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The absolute minimum you 
need to know before you get 
going.

This section is a very important section because it will give you a clear 
understanding of the things you will learn. It discusses the big picture.

The days where we had to use tonnes of components are gone. With the introduction 
of microprocessors (also called micro controllers) electronics changed forever.

Electronics today consist of two different technologies:

  

When you go into modern day electronics you do not just work with electronic 
components, but you will also need to learn a bit of programming.

Fortunately, the programming required are very basic and easy to learn. In this 
training, you will have the choice to copy/paste the code and learn by simply 
changing a couple of lines to get different effects in your projects. 

Microprocessors
A microprocessor (also called a micro controller) is the “central component” that 
brings it all together.
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A microprocessor is in itself an electronic component with the ability to store 
programs and execute (run) these programs. The program controls the components 
as well as read information from components.
A simple programming instruction example: Measure the temperature (from a 
temperature sensor) and if the temperature goes above 30ºC then close a switch that 
will start a fan.

In the earlier days of electronics, a circuit like the above examples will require lots 
of components and engineering. Today you will write a couple of lines of code, 
connect a temperature sensor and a relay (to switch high power equipment on/off) to 
your microprocessor and you are done. All this can take you as little as 10 minutes to
do! 

Microprocessor types

Microprocessors are available in many different shapes and sizes and there are many 
different brands too. The two most well-known brands are the Picaxe and the Atmel 
processors.

Each brand (manufacturer) has many different “models” and they mostly are 
different in the size of their processing power, the amount of memory space they 
have and the number of external components you can connect to them.

In your training you will use the most popular microprocessor in use today, the 
Atmel (manufacturer), Atmega (model) processor. The Atmega group of processors 
themselves are available in small processors that can handle only 6 sensors to 
processors that can handle much more.

Arduino development platforms.
There are many different microprocessor companies that also create a development 
platform to make it easy to use, play and prototype easily using their 
microprocessors. 

We use the Arduino UNO R3 platform in all our kits and training because it is well 
known, well supported and have the most add-ons compared to any other platform 
available The Arduino platform uses the Atmel microprocessors that are both easy to 
use and cost effective.

A development platform consists of:
• A board with the processor on, an easy way to connect electronic 

components to it and a way to upload programs to it.
• The software you use to write your programs and upload the programs to 

your Arduino board. The Arduino software can be downloaded for free on 
the Arduino official site.

You can download the Arduino programming environment from here: 
https://www.arduino.cc/en/Main/Software

A programming environment is also called an IDE and we will look at that next. 
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The Arduino IDE
The first thing you need to know is what an IDE is. An IDE is an abbreviation for 
Integrated Development Environment.

An IDE can be defined as a software program that provides a way computer 
programmers can easily write, save and upload their programs to the microprocessor.

The IDE also checks your programming code for you and will display any errors you
made. This is probably the most valuable function performed by the IDE. It will 
show you what line in your code is wrong as well as give you a reason.

The Arduino IDE is free and easy to use and can be downloaded here: 
https://www.arduino.cc/en/Main/Software

In short, the IDE is where you do all of your programming, you also use the IDE to 
upload your code to the microprocessor.

 Sketches

In Arduino, we like to think of ourselves as electronic artists. A sketch in Arduino is 
another name for the program you will write to be uploaded to your Arduino 
microprocessor.

Sketches are saved in the IDE and can be opened again from the IDE when required.

The different Arduino boards

The Arduino guys have many different boards and the Arduino Uno is just one of 
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them. A full list of the developer boards can be viewed on their website 
http://www.arduino.cc

We will just briefly look at 3 of these boards here and discuss why there are so many
different boards available.

Arduino mini

In electronics size matters, we aim to make boards as
small as possible. The Arduino mini is the answer to 
this, not only is it very small but also much cheaper. 
It is not as easy to work with as the Arduino Uno but 
then again the idea behind this board is not to 
develop with but to use it in your final product.

The first thing you will notice when looking at this 
board is that it misses some components. The first thing to note is that you can not 

use more than 9V with it because it does not have the circuitry like the bigger boards
that can use double that.

The second thing is that there is no sketch upload circuitry. To program these boards 
you need an FTDI up-loader board. That is ok because once 
you have this up-loader board you can program as many 
Arduino mini's as you like.

The red board in the image below is the up-loader board.

Arduino Uno/Genuino

This is the board you will use most. I am not going to talk 
more about it as we will cover this board in detail soon. Something to note is that 
outside the USA the Uno board is called the Genuino.

It is a complete development board that includes the up-loader, headers to connect 
your components to etc. 

Arduino Mega

This is the big brother of the Arduino 
Uno. In a nutshell, you can connect 
much more “things” to it and have 
much more storage space. Saying that 
your Uno will be more than big enough 
for most of the development you will 
do. 

When you consider very big projects later on, an Arduino Mega might be 
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considered.

3rd Party manufacturers

The Arduino boards are all open source, meaning anybody may manufacture these 
boards. Some manufacturers have added other functionality to the Uno boards like 
the Romeo board below.

This board include servo 
and motor outputs making it
a complete board for robots,
No additional boards are 
required to drive robot 
wheels. The board above 
even have a place to connect
a Bluetooth module. In the 
next chapter you will learn 
more about modules.
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DISSECTING THE ARDUINO 
UNO BOARD

It's time to get familiar with your Arduino board. The best is to take out your board 
now so you have it in front of you so you can get used to it.
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The first thing you need to understand is that an Arduino is a development platform. 
This means that you have a complete development environment that includes voltage
regulation (so you can power it up from 6V to 15V power supplies), USB converter 
(so you can upload and get data back to your computer), many inputs and outputs (so
you can plug “things” easily into your Arduino without soldering) and a couple of 
other things we will cover in this chapter.

On the previous page is a picture of an Arduino board with a description of the most 
important components. 

Arduino versions
The version of Arduino we use is the latest version, the Arduino Uno R3. The R3 
stand for the revision number meaning the Arduino Uno has 2 previous versions.

These version changes are normally small and are due because newer better 
components become available in the market that then is implemented on the Arduino
boards.

The bare minimum
The bare minimum for an Atmel chip to work is:

• the Atmega microprocessor, 

• the crystal

• 5V power supply 

• 2 capacitors. 

This is of interest once you go into production one day, if you want, to produce your 
own project boards. In production, your cost for the project will be much cheaper 
than the Arduino platform because most of the development components will not be 
required.

Power supply
Your Arduino can accept power from:

1. The USB connection. In many cases, you will power your Arduino directly 
from the USB cable you use to connect your Arduino to your computer. Keep
in mind that the USB cable has very limited power and if you’re going to use 
power hungry sensors, motors and so on your Arduino will not get sufficient 
power from the USB connection. Also, keep in mind that often your Arduino 
will not be connected to your PC once you unplug it and start using it as let's 
say an alarm clock, the USB power will not be available and you'll either 
need to use batteries or a power supply connected to the dc power jack.

2. The DC power jack. You can directly power your Arduino from batteries or a 
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6V to 20V power supply. The ideal power for an Arduino is 7V-12V.   

You can use both the USB connection and DC jack on the Arduino at the same time. 
Arduino is clever enough to understand you have 2 power sources connected to it 
and it will use the DC power jack's power.

USB communication
The Arduino comes with a USB conversion chip so you can easily communicate 
with the microprocessor from your computer. 

In a previous section we discussed, in brief, the Arduino mini board, that does not 
have a USB conversion chip on the board. In that case, you need to get a board 
called an FTDI converter board, this board connects between your Arduino and your 
computer's USB port. The Arduino Uno do have the USB converter chip on the 
board and an FTDI board in not required.

Plug your USB cable directly into the USB connector on your Arduino board.

You can upload your programs, send commands and get feedback from the Arduino 
directly from and to your computer. 

Digital and Analogue pins
Digital and analogue pins are used to connect your sensors, motors etc. to your 
Arduino.

Digital pins.

Digital pins are used for sensors and other 
devices that have only two values, 0V and 
5V, to put it into perspective it is for 
devices and components that will be either
open/closed or off/on. 

These devices include relays that are either on or off, LED's, motion sensors, and 
basic motors that either 
turns or that not.

A digital pin does not just 
supply 5V to devices, it can 
also be set to detect voltage 
from sensors and other 
components.

An example is a motion 
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sensor that will send 5V to a digital pin when it detects motion. Your Arduino 
monitors the pin the motion sensor is connected to and once it detects that there is 
5V on the pin it will do whatever you told it to do like sounding a siren.

The Arduino comes with 14 digital pins marked from 0 to 13. Starting to count from 
0 instead of 1 can be a bit confusing but is something used often in electronics and 
programming.

Analogue pins

Analogue pins are used for devices and sensors that give 
different voltages back to the pins, analogue pins see all voltages
from 0V straight through to 5V. 

A temperature sensor is a good example of this, different 
temperatures give different voltage values. 1V might indicate 
10ºC, 1.1V indicate 11ºC and so on.

Analogue pins can be used to supply a voltage but just like digital pins it can only 
supply either 0V or 5V.

This should immediately make you wonder how you can supply voltage values 
between 5V & 0V to components? To make a LED fade and then become brighter 
again or to make a motor spin faster and slower you need to be able to change the 
voltage on a pin. 

The solution is to use digital pins in a mode called PWM, you will learn about this 
soon. For now, I want to just mention that an Arduino does have the ability to supply 
different voltages to devices and that we use digital pins to do that.

Digital pins input and output

Digital pins can either be set as an input or an output.

1. Input mode. Once you set one of your Arduino pins as an input pin (you will 
learn how to do this soon) you told your Arduino to detect voltage. It will 
thus receive a voltage from a component or device like a motion sensor. Your 
Arduino will know that it must monitor that port for voltages coming into it 
like the motion sensor that will send 5V to the Arduino when it detects 
motion.

2. Output mode. Once you set your Arduino as an output pin you can send 
voltages to the sensors and devices connected to it. You can send as an 
example 5V to a motor connected to that pin to get the motor to turn. 

With a digital pin, you can either send 0V or 5V to the component connected 
to it. We can send any value between 0V and 5V using a technique called 
“Pulse Width Modulation” that we will look at next

Note: You can set any pin to either an input or an output but not both. 
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Do not use more than 5V as an input because the Arduino pins can only handle a 
maximum of 5V. The Arduino board itself can handle up to 20V input because a 
Voltage regulator is on the board that will bring the input voltage down to 5V before 
it reaches the Atmel chip. 

PWM

Some digital pins on the Arduino are called 
PWM pins, from the picture above you can see 
that they are indicated with a “~”. 

Pulse Width Modulation, or PWM, is a 
technique for getting analogue results with 
digital means. Basically, PWM allows digital 

pins to supply any voltage from 0V-5V.

An Arduino Uno has 6 digital pins that support PWM (digital pins: 3, 5, 6, 9, 10, 11).

We do not want it to get complicated right now but basically, the way PWM works is
that it switches the 5V digital signal on and off extremely fast so you can get less or 
more voltage on that pin. The longer the “on” voltage is compared to the 0V you can 
very accurately get any voltage between 0V and 5V on the digital pin. This is a great 
way to dim LED's or make a motor go faster or slower from a digital pin.

Power pins
Next to the analogue pins, you will find the power pins. These pins are handy 
because you can power sensors and other devices you connect to your Arduino 
directly from these pins without having to worry about external power supplies.

A sensor usually has 3 legs:

1. 5V power

2. Ground

3. Signal (goes to an Arduino Analogue or digital pin)

Most of these sensors can get their power directly
from your Arduino because they do not need a lot 
of power to work. This is very handy because you
do not need external power to supply the power to
most sensors.

Here is a picture showing the power pins 
available on your Arduino

The power pins on your Arduino consist of:

2 x Gnd pins
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1 x 5V pin

1 x 3,3V pin (for sensors that operate on 3.3V)

1 x Vin pin (this gives the same volts as the volts you put into the power jack)

Some sensors can only work on 3.3V that is why this pin is available on your 
Arduino board.

Be careful when using Vin because it gives you the same voltage out as the power 
you connect to the power jack. If you use a 12V power supply to power your 
Arduino the Vin will give 12V out, that will blow a 5V sensor if you by mistake 
connect it to Vin.

The rest.

Arduino LED's

Your Arduino has 4 LEDs. The LED labelled as “L” is connected to digital pin 13 
and you can use it as if you connected a LED to digital pin 13. An example might be 
to switch that LED on when a motor runs and off again when it stops. 

The other 2 LED's are the TX/RX LEDs that will flicker when your Arduino send 
(TX for transmit) or receive (RX for receive) data from your computer or sensors 
and transmitters. Keep an eye on them when you upload a program, when your 
Arduino sends data the LED in the middle will flicker and when your Arduino 
receives data the LED to the right will flicker.

The LED labelled as on will indicate when your Arduino has power.

Reset button and pin

The reset button is used to restart (reboot) your Arduino. In the unlikely event that 
your Arduino freezes or you want to run the start-up portion of your code again, you 
can simply press this button.

There is also a reset pin (next to the 3.3V output pin) if you want to put an external 
button in your project, all you need to do is connect a push button between ground 
and the reset pin.

ICSP header

These connections are used for more advanced use like connecting another Arduino 
to your current Arduino and some more advanced components like SD card readers. 
More about that later.

The Arduino Uno spec sheet
Don't worry if some of the stuff below does not make any sense right now, it will as 
you go through the courses.
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Microcontroller ATmega328P-PU
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limit) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
PWM Digital I/O Pins 6
Analog Input Pins 6
DC Current per I/O Pin 20 mA
DC Current for 3.3V Pin 50 mA

Flash Memory
32 KB (ATmega328P)
of which 0.5 KB used by bootloader

SRAM 2 KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock Speed 16 MHz
LED_BUILTIN Digital Pin13
Length 68.6 mm
Width 53.4 mm
Weight 25 g
Note how little current is available on the analog and digital pins. 20MA is not a lot 
but still high enough to power LEDs and many sensors. We will look later on in the 
projects how we can supply external power to power hungry components.

Shields

Many manufacturers develop add-on boards 
that can be plugged in directly on top of an 
Arduino board to extend your Arduino's 
functionality in an easy way.

Examples of shields include GSM shields, 
Ethernet shields, WiFi shields, motor driver 
shields, LCD touch screen shields and much
more.

Below is an example of two shields stacked 
on top of each other and then onto the 
Arduino board. The pins sticking out the 
bottom of the shields plug directly into the 

Arduino board.
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GETTING STARTED
You now have enough information to get started.

It's time to upload your first sketch onto the Atmega processor. The Arduino has a 
couple of example sketches and we will upload the most basic one of them and make
some simple changes to it. 

This example sketch is called the “blink” sketch and all it does is blinking the little 
LED as long as the Arduino is powered on. This is also the sketch that is loaded on 
most new Arduino's by default.

1. If you did not install the Arduino IDE on your computer get it here: 

https://www.arduino.cc/en/Main/Software .

Look for the “getting started” link to get the steps on how to install it.

2. Plug in your Arduino using the USB cable into an open USB slot on your 

computer.

3. We need to tell the Arduino what Arduino board we have. Arduino has many 

different boards available.

Click on the tools menu bar, select the “board” sub-menu and choose Uno.

4. Just under the board submenu is another important sub-menu, the Serial Port sub

menu. Your Arduino will be assigned a comm port number by your computer when it
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is plugged into the USB port. Often your IDE will not set this port for you 
automatically and you will need to choose another port from the sub-menu.

When you upload a sketch and get an error “can't open device”, it will most likely be
because you did not set the correct comm port.

5. It's time to upload one of the example sketches. Open the IDE and click on the 

Blink sketch from the File -> Examples →Basics menu.

The IDE will load the Blink sketch into a new window. 

Below is the Blink sketch.

/*

  Blink

  Turns on a LED on for one second, then off for one second, repeatedly.

  Most Arduinos have an on-board LED you can control. 

 */
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// the setup function runs once when you press reset or power the board

void setup() {

  // initialize digital pin 13 as an output.

  pinMode(13, OUTPUT);

}

// the loop function runs over and over again forever

void loop() {

  digitalWrite(13, HIGH);   // turn the LED on (HIGH is the voltage level)

  delay(1000);              // wait for a second

  digitalWrite(13, LOW);    // turn the LED off by making the voltage LOW

  delay(1000);              // wait for a second

}

If you are new to programming the above sketch might make you go cross-eyed, but 
do not worry about this yet. For now, we are just interested in uploading this sketch 
onto the Arduino microprocessor and we will soon go through this code step by step.

6. Verify and compile the sketch.

The next thing to do is to compile the programming code. Compiling code is the 
process where you take the human readable code and change it into language a 
computer can understand. 

While the compiling happens the IDE also checks your code for any errors and will 
show any errors in the black window at the bottom of the IDE window. If there are 
no errors it will only show the size of your code in the black window without any 
errors as well as indicate that the verifying is completed.

There are two ways you can verify a sketch in the IDE.

1. Click on the Sketch menu item and then on verify.

2. Click on the “√” icon to the left underneath the IDE menu.
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5. Upload the sketch

To upload the sketch simply press on the arrow icon next to the verify icon.

Click the upload button and if all goes well you will get a message in the message 
area in the bottom section of your Arduino stating that the upload was successful.

While the sketch uploads look at the LED's on your Arduino board, you will see the 
TX and RX LED's flicker as it receives and communicates with the IDE software.

Programming basics
You will learn a lot about programming as you make your way through the manual 
and projects. In this chapter, we will look at the very basics of the code in a sketch. 
We will expand on your programming skills in almost all modules.

Functions
To make things simple a function is a way to group programming code together. You 
might have code that has to do with the temperature sensor and you can “group” this 
code together in a function. Then you simply have to put the function name on its 
own line to run the code in the function. 

You will use functions often in programming when you have to do the same thing 
many times in your sketch to save you time and to make your code shorter.

A function looks like this:

void functionname()
{
Your code comes here
}

A basic function starts with the word “void” that means you are creating a function, 
next is the name you want to give to your function e.g. temperature. We also have 
the “( )” next to the function name in which you can enter data, but for now, we will 
leave them open. Then there are the {} curly brackets you put your code in, you open
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your program with “{“ which can either be next to the function or in a new line, it 
really doesn’t matter as spaces are not critical, however, it makes it easier to 
understand and much tidier if it is on its own line. Then you close your function with
“}”

Arduino sketch bare minimum code
All Arduino sketches must have the following 2 functions:

void setup() {
}

and 

void loop() {
}

When your Arduino starts up it will look for both the setup() and loop() functions.

The setup() function runs each time you power up your Arduino and the code you 
put in there will thus only run once. This is usually where you will put code that will 
tell Arduino things like what mode a pin should be in e.g. Pin 13 should be an output
pin.

The loop() function is where most of your code will be as it is this function that will
run over and over again. Your Arduino will run the code in this function from the top
to the bottom and then start from the top again indefinitely.

Commenting your code
One of the most important things to do as a programmer is to put comments in the 
code so that you are reminded what a specific piece of code does. As your 
programming skills grow you will have many lines of code and it can quickly 
become a nightmare to go through your code if not commented.

Comments in code are done in 2 ways:

1. When you want to put a one line comment you start with these 2 characters //. 
Once your Arduino sees this it knows to ignore anything after the //.

Examples

//The code below is to read temperature from the sensor
or
//Get humidity value

2. When you have many lines of comments like giving a description of your sketch 
as in the blink sketch you can start the comment with /* and after you are finished 
you end with */
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The IDE understand that it should ignore everything from /* up to */

Below is the comment from the blink sketch

/*
  Blink
  Turns on a LED on for one second, then off for one second, 
repeatedly.

  Most Arduinos have an on-board LED you can control. On the 
Uno and
  Leonardo, it is attached to digital pin 13. If you're 
unsure what
  pin the on-board LED is connected to on your Arduino model,
check
  the documentation at http://arduino.cc

  This example code is in the public domain.

  modified 8 May 2014
  by Scott Fitzgerald
 */

TIP: You can also use the above comment to comment out a whole lot of your code 
when you develop and do fault finding in your code.

Blink code run-through
In the previous chapter, we uploaded the blink sketch and the comment code in the 
example above is the first part of the sketch.

Let's look at the next part of the code.

// the setup function runs once when you press reset or power
the board
void setup() {
  // initialize digital pin 13 as an output.
  pinMode(13, OUTPUT);
}

The code above starts with a comment that is educational as the blink sketch is an 
example sketch intended to help students to learn the code in the sketch.

Next, we have the setup() function that will run once only and in this case it tells 
your Arduino that pin 13 should be set as an output so you can send 5V to the LED 
that is on the board instead of receiving a voltage from a sensor.

Arduino comes with many build-in functions and the pinMode() function is one of 
them.

The pinMode command tells your Arduino that you want to set a pin to either an 
INPUT or an OUTPUT. 
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Building on our previous discussion of functions, we can add values to some 
functions so the function can use them in that piece of code.

The values you “pass” to the pinMode function is the pin you want to change the 
mode of as well as what the mode (must be either INPUT or OUTPUT).

  pinMode(13, OUTPUT);

The above code will now make sense to you. It will change the pinMode for digital 
pin 13 to an OUTPUT.

The code below is the last part of the blink sketch and it runs continuousness as long 
as your Arduino is powered on.

// the loop function runs over and over again forever
void loop() {
  digitalWrite(13, HIGH);   // turn the LED on (HIGH is the 
voltage level)
  delay(1000);              // wait for a second
  digitalWrite(13, LOW);    // turn the LED off by making the
voltage LOW
  delay(1000);              // wait for a second
}

A very useful way to use comments is to use it next to the code to describe what that 
line of code is doing. In the above example, you can see that each line of code inside 
the loop function has a comment next to it. Arduino will execute the piece of code 
and ignore everything after the // in that one line.

The digitalWrite() function is also a build-in function and that function can also take 
2 values. The first value again is the pin you want to work with and the second value 
can either be HIGH or LOW.

The digitalWrite() function is used to send either 5V or 0V to an Arduino pin. The 
value HIGH means you send 5V to the pin and LOW means you send 0V to the pin. 

The code below should now be easier to understand.

 digitalWrite(13, HIGH);   // turn the LED on (HIGH is the 
voltage level)

The code above turns the LED on the Arduino board (that is connected to digital pin 
13) on, or in different words it sets pin 13 High.

  digitalWrite(13, LOW);    // turn the LED off by making the
voltage LOW

The code above turns the LED on the Arduino board (that is connected to digital pin 
13) off, or in different words it sets pin 13 LOW.
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The last piece of code to explain is the delay function.

delay(1000);              // wait for a second

The delay() function is used very often in programming and its function is to make 
your Arduino wait for a specified amount of time before continuing. An easy 
explanation of why the delay is so important is to show you, comment out delay after
the function that turns on the LED, like this:

//delay(1000);              // wait for a second

It appeared that the LED didn’t light up, but it lit up for a 16 millionth of a second 
which is too fast for the human eye to see.

The amount of time is in milliseconds. There are 1000 milliseconds in 1 second and 
the code above tells Arduino to wait 1 second before it continues to the next line of 
code.

Summary of the code

The blink code is now easy to understand. It will turn the LED on for one second and
then off for one second and it will start again by turning the LED on and so on. 
Looking at the LED you will see it flashes on and of at 1 second intervals.
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PROGRAMMING BASICS

The secret to being an expert maker is in the programming, that is where the 
magic happens. The better your programming skills get the better, the more 
stable and the bigger projects you can build.

We already looked at some programming in the “getting started” module. If you did 
not read that yet please first read that part. We will not cover those areas again, 
especially look at how we comment in Arduino programming, comments are used all
the time in programming. 

Also note the 2 functions, void setup() and void loop() and what they are used for.

Let's get going and expand your programming skills.

The Arduino Serial() function

Read and write data to and from a computer screen.

The Serial() function is a build in Arduino function, we use it to read data from your 
Arduino so you can see what is happening on your screen. It is also used to write 
data to your Arduino to process directly from your computer.

When teaching programming the Serial() function is very handy because you can see
on your screen what you did. You will write some code and see the outcome easily.

Next, we will look at variables in programming and you will see exactly how the 
Serial() function works.

Serial monitor Exercise

1. Open a new sketch in your Arduino IDE.

2. The sketch will have the 2 default functions void setup() and void loop() 
automatically inserted for you. Those 2 functions must always be there else 
your sketch will never compile and you will get errors. Just to refresh your 
mind from our discussion in the “getting started” module the setup() function
only runs once when your Arduino start up and you will use that to “setup” 
your Arduino with some default values and so on, the loop() function runs 
over and over and that is where most of your coding will be.

3. We will want to see what we do on our computer screens so the first thing 
we want to do is to start the Serial() function and we will want to tell this 
function at what speed we want the data to be sent to our screens. We only 
need to start the Serial() function once when your Arduino start up so we will

Page 22  BotShop.co.za



put it in the Arduino void setup() function.

void setup() {
 Serial.begin(9600);

}

4. Next, we will write something that we want to print on our screen over and
over again. We will now tell the Serial() function to write something to our 
screen, wait 1 second (1000 milliseconds) and then write the same thing 
again and again. Because we are going to do the same action over and over 
we will put this code into the void loop() function in your sketch.

Serial.println(“Hello World”);   is the command we use to print “Hello World” to the 
screen. 

We start off by stating that we want to use the Serial() function and we then use a “.” 
to state what we want it to do, in this case, we want to print a line of text to your 
screen so we will use “println” to tell the Serial() function what we want it to do and 
lastly we want to tell it what to print, that we put between the “()” characters.

Note:
You can also tell the Serial() function to not put each piece of data on a separate 
line and to continue putting the data you want to print all on the same line. To do 
that you use “Serial.print(“Hello world”);

Serial.print will not create a new line and Serial.println will create a new line.

void loop() {
  Serial.println ("Hello World");
  delay(1000);
}

Note: 
Remember to put the “;” after each command you give, it tells your compiler that 
you are finished with a command and that you will now start a new one

5. Your code should now look like below, upload it to your Arduino.

void setup() {
 Serial.begin(9600);
}

void loop() {
  Serial.println ("Hello World");
  delay(1000);
}
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6. Once you downloaded your code to your Arduino, open the serial monitor window
to see what is going on. The serial monitor button is the one way to the right of your 
sketch window and it looks like a magnify glass.

7. Serial monitor will pop up and start showing you “hello world” every second on 
your screen.

Something to take note of in the serial monitor window:

• On the top of the serial monitor window is a space where you can type 
something and then by pressing the send button you can send data to your 
Arduino. You can send something right now to your Arduino, we did not tell 
Arduino to do something with the data you send yet so nothing will happen 
but the data you typed will be sent anyway.

• At the bottom right, it shows at what speed your Arduino and Serial monitor 
will “speak” to each other. When we put the previous code 
Serial.begin(9600); into your sketch we set Arduino to communicate at 
9600 buad to the serial monitor. 
If the speed is not the same in your sketch as in your serial monitor the data 
you get back with look like a lot of gibberish. You can click on the baud rate 
button and choose a different speed to see what it will look like. 
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Variables

A variable is a way of storing a value for later use in your code. As an example, in a 
sketch that monitors temperature you must store the temperature value from the 
sensor somewhere so that you can use the value in your code. This storing space is 
what we call a variable.

You can then read the temperature as many times as you want from the variable 
AND you can read the temperature as many times from the temperature sensor and 
change the variable value to that of the new temperature measured as many times as 
you like.

Types of variables

There are many types of data and the most common data types we use every day is 
numbers and words.

When we create a variable we must also tell it what type of data you will put into the
variable. 

Right now we will use 2 data types:

• The String data type is used when we store words.

• The int (for integer) is used to store numbers. Different data types are 
available depending on the size of the numbers we will put in the variable. 
The int data type can store numbers from -32,768 to 32,767. When working 
in Arduino that size numbers are normally big enough. 

Why not just use a data type that can store millions? 
It's all about memory saving If you tell Arduino that the data type you will use is an 
int data type it will put memory aside for that size numbers even if you only going to
use much fewer numbers. You will thus always try to use a data type that uses the 
least amount amount of memory for the amount of numbers you will use.

Naming variables

Almost everything in programming is case sensitive. A variable called abc is a 
different variable than one called Abc and that is simply because of the capital 
A.

When naming variables there are just a couple of rules you need to follow:

• A variable name may contain numbers but may not start with a number.

• Don't use special characters like * & ^ % $ # etc.

• Make your variable names descriptive of what is inside them like tempValue,
robotSpeed etc.
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• A variable may not contain spaces, if you use two or more words as the 
variable name do not use spaces but put them all together and start each new 
word with a capital letter to make it more readable like maxTempValue and 
maxRobotSpeed.

• A variable is case sensitive

Declaring a variable

The format when you declare (create) a new variable:

datatype variable name = value;
e.g   int maxTemp = 80;

IMPORTANT

Variables must be placed above the setup() and loop() functions so that it is available
to be used in those functions. If a variable is created in a function it is only available 
in that function and not anywhere else. There are times when you would like a 
variable only to be available for a specific function but we will look at that later.

If you declare a variable as an example in the setup() function you can use it in the 
setup() function but not in the loop() function, you will get an error when you 
compile that code.

Reading the value in a variable.

Calling a previously declared variable is as easy as just typing the variable name 
somewhere in your code like this:

Serial.println (variable name);

Variables exercise

Lets' use our previous serial monitor example code and instead of telling 
serial.println to print “Hello World” directly we will put “Hello World” inside a 
variable and then print the variable to the screen.

String myText = "Hello World";

void setup() {
 Serial.begin(9600);
}
void loop() {
  Serial.println (myText);
  delay(1000);
}
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I created a new variable before the setup() function, so it is available to be used in 
both the setup() and loop() functions. Because the variable contains words we use 
the String (capital S) data type, I named the variable myText and then I added “Hello
World” as the value of the variable.

From now on its very easy, all I have to do to use the value in the variable is to use 
the variable name in my code as shown in the above code with the Serial.println 
statement.

Download this code to your Arduino and you will see it still prints “Hello World” 
and not myText.

How about we also put the delay value in a variable as well?

String myText = "Hello World";
int delayValue = 1000;

void setup() {
 Serial.begin(9600);
}

void loop() {
  Serial.println (myText);
  delay(delayValue);
}

And how about we print 2 different things to the screen?

String myText = "Hello World";
String mySecondText = "How are you?";
int delayValue = 1000;

void setup() {
 Serial.begin(9600);
}

void loop() {
  Serial.println (myText);
  delay(delayValue);
  Serial.println (mySecondText);
  delay(delayValue);
}

We created another variable called mySecondText with new words in it and used it in
the loop() function. We re-used the delayValue variable when we added another 
delay.
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ELECTRONIC COMPONENTS 
WE WILL WORK WITH 
TODAY

LED's
LED's are one of the most used components in projects 
today. Mostly they are used as some kind of status 
indicator. Very often, other than indicating power, the 
status indicated will be to show if your project executed a 
certain part of the sketch, for example, it will indicate 
green if it successfully opened a relay. Another example 
can be to indicate if a certain temperature is reached. 

Many projects might use more than one LED to indicate something, you might have 
a blue LED to indicate cold, green to indicate an ideal temperature range and red for 
hot.

With the invention of high power LED's they are also used to provide bright light for
all kinds of applications that involve lights.

LED polarity

LED's must be placed the correct way around in a circuit board to work.  They will 
not be damaged if you place them the wrong way around like some other kinds of 
components but they will not work. Below is a picture showing how to recognise the
+ leg and – leg.

Too many volts or amps will destroy them.

To know what led leg is positive is easy. The positive leg 
of a LED is longer than the negative leg and when looking
at a led from the top, the negative side of the led bulb is 
flat. Another way to see is to look at the little “flags” 
inside the LED, the negative is always the bigger flag.

 

Resistors
Restricts the amount of current that can flow through a circuit. At the same time, it 

can lower the voltage in a circuit. Resistors come
in many resistance values measured in Ohms. 
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The different colour bands on a resistor indicate the value of a resistor. At the bottom
of this lesson is a resistor value chart that shows you exactly how to read the colour 
bands on a resistor to determine it's value.

Except for the color coding, multipliers and tolerance we also get 4 color band and 5 
color band resistors. The one thing to know first is that the last band (the band that is 
further away from the other bands) is the tolerance band.

You will seldom find a resistor that is 100% the rated value, except for very high 
precision resistors that can have a tolerance of as little as 0.05%. Most of the time we
use resistors that can be up to 5% inaccurate, or in other words have a 5% tolerance.

4 Color band resistors

Let's look at the color bands of a 220 Ohm resistor. Red-red-brown is the color bands
used for a 220 Ohm resistor. The first and second bands on the resistors indicate 
resistance numbers and the 3 band the multiplier. The multiplier basically means the 
amount of zero's you will place after the 2 numbers.

Red is used for the number 2 (see the chart below). So you have two red bands.  So 
far we thus have 22.

Brown is used to indicate that the above numbers should be multiplied by 10. The 
band way to the right might be a gold band indicating that this resistor has a 5% 
tolerance.

That gives us then 220Ohm.

5 color band resistors

A 5 color band resistor have 3 colors indicating the resistance value, the 4th used for 
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the multiplier and the 5th for the tolerance.

For a 220 Ohm resistor we the first band should represent 2, the second band 2 as 
well, the third band 0 and the fourth band, the multiplier, should not multiply at all 
(or mathematically multiply by 1 e.g. 10 x 1 =10).

The colors will be: red-red-black-black and then some tolerance value for a 5 band 
resistor.

Variable resistors (potentiometers)
Potentiometers are also called 
“pots” for short. 

A potentiometer is a three-terminal
resistor with a sliding or rotating 
contact that forms an adjustable 
resistor. If only two terminals are 
used, one end and the wiper acts 

as a variable.

A 10K pot, as an example, can give you any resistance value between 0 Ohm and 
10K Ohm by turning the wiper clock or ant-clock wise. 

Bread boards
A breadboard allows you to stick components
directly into it without having to worry about 
soldering them to PC boards.

This is the best way to do prototyping and 
learning as you can easily change parts and 
best of all you can re-use the parts without 
having to de-solder them. Below is a diagram
showing how these holes are connected 
together.

As you can see the rows on 
the side (A and D) are 
connected horizontally and 
are called the power rails. 
The blue holes are used for 
ground and the red for 
positive. Blocks B and C are 
joined vertically, 5 holes 
together.
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Project 1: blinking LED
This is the same project as the blinking LED we did earlier but this time we will 
build the electronic circuit on a breadboard.

Code

Page 31  BotShop.co.za



void setup() {
  pinMode(6,OUTPUT);

}

void loop() {
  digitalWrite(6, HIGH);  //Turns on LED #1 (connected to pin
6 )
    delay(500); 

  digitalWrite(6, LOW);  //Turns on LED #1 (connected to pin 
6 )
    delay(500);
}

Project 2: 5 LED running lights and digital pins
Lets up the stakes a bit and control 5 LED's. This project will teach you how to 
create a running light effect. 

void setup() {
pinMode(2,OUTPUT);
pinMode(3,OUTPUT);
pinMode(4,OUTPUT);
pinMode(5,OUTPUT);
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pinMode(6,OUTPUT);
}
void loop() {
digitalWrite(6, HIGH); //Turns on LED #1 (connected to pin 
6 )
delay(500); //waits 500 milliseconds
digitalWrite(5, HIGH); //Turns on LED #2 (connected to pin 
5 )
delay(500); //waits 500 milliseconds
digitalWrite(4, HIGH); //Turns on LED #3 (connected to pin 
4 )
delay(500); //waits 500 milliseconds
digitalWrite(3, HIGH); //Turns on LED #4 (connected to pin 
3 )
delay(500); //waits 500 milliseconds
digitalWrite(2, HIGH); //Turns on LED #5 (connected to pin 
2 )
delay(500); //waits 500 milliseconds
digitalWrite(2, LOW); //Turns on LED #5 (connected to pin 2 )
delay(500); //waits 500 milliseconds
digitalWrite(3, LOW); //Turns on LED #4 (connected to pin 3 )
delay(500); //waits 500 milliseconds
digitalWrite(4, LOW); //Turns on LED #3 (connected to pin 4 )
delay(500); //waits 500 milliseconds
digitalWrite(5, LOW); //Turns on LED #2 (connected to pin 5 )
delay(500); //waits 500 milliseconds
digitalWrite(6, LOW); //Turns on LED #1 (connected to pin 6 )
delay(500); //waits 500 milliseconds
}

Project 3: Light control with potentiometer and 
Analogue pins
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In this project we will use a potentiometer to control the number of LED's that 
should me on or off. 

Once you uploaded your code also start serial monitor to see the values from the 
potentiometer as you turn the shaft left and right.

int LED1 = 6;
int LED2 = 5;
int LED3 = 4;
int LED4 = 3;
int LED5 = 2;

void setup() {
  pinMode(LED1,OUTPUT);
  pinMode(LED2,OUTPUT);
  pinMode(LED3,OUTPUT);
  pinMode(LED4,OUTPUT);
  pinMode(LED5,OUTPUT);
  pinMode(A0,INPUT);

  Serial.begin(9600);
}

void loop() {
 int pot = analogRead(A0);
 //delay(100);

  if (pot <= 1023 && pot > 800 ) {
    digitalWrite(LED1, HIGH);
    digitalWrite(LED2, HIGH);
    digitalWrite(LED3, HIGH);
    digitalWrite(LED4, HIGH);
    digitalWrite(LED5, HIGH);
  }

  if (pot <= 800 && pot > 600) {
    digitalWrite(LED1, HIGH);
    digitalWrite(LED2, HIGH);
    digitalWrite(LED3, HIGH);
    digitalWrite(LED4, HIGH);
    digitalWrite(LED5, LOW);
  }

  if (pot <= 600 && pot > 400) {
    digitalWrite(LED1, HIGH);
    digitalWrite(LED2, HIGH);
    digitalWrite(LED3, HIGH);
    digitalWrite(LED4, LOW);
    digitalWrite(LED5, LOW);
  }

    if (pot <= 400 && pot > 200) {
    digitalWrite(LED1, HIGH);
    digitalWrite(LED2, HIGH);
    digitalWrite(LED3, LOW);
    digitalWrite(LED4, LOW);
    digitalWrite(LED5, LOW);
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  }

  if (pot <= 200 && pot > 0) {
    digitalWrite(LED1, HIGH);
    digitalWrite(LED2, LOW);
    digitalWrite(LED3, LOW);
    digitalWrite(LED4, LOW);
    digitalWrite(LED5, LOW);
  }
  if (pot == 0) {
    digitalWrite(LED1, LOW);
    digitalWrite(LED2, LOW);
    digitalWrite(LED3, LOW);
    digitalWrite(LED4, LOW);
    digitalWrite(LED5, LOW);

  }
     Serial.print("Potentiometer Value: ");
    Serial.println(pot);
} 

Project 4 Controlling LED's from your PC
We have used serial monitor earlier to read information from your Arduino. How 
about writing something to our Arduino from our computer to make your Arduino do
something.

We do not have to change anything on our breadboard.

Once you uploaded the sketch below please open the serial monitor and type any 
number between 0 – 5 in the space provided in serial monitor and press enter.

int LED1 = 6;
int LED2 = 5;
int LED3 = 4;
int LED4 = 3;
int LED5 = 2;

int LED;

void setup() {
  pinMode(LED1,OUTPUT);
  pinMode(LED2,OUTPUT);
  pinMode(LED3,OUTPUT);
  pinMode(LED4,OUTPUT);
  pinMode(LED5,OUTPUT);

  Serial.begin(9600);

}
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void loop() {
  if (Serial.available() > 0){
    LED = Serial.read();
    if (LED == '0'){
      digitalWrite(LED1, LOW);
      digitalWrite(LED2, LOW);
      digitalWrite(LED3, LOW);
      digitalWrite(LED4, LOW);
      digitalWrite(LED5, LOW);
    }
    if (LED == '1'){
      digitalWrite(LED1, HIGH);
    }
    if (LED == '2'){
      digitalWrite(LED2, HIGH);
    }
    if (LED == '3'){
      digitalWrite(LED3, HIGH);
    }
    if (LED == '4'){
      digitalWrite(LED4, HIGH);
    }
    if (LED == '5'){
      digitalWrite(LED5, HIGH);
    }

  }

} 
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