
Lämpötila is an interactive winter hat that monitors the ambient temperature and reflects 
the analysis of changes in temperature through a series of LEDs accordingly.

How it works
A Lilypad Temperature Sensor (Sparkfun product #DEV-08777) reads the current 
temperature and compares it with previous reading. If the current temperature is lower 
than the previous reading, a series (three) of blue micro LEDs (Sparkfun product 
#DEV-10755) light up and go out in sequence–vertically from top to bottom. If the 
current temperature is higher that the previous reading, a series of green micro LEDs 
(Sparkfun product #DEV-10755) light up and go out in sequence– vertically from bottom 
to top. I chose green instead of red, because to me red indicates hot not warm. Finally if 
there is no difference in temperature between the current and previously read degree, 
either blue or green LED fades in and out (if the current temperature is lower than the 
desired temperature set by the user in the sketch, the blue LED fades in and out, 
otherwise the green LED fades in and out).

Alternate solutions to indicate results
The processed data could also be represented through Lilypad Tri-Color LED (Sparkfun 
product #DEV-08467) that also provides the option of changing colors in future to 
indicate different states of interactivity. Other alternatives could be using a basic 
character LCD or a custom made interface with arrows pointing up/down and a different 
sign for no change in temperature. The limitation of these two last alternatives is the fact 
that they might not be legible from a distance.

The circuit
The heart of the circuit is a Lilypad Arduino 328 (Sparkfun product #DEV-09266). I 
chose this board (instead of the simple Liolypad, Sparkfun product #DEV-10274) 
because I needed at least 6 digital pins with 2 of them capable of outputting from a 
PMW pin. The other part beside the temperature sensor is a Lilypad Coin Cell Battery 
Holder with an on/off switch (Sparkfun product #DEV-11285).
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(The arrangement of the LEDs from top to bottom: Blue, green, blue, green, blue, green. 
On the front of the hat the top LED will be green. This schematic is designed in this 
method so that it would be easy to adapt it for iron-on Conductive Fabric).

To sew the micro LEDs to the front of the hat I used the Conductive Thread (thin) 
(Sparkfun product #DEV-10118) and I used 20 gauge stranded wires (with a small loop 
at one end) salvaged from a RS232 VGA cable found in an electronics recycling bin (I 
do not recommend solid core wires because they can not handle as much stress as the 
stranded wires–specially for wearable tech projects). After I checked that every LED 
works, I used hot glue to isolate and enhance the connection points).

The Code
The Arduino Sketch is made of three major components:
1- The sensor values that I was getting from the circuit were very jumpy. Therefore I 
used the Smoothing sample found on the Arduino website (http://arduino.cc/en/Tutorial/
Smoothing) to average the sensor values to get a more stable value. This method uses 
programming arrays for averaging values. There are also different methods that you can 
find online using different mathematic algorithms for averaging values.

2- The second component reads the average value and converts it to voltage value then 
turns it into Celsius Degree value. Depending on the load on your circuit and your power 
source voltage, you should revise this section to get accurate results (for more 
information refer to the comments in the sketch).

3- The last component in the sketch uses conditional statements (with operands) to 
determine the state of the LEDs.

Note: FOR loops have been used to initiate digital PIN values in the void setup() block 
and also for fading/sequencing LEDs.
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int inputPin = A0;              // the pin that the Temperature sensor is attached to

const int numReadings = 15;     // for smoothing the input sensor values
                                // (bigger numbers generate more stable results but
                                // takes longer at the begining to initiate

int readings[numReadings];      // the readings from the analog input are inserted into an array for 
smoothing
int index = 0;                  // the index of the current reading for smoothing
int total = 0;                  // the running total for smoothing
int average = 0;                // the average of smoothing

int timer = 100;                // timer for LED sequence. Bigger numbers = slower sequencing

float desiredTemperature = 24.0;// the value of this variable should be calibrated based on the input 
voltage
float currentTemperature;
float thershold = 0.05;        // determines the change in temperature (the smaller the number, more 
sensetive results)

int fadeValue =0;              //for fading LEDs IN & OUT

void setup()
{
  // initialize serial communication with computer:
  Serial.begin(9600);
  // initialize all the readings to 0: 
  for (int thisReading = 0; thisReading < numReadings; thisReading++)
    readings[thisReading] = 0;
  // assigning pin numbers to digital output
  for (int thisPin = 4; thisPin < 13; thisPin++) {
    pinMode(thisPin, OUTPUT);
  }
}
 
void loop()
{
  // getting the voltage reading from the temperature sensor
  // Classic Method: int reading = analogRead(sensorPin);  

// SMOOTHING

  // subtract the last reading:
  total= total - readings[index];         
  // read from the sensor:  
  readings[index] = analogRead(inputPin); 
  // add the reading to the total:
  total= total + readings[index];       
  // advance to the next position in the array:  
  index = index + 1;                    

  // if we're at the end of the array...
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  if (index >= numReadings)              
  // ...wrap around to the beginning: 
    index = 0;                           

  // calculate the average:
  average = total / numReadings;         
  // send it to the computer as ASCII digits
 
  // converting that reading to voltage, for 5.0v arduino use 5.0
  float voltage = average * 3.3;
  voltage /= 1024.0; 
  // converting from 10 mv per degree with 500 mV offset
  float temperatureC = (voltage - 0.5) * 100 ;  
  // print out the temperature to serial monitor
  Serial.print(temperatureC); Serial.println(" degrees C");
 
// THRESHOLD

 // Green LED fades in and out
 if (temperatureC > desiredTemperature && temperatureC == currentTemperature) {
       for (fadeValue = 0; fadeValue <=255; fadeValue+=5) {
       analogWrite(6, fadeValue); 
       delay(30);      
       }
       delay(200);
       for (fadeValue = 255; fadeValue >=0; fadeValue-=5) {
       analogWrite(6, fadeValue);
       delay(30);      
       }
       delay(200);
       currentTemperature = temperatureC;
 // Green LEDs light on and go off in sequence
 } else if (temperatureC > desiredTemperature && temperatureC > currentTemperature){
        for (int thisPin = 5; thisPin < 8; thisPin++) {
        // turn the LED on
        digitalWrite(thisPin, HIGH);
        delay(timer);
        // turn the LED off
        digitalWrite(thisPin, LOW);
        }
       currentTemperature = temperatureC;
 // Blue LEDs light on and go off in sequence  
 } else if (temperatureC > desiredTemperature && temperatureC < currentTemperature){
        for (int thisPin = 10; thisPin < 13; thisPin++) {
        // turn the LED on
        digitalWrite(thisPin, HIGH);
        delay(timer);
        // turn the LED off
        digitalWrite(thisPin, LOW);
        }
        currentTemperature = temperatureC;
 // Red LED fades in and out     
 } else if (temperatureC < desiredTemperature && temperatureC == currentTemperature) {
       for (fadeValue = 0; fadeValue <=255; fadeValue+=5) {
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       analogWrite(11, fadeValue); 
       delay(30);      
       }
       delay(200);
       for (fadeValue = 255; fadeValue >=0; fadeValue-=5) {
       analogWrite(11, fadeValue);
       delay(30);      
       }
       delay(200);
       currentTemperature = temperatureC;
 // Green LEDs light on and go off in sequence      
 } else if (temperatureC < desiredTemperature && temperatureC > currentTemperature){
        for (int thisPin = 5; thisPin < 8; thisPin++) {
        // turn the LED on
        digitalWrite(thisPin, HIGH);
        delay(timer);
        // turn the LED off
        digitalWrite(thisPin, LOW);
        }
       currentTemperature = temperatureC;
 // Red LED fades in and out
 } else if (temperatureC < desiredTemperature && temperatureC < currentTemperature){
        for (int thisPin = 10; thisPin < 13; thisPin++) {
        // turn the LED on
        digitalWrite(thisPin, HIGH);
        delay(timer);
        // turn the LED off
        digitalWrite(thisPin, LOW);
        }
        currentTemperature = temperatureC;
 } 
 // waiting for half a second
 delay(500);                        
}

Process video
Please refer to the following URLs for process videos.
http://borxu.com/videos/lampotila.mov
http://borxu.com/videos/lampotila_process.mov

Comments and feedbacks are welcomed.

Borxu
info@borxu.com
Fall 2012
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