[image: image133.png]EngduinoLEDs.begin();
EngduinoAccelerometer.begin();
EngduinoButton.begin();
EngduinoThermistor.begin();
EngduinoTD.begin();

}

void loop()
{
int totalSteps = 0;
TD_Vector3 p = TDLIB_Engduino:acceleration();
intx = px();
inty = py(:
intz = p.z();
int steps = (%) +(y*y))+(z*2));
steps = sqrt(steps);
if ((steps>=1.1)) {
totalSteps = (totalSteps+1);
}
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Brief introduction

In these tutorials we’re going to introduce you to the very first step on how to use Microsoft’s touchdevelop online coding. In addition, you will also learn some basic fundamentals on how to think like a programmer through some exercises. We will also include some coding knowledge that is commonly used in many programming language, so you can get used to the idea of programming itself. So what are we waiting for? Let’s get started! 

part I - Introducting touch develop
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TouchDevelop is an interactive environment for learning programming. It is mainly designed for mobile devices. It lets you create programs that works on mobile platforms such as iOS, android and windows. Go to this link https://www.touchdevelop.com/. Create an account and log in. You will be directed to the main page as shown in Figure 1. Select you coding skill by clicking the Skill level tab in the main page[image: image97.png]my scripts
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How to practice with existing tutorials

In the main page, click Tutorials. You will be directed to this page shown below. Click the “first steps with turtle” tutorial. If it is not in the featured page you can search for it in the search box in the top left. Also try the other tutorials such as jumping bird, coding jetpack jumper to get yourself familiar with TouchDevelop. If you need more help on using TouchDevelop, check out the TouchDevelop Programming on the Go. Get the book here: https://www.touchdevelop.com/docs/book. 
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This is the script editor. To run the program, click the run button. Clicking the + button will add a new line. In this tutorial, the turtle goes forward by 200 meters. You can make the turtle go in difference directions and also change the colour.
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This is the form page, in this page you can ask questions and find solutions to your problems. In the social page you can create groups and share your achievements in Facebook or twitter. So you and your friends can edit each other’s code and most importantly brainstorming!
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This section has the libraries where you see the programs created by other people. You can find a range of functions in these libraries such as datatypes.

Creating an app

To create an app, click create script, then choose a blank template.[image: image7.png]pick a script template...
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This is an example of blank app template. To create a new action click the plus button and click action, then a function will be created
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Well, that’s pretty much it to help you start with touchdevelop! But just to make sure it sticks in your brain, we’ll just go straight to some tutorials.
Creating an action 
An action does a task. To create an action, click add new action, the click action. An action contains a function which can be linked to the main function. To link the action to the main function you have to add a line and type the name of the action in the search box and click the action.
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part ii - Fundamental materials of computer science
Data Types (Numbers, String, Boolean)
Numbers

A number can be of any value that is positive, negative or in decimals.
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In the example above, we have a positive number, 1, and a positive decimal number, 2.1
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In the example above, we have a negative number, -5, and a negative decimal number, -3.9
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In the example above, we can perform different action with numbers such as addition, subtraction, division or comparison.

Strings

Strings are pieces of text within the " " 
[image: image16.png]var s := "thisis a string"
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In the example above, 

· We have a string text of "this is a string" that is saved in a variable called 's'.

· We can also concatenate (add) two or more strings together using the " || " operator

· We can also count the length of the string using the "count" action. (Note that spaces are included in the count value too!)

Booleans (True or False)

Booleans are "True" or "False"
[image: image17.png]var t := true
var f ;= false





In the example above, we declared a variable and assign the boolean value of "True" to 't' and "False" to 'f'
NOT operator
[image: image18.png]e not true ==> false
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We can convert a boolean from "True" to "False" using the "NOT" operator and vice versa!
AND operator

[image: image19.png]true and false ==> false
false and true ==> false
false and false ==> false
true and true ==> true




In the example above, we use the "AND" operator which takes two boolean and return a boolean.

As a rule of thumb, if any of the boolean has a "False", the result will automatically be "False", the result will only be "True" when the two booleans are "True".

OR operator
[image: image20.png]e true or false ==> true
e false or false ==> false
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In the example above, we use the "OR" operator which takes two boolean and return a boolean.

As a rule of thumb, if any of the boolean has a "True", the result will automatically be "True" as well, the result will only be "False" when both booleans are "False".

Conclusion

1. There are three basic data types, Number, String and Boolean!

2. These three data types are most commonly used in programming!

3. There are lots of different actions that you can apply to each data type! Explore it on your own!

Variables (Var)
A local variable is a symbol or name that represents a value. 
Interactive lesson: http://tdev.ly/yrav
Let’s begin!

Example : 

[image: image21.png]varx:=0





First, we declare a variable 'x' and assign a value of 0 to it.

[image: image22.png]X — post to wall





Second, we output the value of 'x' so that the user will be able to see it.

In this case, the output will be 0.

[image: image23.png]X:=2

X — post to wall





We can update the value of 'x' by using the := operator and assign a new value to it.

In this case, we assign the value of 2 to 'x' and show the output.

[image: image24.png]X:i=X+X

X — post to wall





We can use variables to add to another variable or itself!

In this case, we add 'x' to itself and update the new value to 'x'.

The output of 'x' will be 2+2 = 4

[image: image25.png]var z:= X





We can create a new variable and assign the value of another variable to the new variable.

In this case, we create a new variable 'z' and assign the value of 'x' to it!

[image: image26.png]vary := "Hello world "

y — post to wall





Variables can also be used for Strings or Actions where the action's data can be saved!

In the above example, we create a variable 'y' and assigned a string of "Hello World" to it.

[image: image27.png]y =X
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However, do take note that variables of different type cannot be assigned to each other!

In the above example, 'y' has a type of String and 'x' has a type of Number.

Conclusion

1. A variable is a symbol or name that represents a value.

2. Values can be of different data type such as Number, String, Boolean (True / False) and more!

3. Variables makes programming more efficient because data can be accessed and updated easily!

4. Variables of different type cannot be assigned to each other!

Invalid Values

Here’s the link to the tutorial: http://tdev.ly/qapjc
Creating a variable 

To understand what an Invalid Value does, we need to first create a variable and make it ask a number. To do this you have to create a variable then by going to wall, then ask number, you make the program to ask you enter a number.
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Now we need to check if this is an invalid value, so we need to use the function is invalid. This returns true or false. It will return true is the variable is invalid and false otherwise. We need to create another variable to store the Boolean value (True/False). To do this create a variable then in the keypad click the variable name of the previous variable you created. For example if you have name the x, then the x should appear on the keypad. Now click x then click is invalid.
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Now we need to print this. To do this click the name of the variable in the keypad, then click post to wall or you could type it in the search box in the left corner of the screen.
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Now run the program by clicking the play button. In the textbook don’t enter anything and press ok. If the program displays true then it’s working.
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Now run the program again, this time enter a value the result should be false.
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User input (UI)

User input allows us to get information we need from users!
Interactive Tutorial : http://tdev.ly/ubfqa
We will learn how to get an input from the user using the "Wall" service in TouchDevelop!

User input is an essential part of programming because it makes a program interactive by asking input from the user!

We will take a look on how we are able to request for an input from the user in TouchDevelop!

Using 'ask string'

[image: image33.png]var name := wall — ask string("What is your name?")

Equivalent output





In the above example, we created a variable called 'name' and assign the 'Wall -> ask string(string input)' service.

The 'name' variable saves the user input so we are able to access it later on in the program!

[image: image34.png]|var greetuser := ("Hello " I name)

| greetuser — post to wall





In the example above, we create a new variable 'greetuser', which concatenate (add) two strings together using the "||" operator. 

The result of greetuser will be "Hello 'user's input' ".

Using 'ask number'

[image: image35.png]| var age := wall - ask number("What is your age?")

| var age_output := ("Your age is " Il age)




Equivalent output

[image: image36.png]enter a decimal number





In this example, we ask the user for his/her age and save it in a variable called 'age'.

We then use the data stored in 'age' to create a new string variable 'age_output'!

Using 'ask boolean'
[image: image37.png]var answer := wall - ask boolean('Is programming fun?”,
No")




Equivalent output
[image: image38.png]Is programming fun?
Yes or No

NO

YES





In this example, we ask the user if he/she fun programming fun and the answer is either a 'Yes' or 'No'. 

However do take note that the value 'answer' stores will be either a 'True' or 'False' and not 'Yes' or 'No'

Using 'pick date'

[image: image39.png]var date := wall — pick date("When is your birthday?", "pick a
date")





Equivalent output
[image: image40.png]When is your birthday?
pick a date

dd/mm/yyyy

OK





In this example above, we used the 'pick date' services to get our user to input his/her birthday and we save it in a variable 'date'.

Conclusion

1. User Input is important because it makes your program interactive!

2. You can request information that you need from the user!

3. We can choose a variety of actions from 'Wall' to request an information from the user such as:
· ask string 

· ask number

· ask boolean (True or false)

· pick date (Allow user to pick a date in the format of 'mm/dd/yy')

· pick time 

· pick string (Different from 'ask string')

There are more actions that 'Wall' can provide and you should explore it on your own!

IF and ELSE IF

This tutorial will teach you about using if and else if statements.

Here is the link to the tutorial for ‘if’ on TouchDevelop: http://tdev.ly/ympbwwyt 

Here is the link to the tutorial for ‘else if on TouchDevelop: http://tdev.ly/sbav 
IF statement

The way that ‘IF statements’ works, is that it will take a value and see if it fulfills a condition that is chosen and gives the result if it does. 

IMPORTANT: The order of the conditions that we use in IF statements are very important. The program will test the conditions in the order that is written, so we must test the more restrictive conditions first.

To use ‘if statements’, firstly, we should enter a value that we want the statement to evaluate. For example, we can assign a variable to equal 15.
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Next, we will enter the IF statement; lets make the IF statement tell us whether or not the number is greater than 10. We can do it like this:

[image: image41.png]'if x > 10 then
| "X is greater than ten!"— post to wall




The line of code that is indented and the line below the IF statement tells the program what to do if the condition fulfilled. In this case, when the program is run, the text, “X is greater than 10!” will be posted to the wall. 

That’s all well and good, but what if our number was less than or equal to ten? We can then use the second part of the IF statement syntax, called ‘else’. This covers all the cases where the IF statement is not fulfilled.

In TouchDevelop, the ELSE statement is automatically included, and the default code is to ‘do nothing’. For our example, you can add to the code, so that it posts to the wall saying “x is not greater than 10!” like this:

[image: image42.png]else
| "X is not greater than ten!"— post to wall




And there we have it, if statements in a nutshell!

ELSE IF

There is also an additional function that can be used alongside IF statements f you want to have more than one condition to test.

The way that ELSE IF statements are used are similar to IF statements that you have learnt already. The only thing that is different is that ELSE IF statements come after the first IF, to test more conditions. 

Let’s go through an example to make this clearer. We will write a program that asks the user to input a mark for a test, and the program will post to the wall, the grade that the user inputted.

The grades are as follows: A – 70 and above, B – 55 and above, C – 40 and above, Fail – below 40.

First we need to create the variable to store the mark that the user inputs.

[image: image43.png]var x := wall— ask number("What is the mark?")




We then create the first IF statement as follows:

[image: image44.png]if x = 70 then
| "Wow! That's an A!"— post to wall




Because we need other conditions for the rest of the grades, this is where ELSE IF comes in. It is used in the same format as IF, but with the word ELSE included. For the grade B condition, this is how we would implement it:

[image: image45.png]else if x = 55 then
| "That's a B!"— post to wall




We can use the ELSE IF statements for the rest of the program as follows:

[image: image46.png]else if x = 40 then
| "Thats's a C!"— post to wall




And for the last statement, you do not need an ELSE IF, you can simply use the ELSE statement, as it will cover the rest of the conditions.

[image: image47.png]else
| "Sorry, that mark is not a pass..." = post to wall




That is the basic concept of using IF and ELSE IF statements!

Do the exercises to practice using what you have learnt!
Operators

This tutorial will teach you about operators. Operators are symbols that are used to represent an actions used in programming. 

Here is the link to the tutorial on TouchDevelop: http://tdev.ly/qwausldq 
Assignment Operator

Assignment operators are used to assign different types of variables to something. For example, you can assign a number x to equal 1. The symbol we use in TouchDevelop to assign a variable to a value is :=.

Here is an example of what the code would look like on TouchDevelop:
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We can use the same operator to update the value of a variable. For example, we can re-assign the variable x to equal 9. 
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example: counting backwards

In this example, we simply count backwards from 10/ to 0. To implement such program,
you start by declaring an index before the while loop.

var index := 7

while index > 0 do

@ urtle2 — left turn(3)

@ turtle2 - forward(100)
index

end while

index - 1

end action
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Note: When we update the value of a variable we do not need to declare the variable again using the ‘var’ feature.
Concatenation Operator

Concatenation is when you join two things together. 

In TouchDevelop, we use || to symbolize the concatenation operator. This takes two values of any type, converts them into string variables and then joins them together.

We can try this out. Firstly, create two different string variables and then use the operator to join the two strings together. 

Here is an example that concatenates the two strings “hello” and “world” and posts it to the wall.
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Arithmetic Operators

Arithmetic operators are used to do the simple mathematics operations that we learn. There are 5 main ones that we use in TouchDevelop. They are shown in the table below.

Arithmetic operators operate on number variables and they also return number variables.

	Operator
	What it means…

	+
	Adds the number variables together

	-
	Subtracts the number variables

	*
	Multiplies the number variables

	/
	Divides the number variables

	math -> mod (x, y)
	Calculates the remainder when the number variable x is divided by the number variable y.


If we create two number variables x and y in the program, we can try these operators. Assign the two variables to any values, for example 9 and 3.

Then, we can add the two numbers together and post it to the wall like this:

[image: image102.png]



Note: Remember the brackets when using these operators! Otherwise, the computer will get confused, and there will be an error when you run the code.

As with the ‘+’ operator, the ‘–‘ operator can be used in the same format. However, we can assign the result of using an arithmetic operator to a new variable. Look at this example:

[image: image103.png]var s := "hello"
var s2 := "world"
(s 1's2)— post to wall




Here, we have assigned a new variable, z, to the result of (x – y). We can treat this new variable as any other it can be used later on in the code. 

The rest of the arithmetic operators are also used in the same way and format as the ‘+’ and ‘–’ operators. You can practice using these arithmetic operators if you create a new blank script on TouchDevelop.

Additionally, there are a lot of other mathematical operators that can be used. You can find these when you click on the ‘math’ button on the TouchDevelop software.

Relational Operators

A relational operator is used to compare two different number variables and then returns a boolean value (true or false).

There are 6 different relational operators; they are shown in the table below.

	Operator
	What it means…

	=
	Equality – returns true if the two numbers are equal

	≠
	Inequality – returns true if the two numbers are not equal

	≤
	Returns true if the first value is less than or equal the second value

	<
	Returns true if the first value is less than the second value

	≥
	Returns true if the first value is more than or equal the second value

	>
	Returns true if the first value is more than the second value


The way that these operators are used is very similar to the arithmetic operators. Here is an example of using the ‘≠’ operator. 

[image: image104.png](X + y)— post to wall




In the example above, we are comparing the two number variables x and y. In this case, if they are equal, then the program will return ‘false’, but if they are not equal, the program will return ‘true’.

All the relational operators are used in the same way as the ‘≠’ operator, so you can also practice using them in by creating your own blank script.

Boolean Operators

Boolean operators operate on booleans and also return a boolean (true or false). There are 3 boolean operators used with TouchDevelop; they are shown in the table below.

	Operator
	What it means…

	not
	This acts as an inverter. For example 'not clown'. If something is a clown, it will return false. But if something is not a clown, it will return true.

	and
	This will return true if both conditions are true. 

	or
	This will true if either one or both conditions are true.


These operators are commonly used in if statements, so you will learn more about how to use these in the ‘if’ tutorial.

Commenting

Comments are lines of code that contains explanation or notes left by the coder. If a line of code is ‘commented out’ it will not be executed when the program is run.

Comments can be useful when someone who did not write the code is trying to understand what the program does.

To comment out some code in TouchDevelop, you can follow these steps:

1. Click on the line of code that you want to comment out.

2. A bubble that says ‘select’ will appear on the right hand side of the line of code. Click this.

[image: image105.png]varz:=(X-y)




3. A new side tab will appear and at the bottom, you will find a button that says ‘comment out’. If you click this, the line of code that you have selected will be commented out with a statement that says ‘if false then’.
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4. To uncomment a statement, there will be a button that says ‘uncomment out’.
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You can create a text comment by clicking the ‘//comment’ button and then going through the process 1-4 again.
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IF and ELSE IF

This tutorial will teach you about using if and else if statements.

Here is the link to the tutorial for ‘if’ on TouchDevelop: http://tdev.ly/ympbwwyt 

Here is the link to the tutorial for ‘else if on TouchDevelop: http://tdev.ly/sbav 
IF statement

The way that ‘IF statements’ works, is that it will take a value and see if it fulfills a condition that is chosen and gives the result if it does. 

IMPORTANT: The order of the conditions that we use in IF statements are very important. The program will test the conditions in the order that is written, so we must test the more restrictive conditions first.

To use ‘if statements’, firstly, we should enter a value that we want the statement to evaluate. For example, we can assign a variable to equal 15.

[image: image110.png]varx =5




Next, we will enter the IF statement; lets make the IF statement tell us whether or not the number is greater than 10. We can do it like this:

[image: image48.png]'if x > 10 then
| "X is greater than ten!"— post to wall




The line of code that is indented and the line below the IF statement tells the program what to do if the condition fulfilled. In this case, when the program is run, the text, “X is greater than 10!” will be posted to the wall. 

That’s all well and good, but what if our number was less than or equal to ten? We can then use the second part of the IF statement syntax, called ‘else’. This covers all the cases where the IF statement is not fulfilled.

In TouchDevelop, the ELSE statement is automatically included, and the default code is to ‘do nothing’. For our example, you can add to the code, so that it posts to the wall saying “x is not greater than 10!” like this:

[image: image49.png]else
| "X is not greater than ten!"— post to wall




And there we have it, if statements in a nutshell!

ELSE IF

There is also an additional function that can be used alongside IF statements f you want to have more than one condition to test.

The way that ELSE IF statements are used are similar to IF statements that you have learnt already. The only thing that is different is that ELSE IF statements come after the first IF, to test more conditions. 

Let’s go through an example to make this clearer. We will write a program that asks the user to input a mark for a test, and the program will post to the wall, the grade that the user inputted.

The grades are as follows: A – 70 and above, B – 55 and above, C – 40 and above, Fail – below 40.

First we need to create the variable to store the mark that the user inputs.

[image: image50.png]var x := wall— ask number("What is the mark?")




We then create the first IF statement as follows:

[image: image51.png]if x = 70 then
| "Wow! That's an A!"— post to wall




Because we need other conditions for the rest of the grades, this is where ELSE IF comes in. It is used in the same format as IF, but with the word ELSE included. For the grade B condition, this is how we would implement it:

[image: image52.png]else if x = 55 then
| "That's a B!"— post to wall




We can use the ELSE IF statements for the rest of the program as follows:

[image: image53.png]else if x = 40 then
| "Thats's a C!"— post to wall




And for the last statement, you do not need an ELSE IF, you can simply use the ELSE statement, as it will cover the rest of the conditions.

[image: image54.png]else
| "Sorry, that mark is not a pass..." = post to wall




That is the basic concept of using IF and ELSE IF statements!

Do the exercises to practice using what you have learnt!

Loops (For and While)

Moving Object

[image: image111.png]I <¥engduino— set all LEDs(colors— random)



To get you started, we’re going to begin with how to make an object moves. Let say in this case we want to make a clown moves. 

Now try this one on your own! The clown will now moves in 45 degree to the left with the length of 100 moves. We are now wondering, if we want to make multiple moves, we need to write a lot of code to place the clown to move from one place to another, individually. But lucky for us, we have a shortcut called Loops. ​​
There are different kind of loops, such as for and while. Let’s start off with for loop.

For Loop

Here is the link to the tutorial on TouchDevelop. http://tdev.ly/euxle 
For statement can be used to execute a line of code into a desired number of times. For example, rather than commanding the clown to moves 3 times to make an octagon, we can just use for loop and perform it 8 times: 
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In this example, ‘i’ is acting as a random variable just to store how many time we want to perform the code. Now try it by yourself in your tablets!

While Loop

Here is the link to the tutorial on TouchDevelop. http://tdev.ly/acrfg 
We can implement the exact same thing as for loop by using a while loop. The only difference is while loop is using a stored variable on top of the actual loop. We’ll start introducing the variable, then perform the while loop
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Whoops, but wait, we want an 8-sided trail, why is it only 7? Well, take a look at the symbol there. We start counting from 0 instead of 1. Now try it by yourself and try out countless shapes that you can think of!

part iii - Meet The engduino
Introducing the Engduino
What is the Engduino? Well, it’s a nifty little computer that you can program to do the things that you want it to do, with an array of sensors, LED’s and other little gizmos to play around and do cool things with. 
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Without further ado, let’s introduce the Engduino (the Engduino 3, to be precise) and some of its hardware.
On the front side of the Engduino you have:

· A set of 16 LED’s that can light up in pretty much any colour you want them to.

· A key chain hole, if you’re into that sort of thing.

· A thermistor, for taking temperature readings.

· A light sensor, for taking readings of how much light is falling on it.

· An LED that shows if the Engduino battery is charging.

· A USB plug for sticking the Engduino into your PC or Mac.

· An On/Off switch, which I really shouldn’t have to explain to you.
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Flip the Engduino over and you’ll find:

· The processor and the other weird technical stuff.

· A Micro-SD card slot for Micro-SD cards (and nothing else!)

· A 3.6V Lithium-Ion battery to power the thing.

· A user button. What does it do? That’s for you to decide.

· A reset button. This resets the Engduino to its factory settings, don’t press this unless you really need to, seriously.

· An infrared transmitter to transmit infrared stuff.

· An accelerometer to measure the acceleration of the Engduino.

· A magnetometer to measure magnetic field strength, perfect for calibrating the magnets on your giant city-destroying railgun.

· An expansion bus, for interfacing with other hardware.

What is the Engduino used for?

The Engduino is a great toy for beginner programmers to play around with. The variety of sensors and other features can be used in various different ways, and it good fun to come up with new things for it to do. Its excellent programming practise, a lot more interesting than mucking about with dusty old text output on a computer, and a good way of being introduced to the more practical ways of programming.

Here are some of the great, life-changing things that you could do with the Engduino:

· Have the LED’s light in sequence to form a timer.

· Have the LED’s change colour depending on the temperature read by the thermistor.

· Turn the Engduino into a spirit level, with the LED’s lighting a pattern representative of the Engduino’s current orientation.

· Make your weekends less boring by turning the Engduino into a budget disco machine; where all the LED’s will flash randomly in randomised colours. 

There are of course many other things that you could do, the only limit is your creativity (and of course, the Engduino itself). You could modify some of the ideas above to incorporate other pieces of the Engduino’s hardware, such as having the LED timer stop when the button is pressed, for example.

for and while loops

Let’s try and implement some of the programming knowledge we learned earlier with the Engduino, specifically For and While loops. 

For Loop
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action main ()

This action emulates the code loop in the bug and will not be compiled.
while true do

< var axis := € engduino — acceleration
if axis— x > 0.5 then
for0<i<17do

ifi=lori=2ori=4ori=6ori=7ori=0then

1 € engduino — set LED(j, colors — red)
elseifi >9andi < 15 then
1 € engduino — set LED(j, colors — red)
else
1 & engduino — set LED(j, colors — yellow)
end if
end for
else

Il & engduino — set all LEDs(colors — black)
end if
end while

+ D> setup
end action
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SETTING UP THE LED
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Let’s begin with a For loop – Since each LED on the Engduino has its own unique ID, we can refer to them via each iteration of a For loop. In this example, we’ll make each LED light in sequence, with all the lights turning off at the end:

Let’s break it down:

· We set up a For loop for when i, our For loop’s local counter variable, is less than 17, meaning that the loop will execute for each value of i up to and including 16.

· In the body of the For loop, the Engduino will illuminate the LED with the ID of the current value of i, then sleep for a second (so that the lights illuminate at a noticeable pace).

· This process repeats itself until i = 17, at which point all 16 LEDs will be illuminated, and the For loop will end.

· After the for loop ends, all of the LEDs will turn off.

Now try modifying this example, here are some exercises to get you started:

1. Make the entire process repeat itself. I.e. when the LEDs all turn off, they will begin lighting again, and so on.

2. Turn the Engduino into a two-part minute timer: with ten of the LED’s representing seconds, and the remaining six representing tens of seconds. You’ll need to use nested For loops for this one. 

While Loop
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This example will be a bit different: instead of having each LED turn off (and stay on) in sequence, we will have a perpetual While loop check if the Engduino’s button has been pressed, turning the LED’s on (or off) if it is pressed:

Let’s break it down:
· We initialise a variable to keep track of whether the LEDs are currently on or off.
· We set up a While loop with true set as the argument. What this will do is making the While loop to repeat indefinitely, if/until a statement in the loop body cancels (breaks) it.

· Each time this loop executes, it will check to see if the Engduino’s user button has been pressed.

· If it has, it will change our LED variable to 0 if it is currently 1, or to 1 if it is currently 0, and turn the LEDs on or off accordingly.

· The only way to terminate the While loop in this instance would be to turn off the Engduino.

Now try modifying this example, here are some exercises to get you started:

1. Have pressing the button change the colour of the LEDs change if they are already turned on.

2. If you’re up for a challenge; integrate the previous exercise into this one and create a program where the For loop in the previous exercise will be terminated if the Engduino button is pressed. I.e. the LEDs will turn on in sequence until the button is pressed. Good luck!
Button

And now let's learn about how to use the button that's on the back of your engduino, you can basically implement the button to any of your project, so let's get started:

Functions 

1. Button pressed

2. Button was pressed

Button Pressed 

This function tells the user if the button is currently pressed. It returns a Boolean value. It returns true if the button is pressed, false if it is not pressed. For example the program below has an if statement. It will execute if the button is pressed and the LED’s colour will turn to red. If the button is released the if statement condition will become false so the LED’s will turn off by setting the colour to black.
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Button was pressed

This function tells the user if the button was pressed. It returns a Boolean value. For example in the program below if the button is pressed then the LED’s will turn to red and won’t turn off like the button pressed function.
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Exercises

1. Make the Engduino to change the colour when the button is pressed twice

2. Make the Engduino to set a colour if the button is pressed

LEDs

Now we're going to learn about to set up colors of the LEDs that will be displayed on your engduino

Set colour of all LEDs 

You can set the colour of all the LED’s at the same time, by using ‘set all LED’.
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action main ()

This action emulates the code loop in the bug and will not be compiled,

while true do

! var axis := @ engduino - acceleration
if axis — x > 0.5 then
for0<i<17do
ifi=1ori=2ori=4ori=6ori=7ori=0then
| &engduino — set LED(j, colors — red)
elseifi>9andi < 15 then
| @engduino — set LED(, colors — red)
else
| &engduino — set LEDj, colors — yellow)
end if
end for
else
1| & engduino — set all LEDs(colors — black)
end if
end while
> setup
end action
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Here is an example where the colour is random, using TouchDevelop:

To set the LEDs to a specific colour, instead of ‘random’, change this to the other colours available that are on TouchDevelop, which are red, green, white, blue, orange, dark grey, grey, light grey and yellow.

E.g. Setting all the LEDs to green.
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action main ()

This action emulates the code loop i the bug and willnot be compied
while true do
| var axis := & engduino — acceleration
if axis — x > 0.5 then
for0<i<17do
Tori= 4ori=6ori=7ori=0then
| @ engduino — set LEDY, colors — red)
elseifi>9andi < 15 then

20ri=

| @ engduino — set LEDY;, colors ~ red)
else
| & engduino — set LEDYi, colors — yellow)
endif
end for
else if axis — x < - 0.5 then
for0<j<17do
ifj=10rj=20rj=0then
| @ engduino — set LED(, colors — blue)
elseif j > 13 and < 17 then
| @engduino — set LED(j, colors — blue)
| elseifj > Sandj < 11 then
| & engduino — set LEDYj, colors ~ red)
else
| @ engduino — set LEDj, colors — white)
endif
end for
else do nothing end if
end while
> setup

© 2015 Moot prayand ook lgal

=

e

E INSERT DESIGN PAGE LAYOUT REFERENCES MAILINGS REVIEW VIEW Creative Common Anastas.

[ Do e Q [5 E Brewwmen
B Honf Grdlines 5 5 S Arange All
web N . Zoow o0
B avigation Pane & St
0% 23 s e 7 isie 0o Do

0
memi ’_
Suitch  Mactos

Windows« -

vacos

10 the code above, e use the accelerometer X.2xs reading to change the LEDs oo on the

Engduion. The LEDs il becoma blos whe the aceleromete X s eadin & above 0.5,

b scrlrometar s g bveen 0510403 (05 < 203 sl e
e, and i the s e below-0.5, he L il becore

When X.axs reading s above 0.5 ljoveright |




[image: image57.png]I <¥engduino— set all LEDs(colors— green)




Set the colour to black to switch the LEDs OFF.

Setting a single LED

You can set the colour of a single LED, by using ‘set LED(LED number, colour)’.
The number of the LED is labelled on the Engduino, from 1-16. Note: LED 0 is on the side of the Engduino.

Here is an example where LED 1 is set to red:
[image: image58.png]I <¥engduino— set LED(1, colors— red)




You can also use the ‘colors ( from rgb(r, g, b)’ function to use other colours. Here is the link, where you can find the RGB values for different colours: http://www.rapidtables.com/web/color/RGB_Color.htm 

Using loops

If you wanted to set the odd numbered LEDs to red and even numbered LEDs to green, then instead of listing out each one individually, you can use loops!

Here is how you would do this:

[image: image59.png]forO<i<17 do
<@engduino— set LED(0, colors— black)
| if math— mod(j, 2) = 0 then
1 <¥engduino— set LED(j, colors— green)
else
I!ff!engduino—» set LED(j, colors— red)

end if
end for





The ‘for’ loop always starts at 0, and it goes up to 17 so that it includes all 16 LEDs. We first set LED 0 to black, as we do not want this one to be on (it is the small LED on the side).

We use the ‘math ( mod’ function and an ‘if statement’ to separate the odd even and odd numbers (the remainder of an even number divided by 2 would equal to 0, whereas odd number divided by 2 would give a remainder).

Here is the result:
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Accelerometer

The accelerometer on the Engduino measures the acceleration on the Engduino. It is able to measure acceleration in three dimension ( In 3-Axis known as X,Y,Z)

[image: image60.jpg]



In this Engduino lesson, we will be covering the following point,

· Storing the accelerometer readings into a variable.

· Read and understand the accelerometer readings in Engduino.

· Using the accelerometer readings to perform different task.

Store accelerometer readings

In order for us to read the accelerometer readings, we need to store the  accelerometer readings into a variable first. 

[image: image61.png]while true do
<|9> loop
| (code of the step) We will store the accelerometer value into a variable

|(|9var axis := & engduino — acceleration
end while




In the codes above, we stored the engduino accelerometer readings into a variable called 'axis'

*Note that the variable 'axis' will store 3 different values(X,Y,Z) with one single line of code.
Read accelerometer readings

To get the readings of the Engduino, we simply output the variable containing the readings of the accelerometer.
[image: image62.png]var axis := & engduino — acceleration
axis — post to wall




Output

[image: image63.png](0.0168469,-0.124751,0.991898)
(0.0156674,-0.121104,0.992375)
(0.00000,1.00000,0.00000)

(0.00000,1.00000,0.00000)
(X value, Y value, Z value )




When you run the codes, you will get the above output. The readings shows the Engduino accelerometer readings in term of ( X , Y , Z ). The highest and lowest value that X,Y,Z can get is ±1.

*Note that the Y-axis reading is 1.0 by default? That's because of gravity acting downwards relative to the Engduino.

We can also read the value of X, Y, Z individually using the codes below

[image: image64.png]var axis := € engduino — acceleration
axis — x — post to wall
axis — y — post to wall
axis —» z— post to wall




Using accelerometer reading to perform an action
Now that we know how to get the accelerometer readings, we will use the readings along with 'if/else' statement to perform different actions. 
[image: image65.png]while true do
P> loop
(code of the step) We will store the accelerometer value into a variable
< var axis := € engduino — acceleration
if axis —» x > 0.5 then

(Lt'.‘vengduino — set all LEDs(colors — blue)
else if axis —» x < - 0.5 then

ét’.‘vengduino — set all LEDs(colors — red)
else

LQ & engduino — set all LEDs(colors — white)
end if

end while





In the code above, we use the accelerometer X-axis reading to change the LEDs colour on the Engduino. The LEDs will become blue when the accelerometer X-axis reading is above 0.5. 

If the accelerometer X-axis reading is between -0.5 and 0.5 ([image: image67.png]—05 <X <0.5



), the LEDs will become white, and if the X-axis reading is below -0.5, the LEDs will become red.

[image: image68.png]



When X-axis reading is above 0.5 ( Move right )
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When X-axis reading is between -0.5 and 0.5
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When X-axis reading is below -0.5 ( Move left )

Conclusion

1. Accelerometer on the Engduino measures three dimension of acceleration.

2. Readings stored in a variable can be shown as ( X, Y, Z) or as individual axis reading.

3. Using individual axis-reading, we can perform a variety of actions.

​​​​

Summary Game|World Cup Flags
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[image: image126.jpg]action main ()
| This action emulates the code loop in the bug and will not be compiled.
| do nothing
CLl> setup
| forO0<i<17do
O!c'.’:engduino — set LED(i, colors — blue)
O!time — sleep(1)
end for
CLtime — sleep(1)
CLc'.‘vengduino — set all LEDs(colors — black)
end action



[image: image127.jpg]action main ()
| This action emulates the code loop in the bug and will not be compiled.
| do nothing
CLD setup
|var lights:=0
| do nothing
while true do
+if &engduino — button was pressed then
if lights = 0 then
lights := 1
» @engduino — set all LEDs(colors — blue)
else if lights = 1 then
lights:=0
» @engduino — set all LEDs(colors — black)
| else do nothing end if

else do nothing end if

end while
%t’.‘vengduino — set all LEDs(colors — black)
end action



Who doesn’t love the world cup? In this mini quiz, we’re going to combine all of the Engduino exercises before (Accelerometer, LEDs, loops, etc) to make an awesome Engduino world cup flags display. Let’s four of your favorite countries and display their country flag into our Engduino pad LEDs. Let’s say these are your favorite teams from world cup: Spain, France, Italy and England.    



To display four of the flags, let’s set up Spain flag when we’re tilting to the left, Italy to the top, France to the right and England to the bottom.

Setting up the led

The First step is to set up the LEDs for all four countries. Let’s take Spain flag as the example. In order to make a Spanish flag, we need two different LEDs colors which is yellow at the middle and two arrays of reds at the top and bottom. In this case, we’re going to take Engduino green pad as the example (since every Engduino pads has different numbering system). 

Let’s set up LEDs number 1,2,4,6,7 and 0 and LEDs number 9 to 15 using if condition into red lighting and the rest to yellow. Maybe some of you are wondering, why can’t we use for loop in this case. In other language, indeed we can use for loop to set up LEDs from 9 to 15 but since TouchDevelop can only support loop that starts from 0, we have to use if condition as the substitute. Let’s take a look at the real code:
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As you can see, we can use if condition to make the code more simple than writing it one by one. As we expected, this is the display of the Engduino on the emulator:
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Combining the leds and accelerometer

Now, the second step is when you tilt the Engduino to the right, it shows the Spanish flag, and leave the rest to black. The way to do it is very simple, just wrap all of our code that we just made with if statement. 
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When you’re testing it to the Engduino, you can see that the flag only shows up when we tilt the pad to the right and when it’s down to any other direction, all of the LEDs are off.

multiple flags!

So, how about adding another flags to the pad? 
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We’re going to visit our old pal else if in this one. Let’s say we want to add the French flag when we want to tilt to the left. At the end of our previous code, instead of just closing it with else, we can add else if to input our French flag code. Here’s how it goes:
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As you can see, this code contains two different flag tilts, here’s the final result on the emulator:



Quick Exercises

1. Now you can finish up all the four sides with the rest of the flag by using all the statements mentioned before!

2. Add the button function so that the lights only emit when the button is pressed

Final project

Engduino race (Step counter)

In this tutorial, we will teach you to write the code to make an Engduino race meter! Let’s call our little Engduino race meter a Pedometer.
Our Pedometer will count the number of steps the user take and light up the Engduino's LED according to the number of steps he/she takes! So at the end of the race you and your friends can take a healthy run then compare to each other who wins the race by counting the total of LEDs lights that lit!
We are able to use the Engduino to create a simple Pedometer by using the accelerometer on the Engduino. The Pedometer counts the number of steps the user takes by calculating the acceleration from the Engduino. 

Getting started! 

Before we can create our Pedometer, we have to set up the script first!

[image: image71.png]Create
Script




First, click on "Create Script"
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Next, click on "blank engduino"

[image: image73.png]blank engduino
An empty Engduino script.

create





Name your new script as "Pedometer" and click create
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This is the main page of your script! But before we start coding, we need to delete some codes from the template!
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Click on the "private action loop()" to bring up the menu to delete the loop function.
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Click on "delete" to delete the function.
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You will be redirected to the Main function. Click on loop statement and delete it from the codes.

Let's start coding our Pedometer!

[image: image78.png]action main ()
O!D setup
|var counter:=0

| We declare a counter variable to count the number of steps the user has taken in total




Create a variable and rename it to "counter" and initialise it to 0.

[image: image79.png]action main ()
Cl, > setup
|var counter:=0
| We declare a counter variable to count the number of steps the user has taken in total
while true do
C',var p := &engduino — acceleration




Next we create a variable "p" and assign it with the Engduino's accelerometer!

[image: image80.png]action main ()
O!D setup
var counter:= 0
We declare a counter variable to count the number of steps the user has taken in total
while true do
O!var p := &engduino — acceleration
| varx:=p-—xXx
| vary:=p-y
| varz'=p-—1z

| We assign 3 different variables to store our X,Y and Z values of the Engduino’s Accelerometer




Next, we store the accelerometer's X,Y and Z readings to 3 variables.

[image: image81.png]action main ()

|C|, > setup
var counter:= 0

We declare a counter variable to count the number of steps the user has taken in total
while true do

C',var p := &engduino — acceleration

varx:=p-X

vary:=p-y
varz'=p-—1z

We assign 3 different variables to store our X,Y and Z values of the Engduino’s Accelerometer
var acceleration:=x*x+y*y+z*z
acceleration := math — sqrt(acceleration)

In order to calculate the acceleration from the Engduino, we have to sum the square of xy,z and square root
the summation





We create a new variable "acceleration" which sums the square of X,Y and Z.

We then square root the summation to get the real acceleration.

The acceleration formula is given as : 

Acceleration = [image: image83.png]



The acceleration formula calculates the user's acceleration by using all 3 axis of the accelerometer to determine if the user has taken a step

*Note that this calculation is not the real way of how an actual pedometer calculates a step!

[image: image84.png]action main ()
|C|, > setup
var counter:= 0
We declare a counter variable to count the number of steps the user has taken in total
while true do
C',var p := &engduino — acceleration
varx:=p-—xXx
vary:=p-y
varz'=p-—1z
We assign 3 different variables to store our X,Y and Z values of the Engduino’s Accelerometer
var acceleration:=x*x+y*y+z*z
acceleration := math — sqrt(acceleration)

In order to calculate the acceleration from the Engduino, we have to sum the square of xy,z and square root
the summation

if acceleration > 1.1 then
|counter := counter + 1

| For us to register a step, we have to make sure the acceleration from the user is at least of acceleration 1.1




In order for us to know if a user has taken a step, we have to check if the acceleration of the user is above 1.1g. If the acceleration is above 1.1g, we consider it as a step and we add the step to the counter!

Creating LED output according to no. of steps taken.
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We will add a new action to show the output of the counter on the Engduino's LED
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We will rename our action to "StepCounter" and make it a private action and also add an input parameter.

[image: image88.png]private action StepCounter (

step : Number)
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We rename our input parameter to "step" (This input will be the counter from the main function!) and include a "for" loop with a range of 0 to 16 because we want to light up all 16 LEDs on the Engduino. 

We also include a statement to make i=1 as the LED output starts from 1 and not 0.

[image: image89.png]private action StepCounter (
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Next, we create a new variable called 'count' and initialize it to be the number of steps we want the user to take so that a LED will light up. In this case, we want the user to walk 20 steps before lighting one LED up. 

In order for all 16 LEDs to be lighted up on the Engduino, the user has to walk : 

16 * No. of steps you want the user to take*

So in the case of our code, the user has to walk 320 steps so that all the LED would light up. 

*You can assign any value you want the user to walk before lighting up an LED!
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In the code above, we add a conditional statement to check if the user have completed the required amount of steps to light up all the LED on the Engduino. If the user have completed the requirement, the Engduino will start flashing to indicate that he/she is done.

Completing our Pedometer!

[image: image91.png]action main ()
L; > setup
var counter:= 0
We declare a counter variable to count the number of steps the user has taken in total
while true do
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if acceleration > 1.1 then
|counter := counter + 1
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é > StepCounter(counter)
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In order to finish our Pedometer, we have to add the "StepCounter" function in our main function and pass in the "counter" variable as the input parameter!

Final Product!
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Challenge Problem

 For every 4 completed sets of steps taken, the LED will light up from Red to Orange to Yellow and lastly Green. The first 4 set of LED should be Red and once the user complete the 5th set, all the lighted LED will change to Orange instead. The table below shows the full problem that you should solve! 

Challenge your friends to see who is able to solve this problem the fastest and show the result to your teacher! 

	Steps taken 

(Steps needed for one set: 20)
	LED color
	LED

	0 - 4 * Steps needed

( 0 - 80 steps)
	Red
	1,2,3,4

	5 * Steps needed - 8 * Steps Needed

( 100 - 160 steps )
	Orange
	1,2,3,4,5,6,7,8

	9 * Steps needed - 12 * Steps needed

(180 steps - 240 steps )
	Yellow
	1,2,3,4,5,6,7,8,9,10,11,12

	13 * Steps needed - 16 * Steps needed

(260 steps - 320 steps )
	Green
	1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16

	Above 16 * Steps needed

(Above 320 steps)
	Green
	All LED blinking


References

Full working code of tutorial : TouchDevelop Pedometer
Teacher notes
Uploading TouchDevelop Script to Engduino (through serial port)

The following instructions enable you to upload the TouchDevelop scripts onto the Engduino for Windows device. In order to upload the scripts, make sure your Engduino is connected to your device via USB.

1. Install Python 2.7.9 - https://www.python.org/downloads/release/python-279/ 

Make sure you download the 2.7.9 version, as this is the specific version required for the TouchDevelop to upload the scripts. Run the installer after the file has downloaded.
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2. Install node.js https://nodejs.org/download/ 
Download the appropriate installer and run the installer for node.js

3. Add python to the path variable

· Go to Control Panel > All Control Panel Items > System > Advances System Settings 
· In the Advanced tab, click on Environment Variables
· Select the PATH variable > Edit
Add ;C:\Python27;C:\Python27\Scripts; to the existing Variable value.

Click OK to save the changes.
4. Download get-pip.py https://bootstrap.pypa.io/get-pip.py 

Save the file in a folder that you can easily find.
5. Python get-pip.py

Open node.js command prompt and go to the directory where you saved the file in step 4. 

Type Python get-pip.py and press enter to run.
6. Install platformio

In the command prompt type:

platformio - pip install platformio && pip install --egg scons
or just:

pip install platformio

7. Install TouchDevelop local

Create a folder to save the files for TouchDevelop.

Navigate to the folder in node.js command prompt and type:

npm install -g http://aka.ms/touchdevelop.tgz
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8. Run TouchDevelop

To run TouchDevelop local, type:

touchdevelop
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Bugs with Engduino and TouchDevelop

The tutorials that we have included that uses the Engduino are using an Engduino emulator that is included in the TouchDevelop system on the website. This is because there were some bugs when uploading the code onto the Engduino, which meant that all the functions would not work properly.

The problems that came up are listed below:

1. Setting the LED’s individually

We found that, although on TouchDevelop, using the emulator, we could set the LED’s individually. However, when we uploaded the code onto the Engduino, an error came up regarding ‘set_LED’.
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2. TouchDevelop only uses ‘int’ values

As our topic was ‘acceleration’, we wanted to use the accelerometer in our tutorials. These values should be stored as ‘double’ in C++. However TouchDevelop uploads the value as ‘int’ onto the Engduino.

 

3. The emulator that is on the TouchDevelop system is based on the Engduino v2 (green), whereas we use the Engduino v3 (white). There are small differences between the two models, for example the labeling of the LED’s and so take note which version of the Engduino is being used.
Now You’re Good To Go! (
Figure � SEQ Figure \* ARABIC �1� Touchdevelop home





Figure � SEQ Figure \* ARABIC �2�: The front side of the Engduino V3. Neat.





Figure � SEQ Figure \* ARABIC �3�: The rear side of the Engduino V3. It's a bit messy back here.
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