Student Name: Emma Williams		Student ID Number: 1904789

Student Name: Emma Williams
Student ID Number: 1904789
Module code: ACCA4016
Module: Academic and Employability Skills (Computational Thinking Element)
Assignment Title: Computational Thinking – Design and implementation of a Lego Mindstorms Solution to a series of problems
























Design, build and program a robot using the Lego Mind-Storms EV3 kit
Business Process Modelling Diagrams
1. 
i.	Rectangle – initial size = 10cm x 20cm
Area: Length x Width

BPM Diagram showing the steps required for the robot to draw a rectangle 10cm by 20cm, calculating the area, then displaying it. Then repeating this process 2 more times, increasing the size by 10cm for each length, calculating the area and displaying it, after each complete pass. 
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ii. 	Right-Angle triangle – initial size = 10cm x 15cm
Square the length of the 2 sides, called a and b, then add them together. Take the square root of the result to get the hypotenuse.
 A² + B² = C²	 10²+15² = √325 = 18.03²
Area: 
⅟2 x Length x Width = cm²
BPM Diagram showing the steps required for the robot to draw a right-angle triangle 10cm x 15cm x 18.03cm, calculating the area, then displaying it. Then repeating this process 2 more times, increasing the size by 10cm for each length, calculating the area and displaying it, after each complete pass.
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iii.	Circle within a square – initial size = 5cm Radius on circle, enclosed in a 10cm square
•	It is required that the circle be drawn in the opposite direction to the square
Area of Square: S² or 10 x 10 = 100cm²
[1] Area of Circle: A = ∏r² 
∏ x 5² = 3.14 x 5 x 5 = 25 x 3.14 = 78.5cm²
[2] Circumference of Circle:
.785 x 4 x 10 = 31.4cm²
Total Area: 
[3] Comparing area of square to area of circle:
[100]/[78.5] = 1.274cm²
area of square = 1.274cm² area of circle 
Arc of circle: 
[4] Length of arc = θ⁄360° × 2πr
60 / 360 x 3.14 x2 x5 = 5.23cm

BPM Diagram showing the steps required for the robot to draw a circle within a square, calculating the area of each diagram, then displaying it, then calculating the area of both diagrams together and displaying it. Then repeating this process 2 more times, increasing the size by 10cm for each length, and 5cm for each circle radius, calculating the area and displaying it, after each complete pass.
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iv.	Join symbol – Initial size- each equilateral triangle should have a side length of 10cm
Area of triangle:
Base x Height ÷ 2 
10 x 10 = 100 / 2 = 50cm²
[5] Area of total shape:
Base x Height ÷ 2 x 2 = cm²
BPM Diagram showing the steps required for the robot to draw x2 equilateral triangles with side lengths of 10cm, then calculating the area of each diagram individually then displaying it. Then calculating the area of both diagrams together and displaying it. Then repeating this process 2 more times, increasing the size by 10cm for each length, calculating the areas and displaying it, after each complete pass.
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2. A.	In the event that the obstruction is red then the obstacle should be removed by the robot.  Red lines will simulate a moveable object for example a small box or crate, procedure for this is
i.	Robot halt
ii.	Raise alarm
iii.	Remove object (you do not need to remove the tape, rather perform an action of your choice which would remove the simulated obstruction)
iv.	Continue on course

B.	Any other obstruction (blue tape) should be treated as an irremovable object such as a wall you should halt drawing of your shape with the following procedure
i.	Robot halt
ii.	Raise alarm
iii.	Stop drawing shape and break program
C.	Your robot should ignore the colour black as this will be the colour of the pen it is carrying

BPM Diagram showing the steps required for the robot to detect, react and deal with obstructions while drawing a rectangle. 

[image: ]
Use Case Diagram
Use Case Diagram of the system of programming the computer, issuing the program to the robot and the robot executing the drawing commands. Includes detecting and dealing with obstructions in the form of colours, calculating the areas of the shapes and displaying the results. 
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Use Case Documentation – obtained from [6]
	Name of Use Case:
	Draw Shapes and Detect Obstructions

	Created By:
	Emma Williams
	Last Updated By:
	Emma Williams

	Date Created:
	19/01/2020
	Last Revision Date:
	19/01/2020

	
	

	Description:
	Student programs Lego Mindstorms EV3 to command robot to draw shapes, calculate area of shapes, display results, detect obstructions in the form of colours and deal with obstructions accordingly

	Actors:
	Student, Computer, Robot

	Preconditions:
	1. Computer has Lego Mindstorms EV3 software installed
2. Student has program created
3. Robot is built with motors, colour sensor, sound block, claw and lifting arm and light block

	Postconditions:
	1. Robot has drawn shapes correctly
2. Robot has calculated area of each shape
3. Robot has displayed results
4. Robots has repeated shapes with increasing size
5. Robot has detected obstructions and actioned accordingly

	Flow:
	1. Student programs Lego Mindstorms EV3 software on computer
2. Student commands computer to issue program to robot via connection cable
3. Robot received program commands
4. Robot executes commands and draws shapes
5. Robot repeats commands with an increase in shape size
6. Robot calculates area after each shape is drawn 
7. Robot displays result on screen

	Exceptions:
	5. In step 4 of the normal flow, if robot detects an obstruction
1. Robot detects whether colour is red, blue or black using colour sensor
2. Robot executes command for Red by stopping, issue a warning sound using a sound block, removes obstruction using claw and lifting arm, then resumes use case at step 4
3. Robot executes command for Black by ignoring and resuming at use case at step 4
4. Robot executes command for Blue by stopping, issuing a flashing light warning using a light block, use case ends

	Requirements:
	The following requirements must be met before execution of the use case
1. Student has programmed software
2. Robot is built with necessary parts







Lego Mindstorm EV3 Practical

Attached are evidence of the rectangle code which the robot executed and increased in size, then displayed the area of each diagram.[image: ]
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Pictures of the robot and rectangle, as executed by the robot:
Robot
[image: ]

Robot drawing 1st Rectangle
[image: ][image: ]
1st Rectangle

2nd Rectangle being executed
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Area of 2nd Rectangle



Robot code to draw a triangle:
We were able to execute the code and the robot did start to draw the triangle but we were unable to finalise the code to remove the error with line b. 
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[bookmark: _GoBack]Robot code to detect colours, stop and signal
[image: ][image: ]Robot detecting the colour red, sounding an alarm and signalling a motion using the arm attached – We were not able to get the robot to detect the colour blue. 
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BPM Diagram — Drawing a Circle within a
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BPM Diagram — Drawing a Join Symbol
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BPM Diagram — Drawing a Rectangle
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