | Search this table

Exira options

BikelD BikeType  NumberOfRentals v 1
4 Road Bike
3 Ciy Cruiser
2 Mountain Bike
1 Ciy Cruiser
5 City Cruiser
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SELECT m.LogID, b.BikeID, b.BikeType, m.ServiceDate, m.ServiceType, m.Notes, s.Firsthame AS MechanicFirstName, s.LastName AS MechanicLastName FROM
Maintenancelog AS m JOIN Bike AS b ON m.BikeID = b.BikeID JOIN Staff AS s ON m.StaffID = s.StaffID WHERE m.BikeID = 1 ORDER BY m.ServiceDate DESC;

O Profiling [ Edit inline ] [ Edit] [ Explain SQL ][ Create PHP code ][ Refresh ]

[ Showall | Numberofrows: |25 v|  Filterrows: | Search this table

Exira options

LoglD _ BikelD  BikeType  ServiceDate v 1  ServiceType Notes MechanicFirstName _ MechanicLastName.
1 1| City Cruiser 2025-05-01 Full Service  Brakes checked, chain lubricated. Arthur Morgan

5 1| City Cruiser 2025-02-01 Battery Swap  Old battery replaced Sac Adier
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M [T Server 127001 » @ Database: ecoridedb

¥ Stucture [} SQL 4 Search Query =} Export [ Import J* Operations = Privileges & Routines (& Events 3% Triggers ® Tracking

(_ Show query box |

& MySQL returned an empty result et (i.e. zero rows). (Query took 0.0003 seconds.)

CREATE TABLE Rider ( RiderID INT AUTO_INCREMENT PRIMARY KEY, FirstName VARCHAR(50) NOT NULL, LastName VARCHAR(50) NOT NULL, Contacthumber VARCHAR(20) NOT
NULL, Email VARCHAR(100) NOT NULL UNTQUE, RiderIDNumber VARCHAR(50) NOT NULL UNTQUE, RegistrationDate DATE NOT NULL );

[ Editiniine | [ Edit] [ Create PHP code ]

« MySQL returned an empty result set (i.e. zero rows). (Query took 0.0005 seconds )
CREATE TABLE Station ( StationID INT AUTO_INCREMENT PRIMARY KEY, StationName VARCHAR(108) NOT NULL, Address VARCHAR(255) NOT NULL, Capacity INT NOT NULL );

[Editiniine ] [ Edit] [ Create PHP code ]

& MySQL returned an empty result set (i.e. zero rows). (Query took 0.0005 seconds.)
CREATE TABLE Staff ( StaffID INT AUTO_INCREMENT PRIMARY KEY, Firstliame VARCHAR(58) NOT NULL, LastName VARCHAR(S0) NOT NULL, Position VARCHAR(58) NOT NULL );

[Editiniine ] [ Edit] [ Create PHP code ]

& MySQL returned an empty result set (i.e. zero rows). (Query took 0.0004 seconds.)

CREATE TABLE Bike ( BikeID INT AUTO_INCREMENT PRIMARY KEY, CurrentStationID INT NULL, BikeType VARCHAR(S@) NOT NULL, ~Condition® VARCHAR(S2) NOT NULL DEFAULT
"Good', Status’ VARCHAR(56) NOT NULL DEFAULT 'Available’, DateAcquired DATE NOT NULL, LastServiceDate DATE, CONSTRAINT FK_Bike Station FORETGN KEY
(CurrentStationID) REFERENCES Station(StationID) ON DELETE SET NULL );

[Editiniine ] [ Edit] [ Create PHP code ]

& MySQL returned an empty result set (i.e. zero rows). (Query took 0.0005 seconds.)

CREATE TABLE Maintenancelog ( LogID INT AUTO_INCREMENT PRIMARY KEY, BikeID INT NOT NULL, StaffID INT NOT NULL, ServiceDate DATE NOT NULL, ServiceType
VARCHAR (108) NOT NULL, Notes TEXT, ServiceCost DECIMAL(10, 2), CONSTRAINT FK_Maintenance Bike FOREIGN KEY (BikeID) REFERENCES Bike(BikeID) ON DELETE CASCADE,
OUSTEATNT FK_Maintenance_Staff FOREIGN KEY (StaffID) REFERENCES Staff(StaffID) ON DELETE RESTRICT );
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i [T Server 127001 » @ Database: ecoridedb

¥ Stucture [} SQL 4 Search

Query = Export [ Import J* Operations

Privileges.

% Routines © Events 3% Triggers © Tracking

(* Show query box |

5 rows inserted.
Inserted row id: 5 (Query took 0.0051 seconds )

-~ Populate Stations INSERT INTO Station (StationName, Address, Capacity) VALUES ('Central Park’, '123 Park Ave, Cityville', 30), (‘Main Train Station', '456
Transport Hub, Cityville', 50), (‘University Campus’, '789 University Rd, Cityville', 40), ('City Library’
Plaza’, 202 River Malk, Cityville', 25);

*101 Knouledge Blvd, Cityville', 20), ('Riverside

[Editiniine ] [ Edit] [ Create PHP code ]

5 rows inserted.
Inserted row id: 5 (Query took 0.0005 seconds )

-~ Populate Staff INSERT INTO Staff (FirstName, LastName, Position) VALUES ('Arthur’, ‘Morgan', 'Senior Mechanic'), ('Sadie’, 'Adler’, ‘Mechanic'),
(‘Charles’, 'smith', ‘Technician'), (‘John’, 'Marston', 'Junior Mechanic'), (‘Abigail', 'Roberts’, 'Maintenance Coordinator');

[Editiniine ] [ Edit] [ Create PHP code ]

5 rows inserted.
Inserted row id: 5 (Query took 0.0052 seconds )

-~ Populate Riders INSERT INTO Rider (FirstName, LastName, ContactNumber, Email, RiderIDNumber, RegistrationDate) VALUES (‘Alice’, 'Johnson’, '07700111222°,
‘alice.jGemail.com’, 'AJ123456°, '2025-01-10'), ('Bob’, 'Smith', '07700222333', 'bob.s@email.com’, 'BS78912', '2025-62-15'), ('Carol’, 'Davis’,

'07700333444°, 'carol.d@email.con’, 'CD345678', '2025-03-20'), ('David’, 'Brown’, '67700444555', ‘david.b@email.com’, 'DB901234', '2025-04-65'), ('Eve’,
‘Wilson®, '07700555666", 'eve.ugemail.com’, 'EWS67898", '2025-65-61');

[Editiniine ] [ Edit] [ Create PHP code ]

5 rows inserted.
Inserted row id: 5 (Query took 0.0005 seconds )

-~ Populate Bikes INSERT INTO Bike (CurrentStationID, BikeType, "Condition’, “Status’, DateAcquired, LastServiceDate) VALUES (1, 'City Cruiser’, 'Good',
Amu.\_lalﬂ:', '2024-11-61', '2025-65-01'), (1, 'Mountain Bike', 'Good', 'Available’, '2624-11-01', '2025-05-62), (2, 'City Cruiser’, 'Fair’, ‘Available’,
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(* Show query box |

‘ 1 row affected. (Query took 0.0005 seconds ) ‘

UPDATE Bike SET “Status’ = ‘Rented’, CurrentStationID = NULL WHERE BikeID = 2;

[Editiniine ] [ Edit] [ Create PHP code ]

‘ 1 row affected. (Query took 0.0056 seconds ) ‘
UPDATE Bike SET “Status’ = ‘Rented’, CurrentStationID = NULL WHERE BikeID = 5;

[ Editiniine | [ Edit] [ Create PHP code ]
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SELECT r.RentallD, b.BikeID, b.BikeType, ri.FirstName, ri.lastName, ri.ContactNumber, r.RentalDate FROM Rental AS r JOIN Bike AS b ON r.BikeID = b.BikeID JOIN

Rider AS ri ON r.RiderID = ri.RiderID WHERE r.ReturnDate IS NULL;

O Profiling [ Edit inline ] [ Edit] [ Explain SQL ][ Create PHP code ][ Refresh ]

[ Showall | Numberofrows: |25 v|  Filterrows: | Search this table

Exira options

RentallD BikelD BikeType  FirstName LastName ContactNumber RentalDate
3 2 Mountain Bike Carol Davis 07700333444 2025-06-05 09:00:00
5 5 City Cruiser  Eve Wilson 07700555666 2025-06-05 11:00:00




