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Components

We are going to introduce the following components, there 
are  literally  thousands  of  them  for  all  sorts  of 
functions, so we will start with some basic ones. 

Arduino Uno
USB cable
Variable resistor (pot)
LDR
Button
OLED display
180˚ servo
Continuous servo
Accelerometer
Ultrasonic distance sensor
Breadboard
Jumper leads (male/male and male/female)
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A) Arduino Uno

The Arduino Uno is covered in more detail in book 1 but 
you will still need it for this book. It is by far the 
most  popular  micro-controller  used  by  beginners, 
hobbyists and professionals. So you can do such much with 
this board

I recommend that you get an original from an electronic 
shops like Pimoroni or Pi Hut in the UK. You can get 
clones of this board on eBay but be careful that you 
don’t  get  one  that  needs  a  driver  (they  are  usually 
sourced from china). They are perfectly fine to use if 
you know what you are doing but for a beginner you need 
to have something utterly reliable. 

Because it ope sourced (thank you Arduino) you will see 
replicas or clones of this board in these shops as well 
and they a bit cheaper. They are perfectly fine to work 
with Windows, Apple IOS and Linux (Raspberry Pi). 
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B) Three LED traffic light

These are readily available modules and just make life so 
much easier. There is a picture below of what I mean. You 
have four pins, one for ground, one for the red LED, one 
for green LED and one for the yellow LED. 
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C) 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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D) Variable Resistor (pot)

Otherwise known as a pot (potential divider). It is quite 
small  and  works  on  a  breadboard.  You  change  the 
resistance by inserting a small screwdriver in the top 
and  turning  either  left  or  right.  It  has  a  maximum 
resistance of 10kΩ and a minimum of 0Ω. Resistance is 
measured in ohms (Ω). 

Names
Pot short for potential divider
Variable resistor
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E) Button

This a simple momentary push button in that it is ‘on’ 
when you press it, then ‘off’ when you release it, unlike 
a light switch which stays on or off. There are three 
pins,  one  called  VCC  which  is  where  you  connect  the 
5volts  to,  the  other  is  called  GND  which  stands  for 
ground (0volts) and the third is often called simply OUT 
which goes to a digital pin on your Nano. 

The benefit of using a module like this is because you 
have the resistor built into it, otherwise you will have 
to work out how to connect it (surprisingly complicated)
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F) OLED display

The OLED display is quite small but you can pack a lot 
onto the screen. They are mainly black and white but 
there are colour ones available. I have found them to be 
easy  to  use  and  very  clear.  There  are  a  number  of 
varieties and I recommend a four pin one that is already 
soldered. Here is one I have already used. You get a 
sense  of  the  size  from  the  breadboard.  You  can  have 
graphics on it as well. It is very responsive
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G) Servo (180˚)

The servo is a tiny motor that rotates 180˚ backwards and 
forwards. You can set tit to any angle between those two 
values. It is very cheap and very versatile. There is an 
alternative  to  the  servo  that  rotates  continuously 
through 360˚ which are great for robot cars etc. For 
those I would recommend getting slightly larger and more 
expensive servos (I hope to have a small project for you 
to work on in the near future). 

This servo is extremely popular and common. It is the 
Tower Pro S90, there are three leads coming from it, the 
red lead is power, the brown lead is the ground and the 
orange is the digital input. 

H) Accelerometer
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The ADXL accelerometer measures acceleration around three 
axis, x, y, and z. So if you tilt it, it will measure the 
amount of tilt. The accelerometer looks something like 
the picture below. Recommend that you get one that is 
already  soldered  unless  you  are  keen  to  have  a  go 
yourself. 

Get  the  ADXL  335  version,  there  are  a  few  different 
types. This one is nice and simple, it has 5 pins for 
power, ground, x, y and z output. 
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I) ultrasonic Distance Sensor (HC-S04)

This uses ultrasound to measure the distance to a flat 
surface. It can be seen in car bumper reversing sensors. 
It is surprisingly accurate and easy to use. The distance 
can vary with the temperature of the room as this affects 
the density of the air which affects the speed it travels 
through the air. But for all intents and purposes you 
will be using it at room temperature and we won’t be 
needing that level of accuracy. This is what it looks 
like. 
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J) Breadboard

There are many sizes and varieties of breadboards. This 
one is a half-size breadboard, it has 400 pin points. 
They can be larger (full size) and smaller (mini). It is 
the perfect size for our purposes.
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K) Jumper wires

There are three main types
Male to Male connectors
Male to Female connectors
Female to Female connectors

You will need 
- Male to Male 
- Male to Female 

they usually come in packs of 10 which is plenty (and 
inexpensive)
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Introduction to Book 2

In section B1 concentrated on the code without using any 
external components. This section will introduce a number 
of  simple  common  components.  There  are  thousands  of 
components so this is really only an introduction but 
they nearly all work in a similar way. 

This  section  introduces  you  to  libraries.  They  are 
important when you are coding (in any language). They 
make life simpler and very useful in ways you might not 
appreciate. Interestingly enough you can write your own 
libraries but that is the topic for another time. 
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Unit #7 
Unit #7 Variable resistor

Introduction

A pot is the short name for a potential divider. It can 
also be called a variable resistor, this is because you 
can  alter  the  resistance  by  turning  the  top  of  the 
resistor. It varies from 0 - 10kOhms. The symbol for 
resistance is Ω (ohm). In these instances the pot is 
connected  to  pin  A0  which  is  the  analog  pin.  It  can 
measure the voltage between 0v and 5v and returns a value 
of 0 - 1023. 

This simulates an input to an analog pin from a sensor 
e.g. a gas sensor. Many sensors have a digital signal 
output. 
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Circuit Diagram 2

Keeping the traffic lights the same add the pot as shown 
in the wiring diagram below. The centre pin connects to 
analog pin A0. Of the two outside pins one connects to 
the 5v pin and the other to ground.  
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The value of the pot is sent to the serial monitor as you 
turn it with a small screwdriver. It reads from 0 volts - 
5 volts which translates a reading from 0-1023.

Sketch B2.7.1 pot basic

int potValue = 0;

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  potValue = analogRead(A0);

  Serial.println(potValue);

  delay(100);

}

Code Explanation:

potValue = analogRead(A0);

Here you are reading the value on pin A0 as an analog 
signal rather than a digital one
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Serial Plotter

You have already used the serial monitor (which you can 
use with the pot) but also you have access to a plotter 
that does exactly that plots it on a moving chart. One 
downside is that the scale changes depending on the 
input. 

With the pot turn the values right to max and the wait a 
few seconds and turn them to a minimum and then something 
in between. The picture below shows you where to find the 
serial plotter under tools. Just for your information you 
can’t have both the serial monitor and plotter on at the 
same time, close one before using the other one.

Components  of 23 96 Book 2

Click on tools then select Serial Plotter



  

Components  of 24 96 Book 2

Turn the pot with a small screwdriver



Here use a function to limit the maximum value (in this 
case 500), so it prints the minimum value up to 500. 

Notes
As you turn the pot you will find that the value never 
goes above 500

Sketch B2.7.2 the bare minimum

int potValue = 0;

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  potValue = analogRead(A0);

  potValue = min(potValue, 500);

  Serial.println(potValue);

  delay(100);

}

Code Explanation:

potValue = min(potValue, 500);

Returns the lowest value of the two
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Similar to the min() function we can also have a max 
()function. 

Notes
Now you can’t bring below 500 when you turn the pot. 

Sketch B2.7.3 the absolute max

int potValue = 0;

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  potValue = analogRead(A0);

  potValue = max(potValue, 500);

  Serial.println(potValue);

  delay(100);

}

Code Explanation:

potValue = max(potValue, 500);

Returns the highest value of the two
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We can also constrain the value between two fixed limits 
using the constrain() function

Notes
Now it will only venture between 100 and 500, you have 
constrained the output. 

Sketch B2.7.4 feeling very constrained

int potValue = 0;

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  potValue = analogRead(A0);

  potValue = constrain(potValue, 100, 500);

  Serial.println(potValue);

  delay(100);

}

Code Explanation:

potValue = constrain(potValue, 100, 500);

Returns values between the two limits
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We are going to control the rate of blinks (the amount of 
delay) for the LED on pin 2 by turning the pot. 

Sketch B2.7.5 pot blink

int delayPeriod = 0;

void setup()

{

  pinMode(13, OUTPUT);

}

void loop()

{

  delayPeriod = analogRead(A0);

  digitalWrite(13, HIGH);

  delay(delayPeriod);

  digitalWrite(13, LOW);

  delay(delayPeriod);

}
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Mapping

The concept of mapping is used across many coding 
languages. It allows you to scale one range to another 
for instance if you wanted 0-60 seconds to be represented 
by 0-100, effectively turning 1 minute into 100% then you 
would use mapping. The line of code might look something 
like this

int percentValue = (seconds, 0, 60, 0, 100)

The output percentValue will take the seconds and convert 
it to a percentage. It converts the scale of 0-60 to 
0-100. 

It is probably easier to see it in action. In the example 
next we take the pot value which has a range of 1 - 1023 
and change it so that it outputs a value of 0 - 255 so we 
can use it to control the brightness of the LED. So we 
change the maximum from 1023 to 255 and scale it all the 
way down to 0. 
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As explained above we will use the pot to control the 
brightness of the LED on pin 2 but we have to change the 
scale from 0-1023 to 0-255 and for that we can use a 
function called map(). 

Sketch B2.7.6 pot the fade

int potValue = 0;

int ledBrightness = 0;

void setup()

{

  pinMode(11, OUTPUT);

}

void loop()

{

  potValue = analogRead(A0);

  ledBrightness = map(potValue, 0, 1023, 0, 255);

  analogWrite(11, ledBrightness);

}

Code Explanation:

ledBrightness = map(potValue, 0, 1023, 0, 255);

Returns a value that is a adjusted from one range to 
another in proportion
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Unit #8 
Unit #8 LDR

Introduction

The Light Dependant Resistor (LDR) is similar to the pot 
previously. You can vary the resistance by the amount of 
light falling on it. To measure the resistance across it 
you have to have another resistor of a static value. In 
this instance something like 10kΩ would be fine. 

Different values will give different sensitivity, you can 
try different valued resistors to see what happens. Not 
going to go into the details of electrical circuits in 
this booklet so copy the wiring diagram carefully or use 
a module that is already set up. 

You will need a torch of some sort for this unit.  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Circuit Diagram 3

What you will need...

1 Arduino Uno
1 breadboard
1 photo dependant resistor (module)
7 Male/Male jumper leads

The LDR (Light Dependent Resistor) works in such a way 
that the resistance varies depending on how light it 
detects, i.e. the resistance is dependent on the light. 
It behaves a little bit like a potential divider that is 
why you have a 10kΩ resistor next to it in series. 

The module has a built-in resistor.  

The current goes through both the resistor and the LDR. 
At one end it has a 5volt connection and the other it is 
connected to the ground. Now here is the clever part, the 
lead that comes from the middle between the two goes to 
pin A0. It can go to any of the analog pins. 

The resistor never changes its resistance, but the LDR 
does. What this means that when there is always 5 volts 
across both but when you measure the voltage across one 
of them it changes depending on the value of the 
resistance of the LDR. It splits the voltage and you can 
now measure that split at pin A0. 

If it sounds complicated don’t worry, you can google it 
later. But for now what this means is that the reading 
taken from A0 will vary depending on the amount of light 
there is. One way to do this is to get a torch so that 
you can easily change the brightness and at other times 
cover it with your finger. 

You can change the sensitivity of the LDR by changing the 
value of the other resistor. You could use a pot to give 
you that extra bit of functionality. 
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Simply returns the value across the LDR with the amount 
of light it is exposed to. 

Notes
After you have uploaded the sketch, either click on the 
button or go to Tools and click on Serial Monitor. You 
should see the value from pin A0. It reads the photo 
resistor that is connected to analog pin 0. It will give 
a reading between 0 and 1023. If you shine a torch or 
cover it with your hand you can see the change in the 
value. Because of the value of the resistor you are using 
it may not reach 1023.

Challenges
1) How would rewrite the sketch so that it printed out 
the maximum and/or minimum only after a minute
2) Get rid of the Serial Monitor and under Tools click on 
the Serial Plotter instead (you might want to change the 
delay to 100 for this)  

Sketch B2.8.1 LDR basic

int sensorValue = 0;

void setup() 

{

  Serial.begin(9600);

}

void loop() 

{

  sensorValue = analogRead(A0);

  Serial.println(sensorValue);

  delay(1000);

}
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Change the threshold so that when it is dark the LED come 
on and when it is light it goes off (100 works for me 
when I put my finger over the sensor)

Sketch B2.8.2 LDR and LED

int ledPin = 11;

int ledState = LOW;

int threshold = 100;

int analogPin = A0;

void setup() 

{

  pinMode(ledPin, OUTPUT);

}

void loop() 

{

  int sensorValue = analogRead(analogPin);

  if (sensorValue <= threshold)

  {

    ledState = HIGH;

  } 

  else 

  {

    ledState = LOW;

  }

  digitalWrite(ledPin, ledState);

}
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Notes
With the photo resistor on pin A0 and an LED on pin 11 
(with resistor in series) you are going to going to 
switch the LED on/off with the photo resistor. You will 
need a bright torch and a dark cloth to simulate night 
and day. The LED will be lit when light reaches a value 
of over 500 on analog pin A0.

Challenge
Reverse it so that the LED comes on when dark  

Code Explanation:

int ledState = LOW;

Set the state of the LED to LOW (off)

int threshold = 500;

Threshold set to 500

if (sensorValue <= threshold)

If the value is less than (or equal to) 500 then...
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The LED fades as it gets darker, again my example works 
with a value of 100, you need to try different values in 
the map() function. 

Notes
The LED is on pin 11 and the photo resistor is connected 
to the analog pin A0. We will use the serial monitor to 
check what values you are getting for the photo resistor. 
So open up the Serial Monitor and write down the max and 
min value you can get from when it is very dark and very 
bright. Where in the sketch is says 1023 you adjusted it 

Sketch B2.8.3 LDR LED fade

int ledPin = 11;

int analogPin = A0;

int sensorValue = 0;

int val = 0;

void setup() 

{

}

void loop()

{

  sensorValue = analogRead(analogPin);

  val = map(sensorValue, 0, 100, 0, 255);

  analogWrite(ledPin, val);

}

Code Explanation:

val = map(sensorValue, 0, 900, 0, 255);

Maps the value read from A0 (0-900) to val (0-255). This 
is needed for the LED value
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to the maximum value when you shine your torch on it, and 
the same 0 before it for the minimum value. Do not change 
the 0, 255 part. The LED should get brighter when the 
light source is greater and vice versa

Challenges
1) Change the values from 0-1023 to a different set of 
values
2) Change the values from 0-255 to a different set of 
values
3) Reverse it so that the LED gets brighter when it is 
darker and vice-versa
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Start with your hand covering the sensor (LDR) and slowly 
remove it to expose it to more light, you will notice 
that when you place your hand over the sensor again the 
value doesn’t decrease, hence it records the highest 
value

Sketch B2.8.4 LDR highest value

int analogPin = A0;

int sensorValue = 0;

int maxValue = 0;

void setup() 

{

  Serial.begin(9600);

}

void loop() 

{

  sensorValue = analogRead(analogPin);

  if (maxValue < sensorValue)

  {

    maxValue = sensorValue;

    Serial.println(maxValue);

    delay(500);

  }

}
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Notes
Here we are only going to send the highest value to the 
serial monitor. When you start the sketch, cover it over 
and then gradually expose it to more light and you will 
see the value increase. Cover it over again and you will 
notice that it doesn’t update. 

Challenges
1) Change this so that it gives the min and max values
2) Change the names of the variables to reflect this

Code Explanation:

if(maxValue < sensorValue)

If the maxValue is less than sensorValue...

maxValue = sensorValue;

Make it the same as sensorValue
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Simply returns an average for the duration of use. This 
eliminates sudden changes. 

Sketch B2.8.5 LDR average value

int analogPin = A0;

int sensorValue = 0;

int average = 0;

long totalValue = 0;

int count = 1;

void setup() 

{

  Serial.begin(9600);

}

void loop() 

{

  sensorValue = analogRead(analogPin);

  totalValue = (totalValue + sensorValue);

  average = totalValue/count;

  Serial.write("sensor ");

  Serial.print(sensorValue);

  Serial.println(" ");

  Serial.write("average ");

  Serial.println(average);

  Serial.write("count ");

  Serial.println(count);

  Serial.println(" ");

  delay(1000);

  count = count + 1;
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Notes
This will print out to the serial port, the average, the 
number of times it has cycled through and the total. The 
Serial.print function is very useful if you just want to 
find out what is happening to a variable.

Challenges
1) change the Serial.print to show ‘count= value= 
average=‘
2) print the average value and show it on the Serial 
Plotter
3) have an average for the last few values  

}

Code Explanation:

int count = 1;

The count variable declared and initialised to start at 
1

totalValue = (totalValue + sensorValue);

Adding the sensorValue to the totalValue to create a new 
totalValue. 

average = totalValue/count;

Each iteration increases the count and calculates the 
average

count = count + 1;

At the end of each iteration increase the count by 1
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Unit #9 
Unit #9 Accelerometer

Contents

Sketch B2.9.1 accelerometer basic
Sketch B2.9.2 accelerometer warning light

Introduction

The ADXL335 Accelerometer is an electromechanical device 
that measures the force of acceleration due to gravity in 
g unit.It can be used in applications requiring tilt 
sensing. The ADXL335 measures acceleration along X, Y and 
Z axes and gives analog voltage output proportional to 
the acceleration along these 3 axes. 
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Circuit Diagram 4

What you will need...

1 Arduino Uno
1 breadboard
1 LED
1 ADXL accelerometer
4 Male/Male jumper leads

The connections between the ADXL, LED and Arduino are as 
follows. 

ADXL Accelerometer
X is on pin A0
Y is on pin A1
Z is on pin A2
GND on GND
VCC on 5v

LED
The LED is on pin 13

The ADXL has three axis that are measured. It is the 
angle/acceleration relative to each of these.  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Sketch B2.9.1 (accelerometer basic)

int x = 0;

int y = 0;

int z = 0;

int analogPinX = A0;

int analogPinY = A1;

int analogPinZ = A2;

void setup()

{

  Serial.begin(9600);

}

void loop()

{

  x = analogRead(analogPinX);

  y = analogRead(analogPinY);

  z = analogRead(analogPinZ);

  Serial.print("x = ");

  Serial.print(x);

  Serial.print(" ");

  Serial.print("y = ");

  Serial.print(y);

  Serial.print(" ");

  Serial.print("z = ");

  Serial.println(z);

  delay(500);

}
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Notes
The accelerometer measures the amount of tilt or 
acceleration. It will measure on three axis. The x, y and 
z axis. Once you have copied the wiring diagram shown 
above you should then open the serial monitor. Which is 
the eyeglass symbol on the top right hand corner. You 
should see all three values displayed. If it is printing 
too fast then increase the delay (but not too much). Tilt 
it in different directions and you should see a change in 
these values.

Challenges
1) Determine the effect of turning and rotating the 
accelerometer 
2) How does the z axis work?
3) Just comment out (//) two axis at a time to see the 
effect of one of the values. 
4) Shake and move in different directions to see the 
effect on the x, y and z values.  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Looking at the z values they ranged from 400 (horizontal) 
to around 220 when tilted vertically. The red light comes 
on when the tilt or acceleration is too great. (Your 
values may be slightly different, play with them)

Sketch B2.9.2 warning light

int z = 0;

int analogPinZ = A2;

int ledPinRed = 13;

void setup()

{

  pinMode(ledPinRed, OUTPUT);

}

void loop()

{

  z = analogRead(analogPinZ);

  if(z <= 350)

  {

    digitalWrite(ledPinRed, HIGH);

  }

  else

  {

    digitalWrite(ledPinRed, LOW);

  }

}
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Notes
Using an LED attached to pin 13 it will give an 
indication when there is a dangerous/extreme tilt. In my 
example the neutral level was 400. Tilted one way gave 
220. Make the red warning light come on when less than 
250. You may have to adjust your values to your 
circumstances.

Challenge
1) Make a traffic light type warning, green = OK, amber = 
be careful, red = warning

Code Explanation:

int analogPinX = A2;

Declare and set analogPinZ to pin A2

int ledPinRed = 13;

Declare and initialise the variable ledPinRed to pin 13

z = analogRead(analogPinZ);

Variable z receives the value from pin A2
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Unit #10 
Unit #10 button

Contents

Sketch B2.10.1 LED with button
Sketch B2.10.2 toggle
Sketch B2.10.3 debounce the bounce

Introduction

The button is a tactile or momentary push button. It 
makes contact with a metal plate when you push down and 
completes the circuit. When you stop pushing it releases 
and is no longer in contact and hence breaks the circuit. 
Using a module is useful because it removes the need to 
add resistors. 
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Circuit diagram 5

Adding a button like this with VCC going to 3.3volts, GND 
going to ground and the middle pin (OUT) going to digital 
pin 2 (D2). Keep everything else the same. 

VCC -> 5volts
GND -> GND
OUT -> D2 (pin 2)

You will be using male/female jumper wires
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Connect the button as shown, then after writing the code 
and uploading it to the Arduino, press the button. The 
red LED should come on when pressed and off when 
released. 

Sketch B2.10.1 LED button

void setup()

{

  pinMode(13, OUTPUT);

  pinMode(2, INPUT);

}

void loop()

{

  int button = digitalRead(2);

  if (button != HIGH)

  {

    digitalWrite(13, LOW); 

  }

  else

  {

    digitalWrite(13, HIGH);

  }

}

Code Explanation:

pinMode(2, INPUT);

We are using digital pin 2 as the button and we need to 
set to INPUT in setup

if (button != HIGH)

The != means not. If the button is not HIGH (on)... 
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In this sketch we are doing more than just switching it 
on and off with the button but toggling it so once press 
on and one press off. This is more difficult than the 
previous sketch. Hold the button for a second each time. 

Important note: this works very badly because of a 
condition known as bounce (we will look at that in the 
next sketch. 

Sketch B2.10.2 LED toggle

int ledState = LOW;

int lastButtonState = LOW;

int currentButtonState = LOW;

void setup() 

{

  pinMode(2, INPUT);

  pinMode(13, OUTPUT);

  currentButtonState = digitalRead(2);

}

void loop() 

{

  lastButtonState = currentButtonState;

  currentButtonState = digitalRead(2);

  if(lastButtonState == HIGH && currentButtonState == LOW) 

  {

    ledState = !ledState;

    digitalWrite(13, ledState); 

  }

}
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Notes
Work through the sketch to follow the logic, the logic 
isn’t flawed but the button is. The problem is that the 
contacts as you press the button jump or bounce and give 
false readings. The next sketch addresses this problem to 
take into account the bounce. 
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To tackle the bounce problem we need to introduce some 
sort of delay to counter that. We will call that 
debounceDelay. 

Sketch B2.10.3 debounce

int ledState = HIGH;

int buttonState = LOW;

int lastButtonState = LOW;

int currentButtonState = LOW;

long lastDebounceTime = 0;

long debounceDelay = 50;

void setup() 

{

  pinMode(2, INPUT);

  pinMode(13, OUTPUT);

  digitalWrite(13, ledState);

}

void loop() 

{

  int currentButtonState = digitalRead(2);

  if (currentButtonState != lastButtonState)

  {

    lastDebounceTime = millis();

  }

  if ((millis() - lastDebounceTime) > debounceDelay) 

  {

    if (currentButtonState != buttonState) 

    {

      buttonState = currentButtonState;
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Notes
This more about boolean logic than the code. But all that 
code to just toggle an LED on or off. This is what coding 
is all about problem solving. This is a work around a 
hardware issue. 

      if (buttonState == HIGH) 

      {

        ledState = !ledState;

        }

      }

    }

  digitalWrite(13, ledState);

  lastButtonState = currentButtonState;

}

Code Explanation:

long lastDebounceTime = 0;

long debounceDelay = 50;

These two lines of code are the key to this working, 
they have to be long because they use the millis() 
function and the number can get big very quickly. 

Serial.available()

gets the number of bytes (characters) available from 
reading the serial port

Serial.setTimeout()

sets the maximum milliseconds to wait for serial data

Serial.parseInt()

returns the first integer number

Serial.Read()

reads incoming serial data
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Unit #11 
Unit #11 OLED

Contents

Sketch B2.11.1 hello world!
Sketch B2.11.2 pot value

Introduction 

This is a nice and compact display, it is less than 1 
inch wide (0.96 inch). OLED stands for organic light-
emitting diode, it is relatively low energy display than 
can be used with Arduino and other micro-processors. 
Mostly they are monochrome but you can also get them with 
a number of colours. Another type of display which is 
very common is the LCD which works on a similar basis. It 
is a great way to display data from a sensor. 

The dimensions of the display are 128 pixels wide and 64 
pixels high. So the co-ordinates for a specific pixel is 
between the following:

Top left pixel (x = 0, y = 0)
Top right pixel (x = 127, y = 0)
Bottom left pixel (x = 0, y = 63)
Bottom right pixel (x = 127, y = 63)
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Circuit Diagram 6

What you will need...

- 1 Arduino Uno
- 1 breadboard
- 1 OLED display
- 1 pot (10kΩ variable resistor)
- 9 Male/Male jumper leads

The pin wiring is as follows, it is important that you 
connect exactly as described below. This is because the 
library you use needs to know that you are connecting 
them to the right pin. SCK can also be SLK. 

VDD is on 5v
GND is on GND
SCL (or SCK) is on A5
SDA is on A4

Some basic commands/functions built into the library:

Code Explanation:

display.clearDisplay() 

all pixels are off, clears the display

display.drawPixel(x, y, colour) 

plot a pixel in the x, y coordinates, the colour is 
WHITE (in capitals)

display.setTextSize(n) 

set the font size from 1 to 8, the bigger the number the 
less you can fit on the display

display.setCursor(x, y) 

set the coordinates to start writing text, you can have 
more than one thing displayed
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display.print(‘text’) 

print the characters at location x, y

Code Explanation:
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Circuit Diagram #6



You will need this library Adafruit_SSD1306.h if you 
aren’t sure you have it already installed run the sketch 
below and it will tell you. Installations are easy using 
the library manager. 

Sketch B2.11.1 Hello World!

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

}

void loop() 

{

  display.display();

  display.clearDisplay();

  display.setTextColor(WHITE);

  display.setTextSize(1);

  display.setCursor(0, 0);

  display.print("Hello World!");   

}

Code Explanation:

#include <Adafruit_SSD1306.h>

#include <Adafruit_GFX.h>

#include <Wire.h>

Adafruit_SSD1306 display(4);  

Wire.begin();

display.begin(SSD1306_SWITCHCAPVCC, 0x3C);
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Notes
There are three libraries indicated by the prefix .h and 
inside <> brackets, to include them you use the command 
#include

This is what you need for the OLED to work, don’t worry 
at tis stage what they all mean, just make sure they are 
included.  The  section  inside  the  void  loop  is  what 
matters the most
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You should see something like this



Let’s change the text to “Happy”

Sketch B2.11.2 Text

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

}

void loop() 

{

  display.display();

  display.clearDisplay();

  display.setTextColor(WHITE);

  display.setTextSize(1);

  display.setCursor(0, 0);

  display.print("Happy");   

}
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Code Explanation:

display.display();

Calls the method

display.clearDisplay();

All pixels are off

display.setTextColor(WHITE);

Set the text colour to white

display.setTextSize(1);

Set the font size from 1 to 8

display.setCursor(0, 0);

Set the co-ordinates to start writing the text

display.print("Happy");   

Print the characters
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Let’s increase the text size to 2

Notes
Much bigger now

Sketch B2.11.3 text size

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

}

void loop() 

{

  display.display();

  display.clearDisplay();

  display.setTextColor(WHITE);

  display.setTextSize(2);

  display.setCursor(0, 0);

  display.print("Happy");   

}
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We position the start of the text with the text cursor. 
Changing that changes the position from where the line of 
text starts

Sketch B2.11.4 text cursor

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

}

void loop() 

{

  display.display();

  display.clearDisplay();

  display.setTextColor(WHITE);

  display.setTextSize(2);

  display.setCursor(10, 10);

  display.print("Happy");   

}
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We can display dynamically. We will show the count of 
millis() from when the code starts running.

Notes
You can count the seconds by changing that line from
display.print(millis()); to display.print(millis()/1000);

Sketch B2.11.5 seconds

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

  

}

void loop() 

{

  display.display();

  display.clearDisplay();

  display.setTextColor(WHITE);

  display.setTextSize(2);

  display.setCursor(10, 10);

  display.print(millis());   

}
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We will now read the value of the pot as we turn it. 
Remove the line of code: display.print(millis());

Connect the pin from pot that went to A5 before and 
reconnect it at A0 instead. 

Sketch B2.11.6 pot value

#include <Adafruit_SSD1306.h>

Adafruit_SSD1306 display(4);  

void setup() 

{

  display.begin(SSD1306_SWITCHCAPVCC, 0x3C);

}

void loop() 

{

  display.display();

  display.clearDisplay();

  int potValue = analogRead(A0);

  display.setTextColor(WHITE);

  display.setTextSize(2);

  display.setCursor(0, 0);

  display.print("pot = ");

  display.setCursor(70, 0);

  display.print(potValue);    

}
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Notes
You might find it a bit jumpy, there will be some 
interference. 

Code Explanation:

display.print(potValue);    

Prints the value of the pot
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Unit #12 
Unit #12 Servo (180˚)

Contents

Sketch B2.12.1 xxxx
Sketch B2.12.2 xxxx

Introduction 

Will be looking at the servo motor

You will get an idea of how to control this motor and how 
it might interact with some simple sensors. 

The power demands placed on the Arduino means you will 
need external/additional power sources. These are 
necessary if don’t want to burn your Arduino out. I 
recommend using a 9 volt battery. It will be worth 
getting a rechargeable one as you will go though them 
quickly. Motors are very power hungry compared to an LED. 

Although the servo works off 5 volts and technically you 
can drive straight from the Arduino. This is is not 
recommended because the possibility of sudden power 
surges. You can use capacitors to offset this sudden 
demand and many recommend this. I prefer to have an 
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external power source in the form of a PSU module. It 
goes on your breadboard simply and easily. Then use a 
9volt battery which is stepped down to 5volts. 

You need to make sure that everything works off the same 
ground (GND). Everything has to agree what is ground (or 
0volts). I can assure you if you forget to do that 
strange things start to happen. 

It is not as complicated as it sounds and if you follow 
the circuit diagram you will be fine.

Installing Libraries

This is a critical part of learning to code with the 
Arduino and with using other coding languages like 
Python. Libraries are like little modules that contain a 
sketch or programme that does a certain function to 
control a complex component. It saves you having to write 
a lot of complicated code. 

Some libraries are pre-installed for instance the servo 
library. Others you will need to install them manually. 
This is very simple and quick to do. If you don’t you 
will soon get an error message and no damage is done. 

In the code you will have a line like so...

#include <Servo.h>

This means that you are including a library called 
Servo.h. Sometimes you will only have to install one 
library and at other times you will install many. You can 
even write your own library but that is beyond the scope 
of this book. 

If the library is not pre-installed then you can follow 
the guidelines below, and if you get stuck turn to your 
new best friend ‘google’ and look it up. The arduino 
website should also give you some instructions. 

Components  of 76 96 Book 2



These screenshots were taken from the Arduino Website, I 
suggest that you search through the website and become 
familiar with where everything is. It will have the 
latest (or at least most recent) information and plenty 
of guidance and guidelines. 

I can’t emphasise enough that coding is really just 
problem solving in a very particular way. One way to 
solve a problem is to do your own research and search. 
Arduino has a lot of resources and information. It is up 
to you to use it. 

On your IDE click Sketch tab and then click Install 
Library tab. Then click Manage Libraries tab.

This will bring you to something like this. Type in the 
name of the library you are looking for and click 
install. Then you are good to go. 
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Circuit Diagram 7

What you will need...

1 Arduino Uno
1 breadboard
1 servo motor
1 pot (10kΩ variable resistor)
5 Male/Male jumper leads

Build the circuit as shown above. Make sure that both the 
blue power rails (if using both) have common earth and 
are lined up with the correct output, i.e. -ve is blue 
and +ve is red. It is possible to get the PSU the wrong 
way round on the bread board. 

The wiring colour scheme is as follows: 

Red wire is on 5v
Brown wire is on GND
Orange wire is on pin 2

If you have different colours for your wires then you may 
need to look them up but they should be reasonably 
standard. The orange wire is the signal/data. It is what 
controls the servo. So you only need one wire. The pot is 
connected to analog pin A0. 
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Circuit Diagram #7



We are going turn the servo arm to position 0˚

Sketch B2.12.1 basic servo

#include <Servo.h>

Servo myServo;

void setup()

{

  myServo.attach(2);

}

void loop()

{

  myServo.write(0);

  delay(15);

}

Code Explanation:

#include <Servo.h>

The servo library
Servo myServo;

We give the servo a name myServo, it can be any name and 
will need to be if you are operating more than one

myServo.attach(2);

The servo is attached to digital pin 2
myServo.write(0);

The angle is written to the servo in degrees
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Now to 90˚

Sketch B2.12.2 move to 90˚

#include <Servo.h>

Servo myServo;

void setup()

{

  myServo.attach(2);

}

void loop()

{

  myServo.write(90);

  delay(15);

}

Code Explanation:

myServo.write(90);

We tell it to move to angle 90˚
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And then to 180˚

Sketch B2.12.3 move to 180˚

#include <Servo.h>

Servo myServo;

void setup()

{

  myServo.attach(2);

}

void loop()

{

  myServo.write(180);

  delay(15);

}

Code Explanation:

myServo.write(180);

We tell it to move to position 180˚
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Now to rotate 180˚ continuously

Sketch B2.12.4 rotating continuously

#include <Servo.h>

Servo myServo;

int pos = 0;

void setup()

{

  myServo.attach(2);

}

void loop()

{

  for (pos = 0; pos < 180; pos += 1)

  {

    myServo.write(pos);

    delay(15);

  }

  for (pos = 180; pos >= 1; pos -= 1)

  {

    myServo.write(pos);

    delay(15);

  }

}

Code Explanation:

for (pos = 0; pos < 180; pos += 1)

We cycle through from 0 to 180 in steps of 1˚ each 
iteration
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Controlling the servo with the pot, as you turn it 
clockwise and anti-clockwise it is mapped to the angle of 
the servo

Sketch B2.12.5 (pot servo)

#include <Servo.h>

Servo myServo;

int potPin = A0;

int val;

 

void setup()

{

  myServo.attach(2);

}

 

void loop()

{

  val = analogRead(potPin);

  val = map(val, 0, 1000, 10, 170);

  myServo.write(val);

}

Code Explanation:

val = map(val, 0, 1000, 10, 170);

Maps  the  value  of  ‘val’  from  0-1000  to  10-170.  It 
converts the analog value to the degrees 

myServo.write(val);                         

Moves the servo
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Notes
Using a pot (variable resistor) to turn a servo. The pot 
is connected to analog pin 1 (A1). The servo is connected 
to pin 8. The value of the pot will be mapped to move the 
servo through 180˚. An external power source is used to 
ensure that the Arduino isn’t overloaded. 

Challenge
1) You may have to play around with the mapping to get it 
to work smoothly
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Unit #13 
Unit #13 Distance Sensor

Introduction

The HC-SR04 ultrasonic distance sensor sends a signal 
which bounces off a surface and then returns to the unit. 
It records the time taken to complete the return journey 
and from that it calculates distance. It is reasonably 
accurate but the temperature of the room will affect the 
speed of the signal. Some of these sensors have a 
thermometer so it can compensate for temperature 
variations. 

The speed of sound used is 1/29.1 (343m/s)

The calculations are made thus: 
distance = (duration/2) / 29.1. 

The duration is double the distance travelled hence 
divide by 2. Measures the distance between the sensor and 
an object up to 2m away (out of range)
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Circuit Diagram 8

What you will need...

1 Arduino Uno
1 breadboard
1 LED
1 HC-SR04 ultrasonic distance sensor
8 Male/Male jumper leads
1 220Ω resistor for the LED

The circuit diagram below shows the connections for the 
LED on pin 13 and the trig on pin 9 and the echo on pin 
10. 

Vcc draws 5volts from the +ve (red) rail and GND from the 
-ve (blue) rail

Vcc is on 5v
Trig is on pin 9
Echo is on pin 10
GND is on GND
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Circuit Diagram #8



This will give you the distance in cm in the serial 
monitor. 

Sketch B2.13.1 distance basic

#define echoPin 10

#define trigPin 9

void setup()

{

  Serial.begin (9600);

  pinMode(trigPin, OUTPUT);

  pinMode(echoPin, INPUT);

}

void loop()

{

  long duration; 

  long distance;

  digitalWrite(trigPin, LOW);

  delayMicroseconds(2);

  digitalWrite(trigPin, HIGH);

  delayMicroseconds(10);

  digitalWrite(trigPin, LOW);

  duration = pulseIn(echoPin, HIGH);

  distance = (duration / 2) / 29.1;

  

  Serial.print(distance);

  Serial.println(" cm");

  delay(50);

}
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Code Explanation:

#define echoPin 10

Specifies pin 10 for the echo

#define trigPin 9

Specifies pin 9 for the trigger

pinMode(trigPin, OUTPUT);

The trigger is an output, it sends out a signal

pinMode(echoPin, INPUT);

The echo pin receives the incoming (echo) signal

long duration; 

The duration is becomes a very big number hence the 
datatype is a long

long distance;

This will also be a biggish number hence long datatype 

digitalWrite(trigPin, LOW);

Trigger pin off

delayMicroseconds(2);

Wait 2 microseconds  (1 microsecond is 1 millionth of a 
second)

digitalWrite(trigPin, HIGH);

Trigger pin on...

delayMicroseconds(10);

...for 10 microseconds

digitalWrite(trigPin, LOW);

Then trigger pin off again

duration = pulseIn(echoPin, HIGH);

Measures how long it takes for the signal to return

distance = (duration / 2) / 29.1;

Calculates the distance
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Notes
The distance sensor measures the distance in centimetres. 
The equation distance = (duration/2) / 29.1 calculates 
the distance from the sensor to the object. The duration 
is the time taken for a ping to get from the sensor to 
the object and back so it is halved, hence divide by 2 
(x/2). The figure 29.1 is the speed of sound, this varies 
depending on temperature so updated versions have a 
temperature sensor built in to help calibrate. We are 
using the HC-SR04 module which measures the distance 
between the sensor and an object up to 2m away, after 
that it is out of range. 

Challenges
1) Remove the out of range and see what values you get
2) Measure a set distance with a tape measure or ruler to 
see accuracy

Serial.print(distance);

Prints the distance

Serial.println(" cm");

In centimetres 

delay(50);

Wait 50 milliseconds
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The distance sensor behaves a bit more like a real 
parking sensor on a car (except without the beeps)

Sketch B2.13.2 distance flash

int flash = 0;

int ledPin = 13;

#define echoPin 10

#define trigPin 9

void setup()

{

  pinMode(ledPin, OUTPUT);

  pinMode(trigPin, OUTPUT);

  pinMode(echoPin, INPUT);

}

void loop()

{

  long duration; 

  long distance;

  digitalWrite(trigPin, LOW);

  delayMicroseconds(2);

  digitalWrite(trigPin, HIGH);

  delayMicroseconds(10);

  digitalWrite(trigPin, LOW);

  duration = pulseIn(echoPin, HIGH);

  distance = (duration / 2) / 29.1;

  

  flash = distance*5; 

  digitalWrite(ledPin, HIGH);
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Notes
For this we don't need the serial port so we remove all 
the Serial code. This flashes the closer it gets to the 
object. This will behave like a silent reversing sensor 
on a car. (You could add a buzzer if you wanted the 
noise)

Challenges
1) Alter distance*5 to another figure that works better 
for you 
2) Trigger the LED when closer than, say, 50cm
3) Use the PWM on pin 11 so brightness indicates distance
4) If you are feeling brave then get hold of a buzzer and 
have the sound effects

  delay(flash);

  digitalWrite(ledPin, LOW);

  delay(flash);

}
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Up next... 

Book 3 Processing with the Arduino
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	A) Arduino Uno
	B) Three LED traffic light
	These are readily available modules and just make life so much easier. There is a picture below of what I mean. You have four pins, one for ground, one for the red LED, one for green LED and one for the yellow LED.
	C) USB cable
	D) Variable Resistor (pot)

