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[bookmark: _Toc30667929]Use Case Diagrams and Documentation
[bookmark: _Toc30667930]Introduction
The following section of this report will cover the Use Case diagrams for the tasks that will be carried out with the Lego EV3 robot. There are several small tasks in the first part, which are to make several shapes, and then to make the same shapes again, but bigger by 10cm each time, for a total of 3 times.
The second set of tasks will involve diagrams on how the robot will deal with obstructions and the actions to perform to get past such obstructions.
[bookmark: _Toc30667931]Task 1: Part A, Part 1
Task description: Make a rectangle with the dimensions of 10cm by 20cm.
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[bookmark: _Toc30667932]Task 1: Part A, Part 2
Task Description: Create a right angle triangle, with the dimensions of 10cm by 15cm. The third dimension can be found using Pythagoras theorem, therefore the third dimension is 18.03cm (Square root of 10^2+15^2 = 18.03 cm).
In order to make it easier for the robot to correctly draw the triangle, each angle of the triangle will need to be calculated. The angles were calculated using an online triangle calculator [1], which gave the following results.
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[bookmark: _Toc30667933]Task 1: Part A, Part 3
Task Description: This task requires the robot to draw a square that is 10cm in width and length, with a circle inside of it that has a radius of 5cm. First, the square should initially start half way through the first dimension, so that the circle can be drawn easily at the end of the process of drawing the square. Once the square has been finished, the bot must turn around then draw the circle.
In order to actually draw the circle, one side of the bots wheels must be moving faster than the other, so that the bot is still moving forward yet also still creating an arc. 
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[bookmark: _Toc30667934]Task 1: Part A, Part 4 
Task Description: The robot is to perform the task of creating two triangles of the same dimensions, connected at the tip, akin to the shape of a bow tie. The dimensions of the triangle is 10cm for all sides. Angles for turning have been calculated using the same calculator as previously [1], which comes to all angles being 60 as all sides have the same measurements.
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[bookmark: _Toc30667935]Task 1: Part B, Part 1
The following diagrams are all similar to the original part A, Part 1, however, for each repeat, all dimensions are increased by 10cm each time, for a total of 3 repeats. Additionally, this time, area is calculated and displayed on the EV3.
[bookmark: _Toc30667936]Iteration 1
In this instance, the area that is calculated and output will be 20cm by 30cm, which gives a total area of 600cm^2. The lengths have been changed appropriately as can be seen in the new diagram below.
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[bookmark: _Toc30667937]Iteration 2
As the dimensions have increased by another 10cm once again, the area is now 30cm by 40cm, this means that the area that will be output on screen in this iteration will not be 600cm^2 like last time, but will instead be 1200cm^2
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[bookmark: _Toc30667938]Iteration 3
Once more, 10 cm has now been added to all dimensions, meaning that the dimensions are now 40cm by 50cm, meaning that the robot will need to perform the task shown in the use case diagram below. The total area is now 2000cm^2, and will be displayed on screen upon making the shapes.
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[bookmark: _Toc30667939]Task 1: Part B, Part 2
The following diagrams are still very close to their originals in Part A Part 2, however, these diagrams differ in that the two original dimensions have another 10cm added to them, meaning the hypotenuse must once again be calculated, and the angles must also once again be re-calculated (aside from the right angle, for obvious reasons). 
[bookmark: _Toc30667940]Iteration 1
So, the two known dimensions are now 20cm by 25cm, meaning the unknown dimension is now 32.0156cm. this means that the angle on the b side of the triangle is now 38.66 degrees, while the angle on the a side is now 51.34 degrees. Additionally, the area that will be output on the screen of the EV3 will be 250cm^2.
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[bookmark: _Toc30667941]Iteration 2
The dimensions this time are now 30cm by 35cm, this makes the unknown dimension 46.0977cm. Therefore, the area is 525cm^2 (which will be displayed on the screen of the bot) and the b side angle is now 40.6 degrees, while the a side angle is now 49.4 degrees. The diagram below is appropriate for this repeat.
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[bookmark: _Toc30667942]Iteration 3
10 more cm has now been added to the two known dimensions, meaning that the known dimensions of the triangle now become 40cm by 45cm, which, by using Pythagoras theorem, makes the unknown angle 60.208cm, with an area of 900cm^2. The angle on the b side of the triangle now becomes 41.63 degrees, and the angle on the a side of the triangle becomes 48.37 degrees. The use case diagram below is appropriate for what the robot must do to represent this.
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[bookmark: _Toc30667943]Task 1: Part B Part 3
Much like the other parts, Most diagrams here will be similar to the Part A counterparts, with 10cm added in each iteration, however, as there are two shapes now, there will be two areas calculated, and the radius of the circle needs to be recalculated for each iteration of the system in Part A Part 3.
[bookmark: _Toc30667944]Iteration 1
In this iteration, the dimensions of the square are 20cm by 20cm, meaning the area is 400cm^2. The circle within it will now have a radius of 10cm, as 5cm would be too small for the circle to fit perfectly in the square, while 20cm would be bigger than the square. This means, that the area of the circle that will be output will be 314.16cm^2. The diagram below is appropriate for what the robot will need to do to draw the shapes in this task.
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[bookmark: _Toc30667945]Iteration 2
The dimensions of the square are now 30cm by 30cm, giving a total area of 900cm^2 that will be output on the robot. This means that the radius of the circle will be 15cm so that it can fit perfectly in the square, which in turn gives a total area of 706.86cm^2 for the circle that will be output on the bot.
The following use case diagram is appropriate for this task.
[image: ]



[bookmark: _Toc30667946]Iteration 3
In the third iteration of this system, the dimensions are now 40cm by 40cm, giving 1600cm^2 as the result for the area of the square to be displayed on the bot.
As for the circle, the radius will be 20cm so that it can fit perfectly in the square, which means that the area of the circle will be 1256.64cm^2 that will be output on the screen of the robot.
The following diagram is an appropriate use case diagram to represent this task.
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[bookmark: _Toc30667947]Task 1: Part B, Part 4
Much like in the previous parts, each iteration in this part will add 10 cm to each dimension, however the difference in this case is that two areas will be output here as there are two shapes, meaning that the area of each shape must be shown.
[bookmark: _Toc30667948]Iteration 1
The dimension of the triangle are now 20cm on each side, meaning that both triangles have an area of 173.21cm^2. The following diagram is a representation of the tasks the robot will perform in order to complete this task.
[image: ]


[bookmark: _Toc30667949]Iteration 2
The dimensions of each triangle are now 30cm by 30cm by 30cm. This gives a total area of 389.71cm^2 that will be output by the robot for each triangle. The following use case diagram is a good representation of the tasks the robot will perform to complete the drawing of these measurements.
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[bookmark: _Toc30667950]Iteration 3
This is the final iteration of this task. The dimensions of the triangle are now 40cm by 40cm by 40cm, this gives a total area of 692.82cm^2 for each triangle, and will be displayed on the robot once the shapes have been made. The use case diagram here demonstrates the tasks the robot will need to perform to complete the drawing with these measurements.
[image: ]


[bookmark: _Toc30667951]Task 2 Part A
The following use case diagram will be used to show how the robot reacts when there is an obstacle that it is capable of moving. Note, that as the robot wont actually be moving the “obstacle” as it is tape for this practical, the robot will perform a different action to represent moving an object. For this case, the action will be to spin 360 degrees, and then raise its alarm twice. The robot will also ignore the colour black as this is the colour of ink that the robot will be drawing with.
The following use case diagram is appropriate for this.
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[bookmark: _Toc30667952]Task 2 Part B
For this task, the robot is to react to an object that it cannot pick up or move through, and will instead have to stop the robot, raise an alarm, stop drawing the shape and shut the program down. Once again, the robot must ignore the colour black as the robot will be drawing using the colour black.
The following use case diagram is appropriate for this.
[image: ]





BPMN
The following section of this report is a repeat of the Use Case section, however, the diagrams are now in the format of BPMN instead.
Task 1: Part A, Part 1
[image: ]


Task 1: Part A, Part 2
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Task 1: Part A, Part 3
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Task 1: Part A, Part 4
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Task 1: Part B, Part 1
Iteration 1
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Iteration 2
[image: ]
Iteration 3
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Task 1: Part B, Part 2
Iteration 1
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Iteration 2
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Iteration 3
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Task 1: Part B, Part 3
Iteration 1
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Iteration 2
[image: ]


Iteration 3
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Task 1: Part B, Part 4
Iteration 1
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Iteration 2
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Iteration 3
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Task 2: Part A
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Task 2: Part B
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Group work
Screenshots of code
[image: ]
This code is for the rectangle
[image: ]
This code is for the triangle
[image: ]
This code is for the square with a circle in it
[image: ]
This code is for the double triangle “bow tie” shape
[image: ]
This code is for the movable object
[image: ]
This is for the immovable object.



Picture of the robot
[image: ]



Test result of the robot
As a disclaimer, the first result alone proved that in practice the robot didn’t work at all. In theory it should have, however a lack of experience with the lego mindstorm proved to be evident.
[bookmark: _GoBack][image: ]
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