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Introduction to Physical Computing


Physical computing is the move beyond the mouse and the screen as human interfaces to the power of computers. The concept is normally articulated in terms of working with sensors that perceive the world and actuators that change it. In between sits a computer that can make sophisticated decisions based on the sensor data. Often people use these tools in conjunction with a desktop computer but they can also be used totally stand alone. This is what we will be looking at today with the Arduino board as our platform for physical computing.


Introduction to Arduino


The Arduino board is only one of many physical computing platforms. There are many others such as Basic Stamp, PIC chips, Teleo etc. What makes Arduino different are these factors:

· The Arduino Project was developed out of an educational environment and is therefore great for newcomers to get things working quickly.

· It is a Multi Platform environment – it can run on windows, mac, unix etc 

· It is Based on the Processing programming IDE - however it is a C based language, not Java based

· It is programmed via a USB cable not a serial port which is useful because many modern computers don’t have serial ports anymore. 


· It is Open Source hardware + software – if you wish you can download the circuit diagram, buy all the components, and make your own, without paying anything to the makers of Arduino.

· The hardware is cheap. The USB board cost about £15 and replacing a burnt out chip on the board is easy and costs no more than £1.50. So you can afford to make mistakes

· There is an active community of users using it, so there plenty of people who can help you. 


General Introduction to Arduino board
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14 Digital IO (pins 0 – 13) pins that can be inputs or outputs as set in software.


6 Analogue In (pins 0 – 5) pins that are dedicated analogue in pins. These take analogue values (i.e. current or voltage readings) and convert them into a number between 0 and 1023.

3 Analogue Out (pins 9, 10, 11) These are actually 3 of the digital pins that can be reassigned to do analogue output through the Arduino IDE.

Pin 13 has a resistor attached to it, so you can put an LED between it and GND without any extra circuitry


The board can be powered from your USB port or from the power socket. This setting can be changed with the jumper marked SV1 in the diagram. If the jumper is closest to the USB plug then the board is powered from there. If the jumper is on the 2 pins closest to the DC connector then it is powered from there.

Getting Started

1)
Downloading the software:

In order to program the Arduino board you need to download the IDE from here:

http://arduino.berlios.de/index.php/Main/Software

The current version is IDE 3


Download the IDE, unzip it. Then unzip the folders with the drivers in. Then plug in the board, when the device comes up, specify the location for the install wizard to look for the drivers.

2) Using the Arduino board:

A full and complete list of instruction on how to get your Arduino board up and running is available here:

http://arduino.berlios.de/index.php/Main/Howto
A) Firstly, you need to find out which port your device is connected to (for Windows users this means opening the device manger from:

Start menu…… 

Control Panel….

System…..

Hardware….

Device Manager

Look for the device in the list under Ports (COM & LPT). It will come up as USB Serial Port and will have a name like COM4.

Then in the IDE, select the appropriate port from the 

Tools… 

Serial Port 

menu.

B) Secondly you need to make sure that the correct BAUD rate has been selected in the preferences. If you are using the new boards which download at 19200 you won’t have to change anything here. 

But if you want to check, you can find the location of the preferences.txt by following the file path specified in the 

File…

Preferences…

menu. 

BEWARE: If you do not find it the first time, this means that your computer has hidden the folders that the document is in, and you need to unhide them to access i.

Once you have located the file look for the following two lines and make sure they look like this:

serial.download_rate=19200 (for the new boards - 9600 for the older ones)

…..

……

serial.debug_rate=9600

Basic Introduction to Programming Principles

Some of you may never have programmed before, if you have you may skip this bit…..

Programming the Arduino Board depend on two basic types of programming structure: loops and conditional statements. A loop is necessary to allow the processor to continually read the states of its inputs as well as to update the states of its outputs. Conditional statements will be used to specify the logic that you are trying to embody in your program. A simple programme can always be mocked up as sentence. 

“When it is very dark I want the light to motor to go on and the motors to start turning slowly”

This can then be turned into pseudo code:

If light level is less than … then

Turn Light on
Turn motor on slow

Loop again

So the actual programming structure looks like this

void setup()

{

 ……… Here we setup which pins we want as inputs and outputs as well as serial settings.
}

and:

void loop()

{

……….Here the goes the actual program 

}

The second function, void loop() will then be called indefinitely until you turn the Arduino board off. So this is where we want all our conditional logic to be stored. It is the real program and where we can control the “flow” of the program.

Variables

One special thing about programming is that every time you use a new variable you have to “declare” it. That is, tell the computer what kind of value to expect. There are a few basic data types that a computer can expect that we will go through here:

int: an integer is a whole number i.e. 1,2,3,5 etc.

float: A float is a variable with decimal places i.e. 4.767 or 2.543

For most of the programming you will be doing, these data types will be all you need, to go into more detail, see:

Flow Control

If – Then

In C, an if statement looks like this:

if(expression)

{


statement;


statement;

{

Where the expression could be one of the following:

a == b
a equals b (N.B. do not confuse with the assignment operator “=”, that actually changes the value of the variable to the left of it, this can be very dangerous)

a != b 
a is not equal to b

a > b

a is greater than b

a < b

a is less than b

a =< b
a is less than or equals to b

a >= b
a is greater than or equals to b

And the statements can be anything you like (including more conditional statements).

For loops

for (i=1; i <= 8; i++)

{

    statement;

 }

N.B. In C you don’t need to initialise the local variable i. However in java based languages i.e. proce55ing you add int in front of the first instance of i.

Delays

Delay function is useful for embedded programming to slow down the rate at which the processor updates. This is useful in debugging and general flow control.
-------------------------------------------------------------------------

Example Programmes & Exercises
There are a few example programmes that come with the IDE, you can find others on the Arduino website and by checking the Forum for solutions to particular problems. In this workshop we will go through the following example code with you:

Blinking LED

This code is the first code to run to test that your Arduino board is working and configured correctly. It is also available through the Arduino IDE main menu. Either select it there, or copy and paste the following text into your Arduino compiler.
/* Blinking LED

 * ------------

 *

 * turns on and off a light emitting diode(LED) connected to a digital  

 * pin, in intervals of 2 seconds. Ideally we use pin 13 on the Arduino 

 * board because it has a resistor attached to it, needing only an LED

 *

 * Created 1 June 2005

 * copyleft 2005 DojoDave <http://www.0j0.org>

 * http://arduino.berlios.de

 *

 * based on an orginal by H. Barragan for the Wiring i/o board

 */

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

void setup()

{

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

}

void loop()

{

  digitalWrite(ledPin, HIGH);   // sets the LED on

  delay(1000);                  // waits for a second

  digitalWrite(ledPin, LOW);    // sets the LED off

  delay(100);                  // waits for a second

}

Button Read

This requires a little push button and a pulldown resistor (10k). 

This code checks the state of the digital pin and turn on the LED if the level is high.
/* Blink when Digital Read

 * ------------------------ 

 */

int ledPin = 13; // choose the pin for the LED

int inPin = 7;   // choose the input pin (for a pushbutton)

int val = 0;     // variable for reading the pin status

void setup() {

  pinMode(ledPin, OUTPUT);  // declare LED as output

  pinMode(inPin, INPUT);    // declare pushbutton as input

}

void loop(){

  val = digitalRead(inPin);  // read input value

  if (val == HIGH) {         // check if the input is HIGH (button released)

    digitalWrite(ledPin, LOW);  // turn LED OFF

  } else {

    digitalWrite(ledPin, HIGH);  // blink the LED and go OFF

    delay(200);

    digitalWrite(ledPin, LOW);

    delay(1000);

  }

}

Button Counter
This program is the first program that demonstrates the utility of a microprocessor to control switching. Copy and paste the following text into your Arduino compiler.
/* Button Counter

 * -----------

 *

 * Detects if the button has been pressed and lights up an LED

 * It also sends out how many times the button has been pressed via the serial port. 

 *

 * Christian Nold & Erica Calogero

 *

 */

int LED = 13;

int Button = 10; 

int value = 0;

int counter = 0;

int lastbuttonstate = 0;

void setup() 

{

  beginSerial(9600);                  // Sets the baud rate to 9600

  pinMode(LED, OUTPUT);              // initializes digital pin 13 as output

  pinMode(Button, INPUT);                // initializes digital pin 10 as input

}

void loop() 

{

  value = digitalRead(Button);   // reads the value at a digital input 

  digitalWrite(LED, value);   

 if(value != lastbuttonstate){

   if(value == 1){

    counter++;

    printInteger(counter);

    serialWrite(10);

    serialWrite(13);

} 

}        

lastbuttonstate = value;                         

}

Analog Input from Arduino to the Serial Port
Here we are going to introduce the concept of analog input and serial communication through one single sample program. Below, we have an example of some code to send analog input data through the serial port, so that it can be made available to other programs, this example will use Processing to display data read in from the Arduino board. Copy and paste (or type) the following text into your Arduino compiler.
/* Analogue Input

 * 

 *Christian Nold

 */

int potPin = 5;    // select the input pin for the potentiometer

int ledPin = 13;   // select the pin for the LED

int val = 0;       // variable to store the value coming from the sensor

void setup() {

  beginSerial(9600);

  pinMode(ledPin, OUTPUT);  // declare the ledPin as an OUTPUT

}

void loop() {

  val = analogRead(potPin);    // read the value from the sensor

  printInteger(val); // Example identifier for the sensor

  serialWrite(10);

  serialWrite(13);

  delay(100);

}
Once you have compiled and uploaded this program onto your Arduino board, open the Processing IDE and copy and paste the following code into the compiler. Press play and see what happens.

//////////////////////////////////////////////////////////////////
// Code for Processing
// Analog Input from Arduino

// by Erica Calogero

// based on original by Josh Nimoy <http://itp.jtnimoy.com>

// Reads a value from the serial port and sets the size and the fill

// color of an ellipse. 

// Running this example requires you have a BX-24 microcontroller

// and peripheral hardware. More information can be found on the tutorial 

// pages of Tom Igoe: http://stage.itp.nyu.edu/~tigoe/pcomp/examples.shtml

// Because this program uses the serial port, it will not work within a web browser.

// Created 21 February 2006

import processing.serial.*;

String buff = "";

int val = 0;

int NEWLINE = 13;

int CARRIAGERETURN = 10;

Serial port;

void setup()

{

  size(600, 600);

  smooth();

  noStroke();

  // Print a list in case COM1 doesn't work out

  //println("Available serial ports:");

  //println(Serial.list());

  ellipseMode(CENTER_RADIUS);

  port = new Serial(this, "COM5", 9600);

  // Uses the first available port

  //port = new Serial(this, Serial.list()[0], 19200);

}

void draw()

{

  while (port.available() > 0) {

    serialEvent(port.read());

  }

  background(255);

  fill(255-val);

  ellipse(width/2,height/2,val,val);

}

void serialEvent(int serial) 

{ 

  // If the variable "serial" is not equal to the value for 

  // a new line, add the value to the variable "buff". If the 

  // value "serial" is equal to the value for a new line,

  //  save the value of the buffer into the variable "val".

  if(serial != NEWLINE) { 

    buff += char(serial);

  } else {

    buff = buff.substring(0, buff.length()-1);

    // Parse the String into an integer

    val = Integer.parseInt(buff);

    println(val);

    // Clear the value of "buff"

    buff = "";

  }

}

Analogue Output from the serial port to Arduino
Here we have an example of the inverse situation from the example above, where another program (in this case Processing) sends analog data through the serial port to drive an analog signal using the PWM function analogWrite() available in Arduino. Copy and paste the first bit of code into your Processing IDE. Then copy and paste the second bit of code into your Arduino compiler. Compile the code and upload it onto your board. Then go back to Processing and run the code there (by pressing the “play” button – no need to compile, the Processing environment allows you to choose between compiling and interpreting your code, the interpreting mode is the default).
//Code for Processing

// Analog Out Erica Calogero

// Created 21 February 2006

import processing.serial.*;

byte serialout = 0;

float T = 0.0;

float myfloat = 0.0;

Serial port;

void setup()

{

  size(600, 600);

  background(0);

  port = new Serial(this, "COM4", 9600);

}

void draw()

{

     myfloat = float(mouseX);

    T = (myfloat/width)*126;

    serialout = byte(T);

    port.write(serialout);

    //this is an optional debug

    println(serialout);

}

////////////////////////////////////////////////////////////////////////////
//Code for Arduino

/* Analog Out From Serial Port

Erica Calogero & Christian Nold

Created: 21st February 2006

 */

int ledOut = 9;               

byte val = 0;

int serByte = -1;

void setup() {

 pinMode(ledOut, OUTPUT); 

 beginSerial(9600);

}

void loop() {

  serByte = serialRead();

  if (serByte != -1) {

    val = serByte;

  }

  analogWrite(ledOut,val*2);

}
Virtual Etch a Sketch Arduino Code
This project requires 2 varible resistors which we are using to control the X and Y axis respecively. The important thing here is how send out the data by prefacing it using the letters A or B for the two sensors. This method can be used to send the data from many different sensors.

/* Virtual Etch A Sketch using 2 Potentiometers

  This program reads two analog sensors via serial and draws their values as X and Y

  Arduino Code

  Christian Nold, 22 Feb 06

*/ 

int potPin = 4;    // select the input pin for the potentiometer

int potPin2 = 5;    // select the input pin for the potentiometer

int ledPin = 13;   // select the pin for the LED

int val = 0;       // variable to store the value coming from the sensor

int val2 = 0;       // variable to store the value coming from the sensor

void setup() {

  beginSerial(9600);

  pinMode(ledPin, OUTPUT);  // declare the ledPin as an OUTPUT

}

void loop() {

  val = analogRead(potPin);    // read the value from the sensor

  val2 = analogRead(potPin2);    // read the value from the sensor

  printString("A");    

  printInteger(val); // Example identifier for the sensor

  serialWrite(10);

  printString("B");

  printInteger(val2); // Example identifier for the sensor

  serialWrite(10);

}

Virtual Etch a Sketch Processing Code
This code looks for the letters A followed by the data and uses this for the X axis. Then it waits for letter B and uses this for the Y axis. The gradually fading line is implemented by repeatly copying a semi transparent (alpah) black square over the stage.

/* Virtual Etch A Sketch using 2 Potentiometers

  This program reads two analog sensors via serial and draws their values as X and Y

  Processing Code

  Christian Nold, 22 Feb 06

*/ 

import processing.serial.*;

String buff = "";

String temp = "";

float temporary = 0.0;

float screenwidth = 0.0;

float xCoordinate = 0;

float yCoordinate = 0;

int val = 0;

int NEWLINE = 10;

Serial port;

void setup()

{

    size(200, 200);    

  strokeWeight(10);  // fat

  stroke(255);  

  smooth();

  port = new Serial(this, "COM2", 9600); // Change this to the correct serial port

}

void draw()

{

   fill(0,2); // use black with alpha 2

  rectMode(CORNER);

  rect(0,0,width,height);

  while (port.available() > 0) {

    serialEvent(port.read());

  }

    point(xCoordinate, yCoordinate);  

}

void serialEvent(int serial) 

{ 

  if(serial != NEWLINE) { 

    buff += char(serial);

  } else {

   if (buff.length() > 1) {

    temp = buff.substring(0, buff.length()-(buff.length()-1)); // this isolates just the beginning sensor identified

    if(temp.equals("A") == true) {     //sensor A value

     temp = buff.substring(1, buff.length());

     temporary = float(temp);

    xCoordinate =  width/(1024/temporary);

     println(xCoordinate);

    }

    if(temp.equals("B") == true) {     //sensor B value

     temp = buff.substring(1, buff.length());

     temporary = float(temp);

    yCoordinate = height/(1024/temporary);

    println(yCoordinate);

    }

    // Clear the value of "buff"

    buff = "";

   }

  }

}
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