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1. Introduction

1.1 Problem

Electric guitars are one of the most versatile instruments you could play and give you a
tremendous amount of options for what tone you would like to have. Generally there are two
ways to majorly affect your guitar’s tone, those being the EQ (Treble, Mids, and Bass) on the
amplifier, and having pedals that have their own specialized effects built in. Pedals give an
almost infinite set of combinations for sound alteration like delay, distortion, phasors, reverb, etc.
Finding a tone that matches your playing style and what you want to define as “your sound” can
be very difficult and time consuming. Therefore, when you find that perfect tone, you want to be
able to recreate it at any volume level at any time. This is where you encounter a problem with
only having two options of volume adjustment on a typical guitar/amp setup. When changing the
volume, using a volume knob (Can choose to set 1-10) on the guitar, there is often a very
noticeable change in tone especially in the lower range (1-3). A similar problem arises when
adjusting the volume knob of the amplifier however the effect is even more noticeable. On the
amp, when going from 1-10 the increase in volume is not linear and behaves similarly to a
population curve where growth is exponential in the beginning, but between 6-10 there isn’t a
huge difference in gain. This on top of fluctuation in tone makes these options imprecise and not
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practical if you want to maintain “your sound.” This is also a problem during performances
where you don’t necessarily want to change your tone, but make slight adjustments to how loud

the guitar is compared to the rest of the performers.

1.2  Solution



To allow for a more precise and consistent way to adjust your guitar’s volume without needing to
also adjust the tone of the guitar, this project will have two main components. There will be an
attachment that will go on the bottom of the guitar’s body that will collect audio data from the
amplifier and send that sampled data to the microcontroller. This data will be collected by two
microphones (Powered by 9V battery) that will be placed on the front and back of the guitar so
that the player can choose to face away from the amplifier without losing data due to the
microphone’s limited FOV. This data will then go to a comparator which will see which signal

has a greater amplitude and send that through an AUX cord to the microprocessor.

1.3  Visual Aid

Figure 1: Placement on Guitar
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Figure 2: The pedal and its connections

The second component of this project will be the pedal itself which will include the user
interface, microprocessor, inverting, and amplification system. The user interface will be a knob
potentiometer that will allow the user to choose between a range of 30-90 dB which will
determine the magnitude the pedal will try to achieve at the microphones. There will also be a
button for turning the pedal on and off as well as an LED to indicate. The microprocessor itself

will be responsible for determining how much amplification is needed to get the desired volume



depending on the signal received from the microphone guitar attachment. For example if the user
set the pedal’s knob to 60dB the goal of the pedal system is to make the amplitude of the signal
at the microphone 60dB. If the microphone picks up a weaker signal the pedal will amplify the
guitar’s signal (Output from guitar pickups) to bring it up to 60dB and vice versa for signals
stronger than 60dB. If the player were to step away the volume at the microphone would

understandably get weaker and the guitar signal would need to be amplified.

1.4 High-level requirements list:

=> Audio stays consistent for the player without large jumps or stutters and volume
at microphones stays within 5% of the decibel volume selected by the pedal.

=> The preset tone (highs, mids, lows) and effects (distortion, wah, flange, or other
pedal effects) should remain the same no matter what setting is changed on the
pedal. Volume should be the only variable changing. Change in any tones and
effects will be audible.

=> Any frequencies picked up by the microphones not within the range of 80-1500

Hz will be filtered out and should not change the volume of the guitar.

2.  Design
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2.2 Physical Design
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Figure 4: Microphone Attachment (Left) and pedal (Right)




2.3  Subsystem Overview

2.3.1 Processing Subsystem (Pedal)

This system is the heart of the guitar pedal, it will be responsible for filtering, processing, and
amplifying the signal. It will consist of a microcontroller with ADC capabilities to receive and
modify audio signals, and cascading op-amps for necessary gain. Two filters will be
implemented through code from software and burned onto the chip memory. The noise filter will
be a moving average filter to smooth data and the bandpass filter will attenuate frequencies
outside our desired range. The data from the filters will then be amplified accordingly based on
data from the guitar device. The amplified signals will be sent through a jack to the speaker

system.

2.3.2 User Interface Subsystem

Adjustable knob connected to a potentiometer to change the decibel setting. There will be a
visual aid on the physical pedal to detail the decibel level to the user. This system will interface
with the control unit to decide on amplification settings. There will also be a push-button to turn

the pedal on/off as well as an LED indicator

2.3.3 Power Subsystem (Pedal)
There will be a personal power bank for the pedal. For power delivery, our team will use a
lithium ion battery to supply ample power to the chips. There will need to be two voltage

regulators, to change the input voltage to the specific components.



2.3.4 Sampling Subsystem (Guitar)

The sampling subsystem is the main component of the guitar attachment. It will be responsible
for receiving signals from the surrounding air and delivering it to the microchip onboard. We will
likely implement two microphones on either side of the guitar to receive sound from the amp and
deliver to a comparator. Whichever sound is louder will be sent through an aux connection to the

pedal for filtering.

2.3.5 Power Subsystem (Guitar)
This subsystem will also be powered by the LI-Battery located in the pedal. This will be done

through an aux cord going to a regulator to supply the proper voltage to the microphones.

2.3.6 Schematics
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Figure 5: Design Schematic Mk1
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2.3.7 Flow chart for software

Self-Adjusting Volume Pecal

Team 34

™
9
@
w
L
S
g
"
=
£
5}
N
[
®
N
o
3
t
©
e
S
=z
®
>
>
a
£
S
=z

o
o)
X
=z
<
N
(=]
~N
o
c
=
a
"
0
=
g
w
o
w

11



Device Neutral
{Pedal Off)

Power On?

Device On
Receiving Signal

Mo es

Brequency inside rangk
{80-1500 Hz)

Yes

Moving Avg Filter

No

Op-amps & out

Figure 7: Software Flowchart

2.3.8 Commercial Component Selection

For the main component of our project, we selected the Electret Microphone Amplifier -
MAX4466 with Adjustable Gain for our choice in microphones. We chose these because of their
ease of access in the ECE Supply Center to get quickly and begin testing the capabilities of
adjustable gain. This varying gain is also important because our system will be working mainly

to amplify an existing signal. The MAX4466 is a compact electret microphone with only three
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pins, which can easily be mapped to an AUX cord for powering and delivering a signal to our
pedal system. The MAX4466 has a range of frequencies wide enough for our application and
requires minimal power.

2.4 Subsystem Requirements

2.4.1 Processing Subsystem (Pedal)

The Processing subsystem will be responsible for filtering the received signals in real time, while
modifying them properly for amplification. Without the proper filters applied with precise

coefficients, the amplifier will receive improper frequencies and possibly result in stutters/jumps

in volume.
Requirement Verification
The processing unit must attenuate e A tone generator will be played at
frequencies in the signal outside of accepted frequencies below 80 Hz and above
range. 1500 Hz near the microphones. If our
attenuation filter works properly, these
signals will not be detected through
the speaker.
Amplification of signal to the preset volume is e The guitar will be played stationary.
within 5% and should not stutter while the e Using a decibel meter, we will record
user is moving. the decibels at the user’s position and
compare it to the set value.
e The player will move around, as will
the decibel meter.
o There should be no stutters detected,
and the volume read from the decibel
meter will be within 5% of the preset.

Table 1: Processing Subsystem (Pedal) R&V
2.4.2 User Interface Subsystem
The user interface system is the only component of our project where the user has an ability to

change the base decibel volume of the amp. Thus, it is vital that this system will accurately set
the volume.
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Requirement

Verification

Knob appropriately sets volume at the user's
location to volume within 5% of selected dB.

e User interface will be turned to a
maximum value in dB and the guitar
will be played stationary.

e Using a decibel meter, we will record
the decibels at the user’s position and
compare it to the set value.

e We will test the lower bounds of the
system next.

e Finally we can use a middle position
to solidify the accuracy of our device.

On/Off Button works properly

e Switching this button will accurately
turn on and off an LED.

Table 2: User Interface Subsystem R&V

2.4.3 Power Subsystem (Pedal)

The power subsystem for the pedal is vital to keeping the microcontroller and op-amps in rated

voltage after going through a voltage regulator.

Requirement

Verification

Must be able to supply rated voltage for each
component within a +/- 0.2V tolerance after
going through voltage regulators.

e Open up the pedal to expose
components.

e After each component, verify what
voltages are read before the Vcc pins
and compare to rated voltage values.

On/Off Button works properly

e Switching this button will accurately
turn on and off the voltage in the
whole circuit.

Table 3: Power Subsystem (Pedal) R&V

2.4.4 Sampling Subsystem (Guitar)

The sampling system is important in gathering the signal and sending out data in real time to the
pedal. Without proper sampling, we would receive stutters and jumps in data.
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Requirement

Verification

Must be able to record channels for each
microphone and the comparator must select
the louder signal 95% of the time.

e A microphone can be removed and left
in a stationary position.

e The user can move the guitar’s
positions while playing.

e The amplification of the signal should
remain constant if the user gets further
away, since the stationary mic should
be chosen from the comparator.

e Vice-versa for when the user is
moving closer to the speaker.

Able to relay data to the pedal in real time.

e While playing the guitar, there are no
stutters, jumps, or delays in the audio.
Volume should ramp up or down
accordingly as the guitar's position is
changed.

Decibel volume detected should not change if
the user is in a stationary position.

e If the guitar does not move and the
volume from the speaker becomes
quieter or louder, then this requirement
is failed.

Table 4: Sampling Subsystem (Guitar) R&V

2.4.5 Power Subsystem (Guitar)

The power subsystem for the guitar is vital to keeping the microphones in rated voltage after

going through a voltage regulator.

Requirement

Verification

Must be able to supply rated voltage for each
component within a +/- 0.2V tolerance

e Verify that the MCU is supplying 5V
using a multimeter.

e Before each component, verify what
voltages are read at Vcc pins and
compare to rated voltage values from
datasheet

Table 5: Power Subsystem (Guitar) R&V

2.5 Tolerance Analysis
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One tolerance risk we face when implementing this project is properly allocating memory space
for our microcontroller with the most efficient filters possible. A heavy portion of our project is
focused on coding very effective filters to make data transfer and modification seamless and
simultaneous.

A filter designed to attenuate frequencies outside of our bounds, 80-1500 Hz, was designed in the
Arduino IDE. After doing so, compiling on an ESP32 chip (previously chosen microcontroller
but in the future will be switched for audio capabilities of STM32) allocated 9% of the flash
memory, which was 300kB. If we plan on using the STM32, that would correlate to 18%, since

the STM32 has half of the flash memory that the ESP32 MCU has.

II||
[ip]

Qutput

Sketch uses 292077 bytes (9%) of program storage space. Maximum is 3145728 bytes.
Global wariables use 38868 bytes (9%) of dynamic memory, leaving 296820 bytes for local variables. Maximum is 327680 bytes.

Ln68, Col 29 Arduino Nano ESP32on COM1 (21 B

Figure 8: CubeIDE Simulation
The STM32 microcontroller has 2MB of flash memory, which should be enough space but could
cause risk when we plan on implementing more filters to refine our design. Overall, it will be

necessary to design efficient, precise filters and not settle for simple due to memory concerns.

3.  Cost Analysis and Schedule

3.1 Cost Analysis

3.1.1 Labor Cost
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The average Electrical Engineer salary for our skill sets is around $50 per hour. The length of
this project is around that of eight weeks with the workload being around 12 hours per week.
After accounting for overhead the total labor cost comes out to 50 * 2.5 * 12 * 8 = $12,000 per

group member leading to a total labor cost of $36,000 for the whole team.

3.1.2 Part Cost

Description Manufacture Quantity | Price | Link
STM32H723VET6 Microcontroller ST 1 $10.81 | Link
Push-Button switch VICASKY 1 $8.59 | Link
LM317T +1.2 TO +37V Adjustable voltage regulator ST 2 $1.16 | Link
Electret Microphone Amplifier MAX4466 with Adjustable | MAXIM 2 $12.52 | Link
Gain

Decibel Meter: Backlit LCD Screen, Range 30-130dB TopTes 1 29.99 | Link
2 Rechargeable 9v Lithium lon batteries EBL 1 13.99 | Link
10nF Capacitor SMD 0805 KEMET 1 $0.18 | Link
1uF Capacitor SMD 0805 Samsung 2 $0.20 | Link

Electro-Mechanics
100nF Capacitor SMD 0805 Quantic UTC 5 $1.00 | Link
4.TuF Capacitor SMD 0805 Samsung 1 $0.10 | Link
Electro-Mechanics

Red LED SunLED 1 $0.28 | Link
IDC-Header 2x03 Sullins 1 $0.36 | Link
Conn_ ARM_JTAG SWD 10 Sullins 1 $0.36 | Link
CONN JACK STEREO 3.5MM R/A CUI Devices 4 $2.52 Link
Screw Terminal 01x02 Phoenix Contact 1 $0.40 | Link
SPDT Switch C&K 2 $1.22 | Link
AZ1117-3.3 Fixed Voltage Regulator Diodes Incorporated 1 $0.37 | Link
10k Resistor SMD 0805 YAGEO 3 $0.30 | Link
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https://estore.st.com/en/stm32h723vet6-cpn.html
https://www.amazon.com/VICASKY-Footswitch-Effector-Accessory-Amplifier/dp/B0CP5Y69QB?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&psc=1&smid=A9FSOECJ45HB5
https://sg.element14.com/stmicroelectronics/lm317t/v-reg-adj-1-2-37v-to-220-3-317/dp/9756027
https://www.adafruit.com/product/1063
https://www.amazon.com/Weighted-30-130dB-Temperature-Humidity-Neighbor/dp/B0B9BC4N2X/ref=asc_df_B0B9BC4N2X/?hvadid=674079476370&hvpos=&hvnetw=g&hvrand=8368568814080028975&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9022196&hvtargid=pla-1992465687515&mcid=4f62b257d81234c6b8ddbadc5363a385&th=1
https://www.amazon.com/EBL-Rechargeable-Lithium-Batteries-Long-Lasting/dp/B08Z7979WM/ref=sr_1_6?dib=eyJ2IjoiMSJ9.iOWP5ffm4HD9Bk3aYlDvSmU49Rz8MIfupQ-DRMwkS9k2QwiqapdgG6r23IhUDb9CwS1VbqK2CDELtd2AcY3DQNqxGrIywFWl_D2aB73ECZFtUmIrTzdb-HXAoqEGZ7SDpK3CwvM3BVef240j-PcK_WWrN6Ddi7sWHWeUaUJ8DloCufvb9OWl9rj0rJcqZXRRj2YxyvMua15gYNM9i9i7KTk3Fch1-VXqSnlLguJSv-l9WlMvjkjEouqFNvuBbokY-ouv0fNleGxGuXKyhY4j5OD_AkP3Rc68AgrIP-1MOcU.sFHvN5ipAv5yYdjiLeC0-DfdrzckyjF62dB2nqXZBxE&dib_tag=se&keywords=9v+lithium+rechargeable+battery&sr=8-6
https://www.digikey.com/en/products/detail/kemet/C0805X103K1RAC3316/10315780
https://www.digikey.com/en/products/detail/samsung-electro-mechanics/CL21B105KAFNNNE/3886724
https://www.digikey.com/en/products/detail/quantic-utc/CG0805X7R104KWT/21283731
https://www.digikey.com/en/products/detail/samsung-electro-mechanics/CL21A475KAQNNNE/3886902
https://www.digikey.com/en/products/detail/sunled/XLUR12D/4745846
https://www.digikey.com/en/products/detail/sullins-connector-solutions/SWR204-NRTN-D03-ST-GA/2769634
https://www.digikey.com/en/products/detail/sullins-connector-solutions/SWR204-NRTN-D03-ST-GA/2769634
https://www.digikey.com/en/products/detail/cui-devices/SJ1-2503A/738680?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Supplier_Focus%20Supplier&utm_term=&utm_content=&utm_id=go_cmp-20243063242_adg-_ad-__dev-c_ext-_prd-738680_sig-CjwKCAjwkuqvBhAQEiwA65XxQC1guYMeN-SsFTq1L6cGURmnTlKt5A-JQ4N-Q16xckk0UAQwJmWCphoCa6MQAvD_BwE&gad_source=1&gclid=CjwKCAjwkuqvBhAQEiwA65XxQC1guYMeN-SsFTq1L6cGURmnTlKt5A-JQ4N-Q16xckk0UAQwJmWCphoCa6MQAvD_BwE
https://www.digikey.com/en/products/detail/phoenix-contact/1985195/568659
https://www.digikey.com/en/products/detail/c-k/OS102011MA1QN1/1981430
https://www.mouser.com/ProductDetail/Diodes-Incorporated/AZ1117H-33TRE1?qs=FKu9oBikfSkGfSKJazTNfQ%3D%3D&utm_id=10957129881&gad_source=1&gclid=CjwKCAjwkuqvBhAQEiwA65XxQAWd3MzFaMQPWyYQJDWGnMqMS5rR7AAgUbct2n6nBtLS_re_Yf19whoCfwgQAvD_BwE
https://www.digikey.com/en/products/detail/yageo/RC0805FR-0710KL/727535

100k Resistor SMD 0805 YAGEO $0.30 | Link
1k Resistor SMD 0805 YAGEO $0.10 | Link
5k Variable Resistor Precision Electronics $18.15 | Link

3.1.3 Total Cost

Table 6: List of parts

After accounting for the labor cost of $36,000 and the material cost of $103.5 and assuming 20%

for tax and shipping (+$20.70) the total cost for this project comes out to be $36,124.20.

3.2 Schedule

The schedule is loosely outlined below. There will be some tasks that will have unexpected

problems along the way and ideally the design should be mostly functional by the first or second

week of April. Leaving ample time to find and fix mistakes in time for the final demo. In terms

of dividing the work and assigning tasks. We plan for the majority to be team tasks as we feel

most of them will require all of our knowledge and input to properly complete. However, some

tasks will not be completed by everyone, but we plan on discussing and delegating those tasks as

we see fit through the remainder of the semester.

Week Task
February 19th - Design doc 2/22

- Proposal regrade 2/23
February 26th - Design review 2/28

- Order parts

- Begin breadboarding

- Begin coding for microcontroller
March 4th - Team Eval 1 3/6

- Machine Shop 3/8

- Continue breadboarding and coding
March 11th Spring Break
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https://www.digikey.com/en/products/detail/yageo/RC0805FR-07100KL/727544
https://www.digikey.com/en/products/detail/yageo/RC0805FR-07100KL/727544
https://www.digikey.com/en/products/detail/precision-electronics-corporation/RV6NAYSD502A/222833

March 18th - Verify circuit works on Breadboard
- Design and submit PCB
- Obtain pedal and mic casings

March 25th - Submit/revise PCB
- Finalize physical components & assembly
- PCB Round 3 3/26

April 1st - Revise and Resubmit PCB
- Refine and edit design
- PCB Round 4 4/2

April 8th - Confirm working design
- Prepare for Mock Demo and Final Demo
- PCB Round 5 4/9 if needed

April 15th - Prepare and finalize for Final Demo
- Mock Demo Week

April 22nd - Create and prepare for Final Presentation
- Final Demo Week

April 29th - Final Presentation Week
Table 7: Schedule

4. Ethics and Safety

The goal of this project is to provide a quality of life product that does not replace or make obsolete other
products attempting to solve similar issues. In section 1.3 it states, “to avoid real or perceived conflicts of
interest whenever possible, and to disclose them to affected parties[1]. To ensure this doesn’t happen we
intend to make this product to solve unique use cases and to be used alongside existing products that also
deal with volume alteration. Also to comply with section 1.5 of the IEEE code of ethics we intend to credit
all preconstructed systems that use or take inspiration from. We also intend to be fully transparent with
any shortcomings of this project and won’t attempt to cover up or omit information regarding any faults.
On the topic of safety this system will be using a Lithium Ion Battery contained in the guitar
attachment. We intend to make this system as safe as possible mainly by not having the recharging system
contained in the attachment. Recharging will be done externally using the proper equipment. The
attachment will also allow adequate airflow as to not allow for the battery to overheat while contained

within the system. Other concerns are, “Thermal runaway may be triggered if a battery has certain defects
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that can lead to short-circuiting, is overheated, is subject to high pulse power usage, or is punctured” [2].
To solve this the placement of the battery will also not facilitate any high heat environments and will not

be in danger of suffering water damage or puncture.
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