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What Is an Arduino? 

Arduino platform is whatever you want it to be.  

The Arduino could be an automatic plant watering control system.  It can be a web server. It could even be 

a quadcopter autopilot. 

The Arduino is a microcontroller development platform paired with a programming language that we 

develop using the Arduino integrated  development environment (IDE). 

By equipping the Arduino with sensors, actuators, lights, speakers, shields, and other integrated circuits, 

we can turn the Arduino into a programmable “brain” for just about any control system. 

 

Basic components 

 

General I/O and ADCs 

The general-purpose I/O pins can serve as digital inputs and outputs. 

The ADC pins can also act as analog inputs that can measure voltages between 0 and 5V 
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Many of these pins serve additional functions. These special functions include various communication 

interfaces, serial interfaces, pulse-width-modulated outputs, and external interrupts. 

Power Supplies 

For the majority of your projects, you will simply use the 5V power that is provided over your USB cable. 

When you’re ready to separate your project from a computer, you have other power options. The Arduino 

can accept between 6V and 20V (7-12V recommend) via the direct current (DC) barrel jack connector, or 

into the Vin pin. 

The Arduino has built-in 5V and 3.3V regulators:  

■ 5V is used for all the logic on the board. In other words, when you toggle a digital I/O pin, you are 

toggling it between 5V and 0V.  

■ 3.3V is broken out to a pin to accommodate 3.3V shields and external circuitry. 

Arduino Uno 
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Arduino Mega 2560  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arduino Nano 
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LilyPad Arduino 

 
 

Quadcopter and ArduPilot Mega controller 
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Downloading and Installing the Arduino IDE 

Access the Arduino website at www.arduino.cc and download the newest version of the IDE from the 

Download page. 

After completing the download, unzip it. Inside, you’ll find the Arduino IDE. 
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Running the IDE and Connecting to Our First Program - Blink program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. This is a multiline comment:  

Comments are important for documenting your code. Everything you write between these symbols will 

not be compiled or even seen by your Arduino.  

Multiline comments start with /* and end with */ 
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Multiline comments are generally used when you have to say a lot (like the description of this program). 

2. This is a single-line comment.  

When you put // on any line, the compiler ignores all text after that symbol on the same line. 

This is great for annotating specific lines of code or for “commenting out” a particular line of code that you 

believe might be causing problems. 

3. This code is a variable declaration.  

A variable is a place in the Arduino’s memory that holds information.  

Variables have different types. In this case, it’s of type int, which means it will hold an integer. In this case, 

an integer variable called led is being set to the value of 13, the pin that the LED is connected to on the 

Arduino Uno. 

Throughout the rest of the program, we can simply use led whenever we want to control pin 13. 

Setting variables is useful because you can just change this one line if you hook up your LED to a  

different I/O pin later on; the rest of the code will still work as expected 

4-  void setup() is one of two functions that must be included in every Arduino program.  

– A function is a piece of code that does a specific task.  

– Code within the curly braces of the setup() function is executed once at the start of the 

program.  

– This is useful for one-time settings, such as setting the direction of pins, initializing 

communication interfaces, and so on. 

5- The Arduino’s digital pins can function as input or outputs. 

– To configure their direction, use the command pinMode().  

– This command takes two arguments.   

– The first argument to pinMode determines which pin is having its direction set.  
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– The second argument sets the direction of the pin: INPUT or OUTPUT. 

– Pins are inputs by default, so we need to explicitly set them to outputs if we  want them 

to function as outputs.  

6- The second required function in all Arduino programs is void loop(). 

– The contents of the loop function repeat forever as long as the Arduino is on.  

– If we want our Arduino to do something once at boot only, we still need to include the 

loop function, but we can leave it empty. 

7- digitalWrite()is used to set the state of an output pin.  

– It can set the pin to either 5V or 0V.  

– When an LED and resistor is connected to a pin, setting it to 5V will enable you to light 

up the LED. 

– The first argument to digitalWrite() is the pin we want to control.  

– The second argument is the value we want to set it to, either HIGH (5V) or LOW (0V).  

– The pin remains in this state until it is changed in the code 

8- The delay() function accepts one argument: a delay time in milliseconds.  

a. When calling delay(), the Arduino stops doing anything for the amount of time 

specified.  

b. In this case, we are delaying the program for 1000ms, or 1 second. 

c. This results in the LED staying on for 1 second before we execute the next command. 

9- Here, digitalWrite() is used to turn the LED off, by setting the pin state to LOW. 
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10- Again, we delay for 1 second to keep the LED in the off state before the loop repeats and 

switches to the on state again 

 

Digital Inputs, Outputs, and Pulse-Width Modulation 
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Turning on an LED 

const int LED=9;  //define LED for pin 9 void setup() 

{ 

pinMode (LED, OUTPUT);  //Set the LED pin as an output digitalWrite(LED, HIGH);  //Set the 

LED pin high 

} 

void loop() 

{ 

//we are not doing anything in the loop! 

} 

LED with Changing Blink Rate 

const int LED=9;       //define LED for Pin 9 void setup() 

{ 

pinMode (LED, OUTPUT);      //Set the LED pin as an output 

} 

void loop() 

{ 

for (int i=100; i<=1000; i=i+100) 

{ 

digitalWrite(LED, HIGH); delay(i); 

digitalWrite(LED, LOW); 

delay(i); 

} 
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} 

Pulse-Width Modulation with analogWrite() 

• Digital control of pins is great for blinking LEDs, controlling relays, and spinning motors at a 

constant speed.  

• But what if we want to output a voltage other than 0V or 5V? 

• Well, we can’t—unless we are using an external digital-to-analog converter (DAC) chip. 

• However, we can get pretty close to generating analog output values by using a trick called 

pulsewidth modulation (PWM). 

• On each Arduino, there are pins that can use the analogWrite()command to generate PWM  

signals that can emulate a pure analog signal when used with certain peripherals.  

• These pins are marked with a ~ on the board. 

• On the Arduino Uno, Pins 3, 5, 6, 9, 10, and 11 are PWM pins. 

• The analogWrite() command accepts two arguments: the pin to control and the value to write to 

it. 

• The PWM output is an 8-bit value. In other  

 0 to 255. 

Use PWM to change LED brightness 

const int LED=9;     //define LED for Pin 9 void setup() 

{ 

pinMode (LED, OUTPUT);      //Set the LED pin as an output 

} 

void loop() 

{ for (int i=0; i<256; i++) 

{ 

analogWrite(LED, i); delay(10); 
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} for (int i=255; i>=0; i--) 

{ 

analogWrite(LED, i); delay(10); 

} } 

What does the LED do when we run this code?  

• we should observe the LED fading from off to on, then from on to off.  

• Of course, because this is all in the main loop, this pattern repeats. 

• PWM works by modulating the duty cycle of a square wave.  

• Duty cycle refers to the percentage of time that a square wave is high versus low.  

• We are probably most familiar with square waves that have a duty cycle of 50%—they are high 

half of the time, and low half of the time 
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PWM signals with varying duty cycles 

The analogWrite()command sets the duty cycle of a square wave depending on the value we pass to it: 

■ Writing a value of 0 with analogWrite() 

indicates a square wave with a duty cycle of 0 percent (always low). 

■ Writing a 255 indicates a square wave with a duty cycle of 100 percent (always high). 

■ Writing a 127 indicates a square wave with a duty cycle of 50 percent (high half of the time, low half of 

the time). 

• For a signal with a duty cycle of 25 percent, it is high 25 percent of the time, and low 75 percent 

of the time. 

• The frequency of this square wave, in the case of the Arduino, is about 490Hz. In other words, the 

signal varies between high (5V) and low (0V) about 490 times every second. 

not actually changing the voltage being delivered to an LED, why do we see it get dimmer as 

we lower the duty cycle? 

• It is really a result of our eyes playing a trick on us!  

• If the LED is switching on and off every 1ms (which is the case with a duty cycle of 50 percent), it 

appears to be operating at approximately half brightness because it is blinking faster than our eyes can 

perceive. Therefore, our brain actually averages out the signal and tricks us into believing that the LED is 

operating at half brightness. 

Reading Digital Inputs 

After we have  successfully generated both digital and analog outputs. The next step is to read digital 

inputs, such as switches and buttons, so that we can interact with our project in real time. 
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Reading Digital Inputs with Pulldown Resistors 
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const int LED=9;  //The LED is connected to pin 9 const int BUTTON=2;    //The Button is 

connected to pin 2 void setup() 

{ 

pinMode (LED, OUTPUT);  //Set the LED pin as an output pinMode (BUTTON, INPUT); //Set 

button as input (not required 

} ) 

void loop() 

{ 

if (digitalRead(BUTTON) == LOW) 

{ 

digitalWrite(LED, LOW); 

} 

else 

{ 

digitalWrite(LED, HIGH); 

} 

} 

 

Reading Analog Sensors 

• The world around us is analog. Even though we might hear that the world is “going digital,” the 

majority of observable features in our environment will always be analog in nature. 

• The world can assume an infinite number of states, whether we are considering the color of 

sunlight, the temperature of the ocean, or the concentration of contaminants in the air.  

• We will focus on developing techniques for discretizing these infinite possibilities into digital 

values that can be analyzed with a microcontroller system like the Arduino 

Converting an Analog Signal to a Digital One 

-to-digital converter (ADC) pins to convert analog voltage values into 

number representations that we can work with.  

• The accuracy of an ADC is determined by the resolution.  

• In the case of the Arduino Uno, there is a 10-bit ADC for doing your analog conversions. 
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• “10-bit” means that the ADC can subdivide (or quantize) an analog signal into 210 different 

values.  

• If we do the math, we will       210 find that 210 = 1024; hence, the Arduino can assign a value 

from 0 to 1023 for any analog value that we give it. 

• The reference voltage determines the max voltage that we are expecting, and, therefore, the value 

that will be mapped to 1023.  

• So, with a 5V reference voltage, putting 0V on an ADC pin returns a value of 0, 2.5V returns a 

value of 512 (half of 1023), and 5V returns a value of 1023. 

  

Reading a Potentiometer   

 

 

 

 

 

 

 

• Potentiometers are variable voltage dividers that look like knobs.  

• They come in lots of sizes and shapes, but they all have three pins.  

• We connect one of the outer pins to ground, and the other to the 5V.  

• Potentiometers are symmetrical, so it doesn’t matter which side you connect the 5V and ground 

to.  

• We connect the middle pin to analog input 0 on our Arduino. 
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• As we turn the potentiometer, we vary the voltage that we are feeding into analog input 0 

between 0V and 5V. 

• We will use the Arduino’s serial communication functionality to print out the potentiometer’s 

ADC value on our computer as it changes. 

• We will use the analogRead()function to read the value of the analog pin connected to the 

Arduino and the Serial.println()function to print it to the Arduino IDE serial monitor. 

//Potentiometer Reading Program const int POT=0; //Pot on analog pin 0 

int val = 0; //variable to hold the analog reading from the POT void setup() 

{ 

Serial.begin(9600); 

} 

void loop() 

{ 

val = analogRead(POT); 
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Serial.println(val); 

delay(500); 

} 

• The serial interface to the computer must be started in the setup.  

• Serial.begin() takes one argument that specifies the communication speed, or baud rate. 

• The baud rate specifies the number of bits being transferred per second.  

• Faster baud rates enable us to transmit more data in less time, but can also introduce 

transmission errors in some communication systems.  
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• If we are  getting funky characters, we must make sure that we have the baud rate set correctly.  

    

 

           Photoresistors 
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• Photoresistors change resistance depending on the amount of light that hits them.  

• For a 200kΩ photoresistor.  

Ω. 

drops nearly to zero. 

• We can use the data from our photoresistor to make a more intelligent nightlight. 

• The nightlight should get brighter as the room gets darker, and vice versa. 

• We use the serial monitor sketch, pick the values that represent when our room is at full 

brightness or complete darkness. 

• For example, we found that a dark room has a value of around 200 and a completely bright room 

has a value around 900.  

• These values will vary for you based upon your lighting conditions, the resistor value you are 

using, and the value of your photoresistor  

  

Using Analog Inputs to Control Analog Outputs 

• We can use the analogWrite()command to set the brightness of an LED.  

• However, it is an 8-bit value; that is, it accepts values between 0 and 255 only, whereas the ADC 

is returning values as high as 1023. 

• The Arduino programming language has two functions that are useful for mapping between two 

sets of values:  

the map() and constrain()functions. 

map()function 

• The map() function looks like this:                      output = map(value, fromLow, fromHigh, toLow, 

toHigh) 

• value is the information we are starting with. In our case, that’s the most recent reading from the 

analog input.  

• fromLow and fromHigh are the input boundaries. These are values we found to correspond to 

the minimum and maximum brightness in our room. For example, they were 200 and 900.  

• toLow and toHigh are the values we want to map them to. 

• Because analogWrite() expects value between 0 and 255, we use those values.  

• However, we want a darker room to map to a brighter LED. Therefore, when the input from the 

ADC is a low value, we want the output to the LED to be a high value, and vice versa. 
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• Conveniently, the map function can handle this automatically; simply swap 

• the high and low values so that the low value is 255 and the high value is 0. 

• The map()function creates a linear mapping. For example, if our fromLow and fromHigh values 

are 200 and 900, respectively, and our toLow and toHigh values are 255 and 0, respectively, 550 maps to 

127 because 550 is halfway between 200 and 900 and 127 is halfway between 255 and 0.  

• However, the map()function does not constrain these values. So, if the photoresistor does 

measure a value below 200, it is mapped to a value above 255. Obviously, we don’t want that because we 

can’t pass a value greater than 255 to the analogWrite()function.  

• We can deal with this by using the constrain() function.  

• The constrain() function looks like this:                                                    output = constrain(value, min, 

max) 

• If we pass the output from the map function into the constrain function, we can set the min to 0 

and the max to 255, ensuring that any numbers above or below those values are constrained to either 0 

or 255. 

//Automatic Nightlight 

const int RLED=9;  //Red LED on pin 9 (PWM) const int LIGHT=0;  //Light Sensor on analog pin 

0 const int MIN_LIGHT=200;     //Minimum expected light value const int MAX_LIGHT=900;    

//Maximum Expected Light value int val = 0;  //variable to hold the analog reading void setup() 

{ 

pinMode(RLED, OUTPUT);        //Set LED pin as output 

} 

void loop() 

{ 

val = analogRead(LIGHT);           //Read the light sensor 

val = map(val, MIN_LIGHT, MAX_LIGHT, 255, 0);   //Map the light reading 

val = constrain(val, 0, 255);       //Constrain light value analogWrite(RLED, val); //Control the LED 

} 
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