
Inventing… 
 with Software and 

Electronics 





PWM 





For Loop 



 
The while loop 



Empire State Building 
102 Stories 

Or – a pile of pennies 
986,426,768 Miles 
High…. 
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Arduino Uno Datasheet 
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Stressed 

Healthy 

Underpowered 

Asleep 





Polyfuse (500mA) 



   Easily Possible 
 
    Shorting I/O Pins to Ground 
    Apply Overvoltage to I/O Pins 
    Shorting I/O Pins to Each Other 
    Exceed Total Microcontroller Current (200mA) 
 

Ways to Kill an Arduino 





Transistor 

“the most important invention of the 20th century” 
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To calculate: = 









characters in ASCII (8- bits) 

‘a’ = 0110 0001 





One-Wire 



Two-Wire 



Clock 
Data 
Latch 

Three-Wire 



http://www.google.com/imgres?hl=en&biw=1366&bih=643&tbm=isch&tbnid=A7EbpBYO
QVNOSM:&imgrefurl=http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus&doci
d=Af2lO6NgwhzEuM&imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/f

/fc/SPI_three_slaves.svg/350px-
SPI_three_slaves.svg.png&w=350&h=278&ei=iB31T9eIHOOQ2QW43ZzgBg&zoom=1&iact
=hc&vpx=198&vpy=149&dur=13510&hovh=200&hovw=252&tx=166&ty=87&sig=115355
469804607511421&page=1&tbnh=144&tbnw=181&start=0&ndsp=18&ved=1t:429,r:0,s:0

,i:73 

Four-Wire 



int temperaturePin = 0; 
  
void setup()  
{  
Serial.begin(9600);     //Serial comm. at a Baud Rate of 9600 
} 
  
void loop()  
{  
  float temp = getVoltage(temperaturePin); 
  
  //Below is a line that compensates for an offset (see datasheet) 
  temp = (temp - .5) * 100; 
  
  Serial.println(temp);  // Send data to PC 
  delay(1000); 
} 
  
float getVoltage(int pin)  
{ 
  return (analogRead(pin) * .004882814);  
} 



So how can we make the 
button appear like a digital 

signal? 



Pull-up Resistors 



5V -HIGH 5V -HIGH 



5V -HIGH 0V –LOW 



Low-Pass Filtering 
 

By averaging consecutive values, the rapidly-
changing values are removed, revealing the 

underlying “trend” 









Voltage Dividers 



This could be a variable resistor,  
like a sensor. 



This could be a variable resistor,  
like a sensor. 













LED 
Array 

Midi LCD 
Array 

Motor Button Serial  Sonar Audio Sharp 
IR 

Servos Op-
Amp 

Kate X X X 

Charlie X X? X? X 

Jasmine X X 

Quinn X X 

Ava X X 

Lexa X X X 

Jim X 

Braden X X 

Jameyia X X X 



Libraries 



http://arduino.cc/en/Reference/Libraries 



http://arduino.cc/en/Reference/Libraries 



http://arduino.cc/en/Reference/Libraries 



http://arduino.cc/en/Reference/Libraries 



 
But what if the standard 

libraries don’t meet my needs? 



User-created Libraries 



Arduino library TLC5940 





User-created libraries go in a subdirectory of your default 
sketch directory: 

~/Documents/Arduino/libraries/ 

My Documents\Arduino\libraries\ 

It will then appear in the Sketch | Import Library menu in the Arduino IDE. 



#include "Tlc5940.h" 
 
void setup() 
{ 
   Tlc.init(); 
} 



#include "Tlc5940.h" 
 
void setup() 
{ 
   Tlc.init(); 
} 

NOTE:  #include will tell the compiler about the functions you can call from your code. 



#include "Tlc5940.h" 
 
void setup() 
{ 
   Tlc.init(); 
} 

NOTE:  #include will tell the compiler about the functions you can call from your code. 

NOTE:  This will link the library to your program, making it larger. 



ColorLCDShield 
PlainADC 
TLC5940 
PlainFFT 
 



Hi Scott, 
 
    You made my day! Because 
of the nature of your project: 
when I  demonstrated Arduino 
to my associate Bernard he 
had a deep tought:    "With 
Arduino, we can build Silicon 
Valleys in any place around 
the world". Well, I guess this 
includes the middle of the 
Pacific.  



Sending a MIDI message to a Synthesizer 

One Signal Wire! 

Presenter
Presentation Notes
http://www.tigoe.com/pcomp/code/communication/midi/



void setup()  
{ 
    Serial.begin(31250);   // MIDI Serial Comm. bitrate 
} 
 
void loop() 
{ 
  for (int note = 0x1E; note < 0x5A; note ++)  // F#-0 (0x1E) to F#-5 (0x5A): 
    { 
      noteOn(0x90, note, 0x45);  // channel 1 (0x90), middle velocity (0x45) 
      delay(100); 
      noteOn(0x90, note, 0x00); // same channel & note, silent velocity (0x00)  
      delay(100); 
    } 
} 
 
void noteOn(int cmd, int pitch, int velocity)  // Check to see if cmd > 127, data < 127 ? 
{ 
  Serial.write(cmd); 
  Serial.write(pitch); 
  Serial.write(velocity); 
} 



Receiving a MIDI message from a Synthesizer 

One Signal Wire! 

1 

2 

6 4 

5 

PC900V 

Presenter
Presentation Notes
http://www.tigoe.com/pcomp/code/communication/midi/



void setup()  
{ 
   pinMode(midiEnable,OUTPUT);  
   Serial.begin(31250);   // MIDI Serial Comm. bitrate 
   digitalWrite(midiEnable, HIGH); // Turn MIDI input on 
} 
 
void loop() 
{ 
   if (Serial.available() > 0)  
   { 
       blink(); 
       delay(200); 
       byte inByte = Serial.read(); 
       if (incomingByte== 0x90) 
       {  
          // note on message channel 1; followed by 2 bytes (key, and velocity) 
       } 
       if (incomingByte== 0x80) 
       {  
          // note off message channel 1; followed by 1 byte (key) 
       } 
} 



Electret Microphone 





Fact:  The peak output of the 
Electret Microphone is a few 

hundred uV (micro-Volts) 
5V 

0V 



So how can the Arduino 
measure the signal level of the 

Electret Microphone? 



Op-Amp 







Fact:  The electret microphone 
responds to a larger range of 

frequencies that we are 
concerned with. 5V 

0V 



So how can these troublesome 
frequencies be removed? 





Microphone Pre-amp 

High-Pass Filter 

Low-Pass Filter 

Common Mode (sets reference level) 

Presenter
Presentation Notes
http://www.tigoe.com/pcomp/code/communication/midi/



Low-frequencies 
(e.g., electric hum) 

 
 
 

Noise & High 
frequencies 
(sounds only 
your dog can 

hear) 
 
 
 
 
 



Low-frequencies 
(e.g., electric hum) 

 
Filtered out by 
High-Pass Filter 

Noise & High 
frequencies 
(sounds only 
your dog can 

hear) 
 
 
 
 
 



Low-frequencies 
(e.g., electric hum) 

 
Filtered out by 
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Noise & High 
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Low-frequencies 
(e.g., electric hum) 

 
Filtered out by 
High-Pass Filter 

Noise & High 
frequencies 
(sounds only 
your dog can 

hear) 
 

Filtered out 
by 

Low-Pass 
Filter 



Microphone Pre-amp 

R1, R3, R4 = 10K 
R2 = 1K 
R5 = 100K-1M Potentiometer 
C1 = 0.1uF 
C2 = 4.7uF/16V 
IC1 = LM358 dual op-amplifier 
Mic = Electret Microphone 

Adjustable Gain 

High-Pass Filter 

Presenter
Presentation Notes
http://www.tigoe.com/pcomp/code/communication/midi/

http://schematics.circuitdiagram.net/viewer.php?id=bwy1306540534o.jpg


Cut-off Frequency 

where resistance in ohms and capacitance in 
farads yields the frequency in Hz. 

Fc=1000 (1K), C = 0.0000001 (0.1uF) = 159Hz 

Fc=2200 (2.2K), C = 0.0000047 (4.7uF) = 15.4Hz 

Fc=1000000 (1M), C = 0.000000000012 (12 pF) = 13269Hz 
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