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- Introduction 
 
Arduino is an open source hardware and software platform. That means that the Arduino 
software and building instructions for the boards are freely available. You can program the 
boards with the Arduino language, which is based on C and looks a lot like Processing.  
 
Arduino boards are basically tiny computers that you can use to connect stuff to and/or from 
the outside world. They can stand alone or communicate with a computer (or the Internet). 
You can use the Arduino to connect sensors and effectors and make interactive installations.  
 
You could for instance use a soil moisture sensor and an Internet connection, and create a 
plant that Tweets at you when it needs water. Or use an accelerometer and a few LED’s to 
make a skirt that lights up when you dance! There are so many combinations of sensors and 
effectors possible - and you can find many example projects online, for instance on the 
Arduino website: https://blog.arduino.cc/  
 
You can also hack electrical appliances with the Arduino (careful though when you’re 
working with stronger currents!) to control them the way you want to. For instance, why not 
replace the button on a lamp with a light sensor, so the lamp goes on automatically after 
dark? 
 
Some useful places to start your Arduino language / software adventure are: 

● https://www.arduino.cc/en/Main/Software - Download the IDE for free (but consider 
donating, so the people behind Arduino can continue to develop the product!) 

● https://www.arduino.cc/en/Reference/HomePage - Reference guide to the language 
● https://www.arduino.cc/en/Tutorial/HomePage - Find tutorials, code examples, 

libraries for extra functionality, etc! 
 
Some useful places to start your Arduino hardware adventure are: 

● https://store.arduino.cc/ - Official Arduino store 
● https://www.vanallesenmeer.nl/ - (Dutch) Buy Arduino & electronic components 
● https://www.kiwi-electronics.nl/ - (Dutch) Buy Arduino & electronic components 
● https://www.aliexpress.com/ - The cheapest way to get an Arduino (or components) 

is from an online seller in China. However, be aware of the following: 
○ Packages from China take much longer to arrive - count on about 3-6 weeks 
○ Take note of the seller ratings - a high rated seller is the safest bet! 
○ A lot of Chinese Arduino’s come with a slightly different chip in them, the 

CH341. You might need a specific driver for that, which you can find here: 
http://www.wch.cn/download/CH341SER_EXE.html 

○ Arduino arrived, driver installed but it doesn’t work? No worries yet! It’s a bit 
more work but you might need to re-install the bootloader. There are many 
tutorials online & on YouTube to guide you through this. 

 
Want to look further than just Arduino into the world of hardware? See also 
https://www.raspberrypi.org/, http://www.lattepanda.com/, http://www.wiring.org.co/ and 
many more! 

https://www.raspberrypi.org/
https://www.arduino.cc/en/Reference/HomePage
https://www.vanallesenmeer.nl/
https://www.arduino.cc/en/Tutorial/HomePage
http://www.wiring.org.co/
http://www.wch.cn/download/CH341SER_EXE.htmlh
http://www.lattepanda.com/
https://www.aliexpress.com/
https://store.arduino.cc/
https://www.arduino.cc/en/Main/Software
https://blog.arduino.cc/
https://www.kiwi-electronics.nl/


 
- Basics electricity 

 
This is a basic electric circuit. There is a voltage 
difference (v) between the - and the + side of 
the power source, which causes a current (i) to 
flow, through a circuit that has a certain 
resistance (R) 
 
You might remember from high school that 
voltage, current and resistance have a certain 
relationship to each other. I = V/R, to be exact. 
For most hardware projects (and certainly for 
this workshop), you don’t really need that 

knowledge. But if you’re going to work on bigger systems and with more sensitive 
components, it might be wise to check the current running through your network and be very 
precisely aware of what is happening. 
 
For now, it is enough to have a mental picture of what voltage, current and resistance all do. 
Think of water: voltage is the amount of pressure pushing the water (current) through the 
circuit, resistance tells you how big the pipes are. For pushing the same amount of water 
through smaller pipes in the same time-frame, you will need more pressure. If you have a lot 
of pressure and wide pipes, a lot of water comes through at once, which might be 
dangerous. Similarly, if your supply voltage is high and resistance low, your components 
might not be able to handle all the current at once. You will then need to add resistance to 
make sure your components don’t blow up! 
 
Your Arduino wants an input between 7-12 volts, no more. A 9-volt battery works great, and 
so does a USB cable to your computer. The output of the Arduino is either 3.3 or 5 volts, 
depending on the pin you choose. 
 
Always be aware of what kind of input voltage your components need! If it’s lower than 5 
volts, make sure to add resistors in the circuit, or your component might overheat and blow 
up. With most small components, this is not much of a problem (in the sense that the 
‘explosion’ is undetectably small), but your component is still broken and you will have to get 
a new one. With larger components, it can actually be dangerous - so always double-check! 
 
Less of a problem is supplying too little voltage to a component. Some components, like 
motors and fans, need 9v or 12v to work properly. If they don’t get it, they run slower or not 
at all. In that case, you need an extra power supply for that component alone. 

 
Always research your 
components online and look 
up example circuits to see 
what kinds of resistors you 
need to add.  
 
Also make sure that you 
connect everything correctly! 
Some components have a 
fixed minus- & plus-side. 



 
- Input Devices  

 
Input devices cover everything that brings in information to your Arduino. Usually, these are 
sensors that measure something in the outside world. There are endless types of sensors, 
so this is just a short list to give you some ideas! 

 
Push-button, switch,  
<-  potentiometer (turning knob), 
touch sensor 
 
Tilt-sensor, temperature-sensor, 
photoresistor (light sensor) -> 

 
 
 
<- Ultrasound (distance sensor) 
Alcohol sensor, galvanic skin resistance sensor (lie 
detector), vibration sensor (piezo), soil moisture sensor, 
infrared sensor, heart rate sensor... 
 
 

- Output Devices 
 
Output devices do something in the outside world, based on instruction from the Arduino. 
They often generate light, sound or movement. Again, there are many different types, so 
here we list just a few examples. 
 
Important to note is that some devices can work both as input or as output! For instance, 
some piezo-speakers can also detect vibrations, and some servo-motors can also be used 
as a kind of potentiometer. 

 
<- Light emitting diodes or LED’s (note 
that with these, the longer leg is the + 
side, while the shorter leg is the - side. If 
you connect them the other way around, 
they do not work), 
DC motor (goes round very fast), -> 
servo motor (you can put these in a 
specific position, but they often have a 180 degrees range only), 

piezo speaker, LCD screen….  
 

- Data sheets 
 
If you have a component and you are unsure how to use it, you can google it + ‘Arduino’ (for 
instance ‘DC motor Arduino’) for example circuits on Google Images, and example code or 
tutorials anywhere. 
More reliable is to search for the components’ data sheet, using the name and if possible, 
the number (numbers are often printed somewhere on the component). This gives you all 
the information you need and then some - which pins do what, necessary input voltage, 
etc… 



 
 

- Basic electronic components 
 
There are a lot of basic electronic components 
you might need when building circuits. The 
resistor is the most common one - these you use 
to put the correct resistance on your circuit so the 
components work well and don’t overheat.  
 
Resistors are color-coded to tell you how much 
resistance (measured in Ohm) they add. You can 
learn how to read these color-codes if you want 
but you don’t have to, the internet is here to help: 
 

● https://www.digikey.nl/en/resources/conversion-calculators/conversion-calculator-resist
or-color-code-4-band - Fill in the color bands and it gives you the Ohms 

● http://ledcalc.com/ - Fill is how many LED’s you’d like to attach and it gives you the 
circuit & the correct resistance. 

 
Transistors are digital switches - you put them in a circuit and you can send them a signal 
via a third wire to open up the circuit or close it again (useful for DC-motors or fans) 
 
An H-bridge you can use to alternate current-flow. If you have a motor for instance, you 
might want to be able to run it one way sometimes, and the other way on other times. To do 
that, you need to change the direction of the current.  
 
A diode allows current to run only one way. This you can use if you have a very sensitive 
component and you want to make absolutely sure that current runs through it correctly! 
 
Capacitors can act as temporary batteries and store electrical energy. 
 

- Power source 
 
You also need something to power your Arduino! If your project involves having the Arduino 
talk to the computer continuously (and not wirelessly), you can keep the Arduino connected 
via USB, and it will get its power that way. However, often you want to make your circuit 
smaller and/or portable, and not attached to your computer all the time. In that case you will 
need both a battery and a way to attach it. The most common and easiest way to power an 
Arduino Uno is with a 9-volt battery and a battery snap. 
 
 

https://www.digikey.nl/en/resources/conversion-calculators/conversion-calculator-resistor-color-code-4-band
https://www.digikey.nl/en/resources/conversion-calculators/conversion-calculator-resistor-color-code-4-band
http://ledcalc.com/


- Basic Prototyping Essentials 
 
An electrical circuit is usually soldered. But you do not always want to solder your entire 
circuit together, especially if you are still trying things out and want to be able to change 
connections easily and quickly. Therefore, you will need these essentials: 
 
A breadboard is super useful for connecting wires & components without the need for 
soldering. The holes in the board are connected to each-other within it. In the middle of the 
board, the rows are connected, and on the side of the board the columns. The columns are 
best to connect to the + and the - (ground) of 
your Arduino, because you will need to attach a 
lot to those.  
 
 
 
 
 
 
 
 
 
 
 

Jumper wires you can use to connect your Arduino to your 
breadboard and your breadboard to your components (if you 
can’t stick them in directly). Wires can have different ends 
which are called male and female - you can probably figure out 
why. Usually, you will need a lot of male-to-male wires because 
both your Arduino and your 
Breadboard have holes.  
 
 
 

- Arduino boards 
 
And finally, you will of course need an 
Arduino board! 
 
There are many different kinds of Arduino’s. Really small boards that you 
can use in tiny projects, bigger ones that have Wifi, BlueTooth or 
Ethernet, round boards without snagging 
edges that you can use in clothing, etcetera!  
 
The most common board to start with is the 
Arduino Uno. It is big enough to see what 
you’re doing, it has a decent amount of pins 
and useful connections, and it doesn’t have 
any extra features that you won’t use in the 
beginning anyway. 

 
 



- The Arduino Uno  
 
(Important note: this is how the official Uno board looks! Cheaper clones may have some 
things in different places, most notably the reset-button and the integrated L-LED on pin 13. 
Always check how the pins are labelled on your own board to avoid surprises!) 

 
On your Arduino Uno you’ll find: 

- The actual microcontroller - often a black rectangular thing. You don’t need to do 
anything with it directly, but it’s nice to know where your Arduino’s actual ‘brain’ is. 

- USB jack (upper left in pic) to attach your USB cable  
- Power jack (lower left) to attach your battery snap 
- Reset button - this button resets your Arduino. The code you have on it is not 

removed, it just starts running again from the beginning as if you’ve just uploaded it. 
- RX/TX LED’s - these show you whether your Arduino is sending or receiving 

information (they will light up when you put your code on in, for instance) 
- L-LED - this is a very useful debugging LED. It is attached to pin 13, so it will go on if 

pin 13 is HIGH. This means you can test whether your board is working without 
having to build a whole circuit attached to one of the pins. Simply write some code for 
pin 13, and see if the L-LED does what you want it to do. 

- Digital pins, 13x (top in pic) - These are digital input and output pins. They can be 
either 0 or 1, HIGH or LOW. They can also measure whether the voltage over a 
circuit is low or high. Some of the pins have a little wave ~ next to them. These can 
output PWM (pulse width modulation) - meaning they can pretend to be analog 
output by giving short pulses in a certain frequency. Last thing to note is that pin 0 
and 1 are also used for communication (RX/TX). This is no problem most of the time, 
but make sure to not attach anything to it that you don’t want to run unexpectedly! 

- Analog in pins (lower right) - These can measure analog signals. 
- Power pins (lower middle) - These are your + and - pins. You have a 5 volt and a 3.3 

volt plus, and several GND (ground) pins that are your minus. There is usually also 
one GND pin up top, next to pin 13. 

 



- The Arduino IDE 
 
That was all the hardware for now, let’s take a look at the software! 
 
Download the Arduino IDE (= the program in which you write your code) from their website: 
https://www.arduino.cc/en/Main/Software 

 
 
If you open it on your computer, the 
IDE looks something like this.  
In the white space, you can write 
your code (Arduino calls your 
program a ‘sketch’). The black 
space is your console, where the 
IDE will give error-messages and 
tell you what it’s doing. 
 
You see that Arduino already made 
a beginning to your code - a setup 
and a loop function. Arduino code 
always needs one of each to 
function. Everything between the {} 
brackets after setup runs once at 
the beginning of your program, 

while everything between the {} brackets after loop runs continuously.  
 
If you ever need to know more about the Arduino language, or get a sense of what is 
possible in it, look up the language reference on their website: 
https://www.arduino.cc/en/Reference/HomePage 
 

 
 
First, we need to make sure that your computer knows which board it’s putting code on and 
where that board is attached. Check under ‘Tools’ and ‘Board’ whether the Arduino/Genuino 
Uno board is selected (if you are using that one, of course). 
 
Then check under ‘Port’ whether you have the right port. This is often a bit of a hassle with 
Arduino. If you’re lucky, you see an option like ‘COM4 (Arduino)’ and you know that is the 
one to select. If you’re not lucky, it won’t tell you which one it is and you have to try them all 
or check in your control panel or settings. If you’re really unlucky, none of them work. In that 
case, try restarting the IDE and plugging the board out for a few seconds.  

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


- Hello World! (digital output) 
 
This is a nice first program to 
run on your Arduino.  
 
First, use the function 
pinMode() in the setup to tell 
the Arduino you’re using pin 
13 as an output pin. 
 
Then, use digitalWrite() in the 
loop (you are writing 
something to a digital pin 
after all) to put pin 13 on 
HIGH. Use delay() to wait a 
certain number of 
milliseconds. 
 
Do these two lines again, but 
now put pin 13 on LOW and 
wait. 
 
You could upload the code 
with 4 lines in the loop to the 

Arduino already - the L-LED will blink. But I wanted a nice heart-beat pattern, so instead let’s 
copy the four lines one more time, and change the very last delay to a longer one. 
 
If your Arduino is plugged in and your board and port are selected correctly, you can now 
press the little blue arrow in the upper left hand corner. Wait a while until your code is send 
to the board, and check the L-LED to see if it works! 
 
If it doesn’t, check whether the Arduino is plugged in, board and port are correct, and you 
have the correct driver if you have an Arduino-clone (see first page of this doc.). 
Look at the error-message in the console to see what’s wrong. If you don’t understand the 
message, try googling it! 
 
If it does work, congratulations! You wrote your first Arduino program! 
 

- Hello World + circuit 
 
If you want more than just the in-built LED, 
you have to attach a circuit to pin 13.  
You could just stick an LED with the long leg 
into pin 13 and the short leg into the GND 
pin next to it, except you run a high risk of 
frying your LED that way! (which is not that 
dangerous or expensive, but still not ideal). 
What you need is a resistor in between. 
Build this circuit -> 
(all circuit images were made on 
www.Tinkercad.com) Use the same code! 

http://www.tinkercad.com/


- Circuit practice (5 LED’s) 
 
For each pin you want to use, you have to build a separate circuit. Make sure the circuits do 
not cross each-other! Keep looking closely at where you place them on the bread-board. 
To practice, let’s build 4 more LED’s next to the first one.  
They can be any color you like, but take note that you might want to change the resistor 
value (www.LEDcalc.com) for different colors to make them shine brightly. 

 
Make sure that for each pin, the circuit goes 
from the pin to the long leg of the LED, from 
the short leg of the LED to the resistor, and 
from the resistor to the ground.  
 
Feel free to take up more space on your 
breadboard and build the circuits further 
apart if you want to see more clearly what is 
happening! 
 
Now we have to make sure all pins do what 
we want to make all the LED’s go on and off! 
 
You could copy-paste lines of the last 

program and simply change the pin-number, 
but that is a lot of work and your code will look 
messy. So instead, we’re going to make use of 
the for-loop and a variable. 
 
A variable is just a little named box you can 
keep values in. On the first line in the code 
we’ll make a variable called p, of the type int. 
The name can be anything you want, the type 
int just means that you’re going to put integers 
(whole numbers) in it. 
 
In the setup() we meet our first for-loop. 
Everything between the {} brackets after for() 
will be executed in a loop according to certain 
rules. Between () you’ll find those rules, in this 
order: (starting point; continue as long as this 

condition is true; update). So we’ll start with p = 9, we’ll loop through the code as long as p is 
smaller or the same as 13, and every loop we’ll update p to p+1 (p++ is short for p = p+1). 
So the first loop p = 9, the second p = 10, etcetera until p = 14, the condition is no longer 
true, the loop stops and the Arduino goes on to the rest of the code.  
 
In the setup(), the for-loop makes sure that pin 9, 10, 11, 12 and 13 are set to output. In the 
loop(), we use a second for-loop to make the LED’s go on and off.  
 
See if you can figure out which pattern it makes, then upload to your Arduino to see if you 
were correct! 
 
 

http://www.ledcalc.com/


- Button (digital input) 
  
Let’s add a digital input to our circuit: 
a button.  
 
A button is attached a bit differently. 
Basically, you’re making a circuit with 
an extra wire that measures the state 
of that circuit.  
 
So, you go from 5v (+) to one side of 
the button (most buttons have 4 legs 
so you always have to figure out 
which is which, look up a data sheet if 
you’re unsure), from the other side of 
the button to a resistor, and via that 
to the minus side (GND).  
 
Now you put an extra wire between 
the resistor & button to pin 5. 
 
 

In the code, we add one line to the setup 
to set the pinMode of pin 5 to INPUT.  
 
Then we add an if-statement in the loop, 
making the execution of the code 
dependent on the state of the button.  
 
In an if() statement, the code between 
the {} brackets is only executed if the 
statement between the () brackets is 
true.  
 
In this case, our code is only executed if 
the value we read from pin 5 is LOW. 
 
Try it out! 
 
Note: if you want to use the button as a 
one-press button instead of holding it - 
pressing it once to turn something on for 
instance - take a look at interrupts.  
Keep in mind though that you are 
working with real-world materials here -  
if you press a button, it actually makes a 
series of tiny bounces, making multiple connections very quickly after each-other. To have 
these counted as just one, you need to use tricks, like adding a tiny delay after the first 
registered ‘bounce’. (https://www.arduino.cc/en/Reference/AttachInterrupt) 
 

https://www.arduino.cc/en/Reference/AttachInterrupt


- Light sensor (analog input) 
 
Now we’re going to make an analog 
input with a light sensor. The simplest 
light sensor (aka photoresistor) is just a 
resistor with a variable value. The actual 
resistance it gives is dependent on the 
amount of light that falls in at the top. 
 
Let’s replace the button with the light 
sensor. You see that the circuit is almost 
the same, except that the ‘measuring’ 
wire goes to one of the analog pins.  
 
The code I want to use here is quite 
different, however. The setup() part 
looks really similar to the original code 
with just the 5 LED’s. We do not have to 
define pin A0 as an input, as the analog 
pins are input by default. 

 
In the loop() part of the code, we first 
make a variable named ‘light’ to store 
the value we read from pin A0 using 
analogRead() (note that you use 
analog instead of digital for this one). 
 
Then, we use the map() function to 
transform that value into something 
we can use to refer to my pins! You 
tell the map() function which value to 
use (‘light’), which range this value 
comes in (this is the tricky part, I 
chose 500-900 but it’s dependent on 
lighting conditions, so play around 
with this to see what it does!), and 
the range you want to map it to (in 
this case, 9-13, as these are the pins 
that have LED’s attached). So if ‘light’ 
is 500, map() will transform it to 9. If 
it’s 700, it will become 11, etc. The 
transformed value is then stored into a new variable, ‘v’. 
 
Lastly, we loop through all the pins with a for-loop and if the pin number is greater than 
transformed value v, we put the pin on HIGH. Otherwise, it goes on LOW. 
 
Upload the code & play with light - shine a flashlight on or cup your hands around the light 
sensor and see what happens with the LED’s. If it doesn’t change the number of LED’s that 
are on, try changing the 500 or 900 and see what happens. 
More info on map(): https://www.arduino.cc/en/Reference/Map 

https://www.arduino.cc/en/Reference/Map


- Serial communication 
 
It’s kind of annoying to have to blindly play around with values in your code until the program 
does what you want it to do. Ultimately, you might want to write your code in such a way that 
it automatically adapts to the range of incoming values, so it can be used in different 
circumstances. However, that goes beyond the scope of this lesson. 

 
What we can do while playing around 
like this though, is serial 
communication, which is basically your 
Arduino & computer continuing to talk 
to each other. Of course this only works 
when they are connected (via USB or 
wireless), but it’s great for debugging 
and of course also if you want 
something on screen to react to a 
sensor (or an effector to react to 
computer-input). 
 
So let’s add some code to our 
light-sensor program so we can see 
what kind of values are coming in! 
 
We just need two lines of code to 
accomplish this. First, in setup(), we 
start the conversation with the 
computer with Serial.begin(). Between 
the brackets we tell the Arduino which 
speed it will be talking at.  
 
Then, just after measuring the value at 
pin A0 and storing it in the variable 

‘light’, we print this variable to the serial communication by using Serial.println(). And that’s it! 
https://www.arduino.cc/en/Serial/Println 
 
As soon as you put this program on your 
Arduino, and while the Arduino is attached, 
click on ‘Tools’ and ‘Serial monitor’. You’ll 
get a window with the incoming information 
(make sure the right speed is selected).  
 
For bug-fixing, this is enough - you can try 
the lowest & highest lighting conditions and 
use the values you see coming in to 
fine-tune map(). 
 
But as these values come in via serial port, 
you can use them in any programming 
language you like! There are many tutorials 
online for Processing, Max MSP, and Javascript for instance. Under ‘File’ - ‘Examples’ - 
‘Communication’ in the IDE you can also find some nice examples. 

https://www.arduino.cc/en/Serial/Println


This is the end of the workshop! 
These were just some basic examples to get you started with the hardware and software of 
Arduino. Check out the Arduino website and the rest of the Internet for more inspiration and 
examples. Some final tips: 
 

- Have fun! 
- Try stuff out, even if it seems difficult or confusing 
- Have a goal - build a larger project! 
- If unsure, turn the power off while building, and check you circuits twice before 

switching it back on. 
- ... but most importantly, don’t forget to have fun! 
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