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[bookmark: _Toc218865638]1 Introduction
The EcoRide electric bike scheme is a green transport initiative which has been setup by the local authority to make commuting healthier and better for the environment. Registered riders are able to rent electric bikes from multiple public locations such as parks, train stations, and university campuses, which provides a  ‘greener’ alternative to traditional transport.
The aim of this report is to design and implement a relational database system to improve the management of EcoRide. The database solution is going to improve data accuracy, simplify processes and provide good insights into rider activity such as bike usage and any maintenance requirements. This report explains how the database was made and how data is being handled, showing how the system will be more effective than the current paper database in place.
[bookmark: _Toc218865639]2 Scenario Description
Currently, EcoRide relies on manual paper records and basic spreadsheets to manage rider data, bike availability and rental transactions. This method has led to several problems such as tracking bike availability, bikes in use or in maintenance. This is causing double bookings and difficulty tracking which bikes have been unreturned. Maintenance details have been tracked informally, making it difficult to track service history and to assign staff to a job.
As EcoRide continues to grow in popularity, manual records are becoming more time consuming and prone to errors. Implementing this new database with everything in one place will resolve these issues by providing real time visibility of a bike’s status, accurate details about rentals and maintenance and it will monitor trends so that EcoRide can make the best decisions as the scheme keeps growing.
[bookmark: _Toc218865640]3 Scenario Analysis
[bookmark: _Toc218865641]3.1 Identification of Main Entities
The main entities that can be identified in the EcoRide system are Rider, Bike, Rental, Staff and maintenance. Each entity represents a key part of the system. Let’s look into them:
[bookmark: _Toc218865642]3.1.1 Rider Entity
The rider entity is used to record registered users of the EcoRide services. The attributes included are RiderID, Full name, Email, Phone Number (Riders can have more than one), ID Number and Date registered. Each rider over time can have more than one rental.
[bookmark: _Toc218865643]3.1.2 Bike Entity
The bike entity is used to record each bike that is available to rent. The attributes include BikeID, Bike Type, Bike Condition, Current Location, and Purchase Date. Bikes can be rented multiple times but are only associated to one rental at a time, it cannot be double booked. A bike can also go into maintenance multiple times.
[bookmark: _Toc218865644]3.1.3 Rental Entity
The rental entity is used to record every time a bike is being rented by a rider. The attributes include RentalID, RiderID, BikeID, Rental Start, Rental End, Duration, and Cost. Rentals link riders and bikes together.
[bookmark: _Toc218865645]3.1.4 Staff Entity
The staff entity records employees that are responsible for servicing and inspecting bikes. The attributes include StaffID, Full Name, Role, and Phone Number.
[bookmark: _Toc218865646]3.1.5 Maintenance Entity
The maintenance entity records all the servicing activities performed on bikes. The attributes include MaintenanceID, BikeID, StaffID, Service Date, Issue Description, Action Taken, and Bike Status.

[bookmark: _Toc218865647]3.2 Entity Relationships
The rider entity links with the rental entity as a one-to-many relationship, this is because a rider can have multiple rentals, but a rental is linked to only one rider.
The bike and rental entities have a one-to-many relationship, this is because a bike can be rented multiple times over a long period of time but, can only be assigned to one rental at a time.
The link between bike entity and maintenance entity is a weak link because for maintenance to exist it depends on there being a bike to service. Again, the link between these is a one-to-many relationship because a bike can undergo multiple maintenance activities, but each maintenance activity is completed one bike at a time.
Finally, the relationship between maintenance entity and the staff entity is a one-to-many because a staff can be assigned to multiple maintenance activities, but a maintenance activity is completed by one staff member. 
[bookmark: _Toc218865648]4 System Design
I have created an entity relationship diagram that show the main entities, their attributes and the relationships that each entity has in the EcoRide system.
[bookmark: _Toc218865649]4.1 Entity Relationship Diagram (ERD)
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[bookmark: _Toc218865650]4.1.1 ERD Description
This ERD shows the main entities in the EcoRide system, their attributes, and the relationships connecting them. Rider, Bike, Rental, Staff, and Maintenance are represented as entities, with diamonds showing how they link together through relationships such as “makes” and “Requires”. All primary keys are underlined so that they can easily be identified.
As briefly mentioned previously, Maintenance is shown as a weak entity by a double lined rectangle and the link “Requires” is shown as a weak link by the double lined diamond. This is because maintenance is reliant on bike to exist. Even though logically “rental” is also dependent on “bike”, it can be identified without a bike or a rider with its ID.
For example, a rental record like rental ticket #197 exists on its own without BikeID, whereas for maintenance it must be related to a specific bike “Repair #3 for Bike #17”. 
The Phone attribute under the rider entity is double lined because a rider can have more than one phone number for staff have been limited to only one phone number. 
[bookmark: _Toc218865651]5 Database Implementation
[bookmark: _Toc218865652]5.1 Data Structure Development
The tables in the EcoRide database are designed with primary keys that are given the data type “AutoNumber” that automatically generates that entity a unique value. Foreign keys connect the tables together, this ensures that data is consistent.
[bookmark: _Toc218865653]5.1.1 Rider Table Structure
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The Rider Table stores all registered EcoRide users. RiderID is the primary key and I have added validation to “Email”, “Phone_Number” and “Date_Registered” making sure that the data entered is accurate.

[bookmark: _Toc218865654]5.1.2 Bike Table Structure
[image: ]
The bike table stores the details of each electric bike. BikeID is the primary key and I have created lookup Wizards for “Bike_Type”, “Bike_Condition” and “Current_Location”. I have also added validation to “Purchase_Date” making sure no future dates can be entered.

[bookmark: _Toc218865655]5.1.3 Rental Table Structure
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The rental table is used to store what rentals have been made. RentalID is set as the primary key and RiderID and BikeID have been set as foreign keys. I have validated “Rental_Date” and the cost field is calculated automatically based on the duration, which prevents incorrect manual entries. These validation methods ensure the data is accurate.

[bookmark: _Toc218865656]5.1.4 Staff Table Structure
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The Staff table has been created to record staff members. StaffID has been set as the primary key and I have added validation to “Phone_Number” to make sure the correct data is entered.

[bookmark: _Toc218865657]5.1.5 Maintenance Table Structure
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The Maintenance table stores details about the bike inspections and services. MaintenanceID is set as the primary key, with BikeID and staffID being set as the foreign keys and I have set up lookup wizards and validation rules to make sure that the data input is accurate.
[bookmark: _Toc218865658]5.1.6 Establishing Relationships
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These relationships have been set up to follow the design of the Erd. The primary and foreign keys are linked between tables and lookup wizards were applied to those foreign keys to make sure that only valid data that exists could be selected. These relationships bring the database together and maintain the data’s accuracy.
[bookmark: _Toc218865659]5.2 Normalisation
Normalization is important for any database to make sure errors are removed. [1] The EcoRide database design follows the normalization rules to reduce data redundancy, avoid inconsistencies and make sure that the data storage is being used efficiently.
[bookmark: _Toc218865660]5.2.1 First Normal Form (1NF)
For the first normal form, we make sure that the tables do not contain repeating groups or multiple values in one field [2]. We applied this in the EcoRide database making sure that each attribute, such as Bike_Condition or Full_Name, contain only one single value.
[bookmark: _Toc218865661]5.2.2 Second Normal Form (2NF)
The second normal form is the stage where partial dependencies are removed [3], mean that all of the attributes in the field are dependent on the primary key. In the EcoRide database we have made sure that this is applied to every table. For example, in the rental table, the attributes “Rental_End” and “Cost” are dependent on the RentalID as a whole, rather than just RiderID or BikeID.
[bookmark: _Toc218865662]5.2.3 Third Normal Form (3NF)
Third normal forms eliminate transitive dependencies [4]. Meaning that no non-key attributes depend on other non-key attributes. We have followed these rules in the EcoRide database, for example rider contact details are only stored in the Rider table and not repeated elsewhere. The rental table includes a calculated cost field, which is based on rental duration, this was a deliberate design decision to simplify. This allows staff to see how much each rental costs all in the same place without having to calculate.
[bookmark: _Toc218865663]5.3 Sample Data Population
[bookmark: _Toc218865664]5.3.1 Rider sample data
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[bookmark: _Toc218865665]5.3.2 Bike sample data
[image: A screenshot of a computer

AI-generated content may be incorrect.]

[bookmark: _Toc218865666]5.3.3 Rental sample data
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[bookmark: _Toc218865667]5.3.4 Staff sample data
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[bookmark: _Toc218865668]5.3.5 Maintenance sample data
[image: ]

[bookmark: _Toc218865669]6 Query Development and Demonstration (250-300)
Queries are very useful, they allow us to find specific data that we are looking for here are some examples:
[bookmark: _Toc218865670]6.1 Bike Availability Queries
The following query was designed to show all bikes currently at the train station. In the query design below, we can see that only relevant fields were selected and a criteria was applied to filter for “Train Station” in the current location field.
[image: A screenshot of a computer
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The datasheet below confirms that the query only returns bikes at the chosen location.
[image: A screenshot of a computer
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This query can now be saved and run whenever needed to show an updated version of this table above.

[bookmark: _Toc218865671]6.2 Rental Activity Queries
Another query I made tracks rentals since May 2025. Entities from the rental table were included, and a criteria was added to “Rental_Date”, showing dates from May 2025 onwards.
[image: A screenshot of a computer
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As we can see below the query only returns records after May 2025 
[image: A screenshot of a computer

AI-generated content may be incorrect.]
This will be saved so now any more rentals made after May 2025 will show up here when ran.
[bookmark: _Toc218865672]6.3 Maintenance and Service Queries
This query filters bikes needing maintenance. A criteria has been added to “Bike condition” look for “Out of Service” or “Needs Attention”, the bike has been added and its current location so they can be found.
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Below, the datasheet confirms only bikes meeting the criteria.
[image: A screenshot of a computer
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Once saved staff can access this anytime to see where the bikes are that need maintenance.
6.4 Other Queries
I made 4 more random queries, one that checks what bikes in maintenance are fixed:
[image: ]


I made another query that searches through the staff database for technicians along with that it shows their name and phone number:
[image: ]

I made another query that filters for all mountain bikes and shows where they are:
[image: ]

And lastly, I made a query that uses multiple tables and it filters and shows rentals made after May 2025 with the name of the person the rental date, cost and what bike they rented:
[image: ]

[bookmark: _Toc218865673]7 Validation and Testing (150-180)
[bookmark: _Toc218865674]7.1 Test Planning and Validation
I have completed tests to make sure that the database meets the user’s needs. Validation rules were applied to the fields to make sure that the data entered is valid and also to make sure that all data required is entered. Query testing was also completed to confirm that queries return accurate results based on the criteria that was applied.
[bookmark: _Toc218865675]7.2 Test Results and Evaluation
These tests below were carried out to make sure that the validation works:
	Test
	Input
	Expected Result
	Actual Result
	Pass
	Proof

	Invalid bike condition
	broke
	Rejected
	Rejected
	yes
	[image: ]

	Future purchase date
	01/01/2030
	error
	error
	yes
	[image: ]

	Invalid current location
	My house
	rejected
	rejected
	yes
	[image: ]

	Maintenance on a bike that doesn’t exist
	Bike id 30000
	rejected
	rejected
	yes
	[image: ]

	Bike status left empty
	nothing
	error
	error
	yes
	[image: ]

	Invalid phone number length
	9999999999999999
	rejected
	rejected
	yes
	[image: ]




[bookmark: _Toc218865676]8 Conclusion and Reflection (180-220)
[bookmark: _Toc218865677]8.1 Summary of System Implementation
I believe that the EcoRide database has been implemented successfully to meet the requirements of managing riders, bikes, rentals, staff, and keeping track of maintenance. The use of validation and lookup wizards have ensured that the data remains accurate, while primary and foreign keys link the tables together with relationships. The database design follows normalization principles and is in third normal form. Queries have also been added allowing users to view bike availability, rental activity and maintenance information. This provides real time insights and meets the requirements asked from the client. Overall, it is a great upgrade from the old paper/informal data tracking.
[bookmark: _Toc218865678]8.2 Challenges and Limitations
While implementing this database a few problems were encountered. One challenge was that the rental table includes a calculated cost field which slightly deviates from strict third normal form, although it simplifies the staff’s work. Another challenge was making sure that the validation rules covered all entities that could potentially be input wrong without making the database very restrictive.
[bookmark: _Toc218865679]8.3 Future Improvements
There are several improvements I would make if I was to develop this database again. One of the main ones would be to create a separate table for bike locations. This would allow for more information about each location to be stored such as total number of bikes spaces, the address and any special features. Another improvement I would make would be to make stricter constraints because I was so focused on not being too restrictive, I believe I wasn’t restrictive enough, for example preventing bikes from being rented when out of service. This would help keep the data correct and make sure staff aren’t facing any problems when using the system
[bookmark: _Toc218865680]9 References
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