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distributed on an "AS IS" BASIS, WITHOUT WARRANTIES OR 
CONDITIONS OF ANY KIND, either express or implied. See 
the  License  for  the  specific  language  governing 
permissions and limitations under the License.

General Introduction

This workbook is all about learning to code the Arduino 
Uno. In this, the first workbook, I have endeavoured to 
keep  the  code  to  a  maximum  and  the  electronics  to  a 
minimum.  The  following  workbooks  will  assume  that  you 
have completed this workbook. 

The code is free for you to use however you want to, but 
I would appreciate asking permission (see facebook page 
for the happy coder) if you are going to use any of the 
text, more than likely I would be more than happy for you 
to do so. 
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Software you will need

To get started you will need to download the software 
(free) from www.arduino.cc. It will ask if you want to 
donate, that is optional. If you buy the original Arduino 
Uno from Arduino this also contributes to the foundation.  
You  should  get  an  icon  on  your  desktop  like  the  one 
below. You can download it onto any computer whether it 
is a Mac, PC, laptop or Raspberry Pi. It will work on all 
the operating systems, IOS, Windows and Linux. You do not 
need a powerful machine to run the code. Almost anything 
will do, new or old. 

Download from: www.arduino.cc
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Hardware you will need

I have endeavoured to keep the amount of electronics to a 
minimum in this first workbook and focus more on the code 
but the whole point is that you use lots of components 
and create some wonderful piece of technology or gadget. 

So it mainly centres around just the traffic Light LED 
module which you can get very cheaply. I won’t be going 
into the electronics in detail but overt the course you 
will get an idea of how to wire a circuit. 

So here is a list of hardware (components) you will need. 
They are easily sourced on eBay or specialist stockists 
like PiHut or Pimoroni. One word of warning there are 
variations  of  the  arduino  uno  that  are  perfectly 
legitimate but use a different kind of chip which makes 
it awkward to code, so I recommend getting an original 
from  one  of  the  above  companies  (there  are  other 
companies). 

List of what you will need

- Arduino Uno
- USB cable
- LED traffic light module  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A) Arduino Uno

You can buy one from their store or various other places. 
It is open source so that others can, legitimately, copy 
it but they can’t (or shouldn’t) use the Arduino brand. 
For best results and if you are new to this then get the 
original  which  you  can  get  online  from  various  shops 
(Pimoroni and piHut). If you go on eBay for instance make 
sure that the board looks like the one below. There are 
very cheap versions that use a CH chip and they make life 
much more complicated. https://store.arduino.cc/arduino-
uno-rev3 
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B) USB cable

For the Uno you will need a USB cable that has a USB A - 
USB B connector. They look like the old printer type 
cables.  You  plug  one  end  into  any  USB  port  on  your 
computer/laptop and the other end into you Arduino Uno. 

It has two purposes: 

1) To power the Arduino (which runs on 5 volts) so you 
can use the cable with a normal phone charger or battery.
2) It sends/uploads the code from the computer to the 
Arduino. 
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C) Three LED traffic light module

These are readily available modules and just make life so 
much easier. Here is picture of one. It has four pins: 

one for ground (GND), 
one for the red LED (R), 
one for green LED (G) and one for the yellow LED (Y). 

The  beauty  of  using  this  is  that  you  can  stick  it 
straight into the Arduino, just make sure you match up 
the pins. 
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The main parts of the Arduino

The above diagram shows you the general layout of the 
Arduino Uno and the key parts. You will be connecting 
your computer to the Arduino via the USB port. You will 
be  using  the  digital  pins  and  the  analog  pins  for 
different components and purposes. The analog pins can 
also be used as digital pins if you would ever need to. 
The micro-controller is the brains of the board. It has a 
very small amount of memory compared to your computer.  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Other parts of the Arduino

A couple more features of the board. If you want to power 
it away from your computer you can connect a 9volt batter 
to the jack socket. Also if the Arduino has completed a 
particular task you can reset it by pressing the RESET 
button. It doesn’t erase the code. Once the code has been 
uploaded  to  the  Arduino  it  stays  there  until  you 
overwrite  it.  It  stays  there  even  if  you  remove  the 
power.  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Connecting your Arduino Uno

The photo below shows one end of the USB cable connected 
to the Arduino Uno. The other end will connect to your 
computer. Notice that the LED module sits perfectly on 
the Arduino. In future examples I have added a plastic 
base and placed the breadboard on it with the adhesive 
underside of the breadboard, but for this workbook you 
don’t need a breadboard.  
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Circuit Diagram 1

For book 1 all you will need is this circuit diagram. The 
only components you need are: 

Arduino Uno
USB cable
Traffic Light LED module

LEDs will only work one way round. They are diodes. They 
just happen to emit light. Hence they are called light 
emitting diodes ‘LEDs’. 

Normally you would use resistors with any LED but because 
it is a module they are included already. 

You now have a complete circuit. All you have to do is 
upload the code to the Arduino to do something with the 
LEDs. The complete code you upload is called a sketch. 

Before you do that you need to connect your Arduino to 
your computer using the USB cable. You then open your 
Arduino IDE which you should’ve downloaded by now. 
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Introducing the sketches

The code that you upload is called a sketch. You can have 
a line of code which is just one line of code and you can 
have  a  block  of  code  which  is  several  lines  of  code 
usually contained within two curly braces {}. 

The  first  sketch  will  see  if  you  have  connected 
everything correctly (including having the LED module the 
right way round). If you have put it the wrong way round 
on the board don’t worry you won’t damage anything at 
all. 

The blink sketch is the ‘hello world’ of the Arduino 
world. It is the first sketch that everyone uses. 
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Getting Started

Once you have downloaded the software and opened it up 
you should get a page like the one below. You will notice 
that it has some code already displayed. It is showing 
you the basic structure your sketch is going to take. You 
can delete all of it and retype the code that is coming 
up in the book. 

There are some basic features you need to know from the 
start. There are two built in functions called void setup 
and  void  loop,  each  is  followed  by  a  set  of  curly 
brackets (or braces). Most sketches will always include 
both. 

The void setup() happens just once at start up, the void 
loop() is a continuous loop within that function. The 
benefit  if  typing  it  in  again  and  agin  is  that  the 
practice makes it more intuitive and embedded, a bit like 
muscle memory. It may seem tedious at the start but it 
will pay dividends later. 
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Notes
1) All the code that goes in-between the curly braces in 
the void setup() function happens just once 
2) All the code that goes in-between the curly braces in 
the void loop() function is a continuous loop

void setup()
{
  
}

void loop()
{
  
}
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The buttons

You have a row of buttons at the top of the screen

This is the verify button, it will check through the 
code for any mistakes or problems. 

This is the upload button. So once you have typed in all 
your code you click on this button to upload it from 
your computer to the Arduino. This should take just a 
few seconds. 

This is the new sketch button. 

This is the open button. It opens up a list of existing 
saved sketches. 

This is the save button. 
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Unit #1 
Unit #1 Let’s get coding

Introduction

The first sketch is a simple sketch where we are going to 
turn on an LED that is built into the board. There is a 
built in LED on digital pin 13 called D13 although we 
just use 13 (it seems to know what you mean)

Step 1: delete the default code
Step 2: type in the code
Step 3: make sure your Arduino is connected
Step 4: check the board and port (under tools)
Step 5: press the upload button 

Notes
Once everything is set up and working you only need to do 
steps 2 and 5.  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This will switch the LED on, type this code as is and 
upload

Sketch B1.1.1 LED on

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

}

Code Explanation:

void setup()

This happens once

pinMode(13, OUTPUT);

The pin on D13 is set to output as opposed to receiving 
an input from a device

void loop()

This is a continuous loop

digitalWrite(13, HIGH);

Then we tell pin 13 to be high which means ‘on’
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This will switch the LED off. The blue is the new bit of 
code,  either  to  be  added  or  changed  (saves  typing 
everything out again)

Sketch B1.1.2 LED off

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, LOW);

}

Code Explanation:

digitalWrite(13, LOW);

The output to pin 13 (D13) is set to LOW which means off
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We will switch the LED on for 1 second which is 1000 
milliseconds.  The  delay()  function  is  measured  in 
milliseconds. Then switch off for 1 second and back on 
again.

Notes
You will notice that it blinks on and off continuously. 
That is because it is in a loop and returns to the first 
line  of  the  code  inside  the  void  loop()  function 
repeating indefinitely. 

Challenge
Change the number of milliseconds

Sketch B1.1.3 blinking good

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);

  digitalWrite(13, LOW);

  delay(1000);

}

Code Explanation:

delay(1000);

The delay function stops everything for the number of 
milliseconds 
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Part 1: 
Introducing variables. There are many sorts but the first 
one we will use is an integer. The word ‘int’ is short 
for integer which is a type of data. An integer is a 
whole number e.g. 1, 2, 34, 87 etc. The word delayPeriod 
is a made up word. We are going to give it an initial 
value of 250.

Sketch B1.1.4 variables

int delayPeriod = 250;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);  

  digitalWrite(13, LOW);

  delay(1000);  

}

Code Explanation:

int delayPeriod = 250;

We have declared at the very beginning that delayPeriod 
is a variable, that it is an integer (int), and that it 
has a value of 250. 
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Part 2: 
Instead if typing in the number every time we use delay 
we can use the variable delayPeriod. This is useful if we 
want to change the delay() later on, we now only have to 
change it once. 

int delayPeriod = 250;

void setup()

{

  pinMode(2, OUTPUT);

}

void loop()

{

  digitalWrite(2, HIGH);

  delay(delayPeriod);

  digitalWrite(2, LOW);

  delay(delayPeriod);

}

Code Explanation:

delay(delayPeriod);

The variable replaces the fixed value
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Notes
Notice that it is blinking much faster now, each blink is 
a quarter of a second. Also notice that the way we named 
the  variable  means  something.  This  is  good  practice 
rather than giving it a letter. It helps you later if you 
wonder what the variable is for and others how come along 
later and look at your code. Also if you combine two (or 
more  words)  the  first  letter  of  the  first  word  is 
lowercase but the first letter of the other words are 
usually uppercase. This is the convention. 
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Now what if we wanted to stop after say 10 blinks? First 
we  need  to  count  them.  We  introduce  another  variable 
called count (made up word), we set it to zero but in the 
loop we add 1 each time it blinks. 

Sketch B1.1.5 count

int delayPeriod = 250;

int count = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  count = count + 1;    

}

Code Explanation:

int count = 0;

Creating a variable called count and initialised to zero

count = count + 1;

One is added on each iteration of the loop
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Now this is the tricky bit, how does it know when there 
have been 10 blinks? We introduce a while() loop into 
void loop(). In other words it will loop through while 
count is less than or equal to 10. That is what the <= 
means. 

Sketch B1.1.6 while loop

int delayPeriod = 250;

int count = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  while (count <= 10)

  {

    digitalWrite(13, HIGH);

    delay(delayPeriod);

    digitalWrite(13, LOW);

    delay(delayPeriod);

    count = count + 1;

  }

}

Code Explanation:

while (count <= 10)

The while() loop happens for as long as the condition is 
true i.e. while count is less than or equal to 10.
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Notes
The <= is called a comparison operator.

Challenge
Change the number of times it blinks
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Comparison Operators
There are more of them, below is a list of the comparison 
operators

Code Explanation:

!=

not equal to

<

less than

<=

less than or equal to

==

equal to

>

greater than

>=

greater than or equal to
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Arithmetic Operators
These are the arithmetic operators, some may be familiar 
and others not

Code Explanation:

%

remainder

*

multiplication

+

addition

-

subtraction

/

division

=

assignment operator
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Part 1: 
Another scenario is for there to be 10 blinks and then a 
break (of say 1 second) followed by another burst of 10 
blinks etc. for this we will need an if() loop. So remove 
the while loop() and start with this... 

Sketch B1.1.7 if statement

int delayPeriod = 250;

int count = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  count = count + 1;

}
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Part 2:
Now to add in the if() loop

int delayPeriod = 250;

int count = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  count = count + 1;

  if (count == 10)

  {

    count = 0;

    delay(2000);

  }  

}

Code Explanation:

if (count == 10)

An if() statement, if this is true (count is 10) then do 
that (whatever is in the loop
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Notes
You should get 10 blinks, a pause for 2 seconds and then 
10 more and so on. We use two equals signs because it is 
a comparison. If you use just one equal sign (by mistake) 
it is an assignment. If you get an error message at this 
point that is probably why. 
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Introducing  a  compound  operator.  This  one  will  appear 
quite often, ++. We will replace count = count + 1; with 
count++. It does exactly the same thing, adds one each 
time to the count variable. 

Sketch B1.1.8 compound operator

int delayPeriod = 250;

int count = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  count++;

  if (count == 10)

  {

    count = 0;

    delay(2000);

  }  

}
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Notes
This  so  very  useful  and  very  common  so  it  is  worth 
introducing it now so that you can see how it works. 
Below  I  have  included  other  ones  that  you  will  come 
across (but less so).  

Code Explanation:

count++;

Shorthand for count plus 1
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Compound Operators
These are very useful shortcuts

Code Explanation:

++

Incrementally adds 1

--

Incrementally subtracts 1

+=

Adds a value e.g. x += 5 adds 5 to x each time
-= 

Subtracts a value e.g. x -= 5 subtracts 5 from x each 
time

*=

Multiplies a value e.g. x *= 5 multiplies x by 5 each 
time

/=

Divides by a value e.g. x /= 5 divides x by 5 each time
%=

Remainder of a value e.g. x %= 5 will give you the 
remainder from divided by 5 each time
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Part 1: 
Introducing a for() loop. You will see this a lot in 
coding so now is as good a time to introduce it. It may 
look  a  bit  bewildering  at  first  but  it  is  perfectly 
logical and we will spend a bit of time helping you to 
become familiar with this very important loop. First let 
us go back to this starting point. 

Sketch B1.1.9 for loop

int delayPeriod = 250;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Part 2: 
The for() loop has three parts separated by semi-colons 
(;). The first part is the initialise a variable which we 
will call i and give it an initial value of 0.
int i = 0;
Next we put a limit on how big i is going to get
i < 10;
Finally  what  increments  we  increase  i  by  on  each 
iteration (loop). 
i++

int delayPeriod = 250;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  for (int i = 0; i < 10; i++)

  {

    digitalWrite(13, HIGH);

    delay(delayPeriod);

    digitalWrite(13, LOW);

    delay(delayPeriod);

  }

  delay(2000);

}
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Notes
This produces exactly the same result as the other loops 
in a completely different way (remember to use the Auto 
Format in Tools)

Code Explanation:

for (int i = 0; i < 10; i++)

A for() loop, which acts as a counter for each loop, 
starts at zero, adds one each loop (iteration and 
continues until it reaches nine (not ten) which is ten 
loops altogether
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Unit #2 
Unit #2 Functions

Introduction to functions

Segmenting  code  into  functions  allows  a  programmer  to 
create modular pieces of code that perform a defined task 
and  then  return  to  the  area  of  code  from  which  the 
function was "called". The typical case for creating a 
function is when one needs to perform the same action 
multiple times in a program. 

Getting Started  of 40 109 WorkBook 1



Part 1: 
We have a function called void setup(), a function called 
void loop() and now we are going to create one called 
void blink(). This is made up function where we are going 
to put our code for blinking. 

Sketch B1.2.1 a blinking function

int delayPeriod = 250;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  for (int i = 0; i < 10; i++)

  {

    digitalWrite(13, HIGH);

    delay(delayPeriod);

    digitalWrite(13, LOW);

    delay(delayPeriod);

  }

  delay(2000);

}

void blink()

{

}
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Notes
We can put the function anywhere but it does start at the 
beginning and work its way down

Code Explanation:

void blink()

We have created a new function called blink()

Getting Started  of 42 109 WorkBook 1



Part 2: 
Now we are going to call it from inside the for() loop. 
This  a  cut  and  paste  job,  taking  the  code  out  and 
replacing it with the blink() function. 

int delayPeriod = 250;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  for (int i = 0; i < 10; i++)

  {

    blink();

  }

  delay(2000);

}

void blink()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Notes
This can be useful for keeping the code neat and tidy, 
especially where you want to use the same bit of code 
repeatedly. One of the targets that coders try to achieve 
is to write as few lines as possible to achieve the same 
result. It is considered bad form to repeat lines of code 
unnecessarily.

Code Explanation:

blink();

This blink() function is called ten times in the for() 
loop
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Part 1: 
Here we will combine functions and arguments. Using the 
above sketch we can rationalise it even more by using the 
two arguments in the function itself. We will start with 
just one and then add the other afterwards. We will also 
cage the delayPeriod to 100

Remove the line of code: int delayPeriod = 250;

Sketch B1.2.2 is this an argument?

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  for (int i = 0; i < 10; i++)

  {

    blink(100);

  }

  delay(2000);

}

void blink(int delayPeriod)

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Code Explanation:

void blink(int delayPeriod)

This is a variable inside a function, you can call it an 
argument. It will hold that value when it is called from 
somewhere else, in this case 100
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Part 2: 
We can go one step further by adding in the count value 
of 10, there is a bit of cutting and pasting so work 
through the sketch to see how and why it is doing exactly 
what it does. We will change the rate of blinking so you 
can see a change.

Remove the for() loop from void loop() and put it in void 
blink()

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  blink(150, 10);

  delay(2000);

}

void blink(int delayPeriod, int count)

{

  for (int i = 0; i < count; i++)

  {

    digitalWrite(13, HIGH);

    delay(delayPeriod);

    digitalWrite(13, LOW);

    delay(delayPeriod);

  }

}
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Notes
You have initialised them inside the function brackets. 
You draw their values from the void loop() function. 

Challenge
Change the values in blink(150, 10);  

Code Explanation:

int delayPeriod

int count

Both are variables that are arguments. They each take on 
the values of 150 and 10 respectively 
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Part 1: 
In this next sketch we will use the += operator to slow 
the blink down. First this is our starting sketch

Sketch B1.2.3 a blinking stop

int delayPeriod = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Part 2: 
Changing the delay period to something much shorter 20 
milliseconds and increasing it by 10 milliseconds on each 
blink. 

int delayPeriod = 20;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  delayPeriod += 10;    

}

Code Explanation:

delayPeriod += 10;

We add 10 to the variable delayPeriod on every iteration
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Part 3: 
If we wanted to stop the blinking at 1000 milliseconds we 
would need to first introduce another variable. We will 
call this increment and make it much bigger i.e. 50

int delayPeriod = 20;

int increment = 50; 

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  delayPeriod += increment;      

}
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Part 4: 
Stopping at 1 second (1000 milliseconds)

int delayPeriod = 20;

int increment = 50;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

  delayPeriod += increment;

  if (delayPeriod > 1000)

  {

    increment = 0;

  }

}
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Unit #3 
Unit #3 Random & Arrays

Introduction to arrays

Arrays are a very powerful tool for collecting, storing 
and manipulating data. This is a simple introduction to 
its use and purpose. 

Introduction to random

The random() function gives you a random number. Although 
random for mostly purposes it does have a pattern to it. 
There  are  ways  to  improve  the  randomness  using 
randomSeed()

Getting Started  of 53 109 WorkBook 1



Part 1: 
We will start with a basic sketch that you are familiar 
with. This will blink reasonably fast. 

Sketch B1.3.1 a blinking array

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  blink(250);

}

void blink(int delayPeriod)

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Part 2: 
We will hard code the delayPeriod for when the LED is 
off, now it is on for 250 milliseconds and off for 100 
milliseconds. 

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  blink(250);

}

void blink(int delayPeriod)

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(100);

}
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Part 3: 
We are going to add an array for how long the LED is on 
for. The name of the array is durations. The data is 
stored in square brackets [], separated by commas. We are 
going to have the LED on for 8 different periods of time. 

int durations[] = {100, 100, 2000, 2000, 100, 100, 2000, 2000};

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  blink(250);

}

void blink(int delayPeriod)

{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(100);

}
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Code Explanation:

durations[]

An empty array called durations. The [] brackets denote 
an array, this is then filled with the elements in the 
{} braces. 
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Part 4: 
Now we need to call each element of the array in turn. 
The counting in arrays is different to the way we count. 
The counting starts with 0, then 1, then two rather than 
1, 2, 3, 4, 5... so the first element in the array is 
position 0 (not 1). 

Now we need to loop through each one in turn and we can 
do this with a for() loop. Each i is an index. So index 
[0] is 100, index [1] is 100, index [2] is 2000, index 
[3] is 2000, index [4] is 100 and so on. 

This translates to durations[0] is 100, durations[1] is 
100, durations[2] is 2000 and so on, looping through one 
at a time till it gets to the last one and starts all 
over again. 

Each value is passed onto the delayPeriod for the blink 
function. What you should see is 2 shorts blinks followed 
by two longer blinks and then two short blinks etc. 

int durations[] = {100, 100, 2000, 2000, 100, 100, 2000, 2000};

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  for (int i = 0; i < 8; i++)

  {

    blink(durations[i]);

  }

}

void blink(int delayPeriod)
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{

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(100);

}
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Part 1: 
Starting with our very basic blink sketch

Sketch B1.3.2 random delay

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);

  digitalWrite(13, LOW);

  delay(1000);

}
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Part 2: 
Introduce a variable we will call delayRandom (made up 
word) and give it an initial value of 1000. It is always 
a good idea to give a variable an initial value

int delayRandom = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(delayRandom);

  digitalWrite(13, LOW);

  delay(delayRandom);

}
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Part 3: 
Now we change the 1000 milliseconds to a random number 
between 0 and 1000. It will change every time it loops 
through. 

  

int delayRandom = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  delayRandom = random(1000);    

  digitalWrite(13, HIGH);

  delay(delayRandom);

  digitalWrite(13, LOW);

  delay(delayRandom);

}

Code Explanation:

random(1000);

Gives you a random number between 0 and 1000
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We can create upper and lower limits, so now it has a 
random number between 500 and 2000 milliseconds

Sketch B1.3.3 random limits

int delayRandom = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  delayRandom = random(500, 2000);

  digitalWrite(13, HIGH);

  delay(delayRandom);

  digitalWrite(13, LOW);

  delay(delayRandom);

}

Code Explanation:

random(500, 2000);
Returns a random number between 500 and 2000
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Part 1: 
Starting with our basic sketch with the delay set to 
1000. 

Sketch B1.3.4 random array

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);

  digitalWrite(13, LOW);

  delay(1000);

}
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Part 2: 
We add an array of 10 elements. This is a blank or empty 
array, effectively 10 zeros. 

int durations[10];

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);

  digitalWrite(13, LOW);

  delay(1000);

}

Code Explanation:

int durations[10];

This array is effectively empty but it has been given 
the dimensions of 10 elements.
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Part 3: 
In setup() we fill each element with a random number 
between 0 and 1000. We do this by looping through 10 
times each time selecting a random number. 

int durations[10];

void setup()

{

  pinMode(2, OUTPUT);

  for (int i = 0; i < 10; i++)

  {

    durations[i] = random(1000);

  }  

}

void loop()

{

  digitalWrite(2, HIGH);

  delay(1000);

  digitalWrite(2, LOW);

  delay(1000);

}
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Code Explanation:

durations[i] = random(1000);

As it cycles through the loop, ‘i’ starts at zero and 
increments by 1 each loop. So for each position in the 
array it puts a random number from 0 to 1000 into that 
array

The i value is the index reference for the array, 
counting starts at zero not 1. 
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Part 4: 
Now we need to read from each element in a similar loop 
inside loop() function. You should see the same pattern 
of blinks every 10 blinks. 

int durations[10];

void setup()

{

  pinMode(13, OUTPUT);

  for (int i = 0; i < 10; i++)

  {

    durations[i] = random(1000);

  }

}

void loop()

{

  for (int i = 0; i < 10; i++)

  {

    digitalWrite(13, HIGH);

    delay(durations[i]);

    digitalWrite(13, LOW);

    delay(durations[i]);

  }

}
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Code Explanation:

delay(durations[i]);

This is the reverse of the previous operation. It goes 
through the array one element at a time starting at 
index 0 through to index 9, it reads its value and that 
is the length of the delay. 
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Unit #4 
Unit #4 Comparisons

Comparison
&& and
|| or

The if() statement can be similar to the while() loop, if 
something  is  true  or  a  condition  is  met  then  do 
something. E.g. if(x < 100 && y > 50) means if x is less 
than 100 and y is greater than 50.  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Going back to built in LED we can fade the LED using 
analogWrite() function. The pins all support PWR (I won’t 
go into the details here just yet but it won’t work with 
13 and 12 but it will on pin 11) but it means we can 
assign a value to the pin, so if we give pin 11 a value 
of 255, that means fully on (100%), if we assign 0 (0%) 
then it is totally off. Any numbers in between those to 
values  will  give  a  brightness  between  the  two.  The 
following sketch will demonstrate this. 

Part 1: 
First full brightness = 255. Notice we put nothing in 
setup(). 

Sketch B1.4.1 starting to fade

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, 255);

}

Code Explanation:

analogWrite(11, 255);

This writes a value (255 in this instance) to pin 11. 
Although it is a digital pin it is treating it as an 
analog input. 
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Part 2: 
Now  give  it  the  minimum  value  =  0.  This  should  be 
completely off. 

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, 0);

}

Code Explanation:

analogWrite(11, 0);

This writes a value (0 in this instance) to pin 11. 
Although it is a digital pin it is treating it as an 
analog input. 
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Part 3: 
This is somewhere in between the two extremes, 100. It is 
a bit hard to see so we will do an incremental fade in 
the following sketches. 

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, 100);

}
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Part 4: 
The delay is small and it is the amount of time (in 
milliseconds)  that  it  shines  for  that  intensity  of 
brightness. 

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, 100);

  delay(5);    

}
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Part 5: 
Instead of a fixed value we want to increment it a value 
of 1 every 5 milliseconds. 

void setup()

{

  // nothing here

}

void loop()

{

  for (int i = 0; i < 256; i++)

  {

    analogWrite(11, i);

    delay(5);

  }

}

Code Explanation:

analogWrite(11, i);

This increments to brightness from 0 through to 255 
incrementing the value of i by 1 each iteration of the 
loop
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Part 6: 
Now to fade back down again. Notice the i-- at the end of 
the decreasing fade. What you should have now is the LED 
getting rapidly brighter and then quickly fade and then 
brighter repeatedly. 

Notes
There is quite a bit of unnecessary repetition. Can you 
think of a way to combine the two? Don’t worry if you 
can’t, just a thought.

void setup()

{

  // nothing here

}

void loop()

{

  for (int i = 0; i < 256; i++)

  {

    analogWrite(11, i);

    delay(5);

  }

  for (int i = 255; i > 0; i--)

  {

    analogWrite(11, i);

    delay(5);

  }

}
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Part 1: 
Another way to do this is to use a boolean operator with 
an if () statement (if() loop). So start with a basic 
sketch putting the LED on max brightness (255). 

Sketch B1.4.2 boolean operator

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, 255);

}
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Part 2: 
Now adding a variable for brightness. 

Boolean Operators
This is all to do with logic, ‘and’, ‘or’, ‘not’. 

int brightness = 255;

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, brightness);

}

Code Explanation:

!

logical ‘not’, i.e. a condition where something is not 
true can be written != (not equal to)
&&

logical ‘and’, i.e. a condition where two things have to 
be true

||

Logical ‘or’, i.e. a condition where either one of two 
conditions is true
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Part 3: 
We want to fade it up and down. So the initial brightness 
we will change to 0 so that when it reaches 255 then the 
brightness  diminishes  and  when  it  is  zero  it  gets 
brighter. We are using a boolean operator that are called 
pipes || which means one ‘or’ the other has to be true. 

The fadeValue is a integer variable that is how much it 
will fade by in steps of 5 in this case.  

int brightness = 0;

int fadeValue = 5;

void setup()

{

  // nothing here

}

void loop()

{

  analogWrite(11, brightness);

  brightness = brightness + fadeValue;

  if (brightness == 0 || brightness == 255)

  {

    fadeValue = -fadeValue;

  }

  delay(5);

}
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Notes
It  toggles  the  value  of  fadeValue  between  5  and  -5 
depending if it starting from zero or 255, just follow 
the logic  

Code Explanation:

if (brightness == 0 || brightness == 255)

If brightness is equal to 0 or 255 then change fadeValue 
from positive to negative or vice versa
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Sometimes it is critical that we don’t use the function 
delay() simply because the whole programme (the Arduino) 
stops and you might want other things to happen while 
there is a delay. There is a way of doing the blink 
sketch without using the delay function. 

Part 1: 
Starting with a very basic sketch and returning to pin 13 
the red LED

Sketch B1.4.3 without delay

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

}

Getting Started  of 81 109 WorkBook 1



Part 2: 
Instead of using HIGH and LOW for on and off we will give 
these a variable name so that we can change the state of 
each. We will call this variable ledState and set it to 
LOW initially

Challenge
You can check it is working by changing the ledState to 
HIGH and uploading it again.

int ledState = LOW;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, ledState);

}
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Part 3: 
We want the LED to blink on/off for one second intervals 
so we have a variable called interval and we will make it 
a constant (ie fixed) value of 1000. Const is short for 
constant and means it can never be changed accidentally. 

int ledState = LOW;

const int interval = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, ledState);

}

Code Explanation:

const int interval = 1000;

Data types: 
const short for constant and cannot be changed, 
int short for integer, 
float has a decimal point
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Data types
These are the types of data you may well come across and 
need to use, a brief description is given

Code Explanation:

const

Short for constant eg pin number

int

Short for integer eg 3

float

Has a decimal point eg 3.76

long

Can use much bigger numbers

unsigned

Can only be a positive number

char

A type of string (text)
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Part 4: 
The Arduino starts counting milliseconds as soon as the 
sketch starts running. We can use that to check how much 
time has elapsed since a particular moment in time. So we 
need to get the number of milliseconds that have elapsed 
since a particular point in time. 

This number is going to get very big very quickly also we 
don't want it to become negative for any reason. So the 
data type we use is called ‘long’ and we can make sure it 
is always positive by defining it as unsigned. 

Our variable will be called currentMillis. 

int ledState = LOW;

const int interval = 1000;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  unsigned long currentMillis = millis();    

  digitalWrite(13, ledState);

}
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Part 5: 
We  also  need  another  similar  variable  to  hold  the 
previous  number  of  milliseconds.  We  will  call  this 
previousMillis(). As the sketch runs we will subtract the 
current from the millis and compare it to the interval 
with an if() statement. 

int ledState = LOW;

const int interval = 1000;

unsigned long previousMillis = 0; 

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  unsigned long currentMillis = millis();    

  digitalWrite(13, ledState);

}
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Part 6: 
We need an if() statement to check the difference and 
reset the previousMillis()

int ledState = LOW;

const int interval = 1000;

unsigned long previousMillis = 0; 

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  unsigned long currentMillis = millis();

  if (currentMillis - previousMillis >= interval)

  {

    previousMillis = currentMillis;

  }  

  digitalWrite(13, ledState);

}
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Part 7: 
And now to change the state depending if it is LOW to 
become HIGH or HIGH to become LOW. It toggles between 
them. That is why we need to keep a track of the state of 
the LED, if it is off then we want it on, if on then off. 

int ledState = LOW;

const int interval = 1000;

unsigned long previousMillis = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  unsigned long currentMillis = millis();

  if (currentMillis - previousMillis >= interval)

  {

    previousMillis = currentMillis;

    if (ledState == LOW)

    {

      ledState = HIGH;

    }

    else

    {

      ledState = LOW;

    }

  }
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  digitalWrite(13, ledState);

}

Code Explanation:

if ... else

Another way of using an if statement where there is more 
than one condition. 
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Unit #5 
Unit #5 Serial Communication

Introduction to the serial monitor

The serial monitor is accessed by clicking on the button 
shown below. There is a bar at the top which is where you 
can type in commands or data to send to the Arduino. The 
box below is where the data being sent from the Arduino 
to your computer appears.
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Getting Started  of 91 109 WorkBook 1

You should get a pop up window like this



We can write to the serial monitor, in this first simple 
example we will just send the message ‘Hello World!’. We 
need to setup communication in the setup() function. 

The baud rate signifies the data rate in bits per second. 
The default baud rate in Arduino is 9600 bps (bits per 
second). So, upload the sketch then click on the icon 
(the one that looks like a magnifying glass) near the top 
righthand corner. 

Notes
The problem is that it scrolls it across the window, we 
can get it to scroll downwards in the next sketch.  

Sketch B1.5.1 Hello World

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  Serial.print("Hello World!");

}

Code Explanation:

Serial.begin(9600);

Sets up the serial communication, the 9600 is the rate 
it communicates

Serial.print();

Prints a number or text to the monitor
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Scrolling downwards

Notes
Remember to use double quotes “ “ for text and if nothing 
happens close the window and open it again  

Sketch B1.5.2 new line

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  Serial.println("Hello World!");

}

Code Explanation:

Serial.println();

Prints on a new line if it is repeated on each iteration
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Now to use the basic blink sketch to tell us when the LED 
is on then off. 

Sketch B1.5.3 LED on/off

void setup()

{

  Serial.begin(9600);

  pinMode(13, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  Serial.println("LED on");

  delay(1000);

  digitalWrite(13, LOW);

  Serial.println("LED off");

  delay(1000);

}

Getting Started  of 96 109 WorkBook 1



 

Getting Started  of 97 109 WorkBook 1



We are going to type Hello World into the message box at 
the top, send it to the Arduino (click on Send button). 
The Arduino will receive it and send it back

Sketch B1.5.4 return Hello World

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  if (Serial.available() > 0)

  {

    char input = Serial.read();

    Serial.print(input);

  }

}

Code Explanation:

Serial.available()

Checks to see if there is anything

char input = Serial.read();

Takes each character one at a time as it reads incoming 
data
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We are going to use it to turn the LED on and off. 

Where H is for turn LED on and L is for turn LED off. 
First we need to check if there is any data coming in. 

Remove: Serial.print(input);

Sketch B1.5.5 controlling an LED

void setup()

{

  Serial.begin(9600);

  pinMode(13, OUTPUT);

}

void loop()
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{

  if (Serial.available() > 0)

  {

    char input = Serial.read();

    if (input == 'H')

    {

      digitalWrite(13, HIGH);

      Serial.println("LED on");

    }

    if (input == 'L')

    {

      digitalWrite(13, LOW);

      Serial.println("LED off");

    }

  }

}
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Instead of inputting on or off (H or L) we want to input 
the  value  of  the  brightness.  We  use  the  parseInt() 
function. 

To test that it works send in 255, then send 0 and then 
send 255 again followed by 100. You can therefore switch 
it on and off with the values and give it an incremental 
value also. 

Notice that we have gone back to pin 11

 

Sketch B1.5.6 brightness

void setup()

{

  Serial.begin(9600);

  pinMode(11, OUTPUT);

}

void loop()

{

  if (Serial.available() > 0)

  {

    int input = Serial.parseInt();

    analogWrite(11, input);

  }

}

Code Explanation:

int input = Serial.parseInt();

The input is an integer not a letter (character) hence 
parseInt() function
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Unit #6 
Unit #6 Three LEDs

Introduction

Making use of the green and yellow (amber) LED on the 
traffic light. Introducing having more than one output.
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Make sure they all work OK

Sketch B1.6.1 three LED blink

void setup()

{

  pinMode(13, OUTPUT);

  pinMode(12, OUTPUT);

  pinMode(11, OUTPUT);

}

void loop()

{

  digitalWrite(13, HIGH);

  delay(1000);

  digitalWrite(13, LOW);

  digitalWrite(12, HIGH);

  delay(1000);

  digitalWrite(12, LOW);

  digitalWrite(11, HIGH);

  delay(1000);

  digitalWrite(11, LOW);

}
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Notes
This is a simple sketch to get each LED to blink for one 
second in turn. Checks that the three LEDs are working 
OK. Pin 13 is red, pin 12 is amber and pin 11 is green. 
You may find that the green isn’t as bright as the other 
two colours. 

Challenge
1 Although this is nothing more than an extension of the 
basic blink sketch make the pattern change to one LED, 
then two LEDs and then three LEDs on in sequence. 
2 Make the pattern go backwards and forwards
3 Add more LEDs if you have any
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Using a for() loop to cycle through them

Notes
This is an improvement on the previous sketch. It uses a 
for()  statement  to  create  a  simple  loop.  That  cycles 
through each LED in turn.

Challenge
The  operation  i++  adds  one  each  time.  Conversely  i-- 
takes one off each time. Could you rewrite the sketch so 
that it starts at 13 and counts down to 11 instead.

Sketch B1.6.2 for() loop blink

void setup()

{

  pinMode(13, OUTPUT);

  pinMode(12, OUTPUT);

  pinMode(11, OUTPUT);

}

void loop()

{

  for (int i = 11; i <= 13; i++)

  {

    digitalWrite(i, HIGH);

    delay(1000);

    digitalWrite(i, LOW);

  }

}
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