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Circuit #1

void setup() {
  pinMode(13, OUTPUT);      // Set pin 13 to output
}

void loop() {
  digitalWrite(13, HIGH);   // Turn on the LED
  delay(1000);              // Wait for one second
  digitalWrite(13, LOW);    // Turn off the LED
  delay(1000);              // Wait for one second
}

Programming in Arduino is much like programming in Processing. We have two special 
functions, setup() and loop(), that work like setup() and draw() in Processing.

Digital pins on the Arduino can be either inputs or outputs – but we have to tell the Arduino 
what we want the pin to be. In this sketch we first set pin 13 to be an OUTPUT and then set 
the value of the output to either HIGH (5V) or LOW (0V).
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Digital Inputs and Outputs

An electronic signal transmitted as binary code that can be either the presence or 
absence of current, high and low voltages or short pulses at a particular frequency.

Digital signals are used for everything with the exception of Analog Input. Depending on the 
voltage of the Arduino the ON or HIGH of the Digital signal will be equal to the system 
voltage, while the OFF or LOW signal will always equal 0V. This is a fancy way of saying that 
on a 5V Arduino the HIGH signals will be a little under 5V and on a 3.3V Arduino the HIGH 
signals will be a little under 3.3V.

Digital input/output uses the Digital pins

But (confusingly?) the Analog In pins can also be used as Digital input/output

To receive a Digital signal use: digitalRead(pinNumber);

To send a Digital signal use: digitalWrite(pinNumber, value);

Digital input and output are always either HIGH or LOW



Analog Inputs and Outputs

A continuous stream of information with values between and including 0% and 100%.

Analog signals have a voltage value that can be anything between 0V and 5V. The voltage on 
Analog input pins is converted by sampling and comparing it to a voltage reference signal 
(5V). Depending on the voltage of the Analog signal when compared to the Analog Reference 
(AREF) signal the Arduino then assigns a numerical value to the signal somewhere between 
0 (0%) and 1023 (100%).

Analog Input uses the Analog In pins.

To receive an Analog signal use: analogRead(pinNumber);

Analog input values range from 0 to 1023

Analog Output uses the PWM pins

To send a PWM signal use: analogWrite(pinNumber, value);

PWM values range from 0 to 255



Analog Output with Pulse Width Modulation

For the most part in digital systems one means ON and zero means OFF.

This keeps things nice and simple, but what if you want to turn something halfway ON so 
that it is not all the way ON and not all the way OFF? You can't just use a decimal because 
digital technology only understands ones and zeros.

For this reason some of the pins on your Arduino are labeled with “~” indicating that 
the pin can be used to send PWM or Pulse Width Modulation signals.

PWM means that the Arduino board will write ones and zeros very quickly, which will be read 
by analog devices as an average somewhere between LOW and HIGH. The dotted line in the 
diagrams represent the average. See tables below



Circuit #2

int sensorPin = 0;  // The pot is connected to analog pin 0
int ledPin = 13;    // The LED is connected to digital pin 13

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

void loop() {
  int sensorValue;
  sensorValue = analogRead(sensorPin);    
  digitalWrite(ledPin, HIGH);     // Turn the LED on
  delay(sensorValue);             // Pause for sensorValue millis
  digitalWrite(ledPin, LOW);      // Turn the LED off
  delay(sensorValue);             // Pause for sensorValue millis
}

Storing pin numbers in variables makes the Arduino code much easier to read. Note 
that analog pins are input only, when they are used for analog input.



Data Types in Arduino

Arduino supports data types that are familiar from Processing, e.g., int, float, boolean, 
however, because the Arduino hardware is based on an 8-bit processor, the maximum 
value for int and float is not the same as in Processing.

For example:

Processing: int has a range of -2,147,483,648 to 2,147,483,647

Arduino: int has a range of -32,768 to 32,767

For this reason, it is more common for us to use other data types in Arduino, esp. when 
we want to represent very large numbers. Some data types that you will commonly see 
for represented larger numbers in Arduino code include:

unsigned int
long
unsigned long

The keyword unsigned means that a variable of this type can only hold positive (i.e. 
greater than or equal to zero) numbers.



Circuit #3

const int RED_PIN = 9;
const int GREEN_PIN = 10;
const int BLUE_PIN = 11;

int DISPLAY_TIME = 100;  // In milliseconds

void setup() {
  pinMode(RED_PIN, OUTPUT);
  pinMode(GREEN_PIN, OUTPUT);
  pinMode(BLUE_PIN, OUTPUT);
}

void loop() {
  mainColors();
  showSpectrum();
}



Circuit #3 (cont.)

void mainColors() {
  digitalWrite(RED_PIN, LOW);
  digitalWrite(GREEN_PIN, LOW);
  digitalWrite(BLUE_PIN, LOW);
  delay(1000);

  digitalWrite(RED_PIN, HIGH);
  digitalWrite(GREEN_PIN, LOW);
  digitalWrite(BLUE_PIN, LOW);
  delay(1000);

...

  digitalWrite(RED_PIN, HIGH);
  digitalWrite(GREEN_PIN, HIGH);
  digitalWrite(BLUE_PIN, HIGH);
  delay(1000);
}



Circuit #3 (cont.)

void showSpectrum() {
  int x;
  for (x = 0; x < 768; x++) {
    showRGB(x);
    delay(10);
  }
}



Circuit #3 (cont.)

void showRGB(int color) {
  int redIntensity = 0;
  int greenIntensity = 0;
  int blueIntensity = 0;
  if (color <= 255) {
    redIntensity = 255 - color;    // red goes from on to off
    greenIntensity = color;        // green goes from off to on
  } else if (color <= 511) {
    greenIntensity = 255 - (color - 256); // green on to off
    blueIntensity = (color - 256);        // blue off to on
  } else {
    redIntensity = (color - 512);         // red off to on
    blueIntensity = 255 - (color - 512);  // blue on to off
  }
  analogWrite(RED_PIN, redIntensity);
  analogWrite(BLUE_PIN, blueIntensity);
  analogWrite(GREEN_PIN, greenIntensity);
}



Circuit #5

const int button1Pin = 2;
const int button2Pin = 3;
const int ledPin =  13;

void setup() {
  pinMode(button1Pin, INPUT);
  pinMode(button2Pin, INPUT);
  pinMode(ledPin, OUTPUT);      
}

void loop() {
  int button1State = digitalRead(button1Pin);
  int button2State = digitalRead(button2Pin);
  if (((button1State == LOW) || (button2State == LOW)) &&
     !((button1State == LOW) && (button2State == LOW))) {
    digitalWrite(ledPin, HIGH);
  } else {
    digitalWrite(ledPin, LOW);
  }
}



Circuit #6

const int sensorPin = 0;
const int ledPin = 9;
int lightLevel, high = 0, low = 1023;

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

void loop() {
  lightLevel = analogRead(sensorPin);
  manualTune();
  // autoTune();
  analogWrite(ledPin, lightLevel);
}



Circuit #6 (cont.)

void manualTune() {
  lightLevel = map(lightLevel, 0, 1023, 0, 255);
  lightLevel = constrain(lightLevel, 0, 255);
}

void autoTune() {
  if (lightLevel < low) { low = lightLevel; }
  if (lightLevel > high) { high = lightLevel; }
  lightLevel = map(lightLevel, low+30, high-30, 0, 255);
  lightLevel = constrain(lightLevel, 0, 255);
}



Printing Outputs to the Serial (USB) Port

The Arduino programming language and IDE make it easy to print values to the serial 
(USB) port so that you can monitor the value of variables on your computer. Here’s a 
really simple example:

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

void loop() {
  int sensorValue = analogRead(0);
  Serial.println(sensorValue);
  delay(1);
}

This code sets up the serial (usb) port to communicate at 9600 bits/second (baud 
rate) and then sends the value read from an analog sensor connected to pin 0.

We can see this output by opening Tools > Serial Monitor and setting it to listen at 9600.



Debounce

Image:http://arduino.cc/en/Tutorial/Debounce

Without debouncing, pressing the button once can appear to the code as multiple 
presses.

http://arduino.cc/en/Tutorial/Debounce
http://arduino.cc/en/Tutorial/Debounce


Simple Debounce

const int buttonPin = 2;
const int ledPin = 13;

int ledState = HIGH;

int buttonState = LOW;

long debounceDelay = 50;

void setup() {
  pinMode(buttonPin, INPUT);
  pinMode(ledPin, OUTPUT);
  digitalWrite(ledPin, ledState);
}



Simple Debounce (cont.)

void loop() {
  int reading = digitalRead(buttonPin);
  if (reading != buttonState) {
    delay(debouceDelay);
    if (reading != buttonState) {
      buttonState = reading;
      if (buttonState == HIGH) {
        ledState = !ledState;
      }
    }
  } 
  
  digitalWrite(ledPin, ledState);
}

NOTE: This simple form of debounce is probably all you need for simple Arduino projects 
that don’t need to monitor multiple inputs at the same time, e.g., for the assignments.



Non-blocking Debounce

When we can’t afford for the Arduino to be doing nothing, while waiting for a delay to 
finish, because it needs to keep monitoring other inputs, e.g., safety switches, then 
we need to use a non-blocking form of debounce.

The difference between the simple and non-blocking forms of debounce, is that the non-
blocking debounce records the time at which the button first appears to chance state and 
then checks to see if a certain number of milliseconds have past since that time in later 
calls to loop(). This means that we don’t need to call delay() and have the Arduino do 
nothing for some time.

The following code is the same as the code presented on the Arduino tutorial about 
debounce, but without the helpful comments. If you want to know more about how this 
code works, I highly recommend you follow the tutorial at:

http://arduino.cc/en/Tutorial/Debounce

http://arduino.cc/en/Tutorial/Debounce
http://arduino.cc/en/Tutorial/Debounce


Non-blocking Debounce

const int buttonPin = 2;
const int ledPin = 13;

int ledState = HIGH;

int buttonState;
int lastButtonState = LOW;

long lastDebounceTime = 0;
long debounceDelay = 50;

void setup() {
  pinMode(buttonPin, INPUT);
  pinMode(ledPin, OUTPUT);
  digitalWrite(ledPin, ledState);
}



Non-blocking Debounce (cont.)

void loop() {
  int reading = digitalRead(buttonPin);
  if (reading != lastButtonState) {
    lastDebounceTime = millis();
  } 
  
  if ((millis() - lastDebounceTime) > debounceDelay) {
    if (reading != buttonState) {
      buttonState = reading;
      if (buttonState == HIGH) {
        ledState = !ledState;
      }
    }
  }
  digitalWrite(ledPin, ledState);
  lastButtonState = reading;
}


