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Abstract 

The purpose of this project is make it easier for guitarists to modify any electronic 

component of their instrument, as well as to help them decide if any of the changes worth 

the investment of money and time. 

The sound of an electric guitar or bass guitar is determined by two factors: the instrument 

body and its electronics. This project is focused on the electronics, aiming to analyze and 

recreate them through a software platform without any physical change needed. For this 

purpose, a circuit has been designed as an Arduino shield, based on using the guitarôs 

pickup as a RLC resonant in an oscillator circuit to obtain the resonance frequency of the 

system and therefore the pickup parameters with the Arduino microcontroller. 

In addition, a MATLAB application has been designed as a prototype in order to be the 

reference for the next projectôs web application. It can record guitar audio clips, modify 

them using the graphic user interface and listen the result of the modifications. Every 

configuration and recording can be saved and loaded, in order to be shared by the users 

when the application is online and open-software. 

  



 

 2 

Resum 

El prop¸sit dôaquest projecte ®s simplificar als guitarristes qualsevol modificaci· de 

components electrònics del seu instrument, així com també ajudar-los a decidir si els hi és 

rentable la inversió de temps i diners. 

El so dôuna guitarra o baix el¯ctric est¨ determinat per dos factors: un ®s lôinstrument i 

lôaltre els components el¯ctrics. Aquest projecte est¨ centrat en lôelectr¸nica per tal 

dôanalitzar-la i reproduir-la mitjançant programari sense la necessitat de fer canvis físics. 

Per aix¸, sôha dissenyat un circuit en forma de ñshieldò dôArduino que es basa en utilitzar 

la pastilla de ressonant RLC en un circuit oscil·lador per calcular la freqüència de 

ressonància i posteriorment els paràmetres de la pastilla amb el microcontrolador Arduino. 

A m®s, sôha dissenyat una aplicaci· en MATLAB com a prototip a partir del qual dissenyar 

lôaplicaci· web amb la qual es pot grabar clips dôaudio de la guitarra i, modificant-ne el 

circuit a la pantalla dôusuari, escoltar-ne la diferència. Totes les configuracions i grabacions 

es poden guardar i carregar, pensant en que els usuaris puguin compartir-les quan 

lôaplicaci· sigui online i oberta. 
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Resumen 

El propósito de este proyecto es simplificar a los guitarristas la modificación de cualquier 

componente electrónico de su instrumento, así como ayudarles a decidir si merece la pena 

la inversión de tiempo y dinero. 

El sonido de una guitarra o bajo eléctrico viene dado por dos factores: el instrumento y los 

componentes electrónicos. Este proyecto se centra en la electrónica para analizarla y 

poder reproducirla mediante software sin necesidad de hacer cambios físicos. Para ello, 

se ha dise¶ado un circuito en forma de ñshieldò para Arduino que se basa en utilizar la 

pastilla de resonante RLC en un circuito oscilador para calcular la frecuencia de resonancia 

y a partir de ahí los parámetros de la pastilla con el microcontrolador Arduino. 

Además, se ha diseñado una aplicación en MATLAB como prototipo a partir del cual 

diseñar la aplicación web con la que se puede grabar clips de audio de guitarra y, 

modificando el circuito en la interfaz de usuario, escuchar la diferencia de sonido. Todas 

las configuraciones y grabaciones se pueden guardar y cargar, pensado para que los 

usuarios puedan compartirlas cuando la aplicación sea online y abierta.  
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1. Introduction 

1.1. Project Background 

 

The original idea for this project comes from Marc Alier (Director - Institut Ciències de 
l'Educació ï UPC) when he starts building his own guitars and bass guitars. The market 
offers a wide range of pickups, but also a wider range of prices, which go a couple of euros 
to hundreds of euros, and this variation, awakens the idea: ñWhy some pickups are so more 
expensive than others?ò 

The construction of magnetic pickups can be different from one to another, but share the 
same principle, and the materials are mostly the same. So, is it all marketing that sets the 
price difference, or there is something more? 

Starting from this point, the author thinks of not only an online benchmarking of pickups, 
but also an application which allows guitarists to share their entire guitar circuit 
configurations and simulation of the sound differences when changing any parameter.  

Thus, the Arduino pickup analyzer and the MATLAB simulator are conceived. 

1.2. Statement of Purpose 

 

The purpose of this project is designing and implementing an analyzer for electric guitarôs 

pickups. In addition, a software-based simulator is intended to recreate the sound filter of 

the analyzed pickups, using recordings of the userôs guitar (accomplishing the aim of letting 

know the user how his guitar would sound if he changed his guitarôs pickups without having 

to change them). 

Finally, the project is intended to let users around the world share their guitar configurations 
and the sound attached to them, as well as their pickupôs parameters to simulate them 
inside any other guitar. This goal is reached in the continuation of this project (done by a 
FIB student) which takes the MATLAB application and turns it into an open software web 
application that allows the connection between all users. 

Therefore, this project main goals are: 

1- Design of an Arduino-based pickup analyzer 

2- Implementation of an Arduino shield easy to reproduce, as a DIY kit. 

3- Design of a MATLAB Software-based filter simulator of the electric circuit in a 
guitar. 

4- Design of a Reverse filter simulator ï get the original signal before the circuit 
filter. 

5- Create an application to save the information and allow to share it between 
guitarists (this goal is fully reached in the FIB project which is a continuation of 
this one). 
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1.3. Requirements and specifications 

 

Project requirements: 

- Low price circuitry in order to make the product attractive. 

- Offer the tools to elaborate an exhaustive pickup benchmarking. 

- Offer the ability to listen a guitar with other pickups in a realistic way. 

- Offer a program usable for everyone regardless his knowledge in electronics. 

 

Project specifications: 

Pickup Analyzer: 

- Precision up to an error of 5% measuring every pickup parameter (inductance, 
capacitance, series resistance, parallel resistance and signal amplitude).   

- As an oscillator, the resonance frequency of a pickup may be between 2kHz and 
10kHz. The maximum error allowed to achieve the parametersô precision should be 
of 5% as well. 

Filter simulation: 

- Similarity between a real guitar sound and the simulated one (human perception). 
Therefore, the filtering processes, forward and reverse, need certain accuracy, 
although it is subjective. 

- Accuracy calculating the transfer functions, using circuit analysis formulas. 

 

1.4. Work Plan 

 

The Work Plan of this project is consists of two main blocks: the Arduino Analyzer 

(Analyzer) and the MATLAB application (called Filter and Reverse Filter in here, due its 

main function): 

1. Analyzer Design 

1.1  Design of the circuit 

1.2  Simulation using PSPICE 

2. Analyzer implementation 

2.1  Breadboard construction and test 

2.2  Arduino firmware and integration 

3. Filter design & Implementation 

3.1  Analysis of the circuit 

3.2  MATLAB simulation 

3.3  Software modeling 

4. Reverse Filter design & Implementation 

4.1  Application design & Implementation 

 

All work packages are described in the tables below: 
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Table I.1.  Work Package #1 

Project: Analyzer design WP ref: 1 

Major constituent: Design & Simulation Sheet 1 of 4 

Short description: 

Design and simulation using PSPICE of the main circuit 

of the analyzer, the pickup-based oscillator. Design of 

the other peripheral circuitry to measure the other 

parameters (series resistance and signal amplitude).  

 

 

 

Planned start date: 01/07/14 

Planned end date: 25/07/14 

Start event: Final Product 

Meeting. 

End event: Simulation working 

correctly. 

Internal task T1: Design of the circuit 

 

Internal task T2: Simulation using PSPICE 

Deliverables: 

Schematics & 

Simulation 

files  

Dates: 

25/07/14 

 

Table I.2.  Work Package #2 

Project: Analyzer implementation WP ref: 2 

Major constituent: Hardware prototype & Software Sheet 2 of 4 

Short description:  

Implementation of the main circuit (oscillator) and test it 

on breadboard and PCB. Arduino firmware 

implementation and integration to the whole circuit 

 

 

 

 

Planned start date: 29/09/14 

Planned end date: 28/11/14 

Start event: Simulation 

working correctly. 

End event: PCB board 

connected to Arduino working 

correctly. 

Internal task T1: Breadboard construction and test 

 

Internal task T2: Arduino firmware and integration 

 

Internal task T3: PCB design, construction and test  

Deliverables: 

Circuit boards 

Arduino files 

Dates: 

28/11/14 

31/10/14 
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Table I.3.  Work Package #3 

Project: Filter design & Implementation WP ref: 3 

Major constituent: Design & Analysis, Software Sheet 3 of 4 

Short description:  

Analysis of the filter generated out of a guitarôs circuit. 

Simulation using MATLAB of the transfer function and 

evaluation of the simplification. Software modeling of 

the filter using a second order low-pass simplification.  

 

 

 

 

Planned start date: 15/09/14 

Planned end date: 22/12/14 

Start event: Analysis of the 

circuit in a guitar 

End event: Software modeling 

of the circuit filter 

Internal task T1: Analysis of the circuit 

 

Internal task T2: MATLAB simulation 

 

Internal task T3: Software modeling 

Deliverables: 

MATLAB 

output files. 

MATLAB 

output files 

Dates: 

 

06/10/14 

 

22/12/14 

 

Table I.4.  Work Package #4 

Project: Reverse Filter design & Implementation WP ref: 4 

Major constituent: Design & Analysis, Software Sheet 4 of 4 

Short description:  

Finding the inverse filter of the second order 

simplification of the incoming signal and save the 

original guitar signal. Designing the Graphic User 

Interface in MATLAB used for filtering signals. 

 

 

 

Planned start date: 01/12/14 

Planned end date: 22/12/14 

Start event: Analysis of the 

filter 

End event: Software modeling 

of the filter 

Internal task T1: Filter design & Implementation Deliverables: 

MATLAB 

output files 

Dates: 

 

22/12/14 
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Milestones 

 

Table I.5.  Milestones table 

WP# Task# Short title Milestone / deliverable Date (week) 

1 0 Final Product Meeting  30/06/14 

1 2 PSPICE simulation Schematics &Simulation 

files 

25/07/14 

2 2 Arduino firmware Arduino files 31/10/14 

2 3 PCB design PCB boards 28/11/14 

3 2 MATLAB simulation MATLAB output files 06/10/14 

3 3 Software modeling MATLAB output files 22/12/14 

4 1 Filter modeling MATLAB output files 22/12/14 

 

Fortunately, every milestone could be reached in schedule, leaving the last month of the 
project term dedicated to the writing of this document. 

 

 

 

 
Figure I.1.  Gantt Diagram 
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2. State of the art of the technology used or applied in this 

thesis: 

2.1. The Guitar Sound 

 

The most important question before starting this project was: What determines a guitar 

sound? 

The sound of an electric guitar or bass is a chain of several subsystems where everyone 

is important and could be the ruin of the whole tone if it failed. Mostly the blocks are: 

- Guitar body 

- Pickup and electronics 

- Amplifier 

- PA, Public Address system (i.e. sound system and room acoustics) 

These are the main subsystems of a guitar tone and they are all important. However, the 

PA system is not a part of the instrument and, although the amplifier is very important and 

should be considered as a part of the instrument (a part of this projectôs next steps and 

improvements is focused on including the amplifier as a variable in the application), this 

project is focused in the guitar itself. 

As it has been stated, the instrument comprises two main subsystems: the body and the 

electronics.  

2.2. Guitar Body 

 

Every string instrument depends heavily on its construction. Obviously, the strings are the 

most important part of the instrument. Electric guitars have plane wire strings for the three 

thinner ones and wounded strings with additional wire for the thicker. Bass guitars even 

have double wounded strings, since they are much thicker than guitar strings. The 

thickness of a string affects its sound being more powerful and full of tones if the string is 

thicker. However it may be harder to play and it becomes a trade-off for the musician. 

 

 

 

 

 

 

 

Figure II.1.  Different wound types for Guitar and Bass Guitar strings 
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Nevertheless, any string by itself is pointless, since what really gives the instrument its 
tone is the body. The prime material, wood, is what lets the string resonate easier or 
harder in any of its frequency of the spectrum, so it is a very important choice before 
construction. The problem is that every block of wood is unique, because every tree is 
unique. Its growing characteristics determine the woodôs properties, and so does its 
treatment after the cutting.  

The weight of the guitar, the type of the body (hollow, semi-solid, solid), the number of 
wood pieces used and their junction affect to the tone, there are infinite variables and 
thatôs why this project does not focus on the body physics. The guitar is considered a part 
of the user which will not be changed, but its electronics will. 

 

 

Figure II.2.  Mechanical vibration spectrum of a Fender óStratocasterô. Peaks are the frequencies where the 
body is easily stimulated to vibrate (Electric Guitar, Helmuth Lemme) 

 

2.3. Guitar Pickup 

 

The most important part of the electronics of a guitar is the magnetic pickup. It is like the 

microphone of a singer for a guitar, and this comparison is very good one since it voices 

the guitar, and mostly because it doesnôt have a particular sound by itself. A ógoodô pickup 

will not enhance the sound of a óbadô guitar, while a óbadô pickup could sound pretty 

acceptable if the guitar is a first class. The only difference between microphones is that 

sometimes while speaking of guitars, some nonlinearities are appreciated and even sought 

in a guitarôs sound, and thatôs why a pickup may be studied not only looking for maximum 

linearity (which is ironically quite poor for a guitarôs sound). 

First the magnetic pickup is going to be explained. A pickup is made with any magnet 

material and a coil of some thousands turns of thin wire wrapping it. Its operation is based 

in two electromagnetic principles. The idea is to create a magnetic field which is going to 

be interfered by the strings. Every oscillation of a string is going to create a magnetic 

variation in the field with the same frequency harmonics as the mechanical vibration. Then, 

since the magnetic field crosses the coil center, an electric voltage is generated with the 
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same frequency harmonics as the magnetic field, thus becoming the mechanical vibration 

into an electric signal. 

 

 

 

 

 

 

 

 

Figure II.3.  String above an electric pickup, side sight. 

 

Since the magnetic material can be of any type, there are lots of construction types, which 

are showed in Figure II.4. 

 

Figure II.4.  List of pickup construction types (Electric Guitar, Helmuth Lemme). 

 

As can be seen, there are some pickups with two coils, whose inner magnets are polarized 

inverted (one N and the other S). These are called óhumbuckerô pickups and were invented 

to cancel the hum that electronic devices generated and the pickup captured. The idea is 

to cancel the hum inverting the coil polarity, but adding the signal thanks to inverting also 

the magnetic field (double negative equals positive). They have some specific issues which 

have been considered as future development, mainly the physical differences of having 

two separated pickups (see Figure II.5). 
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Figure II.5.  A humbucker coil would not pick up overtones half a wavelength of the magnetic pole distance, 

while single coil would (Electric Guitar, Helmuth Lemme). 

 

A single coil pickup can be modelled like a second order RLC low-pass filter (Figure II.6). 
This circuit element has a very interesting property which is the superelevation in the 
resonance frequency. The ratio between the maximum value of the superelevation and the 
low frequencies value is called quality factor, Q factor or only Q. This behavior and the 
frequency where it appears is what determines the difference of sound between a pickup 
and another.  

 

Figure II.6.  Ideal pickup without consideration of the eddy current losses. 

 

If a string vibrates over the pickup, an AC voltage source appears in the model, and this is 
the first approximation model to the pickup (see Figure II.7). 

 

 

Figure II.7.  Same equivalent as before with the AC voltage source. 
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Figure II.8.  Frequency response of a second order low pass filter. 

The reason of the pickup having a parallel capacitor is that between every turn there is a 
capacitance effect. Since there are thousands of turns, the inductance of the coil has a 
large value, between 2 and 10H (and larger if it is a humbucker pickup with two coils in 
series), and the capacitor, even it has a quite small value in the order of a few hundreds of 
pF, its effects appear in the humanôs ear audible frequency range, giving the pickup this 
transfer characteristic to be considered.  

However, the real behavior of the pickup has nothing to do with the ideal one. Using an 
impedance analyzer, every tested pickup had its Q far below the ideal calculation. 
Measuring its inductance and capacitance, calculating the ideal value and comparing it to 
the measured value, real Qôs were in the order of 1-2 while ideal Qôs were between 10 and 
20 or even higher. These results showed that eddy current losses in magnetic cores were 
a high concern for the pickup model and it had to be taken into account. Thatôs why the 
author added to the models found in previous bibliography a parallel resistance. The 
complete model of a pickup can be seen in Figure II.9. 

 

 

Figure II.9.  Final pickup equivalent used in this project. 

 
The difference between ideal and real pickups can be seen in Figure II.10 and Figure II.11 
with a test pickup simulated in PSPICE. Inductance, capacitance, series and parallel 
resistance values were measured using the Agilent 4294A Precision Impedance Analyzer.  



 

 22 

 

Figure II.10.  PSPICE Schematic used for simulation of ideal and real pickup. For ideal simulation Rpp value 
is very high, can be considered infinite. 

 

 

Figure II.11.  Ideal Q (red) is 17.27, much higher than 1.56 real Q (green). 

 

2.4. Guitar Electronics 

 

To complete an electric guitar circuit, there are usually two more simple elements, a tone 

control and a volume control. The volume control is a potentiometer used as a voltage 

divider. The tone control is a potentiometer connected to a capacitor, making a variable 

resistance first order low pass filter. 

There are a lot of different circuit configurations for electric guitars, since the number of 

pickups and potentiometers can change. A guitar may have one, two, three or even more 

pickups while volume and tone controls may be shared by two or three pickups while others 

may be specific for a single pickup. However, once selected the configuration by the user, 

the circuit usually is a pickup connected to a tone control and a volume control, as shown 

in Figure II.12. 

This circuit is the one has been used to recreate the guitar filter in software, which 

mathematical development can be seen in Annex 1. 
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Figure II.12.  Electric Guitar most common circuit. 

 

2.5. Pickup Controversy 

 

One of the reasons this project was thought out was the wide range of prices of pickups 

the market offers. Manufacturers rarely give any technical information of their product, one 

because most of guitarists wouldnôt understand this information and therefore it would be 

a useless task to characterize any pickup, and two, because if they did, prices should have 

to go a lot cheaper because almost perfect imitations would appear quickly. 

Letôs not forget that, even pickups really change a guitarôs sound and give it a characteristic 

tone, they are only a bunch of turns of wire and some magnets. Then, how come could a 

pickup cost as much as hundreds of euros while others (made in the Far East mostly) made 

with the same materials cost a couple of euros? 

The reason is simple. Since there are no knowledge among the buyers of the principles 

acting when using a pickup and there is not enough information and research among 

producers due to what has been stated before, everything ends up being a marketing 

merciless war between high quality (and prices) producers. There are lies such as a guitar 

will sound like any other, mostly one celebrity-owned guitar only by changing the pickup, 

even if they are not even the same model. 

A guitar body is as important as a pickup, in the whole guitar tone, and so is the amplifier 

used and its tonal configuration. Sometimes changing a pickup, if one does not know what 

he is looking for and does it only for advertisement reasons, results in a waste of money. 

The purpose of the project is not discrediting any manufacturer company but lending the 

consumer a tool to help him find what he is looking for the sound of his guitar, also avoiding 

a waste of time and money if he is not sure about what to change. 
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2.6. Bounds of the Project 

 

As has been explained before, any pickup model is just an approximation to the real life 

component, and there are some issues not considered with enough accuracy. 

One is the difference between single coils and humbucker coils. There are some issues 

such as the volume difference and the usually lower resonance frequency that are taken 

into account, but the main tonal differences are still to be studied and are part of future 

development. 

Another main issue is the magnet type and construction. We can assure that the magnet 

strength is related to the volume and that it may not affect to the tone but there has not 

been any study of the tone relationship with the magnet type and shape, so it has to be 

stated and it could be a following step for the project.  

There are nonlinear effects such as magnetic distortion due to deflection of the string, if a 

string is too close to the magnets and therefore the distance of the strings to the pickup, 

but if it is not extremely close, distance is taken into account with the volume measure. 

However there is no correction in the measures, so it is recommended to set the distance 

between the pickup and the string at 4mm (standard common value). 

 

 

Figure II.13.  Nonlinear distortion: string deflection and magnetic flux over time (Electric Guitar, Helmth 

Lemme). 
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3. Methodology / project development:  

3.1. Pickup Characterization Solution 

 

The main idea was to determine with accuracy all five parameters of the pickup model that 

had been proposed, namely: 

- Inductance 

- Capacitance 

- Series Resistance 

- Parallel Resistance 

- Volume  

Anyway, first step was determining the resonance frequency parameters, i.e. inductance 

and capacitance values. 

There were three first proposals, which had some pros and cons based on difficulty of 

implementation, price, microcontroller limitations, energy supply conditions, etc. but in the 

end one remained as the best overall solution. 

3.1.1.  VCO and Frequency Sweep 

First idea was using a Voltage Controlled Oscillator (VCO) controlled by the microcontroller 

and measuring the pickup impedance to a certain number of frequencies to search the 

maximum value where the resonance is and the frequency where it is.  

The IC selected for this task was not properly a VCO but a DDS (Direct Digital Synthesizer) 

wave generator. However, it was impossible to find one encapsulated in a DIP package in 

order to be easy to solder in a DIY PCB. It has to be stated though, that if this project had 

any chance of becoming a commercial product with the enough production resources, the 

author thinks this solution would be the optimal. 

Making a VCO using OPAMPs and DIP ICs was too difficult and the circuit was way too 

large to fit in an Arduino shield (as an example, see Figure III.1). 

These drawbacks added to the poor optimization of the software functionality led to think 

other solutions before choosing it for good. 
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Figure III.1.  VCO schematic designed with typical components. 

3.1.2. Time Domain Analysis 

In order to get a pickupôs parameters, a frequency domain solution had been already 

proposed, not suiting very well. So a time domain analysis was posed. 

The possibility of making this proposal relied on the great difference of order of magnitude 

between the two main values (inductance and capacitance). While the inductance value 

was in the order of Henries, the capacitance value was in the order of pF (10-12 Faradays). 

This gap was useful for example to measure each parameterôs behavior in a step response 

analysis (see Figure III.2). The low value capacitor had a low value tau with a test 

resistance, in the order of few microseconds, while the inductance had a higher tau in the 

order of hundreds of microseconds. Capacitorôs tau was too low to measure it directly with 

the Arduino microcontroller and it could not be changed, since it depended on the pickup 

series resistance in parallel with the test resistance. 

 

 

Figure III.2.  Test pickup step response. The tau is the time passed until reaching 63% of the maximum value. 
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As can be seen in Figure III.2, the maximum value is never reached because the 

inductance effect interferes slightly with the capacitance effect and this could lead to 

measuring errors. 

These results were not very promising, and another problem was detected when 

calculating the values from the measured results. Pickups have a nonlinearity when they 

are measured as a passive load which does not show when are used as an AC voltage 

generator (capturing the string deflection in the magnetic field). 

The inductance value at low frequencies is larger than the theoretical value that determines 

the resonance frequency (see Figure III.3). Thus the filter would be simulated incorrectly. 

These drawbacks required mathematical corrections too accurate and led to rejecting the 

proposal. 

 

 

Figure III.3.  Ideal and real pickup reactance comparison. Ideal calculated from resonance frequency. 

 

But how come did this issue not affect to the transfer characteristic? The answer is simple: 

The impedance of an inductor at those low frequencies (even a large inductor like the one 

present in a pickup) has a low value, since impedance for inductors is Ὦὒȟ being  ς“Ὢ. 

An impedance which compared to the 250kÝ potentiometers, or even to the pickup series 

resistance with a value of a couple of kÝ, is not significant. Therefore the variation between 

real and theoretical inductance value is not significant either. 
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3.1.3. Oscillator and Frequency counter  

The last proposal made is also the one developed. The idea is to use the pickup as a 

feedback network in the classic schematic (see Figure III.4) of an oscillator and an OPAMP 

as the gain amplifier. Also, there has to be a gain regulation control to maintain the 

oscillation without distortion. Thus the oscillation frequency is the one that determines the 

pickup. Using the Arduino microcontroller as a frequency counter, we can calculate 

connecting and disconnecting some test capacitors the original inductance and 

capacitance value of the pickup, as well as the parallel resistance value with some phase 

shifting formulas. 

 

Figure III.4.  Electronic oscillator basic scheme. The principles are unitary gain and no phase shifting in the 

whole loop. 

 

It was the chosen proposal to determine a pickupôs parameters because it features cheap 

discrete electronic components easy to solder by anyone and it fits really well in an Arduino 

shield. Furthermore the Arduino features a comparator with which it is very easy to 

implement a frequency counter. It can also be used with a slight modification to measure 

also series resistance. Only extra circuitry needed is for the pickupôs volume measure, 

which will be explained later. 

The following chapter is dedicated to explaining how the oscillator is designed and the 

problems and solutions to them encountered.  
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3.2. Oscillator Design 

 

The principal characteristics of this oscillator are (see Figure III.5): 

- The guitar circuitry as a low Q band-pass filter 

- A very rare and simple loop gain control called ñdiode throttleò 

- Test capacitors to change the oscillation frequency controlled by BJT transistors 

with the Arduino GPIO pins 

- OPAMP and circuit supply limited to 0-5V single supply from the Arduino board 

 

Figure III.5.  Complete oscillator schematic. 

 

The program used for this design is OrCAD Capture CIS Lite, a free lite version of the 

program with PSPICE lite simulator. In this section the oscillator main features are going 

to be explained in detail. 

3.2.1. Guitar Circuitry as a low Q band-pass filter 

As it has been stated before, the idea is to use the guitarôs pickup as a resonant in an 

oscillator loop. The problem is that it cannot be separated from the volume and tone 

controls, since one of the most important requirements is for the user to characterize a 

pickup without having to disassemble anything. So the potentiometers of each control knob 

will appear in the loop and they will dampen the quality factor of the bad-pass filter as any 

parallel resistance would. However, the user is asked to set the potentiometers at their 

maximum value (and then introduce this value in the application) in order to have the best 

possible Q factor. In Figure III.6 an example made with a test pickup can be seen. 

 




































































































































