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Introduction to 
Arduino



Who has any experience with 
Arduino?



Lecture Overview

• What is Arduino?



What is Arduino?
• Arduino is an open-source platform used for building electronics projects. 

• Arduino consists of both a physical programmable circuit board (often 
referred to as a microcontroller) and a piece of software, or IDE (Integrated 
Development Environment) that runs on your computer, used to write and 
upload computer code to the physical board. (learn.sparkfun.com)



Where can I buy one? 

• You can get your Arduino board online on their website, or any other 
shopping websites such as Amazon, eBay, Adafruit, and Element14.

• It is an open-source project, so there are many Arduino like boards on 
the Internet. They all should work the same.

https://store.arduino.cc/usa/


Arduino Specs



Arduino Family (Most Popular)

Uno
Mega Lily Pad MKR1000 

WIFI

Micro Nano MKR Vidor 4000



What is on the board?



IO pins on Arduino

• The I/O pins provide 5V 20mA

• The 3.3V supply is limited to 50mA. 

• Using the IO outputs is an easy task. They are on or off. In other 
words, the signal on a IO output pin can be HIGH or LOW. 

• HIGH means 5V and LOW means 0v.



Arduino Pinouts











A Simple circuit design that uses the Arduino 
GPIO Pins.

5V

5 - 2.2 / 0.02 = 140 Ω

• The voltage of an LED is between 1.8V and 3.3V.

140 Ω



Arduino FPGA

https://youtu.be/v9lIn2mYdlo?t=4

https://www.arduino.cc/en/Tutorial/VidorHDL

https://youtu.be/v9lIn2mYdlo?t=4
https://www.arduino.cc/en/Tutorial/VidorHDL


Arduino Shields
• Attachable hardware to the Arduino GPIO pins. 
• They are used to extend Arduino’s functionality
• There are so many different Arduino shields.



What you will need
• USB Cable
• 5V Power Supply
• Battery Holder
• Arduino IDE or a web browser
• Computer



Arduino IDE
- https://www.arduino.cc/en/Main/Software

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


Arduino Web Editor
You can use Arduino on your browser if you install their plugin for your 
Internet Browser.



Some of the good sources to learn more about 
Arduino
• Arduino Tutorials

• Adafruit Website

• Hack a Day

• SparkFun



Introduction to Arduino 
Programming Language



Arduino Programming Language

• The Arduino IDE uses a simplified version of C++, making it easier to learn to program.

• Arduino is great for prototyping. 

• There are a lot of libraries that allow you to use many different devices with your Arduino.

https://www.arduino.cc/reference/en/

Libraries:

The Arduino environment can be extended through the use of libraries, just like most 
programming platforms. Libraries provide extra functionality for use in sketches, e.g. working with 
hardware or manipulating data. 

To use a library in a sketch, select it from Sketch > Import Library.

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

https://www.arduino.cc/reference/en/
https://www.arduino.cc/en/Reference/Libraries


Arduino Functions



Variable



Structural Elements



Operators



Conditional Statements – If, elif, else 

• The if statement contains a logical expression using which data is compared and 
a decision is made based on the result of the comparison.

• An else statement can be combined with an if statement. An else statement 
contains the block of code that executes if the conditional expression in the if 
statement resolves to 0 or a FALSE value.

• The elif statement allows you to check multiple expressions for TRUE and 
execute a block of code as soon as one of the conditions evaluates to TRUE.



if, else if, else

https://www.tutorialspoint.com/arduino/arduino_if_else_if_else_statement.htm



Loops – While, For 

While LoopFor Loop



Import Libraries

• There are three different methods to install Arduino 
libraries.

1. Library Manager
2. Library Manager with .zip file
3. Manuel Installation



Import Libraries – Method 1



Import Libraries – Method 2

• Libraries are often distributed as a ZIP file or folder. 
• The name of the folder is the name of the library. 
• Inside the folder will be a .cpp file, a .h file and often a keywords.txt file, 

examples folder, and other files required by the library. 
• Starting with version 1.0.5, you can install 3rd party libraries in the IDE. 
• Do not unzip the downloaded library, leave it as is.



Import Libraries – Method 2



Import Libraries – Method 3

• When you want to add a library manually, you need to download it as a ZIP 
file, expand it and put in the proper directory. 

• The ZIP file contains all you need, including usage examples if the author 
has provided them. 

• The library manager is designed to install this ZIP file automatically as 
explained in the former chapter, but there are cases where you may want 
to perform the installation process manually and put the library in 
the libraries folder of your sketchbook by yourself.

• You can find or change the location of your sketchbook folder at File > 
Preferences > Sketchbook location.



Import Libraries – Method 3

Step 2

Step 3Step 1

Step 4



Serial Communication - UART

• All Arduino boards have at least one serial port (also known as a UART) Serial. 
• It communicates on digital pins (RX) and (TX) as well as with the computer via USB.
• If you use these functions, you cannot also use these pins for digital input or 

output.
• You can use the Arduino environment’s built-in serial monitor to communicate with 

an Arduino board. 
• Click the serial monitor button in the toolbar and select the same baud rate used in 

the call to Serial begin().
• Serial communication on pins TX/RX uses TTL logic levels (5V or 3.3V depending on 

the board). 
• Don’t connect these pins directly to other boards that use different logic levels.



Voltage Divider - 5V <-> 3.3V

• There is a problem when connecting a 5V device to 3.3 volt device. 

• Therefore, we need to change the logic level from 5V to 3.3V. 

• In our case voltage divider is used to connect a digital signal from a 5V device (Arduino) to a GPIO 
pin on the Pi, which requires a 3.3V input level.

• Raspberry Pi uses 3.3V logic level to decrease the power consumption.

You can build your own voltage divider 
or you can buy a voltage divider circuit 
board.



Serial Communication - UART



Serial Communication – Serial Monitor



How to load and run Arduino script?
1- Select your board



• 2- Select USB Port

How to load and run Arduino script?



How to load and run Arduino script?
• 3- Click on upload button



Basic Electronics 
Overview



Digital Signals

• A digital signal refers to an electrical signal that is converted into a pattern of 
bits. Unlike an analog signal, which is a continuous signal that contains time-
varying quantities, a digital signal has a discrete value at each sampling point. 

• Digital signals must have a finite set of possible values. Most commonly digital 
signals will be one of two values – like either 0V or 5V. Timing graphs of these 
signals look like square waves.



Digital Input

• IO outputs are easy; they are on or off, HIGH or LOW, 5v or 0v.

• Inputs are a bit trickier because of the way that digital devices work.

• Although it might seem reasonable just to connect a button across an input pin 
and a ground pin, the Arduino can get confused as to whether the button is on or 
off. It might work properly, it might not.

• It's a bit like floating about in deep space; without a reference it would be hard to 
tell if you were going up or down, or even what up or down meant!

• When a GPIO pin is in input mode and not connected to 5 volts or ground, the pin 
is said to be floating, meaning that it has no fixed voltage level.



Pull Down
Wire the GPIO pin to ground through a large (10kΩ) resistor so that it always 
reads LOW. Then you can short the pin to 5 volts by closing the circuit so that it 
goes HIGH. When the circuit is closed, there is a lower resistance path to 5 volts, 
and therefore the pin will read HIGH.



Pull Up
Wire a digital IO pin to 5 volts through a large (10kΩ) resistor so that it always 
reads HIGH. Then we can short the pin to ground by closing the circuit so that the pin 
will go LOW.



Digital Output

• Using the digital outputs is an easy task. 

• They are on or off. 

• In other words, the signal on a IO output pin can be HIGH or LOW. HIGH means 3.3v and 
LOW means 0v.



PWM

• Modulation with the width of an impulse. 

• It is used in telecommunication, audio equipment, lights, dc motors, 
servo motors, etc.

• PMW operates like a switch constantly cycle on and off, so we can 
control the amount of the power our device get. 

• We can control speed of dc motors since, motor takes time to 
respond to the voltage change, so we take an advantage of duty cycle.



Duty Cycle

Percentage of on time is called duty cycle.

Duty Cycle =Turn ON time/ (Turn ON time + Turn OFF

time)

Duty Cycle = (0.5/ (0.5+0.5)) = 50%

So the average output voltage will be 50% of the input

voltage voltage.



ADC
• ADC stands for Analog to Digital Converter

• Arduino comes with a 10 bit  Analog Digital Converter.

• An ADC converts a continuous-time and continuous amplitude (analog 
signal) to a discrete-time and discrete-amplitude (digital signal).



Breadboard



Lab Activity



Demo 1 – Digital Output
Hello World - LED Blink 



Digital Output - Blink a LED - Circuit Design



Digital Output - Blink a LED - Code



Demo 2 – Digital Input
Push Buttons



Digital Input - Push Button Switch

• A push button is a momentary or non-latching switch which causes a 

temporary change in the state of an electrical circuit only while the switch is 

physically actuated. 

• An automatic mechanism (i.e. a spring) returns the switch to its default 
position immediately afterwards, restoring the initial circuit condition.



Digital Input - Push Button Switch – Circuit Design



Digital Input - Push Button Switch – Code



Demo 3 – PWM



PWM – Circuit Design



PWM – Code



Demo 4 – Servo Control



Servo Motors



Servo Motors
• Servos are controlled by sending an electrical pulse of variable 

width, or pulse width modulation (PWM), through the control 
wire. 

• The PWM sent to the motor determines position of the shaft, 
and based on the duration of the pulse.

• The servo motor expects to see a pulse every 20 milliseconds 
(ms) and the length of the pulse will determine how far the 
motor turns. 

• For example, a 1.5ms pulse will make the motor turn to the 90°
position. Shorter than 1.5ms moves it in the counter clockwise 
direction toward the 0° position, and any longer than 1.5ms will 
turn the servo in a clockwise direction toward the 180°
position.



Servo Control – Circuit Design



Servo Control – Code



Demo 5 – Analog Input



Analog Input
• Reads the analog value from the specified analog pin. 

• Arduino maps input voltages between 0 and 5 volts into integer values between 0 
and 1023. (10 bit ADC)

• This yields a resolution between readings of: 5 volts / 1024 units or, .0049 volts 
(4.9 mV) per unit. 

• It takes about 100 microseconds (0.0001 s) to read an analog input, so the 
maximum reading rate is about 10,000 times a second.



Analog Input – Potentiometer – Circuit Design



Analog Input – Potentiometer – Code




