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Use Case Diagram

[image: ]The Following is a Use Case Diagram to demonstrate the actors, use cases and sub use cases that are involved in the productions of a Lego Mindstorms that is required to carry out solutions when presented problems. 

Within the Use Case diagram there are actors, these are the Coder or Programmer and the Robot. These are the individually effected elements to the problem solving, with the use case’s and sub use case’s linking the two of them. Within the Sub Use case of Robot Programming we can find movement, and reporting. These are two parts that have both extensions and inclusions within them.


Use Case Documentations
A Use case Document is required to help report the overview of the Use Case Diagram. 

Below is the table that represents the Use Case Documents associated with the above previous Use Case Diagram:

Use Case Documentation for Lego Mindstorms

	Name of Use Case:
	Lego Mindstorms EV3

	Created by:
	Alex Stanley

	Last Updated:
	Alex Stanley

	Date Created:
	19/01/2020

	Date Created:
	20/01/2020

	Description:
	Lego Mindstorms Robot following different commands executed via programme.

	Actors:
	Coder, Lego Mindstorms EV3 Robot

	Preconditions:
	1. Lego Mindstorms EV3 Robot constructed to required perimeter. 
2. Programme to be written for Lego Mindstorms Robot to execute.
3. Pen for Robot to execute shapes written in programme.

	Postconditions:
	1. Robot executes programme. 
2. Shapes drawn to satisfactory levels as written within the code.
3. Robot has completed the tasks and stopped correctly. 

	Flow:
	1. Coder to follow instructions on constructing robot correctly. 
2. List objectives that the Lego Mindstorms Robot is required to perform from the written programme.
3. Draft code to be written and read through ready input into provided Lego Mindstorms EV3 software.
4. Write programme using the Lego Mindstorms EV3 provided software. 
5. Pre-test written code for Lego Mindstorms EV3 robot using the provided programme to ensure that the robot meets the required goals. 
6. Execute programme under test conditions for Lego Mindstorms EV3 Robot.
7. Write up post test description of Lego Mindstorms Robot based on Output data from Robot

	Alternate Flows:
	In step 4, obstacles could be within the pathing of the robot to be able to draw out the shapes that are required of it. If this were to be the case:
1. Robot senses obstruction/obstacle in path while following through with directions.
2. Observe obstruction and alert accordingly 
3. React accordingly to obstruction
4. Carry on with directions as left when obstruction occurred 

	Exceptions:
	During the drawing of the shape that the robot is carrying out according to the programming that it has received, the obstruction of interference that the robot may face could be something that it has not yet had incorporated within its obstruction or obstacle handling. If this were to occur: 
1. Robot will encounter new obstruction of object within path. 
2. Try and find matching criteria for obstruction and act accordingly. 
3. If unable to find correct obstruction of object handling process, will carry on as normal, as if obstruction of object was neither. 

	Requirements:
	The following requirements should be met before execution of the use case of Lego Mindstorms Robot.
1. Robot should be correctly built and able to handle the programme accordingly within its design.
2. Correct programming should be observed for each of the shapes required of the robot to draw when executed. 














Business Process Modelling 

Business Process Modelling helps to demonstrate the flow of information that would be required within the process of producing the required goals of the project. Within These BPM’s are swim lanes, allowing us to view what happens in a sequence within a process. This can also show multiple loops within the process that is being carried out within the BPM’s.

Below on the following pages are the following Business Process Models for a Lego Mindstorms creating drawings of a Rectangle, Right-Angle Triangle, Circle within a Square and a Join Symbol. 




[image: ]The Below represents a BPM for creating an increasing in size rectangle, with loops that represent the programme’s increasing number within the BPM.
[image: ]Below is a BPM that represents an increasing in size right-angle triangle, within swim lanes that show how the loops increase in size and measurements for performing the task of drawing this shape.
[image: ]Below is the BPM for a programme that will draw a circle in a square, with swim lanes included to show the increase in the sizes of the loops to increase the size. 
[image: ]Below is the BPM for programming a robot to draw a joining symbol, with swim lanes to show the increase in size loops required for this process to occur. 
Robot Building, Programming and Testing

[image: ]The Image presented is the final image of the constructed robot. This robot was able to hold a pen within itself while undergoing programmed tasks. These tasks were written, tested and executed via Lego Mindstorms. 
The design that was implemented allowed for stability while holding the pen across the axis of the robot, meaning accurate pivoting and movement for the robot in order to produce the accurate drawings required within the 20% accuracy margin. 




Rectangle 
[image: ]
This is an image of the code that was created using Lego Mindstorms for the robot to perform an incrementally increasing rectangle shape. 




A looping function may have been used, however felt unneeded when performing the task at hand.





[image: ]The image was produced using the above code when performed by the robot. 
The angles of the largest rectangle beginning were off by a marginal amount, causing the last, larger rectangle to become out of shape. 

However, all sides and corners are accurate within the 20% margin for performing this task.





Circle within a Square
[image: ]
This image of code from Lego Mindstorms was to programme the robot to execute a circle, change direction and draw a square surrounding that circle. Progressively getting larger each time. 

[image: ]


The Robot was able to complete this task relatively well, the last square was off due to the tyre getting cause on one of the sides of paper, causing it to slow and therefore reduce the angle it was turning at. 



Joining Symbol 
[image: ]
The code produced for the joining symbol is shown here. This allowed for accurate turns to meet the equilateral shapes of the triangles within this shape and had incrementally increasing in size within this programme also. 

[image: ]


The image the programmed robot was able to produce for this code seemed to be the closest to its goal. Accurate well within the 20% boundaries set, the only parameters of reducing accuracy being loose paper slowing tyres down as the robot travelled. 






Right-Angle Triangle

[image: ]This image represents the code for the right-angle triangle. This was also written in Lego Mindstorms, however only a single shape was able to be produced from this, if repeated to increasing increments, could have met criteria. 





[image: ]Below is the image that the robot was able to produce from the above code for the Right-angle triangle. Only one shape being drawn, however within 20% for this shape. 
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