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[bookmark: _Toc39311446]INTRODUCTION

	
	The purpose is to investigate Lego Mindstorms Settings, using research, to carry out Tasks 1 and 2.  



[bookmark: _Toc39311447]Overview 
	
	Table 1 – Task Diagram
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	[bookmark: _Toc39311448]Task 1 


	
	Black line is taped on the floor which includes a circular section.   Robot needs to:
· follow line
· Negotiate blue block
· Re-join line and progress on to green line maze entrance 


	
	Research Taped Line


	
	i) Explain problems to be solved.

	
	ii) Research:

	
	· Line Following; how robot detects line.

	
	· Avoiding the Block: by either:
a) navigation 
b) mowing over or
c) picking up  
· Advantages and disadvantages of 3 avoidance tactics.  
· Explain which best for this task and why.


	
	[bookmark: _Toc39311449]Task 2 


	
	Robot needs to:
· Enter and follow through to the end of the maze
· Reach the red block
· Stop and play a tune to indicate finished


	
	Research 3D Maze


	
	i) Explain problems to be solved.

	
	ii) Research:

	
	· Maze negotiation 
· Outline advantages and disadvantages of these methods.  
· Explain which most suitable for this task, and why.
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	Actions
	Week Ending Friday
	Deadline


	
	

	
20/03

	
270/3
	
03/04
	
10/04
	
17/04
	
24/04
	
01/05
	
07/05

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
1
	
Overview

	
	
	
	
	
	
	
	

	
2
	
Structure

	
	
	
	
	
	
	
	

	
3
	
Research

	
	
	
	
	
	
	
	

	
4
	
Write

	
	
	
	
	
	
	
	

	
5
	
Review

	
	
	
	
	
	
	
	

	
6
	
Experiment

	
	
	
	
	
	
	
	

	
7
	
Revise

	
	
	
	
	
	
	
	

	
8
	
Submit  
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Pt 1
60%
	1) INTRODUCTION


	
	
1 Overview of 2 Tasks
2 Plan
3 Design 
4 Program


	
	2) TASK 1 - LINE FOLLOW, AVOID BLOCK, CONTINUE ON TO GREEN LINE

	
	
1 Overview
2 Line Follow
3 Colour Sensors
4 Block Avoidance
5 Advantages/Disadvantages of Avoidance Methods


	
	3) TASK 2 - NAVIGATE MAZE TO RED BOX, STOP, THEN PLAY TUNE

	
	
1 Overview 
2 Maze Negotiation
3 Tools
4 Advantages/Disadvantages of Tools


	
	4) SUMMARY


	
	
1 Task 1 
2 Task 2 


	



Pt 2
40%
	5) FLOW CHART/ PSEUDO CODE

	
	
1 Overview
2 FC Taped Line Following 
3 PS Colour Calibration
4 FC Block Navigation Around Object
5 PC Block Pick Up
6 FC Maze
7 PC Maze 
8 FC Compiled Whole Program 
9 PC Compiled Draft Whole Program
10 PC Compiled Whole Program


	
Pt 1
	6) REFERENCES

	
	7) METHODOLOGY

	
	
1 Overview
2 Structure
3 Research 
4 Write
5 Review
6 Experiment
7 Revise
8 Submit 
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	Robot would have to possess the ability to see/sense both:

· 2D - lines on the ground 
And detect whether that line is Black or Green plus if background White 
· 3D objects in front:    
And detect whether that object is Blue or Red

Also needs to do accurate 90⁰ turns for:
a) Avoiding block
b) Navigating maze


	
	[bookmark: _Toc39311454] Sensor Problems 

	

	Bearing in mind that:

· Ultrasonic Sensor
(Goggles) 
Only detects objects - but not colours

· Colour/Light Sensor
(Used Like a ‘Ground Sniffer’ until turned upwards) 
Only identifies colours - but can’t detect objects






	
	[bookmark: _Toc39311455]Tools

	
	Summary of tools robot needs:

· A Gyro to enable accurate 90⁰ turns to avoid object and navigate maze.

· 2 Ultrasonic Sensors to be used for ‘Block Detection’ and ‘Maze’ Programs
For High View Front and Side 

· A Colour/Light Sensor
With Default Set to Low View Like a ‘Ground Sniffer’  

but also needs to be programmed to be able to pivot up after obstacle encountered, to look up to identify whether objects Blue or Red.

c)  Default Low View (2D)
 for ‘Line Follower’ 
For floor Lines needs to identify whether Line is BLACK, or GREEN and Background White 
And Whilst on BLACK Line or White Background do ‘Line Follow’ Program
Upon encountering GREEN Line: do ‘Stop Line Follow and Start ‘Wall Follower Maze’ Program

d) Pivot Up View (3D) 
ONLY After Ultrasonic Obstacle Detection:
When Ultrasonic Sensor detects block, the Colour Sensor needs to pivot upwards to identify whether colour of block is BLUE or RED.

IF BLUE detected: do ‘Avoid’ Program
IF RED detected: do ‘Stop and Play Song’ Program



[bookmark: _Toc39311456]Colour Detection
	
	
	Whenever Ultrasonic Sensor Detects Object
Positioned either up or down
· With Colour Sensor Up: looks to see IF OBJECT Colour Red or Blue?
· With Colour Sensor Down: looks to see IF LINE Colour Black, or Green?
And the background White

	
	
	Sensor
	Overview of Pseudo Code
	
	Colours/
Conditions

	
	1)
	↓
	With Sensor Down 
· Start Black Line Follower Program
Until meets BLUE Obstacle

	
	Is it on Black Line ?
or White Background?

	
	2)
	↑
	Sensor goes Up 
· and looks to see if Blue or Red?
	
	Is OBJECT
Blue or Red?
IF Blue Avoid

	
	3)
	↑
	Stop Black Line Follower Program

	
	

	
	4)
	↑
	Start Block Avoidance Program 
· Until Back on Black Line

	
	IF on back on Black Line
Continue Line Follower

	
	5)
	↓
	Start Black Line Follower Until Reach Green Line
	
	IF Green Line detected
STOP Line Follower

	
	6)
	↓
	Stop Line Follower Program 

	
	

	
	7)
	↑
	Colour Sensor goes Up and Wall Follower Maze Program Starts until
	
	START MAZE

	
	8)
	↑
	Sensor Detects Red Block
	
	Is OBJECT
Blue or Red?
IF Red

	
	9)
	↑
	Stops Maze Program

	
	STOP Maze

	
	10)  
	↑
	Starts Song Program

	
	START Song


[bookmark: _Toc39311457]
 Program 
	
	Order of Play

	
	A
	
	CONFIGURE BLACK, White, GREEN, BLUE and RED COLOURS

	
	
	1
	Configure Robot colour recognition for: BLACK, White, GREEN, BLUE and RED

	
	
	
	

	
	B
	
	START BLACK LINE FOLLOWING PROGRAM

	
	
	2
	Place Robot on Top of Black Line (When on black forward, when on white back to black)

	
	
	3
	START ‘Black Line Follow’ Program (to Follow EITHER Left or Right Side)

	
	
	4
	UNTIL Ultrasonic Sensor Senses Obstacle so Robot STOPS

	
	
	
	

	
	C
	
	START OBJECT AVOIDANCE PROGRAM

	
	
	5
	Colour Sensor Raises Up to Check Whether Obstacle Blue or Red?

	
	
	6
	IF Blue, Colour Sensor Goes Back Down

	
	
	7
	AND Avoid Program Does Sufficient Turns to Avoid Block UNTIL it re-joins Black Line

	
	
	
	

	
	D
	
	AS SOON AS ROBOT GETS BACK ON BLACK LINE RE-START LINE FOLLOW

	
	
	8
	Once Robot Back on Black Line RESTART ‘Line Follow’ Program UNTIL

	
	
	9
	Reaches Green Line

	
	
	
	

	
	E
	
	AS SOON AS ROBOT ENCOUNTERS GREEN LINE 

	
	
	10
	Robot STOPS

	
	
	
	

	
	F
	
	START WALL FOLLOWER MAZE PROGRAM

	
	
	11
	START ‘Wall Follower Maze’ Program (Right or Left Wall) 

	
	
	12
	UNTIL Reaches Obstacle in Front, so Robot STOPS

	
	
	
	

	
	G
	
	AS SOON AS ENCOUNTERS RED OBJECT – START SONG PROGRAM

	
	
	12
	Colour Sensor Raises Up to Check Whether Obstacle is Blue or Red?

	
	
	13
	IF Obstacle Red, ‘Play Song’ Program

	
	
	
	






[bookmark: _Toc39311458]Gyro, Colour and Ultrasonic Sensors
	
 Sensor Types 
And Specific Jobs Each is Needed Carry Out


	A
	
1

2
	For the Gyro:
a)  WHEN BLUE object detected START Object Avoidance Program; 3 x 90⁰ Turns UNTIL return to BLACK Line
b) WHEN GREEN line detected START Wall Follower Maze Program

	
	
	

	B
	

3
	For the Colour Sensor: 

Black Line Follower (Black and White zig zag)


	
	4
	a)  WHEN Sensor is DOWN
Follows a Black Line UNTIL reaches Green Line then Robot STOPS
And STARTS 
Wall Follower Maze Program (11)


	
	5
	b) WHEN is Sensor UP
Detects Colour (Blue or Red)


	
	6
	c) IF Blue Sensor goes Down and ‘Avoid Program’ Goes ON

	
	7
	d) UNTIL re-joins Black Line

	
	8
	e) IF Red ‘Play Song’ Program Goes ON

	
	
	

	C
	
	For Ultrasonic Sensor: 
Obstacle Detector 


	
	9
	WHEN Obstacle Detected: Robot STOPS and Raises Colour Sensor

	
	10
	Results in either 3 or 5 (LOOP)

	
	11

	WHEN Green Line Reached it is end of Line Follower Program and START of Wall Follower Maze Program

	
	
	



[bookmark: _Toc39311459]TASK 1 
1.1 [bookmark: _Toc39311460]Overview 
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· Follow the black taped line from ‘start’

· When meeting the blue block, overcome it by either:

a) avoiding, go around
b) mowing over or 
c) lifting up the blue block

· Then continuing on the black line up to the Green Line maze entrance.
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	[bookmark: _Toc39311462]Follow the Middle Is Easy for Humans but Difficult for Robot

	
	[1]
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	[bookmark: _Toc39311463]When Robot Programmed to Follow Centre of Curved Line it Wanders Off

	
	This example is programmed to centre of the line but as soon as the line curves the robot will wander off the line so is not feasible.
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	However, when the line curves to one side it no longer works.
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	It should be noted that to begin the programme, the robot must first be placed upon the line.  The robot only knows if it is ON or OFF the line, so it needs to be programmed to follow one side or another correctly (as below).  





	
	[bookmark: _Toc39311464]Right or Left Configuration

	
	When configured to follow Black:


	
	· If the robot is configured to follow the LEFT side of line: it is programmed thus: 
If on Black turn left, or if on White turn Right 
· OR if robot is configured to follow the RIGHT side of the line: it is programmed thus:
If on Black turn right, or if on White turn Left
 (opposite rules to above).
· Steering also needs calibration to alter the angle to mitigate wobble.


	
	[bookmark: _Toc39311465]Line Follower Steering Calibration
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	[bookmark: _Toc39311467]Problems Navigating Lines Crossing Over/Tight Angles

	
	BLACK line path incorporates a circular line that crosses over itself. Whenever lines overlap, or have tight turns causes problems.  


	
	· Thinner taped lines help when lines overlap, 
· but thicker help when going straight. 
· Reducing speed enables better Threshold readings on curvy path.  
· Adjusting Directional Steering to bigger differential (-40/+40) helps to navigate circular path 
· but if too big a differential programmed, could continously traverse circle. 


	
	Directional Steering needs to be tested and re-adjusted to take into account how sharp angle is, to reach a balance of zig zagging sharp, enough to get round the curvy bits, but not so sharp as to miss the cross over, enabling robot to continue on path.  Calibration to tailor to line angles essential.





	
	[bookmark: _Toc39311468]Alternate More Accurate Type of Line Follower: PID 

	
	This programming more accurate but more difficult to do.  Avoids all the above problems when crossing over lines or circling.

	
	[2] Proportional Integral Derivative (PID)
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	[1] Cont’d
The program below goes on forever, but example below this one stops at a pre-programed colour.
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	Useful for instance if programming the robot to stop at blue (loop exit condition).





[bookmark: _Toc39311470]Colour Sensor
	
	[3] The colour mode is not as accurate as one might assume; for instance, the orange sensor may read ‘red’, ‘yellow’ or ‘no colour’ as it depends upon the light.  To overcome this place the sensor close to the object (without touching it).  This reduces the incidence of other sources of light.  There are ‘Wait’ and ‘Compare’ or ‘Change’ modes.  In Compare mode the block awaits until sensor detects a colour pre-selected from a list (white box with red line through it represents ‘no colour’).


	
	1.1.1 [bookmark: _Toc39311471]Reflected Light Intensity

	
	In Reflected Light Intensity the sensor turns red and measures light reflected back from object.  0 is dark and 100 is bright.  This is used for line following.  As before position sensor close to the object to block other light sources that could interfere with the reading.  Configure this with ‘Compare Type’ and ‘Threshold Value’.


	
	1.1.2 [bookmark: _Toc39311472]Ambient Light Intensity 

	
	The mode the colour sensor is using will be indicated from the LED on front of sensor; If you have chosen the wrong light intensity the dim Blue Ambient Light Intensity mode will show to alert you to change the number.  In Colour Mode a bright multicoloured light shows and Red is Reflected Light Intensity.







	
	[bookmark: _Toc39311473]Colour Calibration Method

	
	[4] Pseudo Code for this Program displayed in Chapter 5
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	[bookmark: _Toc39311475]Either Navigate, Mow Over or Pick Up

	
	3 methods investigated to find out which is the best:


	
	a)  Navigation Around – Using Sensors; Touch/Colour/IR/US
b)  Mowing Over - Ignoring 
c)  Pick up Block – and either Toss Aside or Carry Forward

Factors to consider are:
· the method of block removal depends on the volume, weight and shape of the obstacle to be overcome, 
· speed of robot. 
· the complexity of programming required; ease of use/simplicity being the more highly rated.







	
	[bookmark: _Toc39311476]a) Navigate Around 


	
	[1] Cont’d
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	[5]

	
	Touch sensor used when robot bumps into an object.
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	[6]

	
	These are different types of sensors and explanation of how they function
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	Note:
In the case of IR Sensor: 
· Included with the Retail kit, 
· Education kit includes an Ultrasonic Sensor which is more accurate


	
	[bookmark: _Toc39311477]b)  Mowing Over

	
	This seems the easiest method, with the condition: 

· Is the object small and/or light enough to be shifted with ease? The robot would have to be programmed to travel at sufficient pace to be able to disregard the obstruction.

As robot stays on the line, can continue on. 




	
	[bookmark: _Toc39311478]c)  Pick Up Block 


	
	[7] Stage 1 Stop in front of object (below)

	
	[image: ]

	
	[8] Stage 2 Pick Up Object Pseudo Code (repeated under Section 5)

	
	

	
	Below is pseudocode for programming the robot to pick up object

	
	[image: ]
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	Go Around
 a)
	Mow Over
 b)
	Pick Up
 c)

	ADVANTAGES
	Less Complicated than c) 
	Simplest, so better than both a) and c)
on condition block is not heavy.
	If object is too big or heavy to mow over is better than b)

	DISADVANTAGES
	Not as good as b)
	If block too heavy will fail to shift it out of the way
	More complicated to program than a) and b)



	
	[bookmark: _Toc39311480]Which Rated Best and Why

	RATED
	FIRST
	SECOND
	LAST

	
Method
	Mow Over
 b)
	Go Around
 a)
	Pick Up
 c)

	
	

	
	[bookmark: _Toc39311481]Reason Why b) Mow Over Rated Best

	
	· On condition that object is light enough to be shifted the Mow Over b) best.

	
	[bookmark: _Toc39311482]On Condition of Block Lightness – Otherwise a) Go Around Rated Best

	
	· If object cannot be shifted Go Around a) moves upwards 





2 [bookmark: _Toc39311483]TASK 2 
2.1 [bookmark: _Toc39311484]Overview 
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	From the Green Line navigate through the maze right the way through to the Red Finish Line.  



[bookmark: _Toc39311485]Maze Navigation 
	
	
	[9] Can choose to use either ‘right’ or ‘left ‘hand rule (both work equally well)

	
	
	[bookmark: _Toc39311486]Right Hand Rule Path Through Maze
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	[bookmark: _Toc39311487]Robot Moving with Wall to its Right
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	When the robot meets a corner with a wall to the right and front of it as shown in Fig 7-4 the robot should turn to the left and continue forward.

	
	
	[bookmark: _Toc39311488]Robot Turns Left at the Corner
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	Opening to the right Fig 7-5 robot turns into the opening.  To follow right hand rule robot should always turn right, even when it can go ahead as in Fig 7-6, or when it can go left as in Figure 7-7.






	
	
	[bookmark: _Toc39311489]Robot Turning into Opening on the Right
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	[bookmark: _Toc39311490]Robot Turning Right Instead of Straight
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	[bookmark: _Toc39311491]Robot Turning Right Instead of Left at T Junction
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	Program can be summarised:
· Robot should move forward along the wall on its right staying close to wall
· If the robot finds a wall in front and to the right it should turn left 90⁰ and then follow the new wall.
· If the robot comes to an opening in the wall on the right it should turn right 90⁰ and go through opening.






	
	
	[bookmark: _Toc39311492]Play Tune Once Red Block Detected at End of Maze

	
	
	· Colour sensor could be configured to trigger a tune at the end once red is detected.
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2.2 [bookmark: _Toc39311493]Tools
	
	[10]


	
	[bookmark: _Toc39311494]Sensors: Ultrasonic 

	
	Use the “wait for distance” to drive forward until it comes within a certain distance from the wall, and then turn.  Need to calculate distance that will give the robot sufficient space to pivot and not crash against the wall.

	
	[bookmark: _Toc39311495]Sensors: Touch 

	
	Only suitable if walls are stable enough.  The challenge is to work out how to turn if your robot is touching the wall and whether “pushed” or “push/release” mode works best.

	
	[bookmark: _Toc39311496]Sensors: Light/colour facing down 

	
	Add tape to the maze floor so robot can use the “wait for light/colour” mode.  Always place the tape lines at the inside corners of the maze not the middle space. The robot has to be programmed to know where to turn in relation to where the line is and where they have space to turn. It means that robot will have to move forward past the line and then turn. 

	
	[bookmark: _Toc39311497]Sensors: Light/colour facing forward 

	
	Add colour to walls and use the light/colour sensor to sense the walls.  

	
	[bookmark: _Toc39311498]Line following 

	
	Add a line that will travel all the way through the maze. 

	
	[bookmark: _Toc39311499]Wall following 

	
	Can use the ultrasonic sensor to follow along the wall (either right or left) to navigate around the maze.

	
	[bookmark: _Toc39311500]Gyro sensor 

	
	Calculate perfect 90-degree turn. Have to use a “gyro reset” block to zero out the counter. Look for “gyro sensor calibration/reset.”





2.3 [bookmark: _Toc39311501]Advantages and Disadvantages of Tools 
	
	
	Advantages
	Disadvantages
	Ranked

	1*
	Sensors: Ultrasonic 

	More accurate than Infrared *in conjunction with 6
	Need to calculate distance that will give the robot sufficient space to pivot and not crash against the wall.
	Joint 1

	2
	Sensors: Touch 

	
	Only suitable if your walls are stable enough
	4

	3**
	Sensors: Light/colour facing down 

	**in conjunction with 5
	Linked to 5 - Taped Line; the robot has to be programmed to know where to turn in relation to where the line is and where they have space to turn.
	Joint 2

	4
	Sensors: Light/colour facing forward 

	
	Need to add colour to walls and use the light/colour sensor to sense the walls.  
	3

	5**
	Line following 

	Fairly simple
**in conjunction with 3
	Linked to 3 - have to add tape to the maze 
	Joint 2

	6*
	Wall following 

	Simplest and most suitable
*in conjunction with 1
	
	Joint 1

	7
	Gyro sensor 

	
	Have to use a “gyro reset” block to zero out the counter. Look for “gyro sensor calibration/reset.”
	5









	
	[bookmark: _Toc39311502]Tools Ranked

	Ranked in order
	1st
	2nd
	3rd
	4th
	5th

	 
	Nos. 1 & 6 Linked
	Nos. 3 & 5 Linked
	No. 4
	No. 2
	No. 7

	
	Wall Following/
Ultrasonic
	Line Following/
Light/Colour Down
	Light Colour Forward
Face
	Touch
	Gyro



	

	
	[bookmark: _Toc39311503]Reason Right or Left Wall Following with Ultrasonic Sensor Best Rated

	
	1 and 6, most efficient.  Whether left or right Wall Following, this algorithm used with an Ultrasonic Sensor best.

	
	[bookmark: _Toc39311504]Reasons Others Not as Good

	
	· Nos 3 & 5: Line Following/Colour Down Sensor entails the need to tape the entire maze.

	
	· No. 4 Light Colour Forward Face entails colouring of the walls.
· No. 2 Touch can only be used with robust maze walls
· No. 7 Gyro measures rate of rotation so placed last as least useful compared to above for this particular task.  Although if using in conjunction with Light Colour Forward Face however, after 10 or more turns the turns less accurate as shifts very slightly.

	
	




3 [bookmark: _Toc39311505]SUMMARY
[bookmark: _Toc39311506]Task 1
	
	3.1.1 [bookmark: _Toc39311507]Taped Line Following 

	
	Programming to one side has to be configured carefully for curvy and circular or crossing over paths.  PID method is better but hard to do, however once done pays off as more accurate.


	
	[bookmark: _Toc39311508]Colour

	
	Not as simple as programming Black, White, Blue, Green, etc. as light interference has to be taken into account; hold robot next to colours to obtain readings to program.  Found putting shade round sensor helps when pointed to ground but didn’t help forward facing.


	
	[bookmark: _Toc39311509] b) Block Avoidance by Mowing Over - Rated Best



[bookmark: _Toc39311510]Task 2
	
	[bookmark: _Toc39311511]3D Maze Wall Follower and Ultrasonic – Rated Best





4 [bookmark: _Toc39311512]FLOW CHARTS/PSEUDO CODE
	
	[bookmark: _Toc39311513]Table 1 - Overview 

	
	[bookmark: _Toc39311514]Part A Sourced

	
	Researched to source items 1-5.  Items 3 and 5 highlighted as part of process, but no research included.

	
	Table 1 - Overview

	
	
	
	Flow Chart
	Pseudo Code

	A
	
	Sourced 
	
	

	
	1.
	Line Follow
	Table 2
	

	
	2.
	Colour ID
	
	Table 3

	
	3.
	Object Detection
	
	

	
	4.  
	Object Avoidance
	Table 4
	Table 5

	
	5.
	Maze
	Table 6
	Table 7

	
	5.
	Sound
	
	

	
	[bookmark: _Toc39311515]Part B Compiled

	
	

	B
	
	Compiled
	
	

	
	6.
	Whole Program
	Table 8
	Table 9 & 10

	
	
	· Line Follow
	
	

	
	
	· Avoid
	
	

	
	
	· Maze
	
	

	
	
	· Song
	
	

	
	
	
	
	






	[bookmark: _Hlk38363010]
	[bookmark: _Toc39311516]Table 2 – Flow Chart Taped Line Following 

	
	[11] 

	
	[image: ]





	
	[bookmark: _Toc39311517]Table 3 - Pseudo Code for Colour Calibration

	
	[4] Cont’d

	
	[image: ]

	
	

	
	[bookmark: _Toc39311518]Table 4 – Flow Chart Block Avoidance by Navigation Around

	
	[11] 

	
	[image: ]

	
	[bookmark: _Toc39311519]Table 5 – Pseudo Code Pick Up Object

	
	[8] Cont’d

	
	[image: ]



	
	4.1 [bookmark: _Toc39311520] Table 6 – Flow Chart 3D Maze


	
	[10] Cont’d – Note, although titled ‘find Green Circle, the same Program is used to traverse through a maze.

	
	LEARNING MOBILE ROBOTICS USING LEGO
MINDSTORMS
Paulo Leit˜ao, Jos´eGon¸calves, Jos´eBarbosa
[image: ]






	
	[bookmark: _Toc39311521]Table 7 - Pseudo Code for Navigation of Maze 

	
	[9] Cont’d

	
	[bookmark: _Toc39311522]Straight Wall

	
	[image: ]

	
	[bookmark: _Toc39311523]Turning Corner

	
	[image: ]

	
	[bookmark: _Toc39311524]Moving Through Opening

	
	[image: ]

	
	





[bookmark: _Toc39311525]Table 8 – Flow Chart Compiled for Whole Task
	0 Overall
	1 Black Line Follow
	2 Avoid
	3 Maze
	4 Play Song

	0
	A
	B
	C
	D

	
	Table 8 – Flow Chart Overall 

	
	[image: ]

	

	[bookmark: _Toc39311526]Sub Program Black Line Follow

	
	[image: ]



	
	[bookmark: _Toc39311527]Sub Program Avoid

	
	[image: ]

	
	[bookmark: _Toc39311528]Sub Program Maze

	
	[image: ]






	
	[bookmark: _Toc39311529]Sub Program Play Song

	
	[image: ]





[bookmark: _Toc39311530]Table 9 – Draft Pseudo Code Compiled for Whole Task
	
	Overview

1. Line Follow (Colour Sensor DOWN) and Colour ID Black White Green

2. Object Detection (RAISE Colour Sensor UP) and Colour ID (Blue Red)

3. Object Avoidance (Blue)

4. Maze (Green)

5. Sound (Red)


	
	CONFIGURE: Colour Recognition for: BLACK, WHITE, GREEN, BLUE and RED 

	1
	Line Follow: IF on Black go forward (either left or right edge following)

	2
	· IF on White go back on Black

	3
	· IF on GREEN Do Stop, and Instigate Wall Follower (Maze)

	4
	· Wall Follower Maze 

	
	

	5
	Object Detection and Colour ID:  Do Stop, Raise Colour Sensor UP, And

	6
	· IF BLUE detected Do Avoid

	7
	· IF RED detected Do Song

	
	

	
	Pre-Pseudo Code DRAFT

	1
	START: Place Robot on Top of Black Line 

	2
	Start Black Line Following Program 

	3
	UNTIL Ultrasonic Sensor Senses Obstacle, so Robot STOPS

	4
	Colour Sensor Raises Up to Check Whether Obstacle Blue or Red?

	5
	IF Blue, Colour Sensor Goes Back Down

	6
	AND Avoid Program Does Sufficient Turns to Avoid Block UNTIL it re-joins Black Line

	7
	Once Robot Back on Black Line Follow Program re-starts UNTIL

	8
	Reaches Green Line

	9
	Robot STOPS

	10
	START ‘Wall Follower Maze’ Program (Right or Left Wall) 

	11
	UNTIL Reaches Obstacle in Front, so Robot STOPS

	12
	Colour Sensor Raises Up to Check Whether Obstacle is Blue or Red?

	13
	IF Obstacle Red, ‘Play Song’ Program

	
	END



[bookmark: _Toc39311531]Table 10 - Pseudo Code Compiled for Whole Task
	
	START

	

	
	
	INPUT: Colour Values for Black White, Blue Green Red

	
	
	
	SET, INIT: Values

	
	
	
	IF Object in Front: 

	
	
	
	
	---- Raise Colour Sensor ID 45⁰ 

	
	
	
	
	Sound Block ID Colour

	
	
	
	
	ELSE Lower Sensor back down

	

	
	
	INPUT: PROGRAMS: 

	
	
	
	Black Line Follow

	
	
	
	Avoid

	
	
	
	Maze

	
	
	
	Song

	

	
	
	
	PROGRAMS:

	

	
	
	
	Black Line Follow

	
	
	
	IF Right on Black and Left on Black

	
	
	
	
	---- Go forward

	
	
	
	
	
	Else if on White

	
	
	
	
	
	
	--- Turn Right

	
	
	
	
	
	Else if on Black

	
	
	
	
	
	
	--- Turn Left

	
	
	
	
	
	Else if on Green

	
	
	
	
	
	
	--- STOP

	
	
	
	
	
	Else if Object

	
	
	
	
	
	
	--- STOP

	
	
	
	END IF

	






	
	
	
	Avoid

	
	
	
	Colour Sensor Raises 45⁰

	
	
	
	
	Object Blue Sound Block says ‘Blue Avoid’

	
	
	
	--- Colour Sensor Goes Back Down

	
	
	
	
	
	--- Turn 90⁰ Right, 8 CM

	
	
	
	
	
	--- Turn 90⁰ Right, 8 CM

	
	
	
	
	
	--- Turn 90⁰ Left 8 CM

	
	
	
	
	--- STOP

	

	
	
	
	Maze

	
	
	
	WHILE not at goal:

	
	
	
	
	IF there is a wall in front

	
	
	
	
	--- Turn Right a little

	
	
	
	
	
	Else IF there is a wall on the Left:

	
	
	
	
	
	Drive Straight a little

	
	
	
	
	
	
	Else: turn Left a little

	
	
	
	
	Else IF Object 

	
	
	
	
	
	--- STOP

	
	
	
	
	END IF

	
	
	
	EXIT WHILE at goal

	

	
	
	
	Song

	
	
	
	Object Red Sound Block Says ‘Red Yipee’

	
	
	
	
	--- STOP

	
	
	
	
	
	--- Play Simply the Best by Tina Turner 

	
	
	
	
	
	----Turn 360⁰ 

	ONCE ABOVE PROGRAMMED:

	START

	1
	START Black Line Follow END

	2
	START Avoid END

	1
	START Black Line Follow END

	3
	START Maze END

	4
	START Song END

	END


5 [bookmark: _Toc39311532]REFERENCES
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[bookmark: _Toc39311533]METHODOLOGY
	
	Order of work:


	
	1. Structure 
2. Research 
3. Write 
4. Review 
5. Experiment 
6. Revise Report (as necessary) 
7. Submit 

	
	


[bookmark: _Toc39311534]Structure
	
	[bookmark: _Toc39311535]Read Requirements of Exam

	
	To choose which of two alternative questions to address and partition the questions into separate sections.

	
	[bookmark: _Toc39311536]Structure Report into Chapters 

	
	List Chapter Headings these questions could come under:

	
	1 Introduction
2 Task 1
3 Task 2 
4 Summary 
5 Flow Charts/Pseudo Code
6 References
7 Methodology


	
	Use this to plan the report adding and moving sub headings around to flow.

	
	

	
	[bookmark: _Toc39311537]Compile Gantt Chart 

	
	Use the above headings to list sub tasks under relevant Chapter and refer to calendar to spread the work over evenly, listing rough target dates to complete each Chapter.

	
	




[bookmark: _Toc39311538]Research 
	
	[bookmark: _Toc39311539]Line Following, Colour Sensors, Block Avoidance, Maze Negotiation

	
	Power points, PDF’s and websites copied and saved.

	
	[bookmark: _Toc39311540]Design

	
	Robot structure and how tools fit on robot’.

	
	


[bookmark: _Toc39311541]Write 
	
	[bookmark: _Toc39311542]Slot Material into correct sections ensuring references congruent

	
	· Choose which best parts of saved material,  
· slot into appropriate section and shorten and re-word to suit 
· Some research was used in two sections, so when adding more, updating carefully was crucial to ensure no mistakes

	
	


[bookmark: _Toc37870325][bookmark: _Toc39311543]Review 
	
	[bookmark: _Toc39311544]Fine Tune

	
	Where research looks weak, supplement research by building and programming robot in order to correct any misunderstandings in report.

	
	


[bookmark: _Toc39311545]Experiment
	
	[bookmark: _Toc39311546]Overview

	
	Research is a poor substitute for play!  It is similar to trying to learn to cook by reading books only (never baking).  Therefore, experiments carried out on:

	
	

	
	1. Program Structure

	
	2. Building the Robot

	
	3. Colour Recognition Configuration

	
	4. Black Line Following 

	
	5. Object Avoidance; sensor
· Down for Black White, and Green, 
· Up for Blue and Red

	
	6. Maze 

	
	7. Sound 

	
	8. The Code Required to achieve above

	
	Order of the Program Required

	
	1. Colour Recognition (3) BLACK BLUE GREEN RED

	
	2. Follow Black Line (4)

	
	3. Avoid Blue Object (3)

	
	4. Re-join Black Line (4)

	
	5. Arrive at Green Line (3)

	
	6. Start Maze (6)

	
	7. Stop at Red Object (3)

	
	8. Play Tune (7)

	
	





	
	Overview of Order of Play

	
	A
	
	CONFIGURE BLACK, WHITE, GREEN, BLUE and RED COLOURS

	
	
	1
	Configure Robot colour recognition for: BLACK, WHITE, GREEN, BLUE and RED

	
	
	
	

	
	B
	
	START BLACK LINE FOLLOWING PROGRAM

	
	
	2
	Place Robot on Top of Black Line 

	
	
	3
	START ‘Black Line Follow’ Program (to Follow EITHER Left or Right Side)

	
	
	4
	UNTIL Ultrasonic Sensor Senses Obstacle so Robot STOPS

	
	
	
	

	
	C
	
	START OBJECT AVOIDANCE PROGRAM

	
	
	5
	Colour Sensor Raises Up to Check Whether Obstacle Blue or Red?

	
	
	6
	IF Blue, Colour Sensor Goes Back Down

	
	
	7
	AND Avoid Program Does Sufficient Turns to Avoid Block UNTIL it re-joins Black Line

	
	
	
	

	
	D
	
	AS SOON AS ROBOT GETS BACK ON BLACK LINE RE-START LINE FOLLOW

	
	
	8
	Once Robot Back on Black Line RESTART ‘Line Follow’ Program UNTIL

	
	
	9
	Reaches Green Line

	
	
	
	

	
	E
	
	AS SOON AS ROBOT ENCOUNTERS GREEN LINE 

	
	
	10
	Robot STOPS

	
	
	
	

	
	F
	
	START MAZE PROGRAM

	
	
	11
	START ‘Wall Follower Maze’ Program (Right or Left Wall) 

	
	
	12
	UNTIL Reaches Obstacle in Front, so Robot STOPS

	
	
	
	

	
	G
	
	AS SOON AS ENCOUNTERS RED OBJECT – START SONG PROGRAM

	
	
	12
	Colour Sensor Raises Up to Check Whether Obstacle is Blue or Red?

	
	
	13
	IF Obstacle Red, ‘Play Song’ Program

	
	
	
	





	
	

	
	Various loops and switches, as well as calibration for speeds and colours were required.

	
	

	
	[bookmark: _Toc39311547]Building the Robot

	
	[image: ]

	
	Mechanical

	
	If robot won’t go despite programming, check wheels mechanism not obstructed and if so adjust.

	
	Add-On Sensors

	
	Three Sensors added;
· two Ultrasonic (Goggles) to detect objects one on front and other on RIGHT hand side for maze
· and other Colour/Light to identify colours which is raised when encountering object to ID colour (as opposed to ground).

	
	[bookmark: _Toc39311548]Colour Recognition 

	
	Experiment making up a chart of colours with Colour/Light Sensor UP and DOWN necessary to achieve accurate recognition of colours.


	
	[image: NXT Color Sensor V2]

	
	Sensor Up

	
	· The closer Colour/Light Sensor gets to object, the better it can recognise which colour it is.
· The robot needs to be programmed to slow down when nearing obstacle, and then get very close to read the colour
· Identify Object is in path of robot at 5cm away 
· Slow speed and creep up to see colour at 2 cm away from it

	
	Colour Recognition with Sensor Down

	
	Enclose the sensor in a ‘box’ when down to negate interference of light.

	
	[bookmark: _Toc39311549]Black Line Following

	
	A Black Line Follow course was constructed in order to better understand the problems encountered.


	
	

	
	[image: ]

	
	Threshold Value

	
	To calculate using colour sensor in reflective light intensity mode:


	
	Example: all black = zero all white = 100 therefore 50/50 = 100 divided by 2 = 50.  When you place the sensor on right hand side of the line any readings over 50 need to turn robot left and any readings under 50 need to turn the robot right.  The robot will perform in zig zag method.

	
	[image: ]

	
	Loop 2 Conditions

	
	To program the robot to carry out this instruction use a loop block into which you place a switch block.  In the switch block you place a move steering block in each of the two conditions.  The condition for the switch block is based on your threshold value in this case 50 so for the condition to work you have to choose the less than option on the switch condition – anything less than 50 it is going to do true or false condition true in this case less than 50 turns right and false if its greater than 50 it will turn left.  It is important to state starting on the left-hand edge; if right other way round.


	
	Speed/Sharp Corners

	
	Sharp corner navigation: speed is important (slow it down).  Sharp corners can also be circular as well as right angles.  If using cross overs have them thinner so robot can keep going straight.



	
	[bookmark: _Toc39311550]Object Avoidance

	
	Experiments carried out using robot to see the form and order needed

	
	[image: ]

	
	[bookmark: _Toc39311551]Maze

	
	Experiments carried out using maze constructed.  Note this is sourced code.

	
	[image: ]






	
	Maze constructed

	
	[image: ]

	
	[bookmark: _Toc39311552]Sound

	
	Experiments carried out to produce sounds.

	
	


[bookmark: _Toc39311553]Revise the Report
	
	Make revisions as necessary.


[bookmark: _Toc39311554]Submit
	
	[bookmark: _Toc39311555]Submit Draft for comments

	
	Make appropriate alterations necessary.

	
	[bookmark: _Toc39311556]Submit final on time (7th May)
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Follow the Middle

m Humans want to follow the line in
the middle.

m Let’s have the robot do the same
thing using the Colour Sensor

m What type of questions can we ask
using this sensor
- Areyouon line or not?

©2015EvaLe om (Last edit: 7/26/2016)





image6.png
1. If we are on black, keep
going straight

2. Ifwe are on white, turn
left to get back to the line

Seems to work fine here...

© 2015 EV3lLessons.com (Last edi: 7/26/
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1. If we are on black, keep going
straight

2. If we are on white, turn left to get
back to the line

OH NO... my robot is running away....

When the robot leaves the left side of
the line, the program no longer works!

© 2015 EV3Lessons.com (Last edt: 7/26/ 6
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Line Following: Robot Style

m  Why could the Human follow the middle?:
- They can see ahead.
- They can see the whole line and its surroundings
- They see both sides and which side they left

m Why can’t the Robot do the same thing?:
Can't tell right or left side of the line

How do we make sure the robot always veers off on the
SAME SIDE of the line?

= Instead of the middle, could the robot follow the “edge”?
So now the robot will fall off only the same side.
We will now show you how this works!

©2015 EV3Lessons.com (Last edit: 7/26/2016)
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Line Following at the Edges

Left side line following Right side line following

The robot has to
choose which way
to turn when the
colour sensor sees
a different colour.

The answer
depends on what
side of the lineyou

are following!
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The Correct Side of the Line
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Step 1: Write a program that follows the RIGHT edge of a
line.

Hints: If your sensor sees black, turn right. If your sensor
sees white, turn left. Use loops and switches!

Step 2: Try it out on different lines.

Did your line follower work the same on straight and curved
lines?

Step 3:If not, instead of turn Steering = 50, try smaller
values.

Is it better on the curved lines now?
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_—
“The goa of this progra is o teach the robot what black.
and white values should read. At the end of this program,
the color sensor (n light mode) shouid read arount 100 on
white and 0 on black,

Note 1: This program is set to use sensor 3.
Note 2: If you use two color sensors the calibration values
for one sensor will be used for the other iso.

q s 1
» @] & |x|
| D>l a2l 2 Ix
ke, mamfoeea
Reset existing  Tell user to place on black, then wait until they dlick Calibrate Color Sensor in Light Tell user to place on white, then wait until they click. Calibrate Color Senser in Light
Gatbraton Tk Hode o crrent vave i Hode o curnt vaue
= Vinimur (00 Maxenam (e}

+ When you run the above Calibrate Program, you will be asked to place the
robot on a BLACK section of the mat and then hit center EV3 button.

«  Then you will be asked to place the robot on WHITE and hit center EV3
button.
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Challenge 2 Solution (Touch)

1 Touch Sensor on
Gyro Sensor
@B Infrared Sensor I‘
‘ H H ‘ @  Motor Rotation {|
—
[ [[Sctvatind | o ¥ B Touch Sensor r
il - 1
e - = | = . O — Uttrasonic Sensor
Use Colour
mod.

©2015 EV3Lessons.com (Last edit: 7/26/2016) 1
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Challenge 2 Solution (Distance)

1 Motor Rotation @

@ Brick Buttons

| @ Coloursensor |
B GyroSensor
o

.aznjw_a

If the robot sees. > 0

i U black tumn left ! @ Mot
2 |1500
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image20.png
* Touch Sensor
1. Sends the state of either being pressed, not
pressed, or bumped (pressed, then not pressed) to
the Brick for possible action according to
programmed parameters.
2. Often used to determine if the robot has physically
bumped into something.

* IR (infrared) Sensor and IR Beacon

1. The IR Sensor detects
proximity to other objects
much like the Ultrasonic
Sensor and sends that data
to the Brick for possible

action according to
programmed parameters.
2. Also detects IR signals from
the Beacon.
3. Beacon can be used as a
hand-held remote control.

* Gyro Sensor
1. Detects the robots orientation and rotational
motion and sends that data to the Brick for
possible action according to programmed
parameters.
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DETECT OBJECTS AND STOP
1. Start the program.

2. Turn both motors on at speed 50.

3. Wait for the Ultrasonic Sensor to detect an obstacle at a distance of less than 20 om.
4. Turn both motors off.
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bWNPE

Starting with the arm raised, follow a line (at least 2') to the color cube and stop
Lower arm to capture the cube

Reverse in an arc and stop

Raise the arm back up and make a victory sound
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-hand rule path 10 the exit of a simple maze
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Figure 7-3. Moving parallel to the wall on the right
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Figure 7-4. Turning left at a corner
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Figure 7-5. Turning into an opening on the right
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Figure 7-6. Turning right instead of going straight
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Figure 7-7. Turning right instead of turning left
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Figure 7-1. The RedOrBlue program

Example 7-1. Pseudocode for the RedOrBlue program
begin loop

wait for the Touch Sensor to be pressed
L€ Color Sensor detects red then
use 4 Sound block to say "Red"
elae Lf the Color Sensor datects blue then
ise & Sound block to say "Blue"
else
use & Sound block to say "Uh-oh®
ond it
Loop forever
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Start

Configure infrared
sensors

Read both sensors

Turn right
“
.
> {
“
Move forward

Fig. 6. Flowdiart for the Navigation Algorithm
(Following a Black Line)
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Pseudocode:
Reset the existing calibration values
Display that the user should place the robot on “black” and press ok

Read the Color Sensor Block in Light mode and save it to the Color
Sensor Block in Calibrate mode.

Repeat above steps for calibrating “white”.
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Example 7-
begin loop
1¢ too close to the wall (use Infrared Sensor) then
drive forward, steering away from the wall
else
drive foruard, steering toward the wall
end it
Lf Touch Sensor is pressed then
back up a little to get zoom to turn around

Initial design for the WallFollower program in pseudocode

spin one quarter-turn to the left
end if
if an opening is detected (by the Infrared Sensor) on
the right then
spin one quarter-turn toward the opening
end if
loop forever
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‘Example 7-3 shows the pseudocode for this section of the program.

Example 7-3. Pseudocode for turning a corner

i the Touch Sensor s pressed then
stop the motors
Dack up far enough to turn the robot
apin a quarter-tarn to the left

ond i




image36.png
Figure 7-17. Turning and moving through the opening
Example 7-4. Pseudocode for moving through an opening
i€ the Ultrasonic Sensor detects an cpening then
atop the motors
rove forward a little
apin a quarter-turn to the right
move forwazd into the opening
end it
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Figure 21 - Author Designed Robot (Robb3e)

Length (Csdown) =22 ¢cm  Height =12 cm Length (CSup) =22¢cm  Width =17 cm
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Table 5 - Line Follower Mindstorms code extract
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Table 6 - Object Avoidance Mindstorms code extract





image47.png
‘Table 7 - Typical Wall Follower Mindstorms code
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