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I. Summary  
 The musically-inclined and the technologically-minded both share a 
penchant for creative expression. A good number of engineers are 
musicians, and there are a wealth of do-it-yourself musical instruments all 
over the internet. Musical instruments are awesome, but they can be 
expensive. When I first learned about open-source hardware, I immediately 
got the idea to make an instrument. 
 
When I hear digital electronics and music in the same sentence, I think of 
synthesizers. The analog synthesizers of the 70s and the digital ones from 
the 80s onward use electronics to make music unreproducible by acoustic 
instruments. They often use the piano keyboard, which is one of the most 
universal interfaces in the music world. With the power of a microcontroller 
and a few simple components, I realized that I could make my own quirky 
and customizable synthesizer that anyone could play. This project uses the 
Intel Arduino 101 as my microprocessor and a couple of Adafruit MPR121 
Capacitive Touch Sensor breakout boards. 
  

http://www.mouser.com/new/Intel/arduino101/
http://www.mouser.com/access/?pn=485-1982
http://www.mouser.com/access/?pn=485-1982
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II. Materials 

 
Grab all of the materials here: 
https://www.mouser.com/ProjectManager/ProjectDetail.aspx?State=EDIT&
ProjectGUID=45c81f93-b089-43d6-a427-99911824b159 
 
Bill of Materials: 
 
 Mouser # Mfr. # Mfr. Desc. 
1 854-ZW-MM-

20 

ZW-MM-20 BusBoard 
Prototype 
Systems 

Jumper Wires 
ZipWire Ml-Ml 
20cm 40 
UnzippWires 
x20cm 

1 546-
1598JSGYPBK 

1598JSGYPBK Hammond Enclosures, 
Boxes, & 
Cases ABS 
w/Black ABS 
Ends 
11.02x7.87x3" 
Grey 

1 854-SB404 SB404 BusBoard 
Prototype 
Systems 

PCBs & 
Breadboards 
SldrPC BBrd, 
Mtg Hle 
SlkScreen,1.85
x3.75" 

2 810-
FG16X7R1E10
6KRT6 

FG16X7R1E10
6KRT06 

TDK Multilayer 
Ceramic 
Capacitors 
MLCC - 
Leaded 10uF 
25volts X7R 
10% Radial 

2 810-
FG28X7R1E10
5KRT6 

FG28X7R1E10
5KRT06 

TDK Multilayer 
Ceramic 
Capacitors 
MLCC - 
Leaded 1uF 
25volts X7R 
10% Radial 

https://www.mouser.com/ProjectManager/ProjectDetail.aspx?State=EDIT&ProjectGUID=45c81f93-b089-43d6-a427-99911824b159
https://www.mouser.com/ProjectManager/ProjectDetail.aspx?State=EDIT&ProjectGUID=45c81f93-b089-43d6-a427-99911824b159
http://www.mouser.com/access/?pn=854-ZW-MM-20
http://www.mouser.com/access/?pn=854-ZW-MM-20
http://www.mouser.com/bps/
http://www.mouser.com/bps/
http://www.mouser.com/bps/
http://www.mouser.com/access/?pn=546-1598JSGYPBK
http://www.mouser.com/access/?pn=546-1598JSGYPBK
http://www.mouser.com/Hammond-Manufacturing/
http://www.mouser.com/access/?pn=854-SB404
http://www.mouser.com/bps/
http://www.mouser.com/bps/
http://www.mouser.com/bps/
http://www.mouser.com/access/?pn=810-FG16X7R1E106KRT6
http://www.mouser.com/access/?pn=810-FG16X7R1E106KRT6
http://www.mouser.com/access/?pn=810-FG16X7R1E106KRT6
http://www.mouser.com/tdk/
http://www.mouser.com/access/?pn=810-FG28X7R1E105KRT6
http://www.mouser.com/access/?pn=810-FG28X7R1E105KRT6
http://www.mouser.com/access/?pn=810-FG28X7R1E105KRT6
http://www.mouser.com/tdk-corp/
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16 588-OF221JE OF221JE Ohmite Carbon 
Composition 
Resistors 
1/2watt 
220ohm 5% 
Carbon Comp 

1 652-PTL45-
15O0-104A3 

PTL45-15O0-
104A3 

Bourns Slide 
Potentiometers 
15MM LEVER 
100KOHMS 
45MM TRVL 
OR LED 

1 611-
T211MH9V3B
E 

T211MH9V3B
E 

C&K 
Components 

Toggle 
Switches ON 
ON ON DPDT 
20VAC 20VDC 
0.4W 

1 852-
GP2Y0A41SK
0F 

GP2Y0A41SK
0F 

Sharp 
Microelectronic
s 

Proximity 
Sensors Dist 
Meas Sensor 
Analog, 4-30 
cm 

1 490-SWI12-9-
N-P5 

SWI12-9-N-P5 CUI Inc. Wall Mount AC 
Adapters 
10.8W 9V1.2A 
US plug 
2.1x5.5 Level 
VI 

2 485-1982 1982 Adafruit Touch Sensor 
Development 
Tools 
Capacitive 
Touch 12-Key 
Sensor B/O 

1 538-88732-
9020 

88732-9020 Molex USB Cables / 
IEEE 1394 
Cables USB A-
B #28/24 820m 
m 2.0V (Frost 
White) 

1 607-
ARDUINO101 

ARDUINO101 Intel Development 
Boards & Kits - 
x86 Arduino 
101  

http://www.mouser.com/access/?pn=588-OF221JE
http://www.mouser.com/ohmite/
http://www.mouser.com/access/?pn=652-PTL45_15O0-104A3
http://www.mouser.com/access/?pn=652-PTL45_15O0-104A3
http://www.mouser.com/bourns/
http://www.mouser.com/access/?pn=611-T211MH9V3BE
http://www.mouser.com/access/?pn=611-T211MH9V3BE
http://www.mouser.com/access/?pn=611-T211MH9V3BE
http://www.mouser.com/ckcomponents/
http://www.mouser.com/ckcomponents/
http://www.mouser.com/access/?pn=852-GP2Y0A41SK0F
http://www.mouser.com/access/?pn=852-GP2Y0A41SK0F
http://www.mouser.com/access/?pn=852-GP2Y0A41SK0F
http://www.mouser.com/Sharpsma/
http://www.mouser.com/Sharpsma/
http://www.mouser.com/Sharpsma/
http://www.mouser.com/access/?pn=490-SWI12-9-N-P5
http://www.mouser.com/access/?pn=490-SWI12-9-N-P5
http://www.mouser.com/cui-inc/
http://www.mouser.com/access/?pn=485-1982
http://www.mouser.com/adafruit/
http://www.mouser.com/access/?pn=538-88732-9020
http://www.mouser.com/access/?pn=538-88732-9020
http://www.mouser.com/molex/
http://www.mouser.com/access/?pn=607-ARDUINO101
http://www.mouser.com/access/?pn=607-ARDUINO101
http://www.mouser.com/Intel/
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Non-electronic materials: 
40-gauge thin copper sheet/roll (or any conductive, thin material) 
Electrical Tape 
Solid core hook-up wire 
Epoxy adhesive 
 
Tools for Circuit-Building: 
Soldering Iron 
 
Tools for Enclosure: 
Electric Drill 
Dremel Tool 
 
The enclosure and prototyping board you use are up to you. I have listed 
the ones I chose above as the pictures in the “Assembly” section show in 
detail how I arranged everything on the protoboard. When everything is 
wired up, you could throw your project in a shoebox and play it with the 
keys taped on the lid. I put my project in a Hammond enclosure made of 
ABS plastic for durability, but any box with similar dimensions will do. The 
Hammond enclosure measures approximately 280mm x 199mm x 76mm 
and there was plenty of room. 
  

http://www.mouser.com/access/?pn=517-33
http://www.mouser.com/access/?pn=602-3051/1-100-02
http://www.mouser.com/access/?kw=517-DP-460-EG
http://www.mouser.com/access/?pn=578-WESD51
http://www.mouser.com/access/?pn=854-SB404
http://www.mouser.com/Hammond-Manufacturing/
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III. Overview 

The general design of the synthesizer has three major sections: inputs, 
output, and peripherals. 

 
1 The schematic, made with Fritzing. See Resources for a higher-res version, as well as the original Fritzing file. 

The first section is Inputs, circled in blue above, which consists of two of 
Adafruit’s MPR121 breakout boards. By wiring each channel of the 
breakout board to a conductive material (copper, in our case), we will 
create a piano keyboard, the universal musical human interface.  
 
The second section is Peripherals, circled in red, which includes the Vibrato 
Sensor and the Mode Switch. Both of these devices send data to the 
Arduino 101 to change the sound of the keys. The Vibrato sensor allows 
the user to bend the pitch of the notes they are playing, from a light vibrato 
to a deep bass drop, all achieved by simply waving a hand in front of the 
sensor. When the user raises their hand, the pitch increases until it hits a 
maximum; when they lower their hand, the pitch drops to a rumbling bass 
pitch.  
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The Mode Switch changes which octaves the 24 keys cover:  
1. Mode 1 sets the keys to a low setting 
2. Mode 2 to a mid-range setting, and  
3. Mode 3 to a high setting.  

 
The high octave in Mode 1 is the same as the low octave in Mode 2, while 
the high octave of Mode 2 is the low octave of Mode 3. The octaves 
overlap for a total of 4 octaves. 
 
The final section is Outputs, circled in green. Really, there is just one 
output, but the Arduino outputs 7 separate signals (one for each note 
currently being played) which are summed in the output circuit, adjusted 
with the volume potentiometer, run through a high- and low-pass filter, and 
sent to a ¼” phone output. You can plug a ¼” to 1/8” adapter into the 
output to play the synth through your headphone, or you can use an 
instrument cable to plug into an amplifier.  
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IV. Software 
 
You can download the full sketch for this project here on GitHub. You can 
use the free Arduino IDE to program your board. Copy and paste this code 
into the IDE and upload it to your Arduino. If you have never used the 
Arduino 101, or any Arduino board, please refer to Arduino’s Getting 
Started page for setting up your IDE. If you are interested in how the 
program works, you can continue reading below about each section. 
 
The MPR121 Adafruit Library 
 
The capacitive touch sensors run on a library written by Adafruit. 
Instructions on how to download and install the library can be found on 
Adafruit’s website. You must install the library for the touch-capacitive 
keyboard to work properly. 
 
This library sets a baseline capacitance and senses when one of the pins 
on the MPR121 breakout board is touched. Any program using the boards 
must include the library header and Wire.h. The example program that 
comes with the library details how to use the library. The part of the synth 
code that deals with this library is heavily based on Adafruit’s example 
program, yet it’s also doubled to account for the use of two breakout 
boards. The use of the ‘current touched’ and ‘last touched’ variables, one 
for each of the breakout boards, will be explained in the next section. 
 

Adafruit_MPR121 cap = Adafruit_MPR121(); 

Adafruit_MPR121 cap2 = Adafruit_MPR121(); 

uint16_t currtouched = 0;  //current keys being pressed 

uint16_t currtouched2 = 0; 

uint16_t lasttouched = 0;  //keys that were previously pressed 

uint16_t lasttouched2 = 0; 

https://github.com/Benjamminty/Synthesizer/blob/master/Source%20Code
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Guide/Arduino101
https://www.arduino.cc/en/Guide/Arduino101
https://github.com/adafruit/Adafruit_MPR121
https://learn.adafruit.com/adafruit-mpr121-12-key-capacitive-touch-sensor-breakout-tutorial/wiring
http://www.mouser.com/applications/touch_technology/
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The boards use I2C to communicate with the Arduino 101. One of the 
boards has the address 0x5A while the other has 0x5C. We gave the 
second board that address by connecting a wire between the ADDR pin 
and the SDA pin.  

if (!cap.begin(0x5A)) { 

    while (1); 

  } 

  if (!cap2.begin(0x5C)) { 

    while (1); 

  } 
These if statements trap the program in a while loop until the breakout 
boards have initialized. 
 
 
Keys and Pins Explanation 
 
There are two major steps in the program’s handling of the key inputs: the 
reading of the keys and the assignment of the pins. The program reads the 
keys and decides which notes need to be played. Then the program checks 
all of the digital output pins (pins 7-13), picks the next available pin, and 
assigns the new note to a pin. The pin plays this note and gets added to all 
of the other notes by the summing circuit on our protoboard. Now, in more 
detail: 
 
The program first reads the capacitive touch sensors and puts them the 
variables “currtouched” and “currtouched2”. 

/**********READ KEYS************************/ 

  //read currently touched pins. 

 currtouched = cap.touched();   

 currtouched2 = cap2.touched(); 
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Think of these variables as a 12 bit number, where each bit represents a 
key that is being pressed. Now that we have the keys that are currently 
being pressed, we need to figure out which ones were pressed but have 
since been released.  

/*********NOTE RELEASE*********************/ 

 //empty pins that no longer should have notes assigned to them. 

 for (uint8_t j=0; j<12; j++){ 

  //if it was touched and now is not... 

  if (!(currtouched & _BV(j)) && (lasttouched & _BV(j)) ){      
//...release the pin it was assigned to. 

     if (pin7.keyAssigned == j){          //find which pin was 
assigned to the released key. 

       pin7.used = 0; 

       pin7.keyAssigned = -1; 

     } 

     else if (pin8.keyAssigned == j){           

       pin8.used = 0; 

       pin8.keyAssigned = -1; 

     } … 

 
I used a series of nested if-then statements inside of a for-loop to figure out 
which notes that used to be pressed are now not being pressed. This is 
done by comparing a particular bit in the “currtouched” variable with the 
same bit of a variable called “lasttouched.” I used “& _BV(j)” to mask the 
variables to compare one bit at a time, where j is the incremented variable 
in the for-loop. Basically, we check one bit at a time.  
 
In the case that a key has been released, we then have to find out which 
pin that key was assigned to. The keyAssigned variable in each pin struct 
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will tell you which key activated that pin. Releasing a note (stopping that 
note from playing) is as easy as setting the used variable to 0 and 
assigning that pin a key of -1. 
 
Regarding the “pin struct”, I will now outline each of the variables and what 
they do. If you are not familiar with the concept of a “struct” in C/C++, check 
out this tutorial on data structures. I made the pin_t datatype to hold all of 
the important information about the pins in a way that I could refer to them 
in the program wherever I wanted to. 

struct pin {  

  uint8_t  used;                   //is the pin used? 1 for used, 0 
for unused. 

  int8_t  keyAssigned;            //which key has been assigned to 
this pin? value from 0-23. -1 means no key was assigned to it. 

  uint8_t  state;                  //HIGH or LOW 

  uint16_t index;                  //how many interrupts until the 
next toggle occurs?  Determines pitch. 

  uint16_t origIndex;              //remembers what the original note 
is supposed to be. 

  uint16_t resetIndex;            //used to refresh index after each 
toggle. 

}; 

typedef struct pin pin_t; 

  // create pin struct variables, which will be assigned to certain 
notes as they are played. 

  pin_t pin7; 

  pin_t pin8; 

  pin_t pin9; 

  pin_t pin10; 

http://www.cplusplus.com/doc/tutorial/structures/
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  pin_t pin11; 

  pin_t pin12; 

  pin_t pin13; 
 

• The “used” variable can be checked whenever the program needs to 
know if that pin is in use (is playing a note).  

• “keyAssigned” tells the program which key activated the pin, which 
we just saw when releasing a note.  

• The “state” variable tells the program whether the pin is currently 
outputting a HIGH or a LOW. Our keyboard outputs square waves by 
quickly toggling the output pins, as you will read about in the next 
section.  

• The three index variables (“index,” “origIndex,” and “resetIndex”) 
store the pitch of the note that the pin is playing.  

o “index” is what the interrupt uses to time the toggles 
o “resetIndex” is used to refresh the first index variable every 

toggle   
o “origIndex” is there to hold the original reset index in case that 

gets changed (like it does when using the vibrato settings).  
o  

This will make more sense later, as I go into more detail about why we 
have different index variables in the later sections. 
 
Once the old notes are released, we have to take a look at keys that may 
have been pressed since the last cycle. 
 

/************NOTE PRESSED******************/ 

 //take input from sensors and determine new keys being played. 

 //each key is assigned to a certain note index/pitch, but this 
changes depending on the mode. 

 uint16_t currentPitch = 0; 

 int16_t key = -1; 

 for (uint8_t j=0; j<12; j++){ 
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  if ((currtouched & _BV(j)) && !(lasttouched & _BV(j))){            
//if a key was recently touched 

     if (j == 0){ 

      if (mode == 1)currentPitch = C3index; 

      if (mode == 2)currentPitch = C4index; 

      if (mode == 3)currentPitch = C5index; 

     } 

     if (j == 1){ 

      if (mode == 1)currentPitch = Cs3index; 

      if (mode == 2)currentPitch = Cs4index; 

      if (mode == 3)currentPitch = Cs5index; 

     }… 

 
The structure of the index assignment is very similar to the note release 
code except instead of changing the “pin struct” variables, we are changing 
a variable called “currentPitch” depending on the current key pressed and 
the mode the system is in.  
At the top of the sketch there is a large lookup table of index values which I 
chose based on a formula, with a little tweaking to account for tuning. Each 
note from C3 to B5 has an index that tells the program how many interrupts 
to wait before the program should toggle the pin. This section checks which 
key has been pressed and loads up the currentPitch variable with the 
appropriate index.  

lasttouched = currtouched;              // "save" the keys being 
pressed for the benefit of the new loop. 

 lasttouched2 = currtouched2; 
 

The notes currently being touched are then saved in the “lasttouched” and 
“lasttouched2” variables. We do this so on the next cycle the program can 
comparing the pressed keys with what was previously pressed and change 
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the pins appropriately. The key that has been assigned is also remembered 
by writing this into the variable “key”. 
 
The final step of note processing is pin setting.  

/***********SET PIN***********************/ 

 

//parse available pins by checking pin.used. Assign the note to a pin 
with currentPitch and key. 

 

 if (key >= 0){ 

  if (pin7.used == 0) { 

    pin7.index = currentPitch; 

    pin7.origIndex = currentPitch; 

    pin7.resetIndex = pin7.origIndex; 

    pin7.keyAssigned = key; 

    pin7.used = 1; 

  }… 

  This step first checks that some change has occurred (by checking that 
“key” is not negative), then it checks which keys are not being used. As 
soon as it finds an unused key, it assigns the three index variables the 
“currentPitch,” tells the pin which key activated it (via the “keyAssigned” 
variable) and marks the pin as “used.” 
 
The Interrupt and Pin Toggling 
 
Now that each pin has an index assigned to it, we can talk about the 
interrupt service routine. 
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The actual sound is created by rapidly toggling the output pins on and off, 
creating a square wave. Each pin can only support one note at a time, 
which is why I assigned each note to a different pin. If there were seven 
different timers on the Curie module, you could simply set the pins to toggle 
at different speeds by assigning them each a timer, but there is one timer 
available for use: CurieTimerOne.  
 
So we have to set CurieTimerOne to an extra fast interrupt and toggle the 
pins at various times on that interrupt. This is where the indexes become 
useful. Each note has its own index, or amount of interrupts that happen 
between toggles, for the note created to be at that exact pitch. So we set 
the interrupt to occur every 4 microseconds: 
 
CurieTimerOne.start(4, interruptHandler); 
 

From here on out, the interrupt will be constantly occurring, calling the 
function I have created called “interruptHandler.” The first thing 
interruptHandler does is check if a pin is currently being used. It does this 
for every pin. 

if (pin7.used == 1) { 

  if (pin7.index == 0) { 

    pin7.state ^= 0x01; 

    pin7.index = pin7.resetIndex; 

  } 

  else pin7.index--; 

 } 

If the pin is being used, it then checks the pin’s index. If the index has hit 0, 
it means it is time to toggle the pin (i.e., half a period has lapsed since the 
last toggle). The toggle uses an exclusive-or (XOR) operator to toggle the 
pin’s state, then resets the index to prepare it for the next interrupt. If the 
pin’s index has not hit zero (which is true most of the time) the index will 
decrement. 
 

https://www.arduino.cc/en/Reference/CurieTimerOne
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After the index has been assessed, the Interrupt Handler program must 
actually do the work of toggling the pin. Thus far, we have changed the 
pin’s state variable, but we have not actually affected the pin. So, at the 
end of every interrupt service routine, we use the digitalWrite function on 
each pin: 
 
digitalWrite (7, pin7.state); 

 
Interrupt service routines have to happen quickly or they will interfere with 
the flow of the program. So we let the main loop handle the major 
administrative duties like assigning pins and recognizing key presses, and 
let the interrupt do the dirty work of changing the pins. 
 
The Vibrato System 
 
The vibrato system alters a pin’s reset index to temporarily change the 
pitch of a note. How much that pitch is altered is determined by the 
distance the IR sensor reads. To do this, we will utilize two static variables, 
“BasePos” and “VibratoVar.”  
 
The CheckVibrato function first makes sure that there is a hand in front of 
the IR sensor, reading analog pin A2 and checks if it has a value greater 
than 110 (the closer an object is to the sensor, the higher the number 
returned). If a hand is in front of the sensor, the vibrato is considered 
“engaged.”  
 
Once the sensor is engaged, the program figures out if it was previously 
engaged. If not, a new “base position” has to be recorded. The base 
position is the first position that the user’s hand was in when it entered the 
sights of the IR sensor; holding your hand here keeps the pitch at its 
original frequency.  

if (analogRead(A2) > 50){               //if vibrato is engaged, check 
if it was previously engaged 

 

     if (BasePos != 0){                    //if it was previously 
engaged, and is currently still engaged 
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        //calculate VibratoVar and add it to all current pin indexes 
then return 

        VibratoVar = analogRead(A2) - BasePos; 

 

        if (pin7.used == 1){ 

          if((pin7.origIndex + VibratoVar) > 10){      //don't want to 
give pin negative indexes, in the case of a high pitch and a high 
pitch bend. 

            pin7.resetIndex = pin7.origIndex + VibratoVar; 

          } 

          else{ 

            pin7.resetIndex = 0; 

          } 

        }         

… 

else {  //if it was not previously engaged, set the BasePos then 
return 

      BasePos = analogRead(A2); 

     } 
 

Once the base position has been recorded, the program waits until the 
current cycle comes back again to change the pitch. On this second pass, 
the program recognizes that the vibrato was previously engaged (it sees 
that BasePos is not equal to 0) and sets a new benchmark: “vibrato 
variable.” This VibratoVar is determined by subtracting the current IR 
reading (A2) from the base position: the distance between where the hand 
was and where it currently is. This number is then added to the reset index, 
changing the pitch of the note.  
If the vibrato variable is negative, the pitch increases, and vice versa. When 
the hand is pulled away from the IR sensor, the program sets the vibrato 
variable and base positions back to zero, as well as sets the reset index to 
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the original index value. Resetting the index back to the original note is the 
reason why we needed three different index variables in pin struct. 
 

else {                          //if it is not engaged, check if it 
was previously engaged 

 

      if (BasePos != 0){  //if it was previously engaged but is now 
not engages, reset BasePos and VibratoVar to 0, reset notes to their 
original pitches, then return 

        BasePos = 0; 

        VibratoVar = 0; 

 

        pin7.resetIndex = pin7.origIndex; 

        pin8.resetIndex = pin8.origIndex; 

        pin9.resetIndex = pin9.origIndex; 

        pin10.resetIndex = pin10.origIndex; 

        pin11.resetIndex = pin11.origIndex; 

        pin12.resetIndex = pin12.origIndex; 

        pin13.resetIndex = pin13.origIndex; 

      } 

       //if it was not previously engaged and is still not, return 
immediately. 

   } 

 
Mode Switching 
 
Up to 4 capacitive touch sensor boards can be added to this system, but in 
the interest of space I elected to only use 2 boards. Each board allows an 
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octave of notes, but since I wanted this synthesizer to be like an actual 
instrument, I chose to include a mode switch. The mode switch changes 
the octaves that the keyboard spans. 
 
The 3-way on-on-on switch from C&K that I chose is double-pole, double-
throw. Since it is double-pole, I made a little circuit around it that sends two 
signals to the Arduino 101 (specifically to the analog pins A0 and A1). The 
switch redirects either 5 volts or 0 volts to the analog pins. If I were wiring 
the switch to the digital pins, the program would read 00, 01, and 11 
depending on the position of the switch, but since we are wiring them to the 
analog inputs, the program reads either 0 or 1023. I use <= 50 on analog 
pin A0 because I found that it occasionally will read a 1 or a 2 when it is 
supposed to be set to 0. 
 

/************SET MODE*********************/ 

 //set play mode based on selector switch position. Mode 1 is Octaves 
2-3, Mode 2 is Octaves 3-4, Mode 3 is Octaves 4-5. 

 uint8_t mode; 

 if ((analogRead(A0) <= 50)&&(analogRead(A1) == 0)){ 

  mode = 1; 

 } 

 if ((analogRead(A0) <= 50)&&(analogRead(A1) == 1023)){ 

  mode = 2; 

 } 

 if ((analogRead(A0) == 1023)&&(analogRead(A1) == 1023)){ 

  mode = 3; 

V.  }Assembly 
 
Compared to the software, the hardware of our synthesizer is pretty simple. 
 

http://www.mouser.com/access/?pn=611-T211MH9V3BE
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2 The unwired protoboard showing components. 

 

Protoboard 

The protoboard will hold all of the components which stand between the 
inputs/outputs and the Arduino 101. This includes the MPR121 Capacitive 
Touch Sensors, the mode switch, the IR sensor, and the output filters. 
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3Labelled protoboard. See Legend in Table 1 below.  

If you decided to use the proto-board that I used, the long, outer columns 
will serve as our power strips while the topmost and bottommost rows will 
connect to the Arduino. The volume slider, LED, mode switch, and speaker 
out will come from various nodes in the middle of the strip board so pay 
close attention to the picture above. Otherwise, you are of course free to 
build off the schematic however you wish. 

The black dots are normal insulated wire, red dots are breadboard wires 
(with the header pin side attached to the Arduino 101 and the other side 
stripped and soldered to the protoboard. The dark blue dots are the leads 
of components and the light blue dots are the short header on the MPR121 
breakout board.  

If two dots share the same number, this means that these dots represent 
the end points of the same wire or component, while dots without a partner 
attach to some external component. Start by soldering all of the 
components (blue) to the board, then continue reading, referring back to 
this diagram for wire connections. 
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Table 1: Legend for protoboard landing wires.  

 

Number Name of Connection Connection Type 
1 IR Vout Wire 
2 IR Ground Wire 
3 IR Vcc Wire 
4 Power Jumper Wire 
5 220 Ω resistor Component 
6 220 Ω resistor Component 
7 To A0 Header Pin Wire 
8 To A1 Header Pin Wire 
9 220 Ω resistor Component 
10 220 Ω resistor Component 
11 To A2 Header Pin Wire 
12 Ground Jumper Wire 
13 To 5V Header Pin Wire 
14 To GND Header Pin Wire 
15 220 Ω resistor Component 
16 220 Ω resistor Component 
17 3-Way Switch: 6 Wire 
18 3-Way Switch: 3 Wire 
19 3-Way Switch: 5 Wire 
20 3-Way Switch: 2 Wire 
21 3-Way Switch: 4 Wire 
22 3-Way Switch: 1 Wire 
23 From Pin 7 Header Pin Wire 
24 From Pin 8 Header Pin Wire 
25 From Pin 9 Header Pin Wire 
26 From Pin 10 Header Pin Wire 
27 From Pin 11 Header Pin Wire 
28 From Pin 12 Header Pin Wire 
29 From Pin 13 Header Pin Wire 
30 220 Ω resistor Component 
31 220 Ω resistor Component 
32 220 Ω resistor Component 
33 220 Ω resistor Component 
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34 220 Ω resistor Component 
35 220 Ω resistor Component 
36 220 Ω resistor Component 
37 Slide Pot GND (3) Wire 
38 Slide Pot Vin (1) Wire 
39 Slide Pot Vo (2) Wire 
40 100 kΩ resistor Component 
41 1 µF capacitor Component 
42 1 µF capacitor Component 
43 220 Ω resistor Component 
44 220 Ω resistor Component 
45 10 µF capacitor Component 
46 10 µF capacitor Component 
47 Output to ¼” Wire 
48 Ground for ¼” Wire 
49 SCL line (to Arduino) Header Pin Wire 
50 SDA line (to Arduino) Header Pin Wire 
51 SCL MPR121 header 
52 SDA MPR121 header 
53 ADDR Jumper (underside of board) Wire 
54 ADDR MPR121 header 
55 GND MPR121 header 
56 3Vo MPR121 header 
57 Vin MPR121 header 
58 SCL Line Wire 
59 SDA Line Wire 
60 GND Line Wire 
61 Vin Line Wire 
62 SCL MPR121 header 
63 SDA MPR121 
64 ADDR MPR121 
65 GND MPR121 
66 3Vo MPR121 
67 Vin MPR121 
68 SCL Line Wire 
69 SDA Line Wire 
70 GND Line Wire 
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71 Vin Line  
 

For the MPR121 breakout boards I wired the SCL, SDA, GND, and VIN 
headers to their respective partners on the other breakout board before 
connecting that header to the outer rows of the proto-board (from there 
they will be wired to the Arduino.) Take care in wiring the headers to each 
other. I connected the ADDR pin on the second board to the SDA pin 
because of how the breakout board assigns I2C addresses. A small, bare 
jumper connects the two on the bottom side of the board. 

 

4 The output filter components, with main output wires (brown is the signal, white is the ground). These go to the 1/4" jack. 

 

Enclosure 

Our input and output devices (from the keys to the speaker outs) have to 
be mounted onto the enclosure before we can wire them up to the 
protoboard. I have chosen this Hammond enclosure because of it is made 
of ABS plastic and is the perfect length for a portable keyboard. 
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I used a Dremel tool and power drill extensively to cut holes in my 
enclosure. If you do not have access to these tools, you can make your 
enclosure out of something thinner, like cardboard. Once you have your 
circuit built, feel free to throw it in any kind of box that you like. For this 
reason, I will not provide schematics for the enclosure. 

 

Attach Inputs and Outputs to Enclosure 

 

5 Enclosure lid with peripherals' holes drilled. 

The keys are standard piano key shapes, carefully cut out of thin copper 
sheets. I used epoxy to glue the keys in place. When placing the keys on 
your enclosure, make sure to place them carefully; no keys should touch, 
and each needs to be straight. Once the keys are placed, we need to use a 
very small drill bit to drill a hole through the top of each key and through the 
enclosure.   

Commented [LR1]: People will want to know what was 
able to bond copper to ABS plastic. 

http://www.mouser.com/access/?kw=517-DP-460-EG
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6 Loose keys after soldering. 

 

To attach the 3-way switch, I drilled a hole the size of the toggle (but 
smaller than the actual red base) and hot glued the switch in place from the 
bottom of the enclosure. 
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7 Mode switch wired and glued. 

The volume pot on my enclosure is similarly glued to the underside of the 
plastic, with the slider sticking out through a thin rectangular hole I chiseled 
out with the Dremel tool. You can just as easily stick the potentiometer on 
top of the enclosure and drill holes for the wires to slide through.  
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8 Volume Slider glued and wired up. 

The IR sensor has two holes on the sides to accommodate drilling to the 
enclosure. I took a different route by drilling and carving two holes into the 
top of the box before gluing the IR sensor to the bottom side. This makes 
the enclosure look more seamless but is not necessary. 
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9 IR sensor glued and wired 

You will need to drill at least two more holes: The output jack needs a hole 
where the signal will go out to an amp, while the power adapter needs a 
hole to plug into the Arduino. I also drilled and carved an opening for the 
USB port on the Arduino in case I need to connect it to a computer for 
debugging. 
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10 The USB port hole and a marking for the power port. 
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11 The output jack. 

 

Wire I/O to protoboard 

Once we have the inputs and outputs attached to our enclosure, we can 
start wiring them up to the protoboard. All of the user interface elements 
are attached to the enclosure and will be wired to the protoboard in some 
way. 

First, the keys. For each key, solder a wire to one of the numbered holes in 
the Adafruit breakout board. Strip about a centimeter off the other end and 
feed it from the bottom of the enclosure through the hole so that it touches 
the corresponding key. Then solder the wire to the copper key. Be careful, 
the copper gets hot quickly. Repeat for all 24 keys.  

Next, we need to wire the volume potentiometer. There are six pins on our 
Bourns slide potentiometer, but we only need three of them. Looking at the 
bottom of the slide pot with the 4-pin side to the left, the bottom pin is the 
“2,” meaning that it is the output of the potentiometer. This should be wired 
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to the protoboard right before the high-pass filter. The pin above it is the 
“1,” the input, which, as you can see from the schematic, is wired to the 
output of the summer. Our summer’s output is soldered to the rail running 
parallel to the power rails. The bottom pin on the right side (with the two 
pins) is the ground pin. Wire that to the ground rail. 

  

12 3-way switch pin numbering 

The 3-way switch has six pins on the bottom of it, so this step can get 
confusing. Each of the pins has a number designated to it, though they are 
not printed on the switch, so you will need to refer to Figure 12 or the 
datasheet (specifically page F-38) to understand where to wire the ends of 
the switch. Our switch is the second table of the datasheet. The pins are 
labelled 1-6, with 1-3 on one side and 4-6 on the other. Once you identify 
the pins from the datasheet, you can solder wires from the pins to their 
corresponding places on the protoboard (See Table 1). Commented [LR2]: Can you ID the diagram? Is it Figure 

1? 

http://www.mouser.com/ds/2/60/-21045.pdf
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13 The digital pins (in rainbow) and the 3-way switch (in white). 

The IR sensor is fairly straightforward. Three wires will connect the pins on 
the back of the IR sensor to its region on the protoboard. When soldering 
wires to the pins on the back of the IR sensor, be VERY careful not to 
solder two pins together. Look at the datasheet to learn which pin is which. 
The middle pin is ground, so solder that wire to your ground strip on the 
protoboard. Similarly, the Vcc pin will be connected to your 5V strip. The 
last pin, Vo, is your data wire. This should be soldered to the designated 
place on the protoboard.  

http://www.mouser.com/ds/2/365/gp2y0a41sk_e-594157.pdf
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14 The volume slider wires (on left) and the IR sensor wires (on right). 

The ¼” jack has two tabs with small holes in them. One of these pins (the 
sleeve, or the shorter one) should be wired to ground. The other one (the 
tip, or the longer one, needs to connect to the output row on the 
protoboard.  

The MPR121 boards need to be powered and grounded as well as 
connected to the I2C pins of the Arduino. I used jumper wires to connect 
the 5V, GND, SCL, and SDA pins of one MPR121 to the corresponding 
pins of the other board to “tie” the boards together. Then I wired the pins of 
the second board to their ultimate destinations (5V and GND to the 
protoboard power strip, SCL and SDA to the Arduino). 

Connect Protoboard to Arduino 

The Arduino has 7 note pin outputs (digital pins 7, 8, 9, 10, 11, 12, and 13) 
which are summed on the protoboard. You can use breadboard cables with 
male ends to plug into the Arduino header and solder the other ends to the 
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protoboard. The Arduino will also supply 5V and a ground (GND) reference 
to the protoboard using breadboard cables as well.  

 

15 Digital Pin outs (7-13) and I2C jumpers (SDA in purple, SCL in blue) 

The protoboard routes the I2C data from the MPR121s to the Arduino while 
routing the power and ground from the Arduino to both MPR121s. This is 
why we brought the SDA and SCL nodes from both boards together and 
soldered them to the protoboard. Soldering a breadboard cable to these 
nodes and plugging the male pin ends to the respective SDA and SCL 
header slots will allow the breakout board to communicate information 
about the keys to the Arduino.  

Commented [LR3]: Please clarify Which  one: 
protoboard? Break out board? It’s not apparent when 
you’re reading it without actually doing it, not sure if DOING 
it would make it apparent, either, however.  
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16 A fully wired synthesizer. The rest of the header wires (the power, ground, and analog ins) can be seen in the foreground. 

The 3-way mode switch will be directing voltage into two of the Arduino’s 
analog pins. The top two rows on the right side of the board (the side of the 
breakout boards, where the boards take up most of the bottom) will be 
wired to analog pins A0 and A1.  
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17 The wired protoboard and Arduino. 

Once you have the Arduino connected to the right places on the 
protoboard, the peripherals all soldered to the protoboard, and the keys all 
attached and not touching, you can load the code onto your Arduino 101 (if 
you haven’t already), connect the Arduino to power, and plug your 
synthesizer into an amplifier or a pair of headphones with a 1/8” to ¼” 
adapter.  

 

OPTIONAL: If you would like some indication that the synthesizer is on and 
working, you can wire up the LED on the volume slider. Simply solder a 
220Ω resistor to a free space on our solder board and wire the slide pot like 
you would a normal LED. 
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18 Schematic of slide pot LED. 

Connect one end of the resistor to the 5V power strip on the protoboard 
and connect the other end to the “B” pin of the slide pot. The B pin is on the 
side of the pot with 2 pins, on the outside. The “E” pin is the only remaining 
pin on the opposite side of the side pot. This one should be connected to 
ground.  
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VI. Resources 

Source Code:  

https://github.com/Benjamminty/Synthesizer/blob/master/Source%20Code  

MPR121 Library Set-Up 

 https://learn.adafruit.com/adafruit-mpr121-12-key-capacitive-touch-sensor-
breakout-tutorial/overview 

MPR121 Library 

https://github.com/adafruit/Adafruit_MPR121 

Bourns Volume Pot Datasheet 

http://www.mouser.com/ds/2/54/tl-777483.pdf 

C&K Switch Datasheet 

http://www.mouser.com/ds/2/60/ttoggle-965405.pdf  

IR Sensor Datasheet 

http://www.mouser.com/ds/2/365/gp2y0a41sk_e-594157.pdf 

Arduino Programming Reference 

https://www.arduino.cc/en/Reference/HomePage 

CurieTimerOne Library Functions 

https://www.arduino.cc/en/Reference/CurieTimerOne 

C++ Struct Review 
http://www.cplusplus.com/doc/tutorial/structures/ 
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