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Arduino Hand’s-On 
CS5968 / FA3800 

Disclaimer 

   Many of these slides are mine 


   But, some are stolen from various places on the web 

   todbot.com – Bionic Arduino and Spooky Arduino 

class notes from Tod E.Kurt 

   ladyada.net – Arduino tutorials by Limor Fried  
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Part 1 – Arduino SW 

Remember, Arduino calls 
programs “sketches” 

Part 1 – Arduino SW 
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Procedure 

Get the Blink Example 
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Blink Sketch (program) 
 /*      
* Blink  
*  
* The basic Arduino example.  Turns on an LED on for one second,  
* then off for one second, and so on...  We use pin 13 because,  
* depending on your Arduino board, it has either a built-in LED  
* or a built-in resistor so that you need only an LED.   
*/ 

int ledPin = 13;                               // LED connected to digital pin 13 

void setup() {                                  // run once, when the sketch starts 
     pinMode(ledPin, OUTPUT);      // sets the digital pin as output 
} 

void loop()                                      // run over and over again 
{   
    digitalWrite(ledPin, HIGH);         // sets the LED on         
    delay(1000);                               // wait for a second   
    digitalWrite(ledPin, LOW);          // sets the LED off       
    delay(1000);                               // wait for a second 
} 

Variables 
int ledPin = 13;      // LED connected to digital pin 13 


   ledPin is a variable that holds a 16-bit value 

   16 binary digits is enough for -32768 to 32767 

   Default starting value is 13 

   There are other data types you can use 
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Data Types on Arduino 

   By default, types are signed unless you say 

“unsigned”… 
Type Size 

(bits) 
Size 
(bytes) 

Minimum Maximum 

boolean 1 1 0 (false) 1 (true) 

unsigned byte 8 1 0 255 

byte 8 1 -128 127 

unsigned int 16 2 0 65,535 

int 16 2 -32,768 32,767 

unsigned long 32 4 0 4,294,967,295 

long 32 4 -2,147,483,648 -2,147,483,647 

float (double) 32 4 -3.4028235E+38 3.4028235E+38 

Functions 
void setup() {                     // run once, when the sketch starts 

pinMode(ledPin, OUTPUT); // sets the digital pin as output 
} 

<return-type> <function-name> ( <arguments>) {  
<function-body>  
} 

•  “void” means no value is returned 

•  pinMode(ledPin, OUTPUT);   // call another function 
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Pseudo-code Silly Function 
clean-cat wash-the-cat ( dirty-cat cat)      // a procedure for washing the cat 

{ 
turn on the shower. 
find the cat. 
grab the cat. 
put cat under shower. 
wait 3 minutes.                               // wait for cat to get clean. 
release clean-cat. 
} 

Required Arduino Functions 

void setup() {                               // run once, when the sketch starts 
     <initialization statement>;      // typically pin definitions 
     …                                           // and other init stuff 
     <initialization statement>; 
} 

void loop() {                                   // run over and over again 
    <main loop statement>;            // the guts of your program 
     …                                             // which could include calls 
    <main loop statement>;            // to other functions…  
} 
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Arduino Language (C/C++) 

   pinMode(pin,mode);   


   pin is a number, mode can be INPUT or OUTPUT 


   digitalWrite(pin, value); 

   Value can be HIGH (1) or LOW (0) 


   digitalRead(pin);  

   Returns an int – value either HIGH or LOW 


   delay(val);     

   Pauses for val milliseconds (1/1000’s of a sec) 

   val can be up to unsigned long max 


   millis(); 

   Returns number of milliseconds since the program started running 

   Returns an unsigned long – overflows in ~50 days 

Blink Sketch (program) 
 /*      
* Blink  
*  
* The basic Arduino example.  Turns on an LED on for one second,  
* then off for one second, and so on...  We use pin 13 because,  
* depending on your Arduino board, it has either a built-in LED  
* or a built-in resistor so that you need only an LED.   
*/ 

int ledPin = 13;                               // LED connected to digital pin 13 

void setup() {                                  // run once, when the sketch starts 
     pinMode(ledPin, OUTPUT);      // sets the digital pin as output 
} 

void loop()                                      // run over and over again 
{   
    digitalWrite(ledPin, HIGH);         // sets the LED on         
    delay(1000);                               // wait for a second   
    digitalWrite(ledPin, LOW);          // sets the LED off       
    delay(1000);                               // wait for a second 
} 
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Blink Modifiations 


   Change so that blink is on for 50msec and off for 
50msec 

   What happens?  


   Change so that blink is on for 10ms and off for 10ms 

   What happens?  


   Change to use an external LED rather than the one on 
the board 

   Pay attention to current! Use a current-limiting resistor! 
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Wiring it Up 

Wiring it Up 
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External LED 

   Remember Ohm’s Law 


   V = IR    I = V/R  R = V/I 


   Every LED has a Vf “Forward Voltage” 

   How much voltage is dropped passing through the LED 


   R = (V – Vf) / I 

   Example – If Vf is 1.9v (red LED), and V = 5v, and you 

want 15mA of current (0.015A) 

   R = (5 – 1.9)/0.015 = 3.1/0.015 = 206Ω  

   Exact isn’t critical – use next size up, i.e. 220Ω 

   Or be safe and use 330Ω or 470Ω 

   This would result in 9.4mA or 6.6mA which is fine 

V 

I R 

LEDs and Resistors 

Anode + Cathode - 

Current flows from Anode to Cathode 
Lights up when current flows 
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Proto Boards 

AKA Solderless Breadboards 

Wire it Up 
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Wire it Up 

Resistor Color Codes 

What’s the color code for a 220Ω resistor? 

What’s the color code for a 1kΩ resistor?  

What’s the color code for a 470Ω resistor 
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Resistor Color Codes 

What’s the color code for a 220Ω resistor? 

What’s the color code for a 1kΩ resistor?  

What’s the color code for a 470Ω resistor 

We’re using 4-band 5% resistors 
with a ¼ watt rating 

Resistor Color Codes 

What’s the color code for a 220Ω resistor? 

 red red  brown    gold 

What’s the color code for a 1kΩ resistor?  

 brown black red   gold 

What’s the color code for a 470Ω resistor 

 yellow  violet  brown   gold 

We’re using 4-band 5% resistors 
with a ¼ watt rating 
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Wire it Up 

   Wire up an external LED of your choice, and change 

the Blink program to use that external LED 

   Choose your resistor based on the Vf of the LED 

you’re using 

Blink Subtlety  

   When the delay(val); function runs, nothing else can happen 


   Arduino just sits there counting milliseconds 

   For blink this is just fine, but later you may want other things 

to be going on while the Arduino is counting 

   Load BlinkWithoutDelay from the examples 

   Let’s look at what it does…  

   C “if” statement 


   if (condition) { do something}; 

   if (condition) {do something} 

else {do something else}; 
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BlinkWithoutDelay 
const int ledPin = 13;   // const says this won’t change 
int ledState = LOW;   // used to set the state of the LED 
long previousMillis = 0;  // used to store last time LED changed 
long interval = 1000;   //interval at which to blink the LED 

void setup() { 
 pinMode(ledPin, OUTPUT);   // set LED pin mode 

} 

void loop () {   
 // check to see if it’s time to change the LED value 
 if (millis() – previousMillis > interval) { 
  previousMillis = millis();   // save the time you made the change 
  if (ledState == LOW) { ledState = HIGH; }    // toggle the state of the LED 
  else { ledState = LOW; } ;  
  digitalWrite(ledPin, ledState);   // set the LED with ledState 
 } 

 // you can do other things here if it’s not time to change the LED state 
} 

Comparison Operators 
x == y (x is equal to y)  

x != y (x is not equal to y)  

x < y (x is less than y)  

x > y (x is greater than y)  

x <= y (x is less than or equal to y)  

x >= y (x is greater than or equal to y)  

Beware of x=y;    This does an assignment, not a comparison! 
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Moving on…  

Pulse Width Modulation 

   analogWrite(pin, value); 


   value can be 0 to 255 

   Must be one of the “PWM pins” : pins 3, 5, 6, 9, 10, 11 

   Don’t need to set pinMode to OUTPUT (but won’t hurt) 
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C “for” loop 
for (initialization; condition; increment) { 

// do something 

} 

int i;  // define an int to use as a loop variable 

for (i = 0; i <= 255; i++) { 
analogWrite(pin, i);  
delay(50); 

} 

C Compound Operators 
x = x + 1; 

x += 5;   // same as x = x + 5 

x++;   // same as x = x + 1 

x = x – 2;   

x -= 3;  // same as x = x - 3 

x--;   // same as x = x - 1 

x = x * 3;   

x *=5;   // same as x = x * 5 
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Moving on… 

   Write a program to make the LED flicker like a flame 


   Choose a random intensity 

   For a random amount of time 

   Use analogWrite(ledPin, val) 

   Also, random(min,max); will return a random number 

between min and max.  

   randomSeed(int); will initialize the random function 

Candle Program 
int ledPin = 9;   // select pin for LED output 
int bright = 0;   // Variable to hold LED brightness 
int time = 0;   // variable to hold delay time 

void setup () { 
 randomSeed(0);   // initialize the random function 
 pinMode(ledPin, OUTPUT);   // LED should be output 

} 

void loop() { 
 bright = random(100, 255);    // random brightness value 
 analogWrite(ledPin, bright);   // set the LED brightness 

 time = random(10,150);   // random time in ms 
 delay(time);    // delay for that time 

} 
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Silly LED Tricks Silly LED Tricks 

LED Wiring – 2 ways 
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Getting Input (Digital) 

Switches 

Why do we need the “pull down” resistor?  
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Another Switch 

A Switch 
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Using a Switch 

Using digitalRead() 
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digital_read 

Moving on…  

   Write a program that reads the value on an input pin 


   Use the button to change from blinking fast to blinking 
slow 
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Moving on…  

   Write a program that reads the value on an input pin 


   Use the button to change from blinking fast to blinking 
slow 
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Make Your Own Switches 
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Analog Input on Arduino 

   Our version uses ATMega328p 


   six ADC inputs (Analog to Digital Converter) 

   Voltage range is 0-5v 

   Resolution is 10 bits (digital values between 0-1023) 

   In other words, 5/1024 – 4.8mV is the smallest voltage 

change you can measure 


   analogRead(pin); 

   reads an analog pin 

   returns a digital value  

between 0-1023 

   analog pins need no  

pinMode declaration 
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Moving on… 

   Write a program to read an analog value from a pot 

and use that value to control the brightness of an LED 

   Fade the LED by turning the pot 


   Useful function is 
map(value, fromlow, fromhigh, tolow, tohigh); 

y = map(x, 0, 1023, 50, 150); 


   Also remember  
analogWrite(pin,value); 

   PWM value from 0-255 
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potFade 
int potPin = 0;   // the analog input pin from the pot 
int ledPin = 9;   // pin for LED (a PWM pin) 
int val;    // Variable to hold pot value 

void setup () { 
 pinMode(ledPin, OUTPUT);   // declare ledPin as output 

} 

void loop() { 
 val = analogRead(potPin);   //read the value from the pot 
 val = map(val, 0, 1023, 100, 255);  // map to reasonable values 
 analogWrite(ledPin, val);  

} 
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Moving on…  

   Connect a photocell instead of a pot to you fading 

circuit 

   Do you get the same range  

of fade as with the pot?  

   Why or why not?  
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Serial Communication 

   Serial.begin(baud-rate); 


   baud-rate is 300, 1200, 2400, 4800, 9600, 
14400,19200, 28800, 57600, or 115200 


   Sets serial bit rate 


   Serial.print(arg); 

   sends arg to the serial output – can be number or string 

   Serial.print(arg,format);  // formats the arg 


   format can be BYTE, BIN, OCT, DEC, HEX 


   Serial.println(arg);  

   Same, but also prints a newline to the output 

Serial Communication 

   Serial.available(); 


   returns an int that tells you how many bytes remain in 
the input buffer 


   Serial.read();  

   returns the next byte waiting in the input buffer 


   Serial.flush(); 

   clear the input buffer of any remaining bytes 
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Serial Example 
int incomingByte = 0; // for incoming serial data  
void setup() {  

 Serial.begin(9600); // opens serial port, sets data rate to 9600 bps  
}  

void loop() {         // send data only when you receive data:  
 if (Serial.available() > 0) {   // read the incoming byte:  
  incomingByte = Serial.read();  

 // say what you got:  
 Serial.print("I received: ");  
 Serial.println(incomingByte, DEC);  
 }  

}  
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ASCII codes 

Standard byte codes for  
characters 

Mysterious val = val – ‘0’; 
statement converts the byte  
that represents the character 
to a byte of that number 

For example, if the character 
is ‘3’, the ASCII code is 51 

The ASCII code for ‘0’ is 48 

So, 51 – 48 = 3 

This converts the character  
‘3’ into the number 3 
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Moving on… Servos 

   Servo motors are small DC motors that have a range 

of motion of 0-180º 

   Internal feedback and gearing to make it work 

   easy three-wire interface 

   position is controlled by PWM signals 
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Our servos are: weight: 9g,  
speed 0.12s/60deg at 4.8v,  
torque (@4.8v) 17.5oz/in (1kg/cm) 
voltage range: 3.0 – 7.2v 
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Servo Example Program 
#include <Servo.h>  // include the built-in servo library 
Servo myservo;   // create a servo object to control the servo 
int pos = 0;   // variable to store the servo position 

void setup() { 
 myservo.attach(9);  // attach servo control to pin 9 

} 

void loop() { 
 for(pos = 0; pos < 180; pos++) {     // go from 0 to 180 degrees 
  myservo.write(pos);  // move the servo  
  delay(15);l   // give it time to get there } 
 for (pos = 180; pos>=1; pos--) {    // wave backwards 
  myservo.write(pos); 
  delay(15); 
 } 

} 

Servo Functions 

   Servo is a class  


   Servo myservo; // creates an instance of that class 


   myservo.attach(pin); 

   attach to an output pin (doesn’t need to be PWM pin!)  

   Servo library can control up to 12 servos on our boards 

   but a side effect is that it disables the PWM on pins 9 

and 10 


   myservo.write(pos);  

   moves servo – pos ranges from 0-180 


   myservo.read(); 

   returns the current position of the servo (0-180) 



10/6/09 

51 

Moving on…  

   Write a program to control the position of the servo 

from a pot, or from a photocell 

   remember pot analogRead(); values are from 0-1023 

   measure the range of values coming out of the 

photocell first?  

   use Serial.print(val);  for example 

   use map(…); to map values to 0-180 

Side Note - Power 

   Servos can consume a bit of power 


   We need to make sure that we don’t draw so much 
power out of the Arduino that it fizzles 


   If you drive more than a couple servos, you probably 
should put the servo power pins on a separate power 
supply from the Arduino 


   Use a wall-wart 5v DC supply, for example 
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Summary – Whew! 

   LEDs – use current limiting resistors (remember color code!) 


   drive from digitalWrite(pin,val); for on/off 

   drive from analogWrite(pin,val); for PWM dimming (values from 0-255) 


   buttons – current limiting resistors again 

   active-high or active low (pullup or pulldown) 

   read with digitalRead(pin); 


   potentiometers (pots)– voltage dividers with a knob 

   use with analogRead(pin); for values from 0-1023 
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Summary – Whew! 

   photocells – variable resistors 


   use with current-limiting resistors (to make voltage divider) 


   Serial communications – read a byte, or write a value 

   communicate to the Arduino enviroment, or your own program 


   Servos – use Servo library to control motion 

   might need external power supply 

   range of motion 0-180º 


   Also setup( ) and loop( ) functions, and various C programming ideas 

More Later…  
   DC Motors 

   use transistors as switches for larger current loads 


   Stepper motors 

   Sort of like servos, but with continuous range of motion 

   Can also be more powerful 


   I2C serial bus 

   Various LED driver chips 

   other serially-controlled devices 


   Piezo buzzers 

   make some noise! 

   But you can also use them as input devices to sense movement 


   IR motion sensors 

   simple motion and also distance sensors 


   Accelerometers 

   Wii nunchucks, for example 


   Others?  
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Assignment #2 

   Form teams 


   three teams – each with one FA3800 student on it 


   Check out some supplies 

   Arduino, pots, LEDs, servos, resistors, etc.  


   Do something cool!  

   Rather fuzzy specification, but be creative 

   Due next week? Two weeks?  




