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1 Introduction 

1.1 Objective 
Performing live at a concert often requires musicians to move around constantly on stage. 

Whether it be to crowd surf, mosh, or just to move to the rhythm of the music they’re playing, the actions 
of a musician on stage can make or break a performance. Traditionally, guitars are connected to sound 
equipment, using pedal boards to control effects like distortion, echo, reverb, filtering, etc. [1]. Pedals are 
typically daisy chained together, and contain control knobs to adjust different parameters on each pedal 
[2]. This means that if the musician wants to make real-time adjustments, they need to be standing near 
the pedal and are forced to adjust parameters with their feet. There are existing devices on the market that 
allow for the modulation of certain effect parameters wirelessly, however, there are no devices on the 
market that allow a guitar player to remotely control several effect parameters on a pedal [3].  

This pedal would be desired by musicians because it will increase the musical freedom of the 
musician on stage. Being able to adjust signals live from a device that is mounted directly onto a guitar is 
something that a lot of musicians are moving towards. For example, Matt Belleny, the lead guitarist of 
Muse has incorporated a MIDI X-Y control pad into his guitar so that he can modulate his guitar during 
performances [4]. Music is moving in a direction that combines acoustic and digital elements, which 
would make a guitar-mounted controller very appealing to musicians 

Our solution to this problem is to create a transmitter unit that can be placed on the guitar. This 
device will be able to turn effect(s) on/off, and will have several potentiometers to give the user control 
over effect elements. The transmitter will communicate with a receiver unit that will take an analog guitar 
input, apply the effect/process the audio data digitally based on parameters coming from the transmitter, 
and then convert it back into an analog output. This receiver can be daisy chained to a guitar pedal board 
and is set up exactly like any other guitar pedal. 

1.2 Background 
Guitar pedals are widely used to manipulate the sound coming from a guitar during live 

performances. Typically, pedals are switched on with a button or a large potentiometer that can be moved 
with your foot, and they have knobs that adjust different parameters of the effect. Guitar pedals typically 
adjust the dynamics of the guitar, filter the guitar, or add reverb/echo to the guitar. 

While performing, guitarists are often limited in their ability to move around because they must 
remain close enough to their guitar pedal board to operate the effects. We aim to alleviate this problem by 



exporting the operation of a digital guitar pedal to a wireless controller mounted to the guitar. Another 
ECE 445 team previously attempted to solve this problem in the Spring semester of 2003. However, their 
design (while functional) introduced several other issues [5]. Briefly put, their system operated on Radio 
Frequency (RF) and transmitted the guitar signal wirelessly. The reason RF transmission is a problem is 
because RF is open to any RF receiver such as a “walkie talkie” (commonly used by venue personnel), 
which means that instead of the guitarist’s “sick” guitar solo, the crowd may be hearing the security 
guards talking about their after-show plans. Although transmitting the guitar’s signal/sound over RF frees 
up the guitarist’s movement, the guitar will be entirely removed from the audio mix if the RF signal is 
interrupted. If the guitar output is fed to the receiver and the wireless signal is interrupted, it will not 
impact the audio feed at all; the user will just be unable to make live adjustments. 

The solution to these problems, which we will implement, will be to convert RF to Bluetooth and 
to have the audio from the guitar still be transmitted via cable instead of being transmitted wirelessly. 
This reliance on the cord still restricts the guitarist’s movement; however, it is significantly easier to 
obtain and use a longer cord, and the guitarist’s freedom of movement is still greatly expanded. 

1.3 Physical description 

 
Figure 1. Physical layout 

 
 



Figure 1 represents the physical layout of the wireless guitar pedal. The transmitter will be 
physically attached to the guitar in some fashion, preferably with some type of clamp, so that it is 
removable. The transmitter will have built in controls for the associated effect pedal and will be operable 
by the end user. The settings imposed by the controls will be wirelessly sent to the digital pedal where 
they will feed into the effect’s algorithm and will modify how the effect sounds. The guitar’s unaltered 
pickup output will connect to the pedal in the same way as a normal pedal through a standard ¼” 
male-to-male TRS cable.  The pedal will then connect to the amplifier with another ¼” male-to-male TRS 
cable. 

1.4 High Level Requirements 
● If a 1V peak to peak analog sine wave is inputted to the receiver, the receiver's output must be an 

identical signal that has a latency less than 13 ms with a Signal-to-Noise Ratio (SNR) greater than 
20dB 

● Bluetooth transmitter must be able to send 12-bit digital potentiometer values to the bluetooth 
receiver at a distance of 10 feet  

● Receiver microcontroller must be able to process audio data (data from the guitar) at a sampling 
rate of at least 48 kHz and a bit resolution of 16-bits 

2 Design 
Our design is going to consist of two major systems: a transmitter module and a receiver module. 

These modules will communicate with one another using a bluetooth transmitter and receiver, and will be 
powered independently from one another. This will make it possible for the user to travel freely. 

The transmitter module will be mounted on the guitar and powered by an on-board battery. It will 
have a potentiometer module that a user can interact with, along with a power light and switch. The first 
submodule is the power module, which will supply a voltage drop across the potentiometers, along with 
regulating power to other modules on the board. The voltage drop across each potentiometer will be 
converted into a digital signal by an Analog-to-Digital Converter (ADC) and sent into a microprocessor, 
which will communicate data and control commands to an onboard bluetooth module. There will also be 
an on-board oscillator to ensure that the transmitter is synchronized with the receiver. 

The receiver module will be a separate device that will be connected to the guitar data line like a 
guitar pedal (i.e. the line from the guitar is the input, and the output is either connected to an amp or other 
pedals). This module will be powered by a 9V supply, and will have an LED to verify that power is being 
supplied to the device. The analog input will be converted into digital data and sent to a microcontroller 
via an I2S data line. This data will be processed by the microcontroller based on parameters being 
transmitted to the bluetooth receiver by the transmitter. The processed digital data is then converted back 
into an analog signal with a Digital-to-Analog Converter (DAC). 

 
 
 
 



 
 

2.1 Block diagrams 

Figure 2. Block Diagram of Receiver Module 



 

 

 

 

 

 

 

 
 

Figure 3. Block Diagram of Transmitter Module 

2.2 Receiver Module 
The receiver module acts as the pedal portion of the design. This module will have the means to 

wirelessly receive data from the transmitter module, and will also be in charge of processing the guitar 
signal. 
 
2.2.1 Power Module 

This module will be in charge of stepping down the 9V voltage of the power source to 3.3V. This 
is a voltage that devices on the board can be powered with. Additionally, the power module will protect 
ICs from voltage/current fluctuations and act as a buffer between the power supply and on-board 
electronics. 
 
Requirement 1: Must be able to step down a 8-10V DC signal to 3.3V DC signal  
Requirement 2: Must create an open circuit if above 10V DC, to prevent damage to system 
 
 
 
 



 
2.2.2 Audio Jacks 

The audio jack circuits will be used to connect the signal going through a TRS cable to the 
electronics on the board (ie. the ADC and DAC modules). 
 
Requirement 1: When no signal is sent, must not create a signal due to noise  
Requirement 2: When audio is sent through the jacks, and processing is turned off, the output of the jack 
circuit must not exceed an SNR of 20 dB 
 
2.2.3 Bluetooth Receiver 

The bluetooth receiver will be in charge of communicating wirelessly with the bluetooth 
transmitter on the transmitter module. This device will be in charge of pairing with the transmitter and 
receiving the digital voltage values of the potentiometer control knobs and sending that data to the 
microcontroller. 
 
Requirement 1: Must be able to pair and receive data from the transmitter 
Requirement 2: Must not introduce any complex noise to the signal, IE any noise introduced can be 
filtered out via linear filters 
 
2.2.4 Microcontroller 

The microcontroller on the receiver is in charge of organizing the data being transmitted from the 
ADC and the bluetooth receiver. The data coming from the bluetooth receiver will be checked and then 
the processor will process the data coming from the ADC with the pedal effect. After that, the 
microcontroller will send the value to the DAC module. The microcontroller is also in charge of 
initializing the Bluetooth receiver. 
 
Requirement 1: Must not change the signal when processing is disabled (IE output == input) 
Requirement 2: Must have at least one (1) effect 
Requirement 3: Must be able to control the I2S transfer protocol  
 
2.2.5 Oscillator  

This module is a clock that will be used to ensure that the transmitter microcontroller is in sync 
with the receiver microcontroller. There will be an identical module attached to the microcontroller on the 
receiver module. 
 
Requirement 1: Must be able to provide a 50 khz clock consistently 
 
 
 
 
 
 



 
2.2.6 DAC Module 

This module is in charge of taking the processed digital I2S data coming from the microcontroller 
and converting it back to an analog signal to be sent out of the receiver via an audio jack. 
 
Requirement 1: Must be able to convert a digital representation of a signal (sine, square,etc) into the 
appropriate analog signal  
Requirement 2: Must not have an SNR less than 20 dB 
Requirement 3: Must be able to communicate via I2S at a sample rate of 48 kHz and a bit depth of 16 bits 
 
2.2.7 ADC Module 

This module will be in charge of taking analog audio data from the audio jacks and converting it 
into an I2S data stream that will be sent to the microcontroller. 
 
Requirement 1: Must be able to convert an analog representation of a signal (sine, square,etc) into the 
appropriate digital signal  
Requirement 2: Must not have an SNR less than 20 dB 
Requirement 3: Must be able to communicate via I2S at a sample rate of 48 kHz and a bit depth of 16 bits 
 

2.3 Transmitter Module 
The transmitter module will be the controller mounted onto a guitar. This device will send the 

voltage drop of several potentiometers to the receiver module via bluetooth. Each potentiometer voltage 
drop will control a parameter of the effect that the receiver is applying to the guitar audio. 
 
2.3.1 Power Module 

The power module is in charge of regulating the voltage drop of a 9 volt battery down to a 3.3V 
steady DC signal. This 3.3V line will be used to power several other submodules on the transmitter and it 
will supply a voltage drop across all the potentiometers. There will be a switch in this module that allows 
the user to turn the device on and off. 
 
Requirement 1: Must be able to step down a 8-10V DC signal to 3.3V DC signal  
Requirement 2: Must create an open circuit if above 10V DC, to prevent damage to system 
 
2.3.2 ADC Module 

The ADC Module will be in charge of converting the analog voltage values to a digital I2S data 
value that can be sent to the bluetooth transmitter. This will be the medium between the potentiometers 
and the microcontroller. Because there are several input channels and 1 output channel, this ADC will 
need to be multi-channel. 
 
Requirement 1: Must be able to convert an analog representation of a signal (sine, square,etc) into the 
appropriate digital signal  



Requirement 2: Must not have an SNR less than 20 dB 
Requirement 3: Must be able to communicate via I2S at a sample rate of 48 kHz and a bit depth of 16 bits 
 
2.3.3 LED Module 

This module will be used to convey that the transmitter is indeed on to the user. 
 
Requirement 1: LEDs must be able to light up when being supplied with a 3.3V voltage. 
 
2.3.4 Microcontroller 

The microcontroller on the transmitter is in charge of organizing data coming from the ADC 
module, and sending it to the bluetooth transmitter in I2S formatting. The microcontroller will also be in 
charge of initializing the bluetooth transmitter when the transmitter module is powered on. 
 
Requirement 1: Must be able to initialize the bluetooth transmitter 
Requirement 2: Must be able to drive the I2S transfer protocol 
 
2.3.5 Bluetooth Transmitter 

The Bluetooth transmitter is in charge of pairing with the bluetooth receiver on the receiver 
module and wirelessly streaming the potentiometer voltage data to the receiver. 
 
Requirement 1: Must be able to pair and transmit data to the transmitter 
Requirement 2: Must not introduce any complex noise to the signal, IE any noise introduced can be 
filtered out via linear filters 
 
2.3.6 Oscillator Module 

This module is a clock that will be used to ensure that the transmitter microcontroller is in sync 
with the receiver microcontroller. There will be an identical module attached to the microcontroller on the 
receiver module. 
 
Requirement 1: Must be able to provide a 50 khz clock consistently 
 
2.3.7 Potentiometer Control Module 

The potentiometer module will act as a user interface for the musician on the guitar. It will consist 
of four linear potentiometers and a switch. Each potentiometer will have a 3.3V drop across, and the 
voltage output of each potentiometer will be what inevitably controls the parameters of the effect. The 
switch will also have a 3.3V drop across it, and if the switch is closed, the effect of the pedal will be 
audible in the audio stream. 
 
Requirement 1: Must be accessible by the end user 
Requirement 2: Must function in arbitrary configuration of voltages over potentiometers and switch 
configurations. 



2.4 Risk Analysis 
There are two major risks to completing this project. The first is a perfect or near perfect signal 

conversion. By changing the audio from analog to digital, processing, and then converting from digital to 
analog a significant amount of noise and not intended distortion can be created. The I2S data transfer 
protocol plus some digital filtering and smoothing solves this, but this processing is not trivial to properly 
set up. This risk is largely mitigated by several team members having experience dealing with this task, 
but it is still a risk to the project should new problems arise. 

The second major issue is the introduction of the Bluetooth transmitter/ receiver as no one in our 
group has much experience configuring Bluetooth data transfer. From what we’ve found so far, 
communicating with the actual chips will be done with I2S which (as previously mentioned) we are 
familiar with. The exact type of data that has to be given to the bluetooth chips, however, is new territory 
for our group and could present significant challenges. 

The block or interface that poses the greatest risk to successful completion of our project is the 
bluetooth transmitter. This is because of the fact that data must be sent serially, so we will be required to 
synchronize the serial data. Our receiver device needs to read data at the same rate the transmitter device 
is sending data. If there are only very small (less than or equal +/-  0.1 Hz) differences between the 
transmission and receive rates, our device can essentially correct itself because the next data set will not 
replace the old dataset before the next clock cycle. However, our device will not be able to correct for 
instances when the transmission rate and receive rate are largely different (any difference greater than +/- 
0.1 Hz). This is because of the fact that our receiver device will either see a blank transmission or delete a 
transmission between clock cycles. 

3 Ethics and Safety 
After careful consideration, there are only a few ethical and safety concerns regarding the pursuit 

of this project. One potential safety/security risk that could be considered is the ability for the bluetooth 
communications between the transmitter and the receiver to be maliciously intercepted. A malicious 
attacker attempting to disturb a band/musician’s performance could intercept and/or alter the data being 
sent to the receiver resulting in unwanted/bad sounding output from the amplifier. However, because this 
device only deals with guitar effect parameter data, a compromise in this data transmission would not be 
as detrimental as if other wireless bluetooth data was intercepted such as a classified document. 
Nevertheless, in this case, we will work to ensure that statement 9 of the IEEE Code of Ethics is satisfied, 
in the fact that we will work to ensure that there is no injury in reputation to any person or their property 
in the event that important data is not compromised from the use of our device [6]. In the event that our 
device’s bluetooth transmissions are being tampered with, we can always switch the transmitter/receiver 
system off and continue to allow the guitarist to change effects manually. 

Another concern that comes to mind with a system like this is equipment damage. We would not 
want our device to cause an amplifier to be overdriven to the point of failure. However, after reading 
through several guitar forums [7], we have come to the conclusion that this will not be a problem. At its 
worst, an incredibly distorted signal would be simply that: a distorted signal. Guitar amplifiers are 



designed to handle a ton of feedback and distortion, unlike a standard public address speaker system. 
Because of this research, we have concluded that our device will be in total accordance with statement 3 
from the IEEE Code of Ethics in the fact that the available data tells us honestly and realistically that an 
end user’s guitar amp will not be damaged from the possibility of an immensely distorted signal. Our 
device will also be in accordance with statement 9 from the Code of Ethics in the fact that no injury of 
property will occur from the usage of our device. 

Finally, in regards to environmental ethics, we will fully comply with statement 1 from the IEEE 
Code of Ethics by ethically designing our system and developing it with sustainability in mind [6]. For 
this reason, it is important to discuss and be aware of the resources required to manufacture the Integrated 
Circuits found in our design. Stanford University reported that, “it takes roughly 10 gallons of water to 
make a single computer chip” [8]. When developing our system, we will try to be conscientious of waste 
and try to minimize it throughout. Although, because of the fact that we are not actually building this 
system physically, environmental factors are not really an issue. 
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