The Joy
of Coding
Robotics
Part #1
Unit #1
Hello World!

Introduction
This rst instalment which focusses on the code. The language used is
called C/C++, if you have worked through the rest of this curriculum and
used p5.js you will notice strong similarities to the syntax and structure.
This will cover the very basics of using the Arduino Uno and a breadboard.
The only component is an LED traf c light module. This is a set of three
LED in a traf c light formation.
You will get to grips of the basics as I have said but before you start
adding more components and creating your own projects having a good
understanding of the code is vital. There is a lot to do with the code which
this part doesn’t cover but which are unique to robotics.
The title robotics can be a misleading because our rst idea is of a
humanoid type machine from a lm like terminator or a series like
WestWorld. But the use of the Arduino is far broader than that.
This is really an introduction to micro-electronics which doesn’t sound quite
as snappy as robotics. Micro-electronics covers not just motors but also
displays and sensors.
Saying that in the four part of this series you will build a small self
driving robot car as well as an environment monitoring system. These rst
four books (I may well add more) will give a very good grounding to
explore more fascinating projects.
it is fun seeing something physical happen, even
as blinking an LED. So let this be the beginning and
projects and if possible create something that is a
that meets a real need.
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I love this topic,
something as basic
dream some great
blessing to someone

Copyright 2022 The Happy Coder
Licensed under the Apache License, Version 2.0 (the "License"); you may
not use this le except in compliance with the License. You may obtain a
copy of the License at
http://www.apache.org/licenses/LICENSE-2.0
Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied. See the License for the speci c language governing permissions
and limitations under the License.

General Introduction
This workbook is all about learning to code the Arduino Uno. In this, the
rst 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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Circuit Diagram 1-1
The circuit diagram below shows which pins on the Arduino Uno are
connect to which pins on the traf c lights. In the real world you will put
the traf c light on the breadboard and connect them to the pins on the
Arduino.

Circuit Diagram 1-1
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The use of circuit diagram is to simplify the connections. This table just
illustrates the connections.

Arduino Pins
GND

GND

11

R (red)

10

Y (yellow)

9

G (green)
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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. The LED Traf c Lights
module sits on the breadboard and the wires form the connection between
the module pins and the Arduino.
The breadboard and Arduino Uno sit on an acrylic base that holds
everything together neatly and tidily.
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Unit #1 Let’s get coding
Introduction
The very rst sketch is very simple and will get you typing code. This may
be very new to you so don’t worry you can’t break anything (at least not
easily), the Arduino is very robust and LEDs are very forgiving. Learn by
doing, making mistakes, nding out what those mistakes are (debugging)
and trying something new just to see what will happen. This is your
playground, enjoy it and explore. I recommend that you try the challenges
but you don’t have to no-one is watching.
Step
Step
Step
Step
Step
Step

1: delete the default code
2: type in the code
3: make sure your Arduino is connected
4: check the board and port (under tools)
5: press the upload button
6: as you edit the code you don’t need to delete every time
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Arduino 1.1.1 the LED is on
This will switch the red LED on, type this code as is and upload (remember
which button it is!). once you click on the upload button there will be a bit
of activity, ashing of LEDs and the red should turn on after a few
seconds (or less). The word HIGH has to be in capitals and is another word
meaning on (or 5 volts).
void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
}

Code Explanation:
void setup()
This happens once
pinMode(11, OUTPUT);
The pin on D11 is set to output as opposed to receiving an input
from a device
void loop()
This is a continuous loop
digitalWrite(11, HIGH);
Then we tell pin 11 to be high which means ‘on’

fl
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Arduino 1.1.2 the LED is off
This will switch the red LED off. The blue is the new bit of code, either to
be added or changed (saves typing everything out again but still good
practice to retype everything as is below). Don’t forget that key words and
functions are case sensitive, that means if there is a capital letter(s) then
it is vital that you do the same. Hence LOW is in capitals. The word LOW
means 0 volts, or off.
void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, LOW);
}

Code Explanation:
digitalWrite(11, LOW);
The output to pin 11 (D11) is set to LOW which means off

Hello World!
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Arduino 1.1.3 blinking good
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, repeatedly. The void loop() is just that it is a loop that
keeps going back to the start between the top curtly bracket { and the
bottom curly bracket }.
void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(1000);
digitalWrite(11, LOW);
delay(1000);
}

Code Explanation:
delay(1000);
The delay function stops everything for the number of
milliseconds

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

Challenge
Change the number of milliseconds

fi
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Arduino 1.1.4 variables (part 1)
Introducing variables. There are many sorts but the rst 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.
int delayPeriod = 250;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(1000);
digitalWrite(11, 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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variables (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(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
}

Code Explanation:
delay(delayPeriod);
The variable replaces the fixed value

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 rst letter of
the rst word is lowercase but the rst letter of the other words are
usually uppercase. This is the convention.
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Arduino 1.1.5 count
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.
int delayPeriod = 250;
int count = 0;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, 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

Hello World!
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Arduino 1.1.6 while loop
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.
int delayPeriod = 250;
int count = 1;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
while (count <= 10)
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
count = count + 1;
}
}

Hello World!
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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.

Notes
The <= is called a comparison operator.

Challenges
Change the number of times it blinks
After a delay (pause) do another 10 blinks (repeated)

Hello World!
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Tidy up
If the code gets a bit messy and you are prone to being a little bit OCD
(like me) towards having look nice and tidy then you can use the auto
format tab/button at the top under tools.

Click on tools, then Auto Format to line
everything up nicely

Hello World!
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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

Hello World!
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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

Hello World!
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Arduino 1.1.7 if statement (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...
Notes: all this will do is blink continuously (not nished yet!), also notice
that we start with the count at zero rather than one
int delayPeriod = 250;
int count = 0;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
count = count + 1;
}
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if statement (part 2)
Now to add in the if() loop
int delayPeriod = 250;
int count = 0;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
count = count + 1;
if (count == 10)
{
count = 0;
delay(2000);
}
}

Hello World!
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Code Explanation:
if (count == 10)
An if() statement, if this is true (count is 10) then do that
(whatever is in the loop

Notes
You should get 10 blinks, a short pause 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.

Hello World!
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Arduino 1.1.8 compound operator
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.
int delayPeriod = 250;
int count = 0;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
count++;
if (count == 10)
{
count = 0;
delay(2000);
}
}

Hello World!
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Code Explanation:
count++;
Shorthand for count plus 1

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).

Hello World!
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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

Hello World!
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Arduino 1.1.9 for loop (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 rst 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.
int delayPeriod = 250;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
}
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for loop (part 2)
The for() loop has three parts separated by semi-colons (;)
A) The

rst part is the initialise a variable which we will call i and give it

an initial value of 0 int i = 0;
B) Next we put a limit on how big i is going to get i < 10;
C) Finally what increments we increase i by on each iteration (loop) i++
int delayPeriod = 250;

void setup()
{
pinMode(11, OUTPUT);
}

void loop()
{
for (int i = 0; i < 10; i++)
{
digitalWrite(11, HIGH);
delay(delayPeriod);
digitalWrite(11, LOW);
delay(delayPeriod);
}
delay(2000);
}

fi
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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

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

Hello World!
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