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 To provide a portable, robust synthesizer for 
travelling musicians that can be used both in 
the studio and for live performance 

 Should have both traditional analog 
waveforms as well as simulated orchestral 
instruments for versatility 

 Should be affordable to produce to prevent 
the price barrier seen for most modern synths 
and allow greater accessibility for young 
artists 



 Needs to be light, ideally five pounds or less 
 Must be at least monophonic for at least two 

octaves in the analog design 
 Must support at least 3 waveforms in the analog 

design that generate a consistent, reliable signal 
 Must support at least 3 common orchestral 

instruments in software synthesis (piano, flute, 
clarinet, etc) 

 Must support connecting to an android phone 
with custom keyboard application 

 Must consume relatively low power 
 

 





 Development Environment: 
◦ Eclipse for Android  

◦ Using API level 19 (Kit Kat) 

◦ We chose Android because it is Open  
Source and essentially free  

 

 

  

Language Devices 
Readily 
Available ? 

Familiarity  Cost to 
Develop 

Android Java/XML Yes High Free 

iOs Obj-C No  Low $99 + 
hardware 

Windows 
Phone 

XAML, C# 
or Visual 
Basic  

No Low Free 



 The Main Activity will look similar to a Piano, 
each key press will generate the 
corresponding note  

 Instrument drop down menu will allow the 
user to choose an instrument  

 The Instrument name and note will be sent to 
the Bluetooth Module as a String 

 The key being pressed will change the key 
color  

 







 At the start of the application, it will check to see 
if Bluetooth on the device is enabled  
◦ If so, it will connect to the MAC address of the Bluetooth 

Module by looping through all paired devices 

 It will create a socket and use the 
getOutputStream(); and write byte[] methods to 
send information to the module  

 Since we are not listening for input to the 
Android Application we don’t need to enable read 
functions 

 The ATMega328 will receive these bytes using a 
UART connection to the Bluetooth Module. 

 
 
 
 



 Using the HC-05 as the Bluetooth Module 

 With a Baud Rate of 9600  

 In slave mode  

 

Specifications: 
•Bluetooth Specification v 2.0 
•Range of up to 30m  
•3.3vDC Power Input  
•Baud Rate Adjustment  
 



 This module will receive characters from the Android App and 
send it to the HC-05  

 Connected using the RX and TX pins 
 The instrument names will be set up as case statements  
 If we are sending the note frequency to the analog circuit, we will 

send it through a lookup table  
 If we are generating via software synthesis, we will choose the 

sine harmonics that correspond to the specific instrument  
 When the user has finished pressing the note, it will stop the 

flow of information and cause an interrupt  
 



32KB of Flash Memory 

16MHz Clock Speed 

14 Digital I/O Pins (6 PWM) 

5v operating voltage 

Programmed using C 







Step 1: Note Generation using harmonics  

Step 2: Instrument Wave Table  

Step 3: ADSR Envelope  



 Step 3: Sound Output  - Filter 



 If the user selects “analog waveforms”, the 
Arduino will switch into CV/Gate Mode 

 Arduino will use a hard-coded table to 
convert the frequency value received from the 
Android Application into a DC control voltage 
signal that is sent as an input to the hardware 
oscillators 



 The oscillators follow a 1V/Octave linear 
scaling system, meaning each half step will 
require a rise in voltage of 0.083V 

Note A1 A2 A3 B3 C4 D4 E4 A4 A5 

Volts per 
octave (V) 

1 2 3 3.167 3.25 3.417 3.583 4 5 

Frequency 
(Hz) 

55 110 220 247 261 294 330 440 880  



The pulses are sent at a 
frequency of 62.5 kHz 
 
They create the 5 voice 
outputs and 1 control 
voltage output 
 
The PWM frequency gets 
sent into our Player 
Command Loop  
 
Program memory sends 
musical outputs 



 Dual Power Supply 
 • Wall Wart Power 12 VAC 

• Supports plenty of capacitance for a clean supply 

• Low part count 

• Creates bipolar (+ and -) 12 volts DC 

• Convenient source of bipolar voltage from the wall 



 If the Wall Wart outputs 12VAC, the VAC value 
of a transformer is an RMS value. 

 So, 15VAC gives about 21.21V output. 12VAC 
gives about 17V. 

  12VAC * 1.414V = 16.968V 

 



 



Regulators (left) 
• High Efficiency Linear 

Regulators 
• Post Regulation for Switching 

Supply 
• Microprocessor Power 

Supply 
  

• Wall Wart (right) 
• 12VAC @ 1000mA or 

500mA  
• AC to AC adaptor 
• Cheap in cost 

 



LMXX Regulators   

   1000mA current 
 

Desired Voltages 
Higher Currents 
U1/U2 

Lower Current 
U1/U2 

Wall Wart Output 

+/-9V LM7809/LM7909 LM78L09/LM79L09 9 VAC Output 

+/-12V LM7812/LM7912 LM78L12/LM79L12 12 VAC Output 

+/-15V LM7815/LM7915 LM78L15/LM79L15 15 VAC Output 











 





























 Tested Android to Bluetooth Communication 
◦ Used Log files in Android Code to see if the BT 

Socket was connecting 

◦ Wrote Arduino Code to Take in Data and display it 
onto the screen 

◦ Connected the Arduino to the USB port of the 
computer and connected to the HC-05 

◦ Configured the Hyperterminal to receive the values 
that were sent  

◦ This test passed when the characters matched up 
on both ends 



 Tested Note Sounds 
◦ This was tested by creating the filter that and 

hooking this up to the Arduino and a headphone 
jack 

◦ We iterated through the array of notes until we 
heard all 72 notes, to make sure they were going 
up the scale using two octaves 

◦ Then, we configured the Android Application to 
send strings that correspond to each note and 
repeated the same process.  



Parts Cost 

VCO Parts  117.07 

Power Supply Parts  20.48 

Power Supply PCB 20 

VCO PCB 20 

Arduino  25.61 

HC-05  8.37 

9v Batteries & Holder 10.59 

Wood Enclosure 37.5 

Tablet 0 

Soldering 228.23 

Total Cost: 487.85 



 Oscillator design is robust and tracks 
accurately above and below the range of 
human hearing 

 Even with modules, current draw will not be 
significant, resulting in a need of 250 mA or 
less to power the entire circuit 

 Control Voltages are accurate and allow for 
held analog notes 

 Muting circuit is accurate and does not 
introduce noise or clicks or pops 

 



 Design is 1 month old due to project rehaul 

 Bluetooth module was difficult to work with 
and took a long time to diagnose and fix 

 The oscillator being always on required the 
team to come up with a muting solution 
(filters were also attempted) 



 More analog modules (ADSR, Adjustable Filters, 
drum machine, etc) 

 Extending the range of our digital software 
synthesis and adding more notes to create a 6 
octave range 

 Using a DAC to drive the Analog Oscillator 
control voltages to extend the VCO’s range to 6 
octaves, with additional CV precision resulting in 
finer tuning 

 Implementing a looping system to allow digital 
software synthesis to play held notes for longer 
durations 

 



 


