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[bookmark: _Toc235877961]Introduction
EcoRide is a transport initiative that the local authority recently launched to reduce carbon emissions and ease urban congestion. The service provides a fleet of electric bicycles across public locations, including railway stations, high streets, and university campuses. Riders can scan their registration credentials, rent an e-bike, and return it to any nearby docking station.
The primary goal of this project is to transform EcoRide from a manual tracking model to a structured, centralized relational database system. This database streamlines legacy processes by tracking fleet maintenance, preventing scheduling conflicts and delivering real-time operational visibility.
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Implementation 
[bookmark: _Toc235877963]Scenario Analysis
To capture the business logic, six core entities were identified alongside key attributes and primary/foreign key designations.
	Entity 
	Primary Key 
	Foreign Keys
	Key Attributes
	Business Purpose

	Location
	LocationID
	None
	LocationName, LocationAddress, TotalCapacity
	Tracks physical docking hubs and capacity.

	Rider
	RiderID
	None 
	FirstName, LastName, Email, PhoneNumber
	Stores user credentials

	Bike
	BikeID
	LocationID
	BikeType, Condition, PurchaseDate
	Tracks e-bike assets and live status.

	Staff
	StaffID
	None
	FirstName, LastName, StaffRole, Email
	Holds Records of maintenance and operational personnel.

	Transaction
	RentalID
	RiderID, BikeID, StartLocationID, EndLocationID
	RentalStartDate, ReturnDate, TotalCost
	Logs individual trip checkouts, durations, and billing.

	MaintenanceLog
	LogID
	BikeID, StaffID
	ServiceDate, ServiceDescription, MaintenanceCost
	Captures mechanical servicing, repairs, and labour history.



[bookmark: _Toc235877964]Entity-Relationship Modelling (ERD)
This structural ERD follows Crow’s Foot cardinality, ensuring referential integrity across the system. I have used the tool draw.io to map out the tables, column names, relationships, and primary keys.
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[bookmark: _Toc235877965]Data Structure Development
In these screenshots below, I have mapped out the entities, including the entity fields and their data types, showing the relationships between the entities. I have also mapped out the early validation logic to prevent data inaccuracies. 
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The relationship model was implemented in MS Access, ensuring enforced foreign key links across the tables. Relationships between tables are always pointing in two directions, you can have a one-to-one, a one to many or a many to many relationship; these types of relationships are characterised by their cardinality, or how the tables connect to one another. [1]
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[bookmark: _Toc235877966]Validation Rules 
Integrity constraints are important and unique to database applications; they are crucial to ensure data accuracy and consistency within a database application. To reduce database corruption, it is important to utilize data integrity constraint enforcement [2]. 
Validation Rule 1 – Check whether the TotalCapacity field is greater than 0 and if not displays validation text to user.
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Validation Rule 2 – Check whether the Email field contains letters and symbols in the format of *@*.* otherwise display validation text to the user.
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Validation Rule 3 – Checks that the condition field contains the words “Available” Or “Rented” Or “Under Repair” Or “Retired”. If not, it displays the validation text to the user. This ensures that users only enter valid condition statuses.
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Validation Rule 4 – Checks whether the user has entered a date that is less than or equal to the current date; if not, it displays the validation text to the user. This prevents the user from entering a date in the future.
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Validation Rule 5 – This is a table validation rule that checks to ensure that return timestamps cannot be before the date in which you started the rental transaction. If this is the case then the system displays a message to the user saying, “The return date and time cannot be earlier than the pick-up time.”
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[bookmark: _Toc235877967]Normalization Compliance 
The objectives of data normalization are to eliminate certain redundancies, avoid data anomalies and produce a real-world design [3]. The requirement of the system was that the data model should be normalized to Third Normal Form (3NF) to minimize redundancy and dependency issues. 
In the early drafts, location addresses reside alongside rental records creating a transitive dependency. This was addressed in the 3NF model, where location addresses reside independently in the Locations entity. Normalization should always be met in the design considerations for a relational database model, they should also consider covering and restorability [4].
[bookmark: _Toc235877968]Sample Data Population
[image: ]

[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[bookmark: _Toc235877969]Query Development
SQL allows you to perform data manipulation and display information from the database. SELECT…FROM statements specify the columns you choose to display,  while WHERE statements often like IF statements in programming allow you to choose rows to display based on certain criteria [5].
Query 1 – Bikes Out on Rental
Displays bikes that actively rented, displays the rider’s contact details as RiderName and calculates the elapsed time of the rental transaction.
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Query 2 – Maintenance Costs
Calculates servicing costs and total repair expenses per bike unit, helping operations spot problematic assets.
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Query 3 – Bikes Requiring Maintenance 
Monitors the condition of the e-bikes where condition status is ‘Under Repair’, this helps identify bikes that require maintenance repairs.
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[bookmark: _Toc235877970]Testing and reporting
To ensure the system functions smoothly and preserves data integrity under real operational constraints, the following test scenarios were created:
Test 1 – Insert a user with an invalid email format (e.g “invalidemail.com”). The expected behaviour here would be that the system throws an error and displays a message to the user.
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Test 2 – Attempt to rent out a bike by setting RentalEnd to a timestamp before RentalStart. The expectation is that the database will display a message to the user saying that the rental end cannot be before the start of the rental.
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Test 3 – Add a new member of staff but set StaffRole as Lawyer, the expectation here is for the system to throw an error to the user explaining that this is an invalid staff role.
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Test 4 – Set bike status to ‘Under Repair’ and link to location hub. The expectation here is that the system will link the bike to the location. 
[image: ]
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Design Decisions
[bookmark: _Toc235877972]Design Justifications
Auto increment keys: Using surrogate primary keys such as (RentalID, BikeID) instead of natural composite keys simplified foreign key indexing and improved query performance. 
Data Normalization: By separating rental transactions from maintenance logs, it maintains 3NF compliance. Maintenance details are tracked individually without cluttering records on the transactions table.
Handling Foreign Keys: Making LocationID within the Bike table nullable handles the scenario where a bike in transit or out on rental is not currently docked at any station.
[bookmark: _Toc235877973]Technical Challenges Encountered
Access SQL Syntax: Microsoft Access requires explicit nested parentheses for multiple INNER JOIN clauses. Standard ANSI SQL queries require a few syntax adjustments to run properly within MS Access (e.g., string concatenation uses & instead of CONCAT(), uses DATE() and NOW() as date functions).
Validation Restrictions: Single-field validation rules cannot reference other columns. Ensuring that ReturnDate occurred after RentalStartDate meant placing validation logic at the table property level rather than within the field properties.
[bookmark: _Toc235877974]Future System Enhancements
Reporting and Audit History: Implementing an audit table alongside VBA scripts on data entry forms to record changes made by internal users. Additionally, MS Access’s built-in Report Wizard to display rental transactions month by month.
Advanced Database: Could transition from MS Access to Microsoft SQL Server or PostgreSQL to support multi-user concurrent access via a mobile app [6]
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Entity Relationships
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Data Structure & Validation Rules

Location Table

LocationID - INT IDENTITY(1,1) PRIMARY KEY,

LocationName - VARCHAR(100) NOT NULL,

LocationAddress - VARCHAR(255) NOT NULL,

TotalCapacity - VARCHAR(255) NOT NULL,

Rider Table

RiderlD - INT IDENTITY(1,1) PRIMARY KEY,

FirstName - VARCHAR(50) NOT NULL,

LastName - VARCHAR(50) NOT NULL,

Email - VARCHAR(100) NOT NULL, CHECK (Email LIKE *@%*,)
PhoneNumber - VARCHAR(20) NOT NULL,

IDNumber - VARCHAR(50) NOT NULL,

RegistrationDate - DATE/TIME NOT NULL,

Bike Table

BikelD INT IDENTITY(1,1) PRIMARY KEY,

BikeType - VARCHAR(30) NOT NULL CHECK ("Standard" Or "Cargo" Or "Step-Through")

CurrentCondition - VARCHAR (30) NOT NULL CHECK ("Available" Or "Rented" Or
"Under Repair" Or "Retired")

LocationID - INT NULL (Can be),

PurchaseDate — DATE/TIME NOT NULL CHECK (Purchase Date <= GETDATE()),
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FOREIGN KEY (LocationID) REFERENCES Location(LocationID)
Staff Table

StaffID INT IDENTITY(1,1) PRIMARY KEY,

FirstName VARCHAR(50) NOT NULL,

LastName VARCHAR(50) NOT NULL,

StaffRole VARCHAR NOT NULL CHECK (‘Mechanic’, ‘Operation Manager’, ‘Fleet
Support’)),

Email VARCHAR(100) NOT NULL

Transaction Table

TransactionID INT PRIMARY KEY,

RiderlD INT NOT NULL,

BikelD INTNOT NULL,

StartLocationID INT NOT NULL

EndLocationID INTNULL (Can be)

RentalDate DATETIME NOT NULL DEFAULT GETDATE(),

ReturnDate DATETIME NULL,

TotalCost DECIMAL(6,2) NULL CHECK (TOTAL COST >=0.00),
FOREIGN KEY (RiderID) REFERENCES Rider (RideriD),

FOREIGN KEY (BikelD) REFERENCES Bike(BikelD),

FOREIGN KEY (StartLocationlD) REFERENCES Location(Location!D)
FOREIGN KEY (EndLocationID) REFERENCES Location(LocationiD)

CONSTRAINT CK_RentalDates CHECK (ReturnDate IS NULL OR ReturnDate >=
RentalDate)

Maintenance Log Table
LogID INT PRIMARY KEY,

BikelD INT NOT NULL,

StafflD INT NOT NULL,
ServiceDate DATE NOT NULL DEFAULT GETDATE(),

ServiceDescription TEXT NOT NULL,
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PartsReplaced VARCHAR(255) DEFAULT ‘None”

MaintenanceCost DECIMAL(6,2) NOT NULL DEFAULT 0.00 CHECK (MaintenanceCost
.00),

FOREIGN KEY (BikelD) REFERENCES Bikes(BikelD),
FOREIGN KEY (StafflD) REFERENCES Staff(StaffID)




