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Motivation

Musical 
performances have 

not had much 
advancement in 

recent years.

Creating more 
stimulating musical 

performances.

http://drive.google.com/file/d/172ITIsHl7o3zMWe-ty4lnbKugnIXl4zk/view


Objectives

• To visualize the sounds 
emitted by instruments with 
RGB LEDs.

• Process frequency & volume 
of the sounds through a 
microcontroller.

• Create a smooth transition 
between colors.

http://drive.google.com/file/d/1LTL_x-ZqQ7mCG3L9fs1O8OZFVsyCGC-_/view


Specifications & Requirements

Specification Goal

Minimum SNR value 25 dB

Minimum refresh speed 5 iterations per second

Lower power mode System sleeps after inactivity

Portability Easy transport

Portability Light weight

Total cost Under $1000

http://drive.google.com/file/d/1b0YNq__65kgBmzyRF_mVTv2hd0CBX-xq/view


Initial 
Prototype 
Diagram

http://drive.google.com/file/d/1OARJh7fm4SbxOBqFs-B7ZoRYDKcmyTvD/view


Hardware 
Block 

Diagram

http://drive.google.com/file/d/1DH07xFEnF6OXIdDKyCyRr58m0Jdhrrju/view


Software 
Block 

Diagram

http://drive.google.com/file/d/19seTeIIKTZtm5ISMgm9L6W9sE8sh_S78/view


House of 
Quality

http://drive.google.com/file/d/1b0SHdkN_PXTbCCP5kh3_6XBf19rJIJ7p/view


Initial 
Project 
Approach

Begin with software 
design.

Create working product.

Make it portable.

Polish.

http://drive.google.com/file/d/18bncu3mie_NhZDsnJjNi1KZdccBYrv1K/view


Component Selection

http://drive.google.com/file/d/1dr03OSz2IMDKp7Y1T_QjYfJiiR4GRC-I/view


Microcontroller

• Speed

• Price

• Specifications

• I/O

• Community Support

http://drive.google.com/file/d/1uVuJ3syyYYxW6HIQmKdCCr7Yc1V9I3-e/view


Microcontroller Comparison Table

Raspberry Pi 4 Raspberry Pi 3 Nvidia Jetson 
Nano

Cost $158 $80 $298

Processor Speed Faster Slowest (0.5x Pi 4) Fastest (2x Pi 4)

RAM 2-8 GB 1 GB 4 GB

I/O All All Missing 3.5mm 
audio

Size 3.94”x2.76”x1.18” 3.35”x2.2”x0.8” 2.72”x1.77”x1.77”

Power 
Requirement

5V DC 5V DC 5V DC

http://drive.google.com/file/d/1lyGx31F0IUEB3KoIGDAmbWHa-ZavjOdf/view


Microphone

• Portability

• Polar patterns

• Clarity

http://drive.google.com/file/d/1YbQ8RXM7PSqBxXn9ccKiydOYsRz4HPZm/view


Microphone Comparison Table

Shotgun 
Microphone

Contact 
Microphone

Clip-On 
Microphone

Pickup Pattern Lobar Direct Cardioid

Cost $90 $20 $165

Size Large Small Small

Sound Quality High Fidelity Standard High Fidelity

Application Floor Standing Direct Mount Direct Mount

http://drive.google.com/file/d/1SmNQHT6jHzd4cLtBsIoS7HFlr026vT0T/view


Frequency 
Converter

Analog-to-Digital Comparison

Latency

Size

Noise

Resolution

http://drive.google.com/file/d/1COhqH3m1EAq9_5ggFhLKXcnYZV-wL02L/view


Analog-to-Digital Comparison Table

Dual Slope Flash Pipelined Delta-
Sigma

Successive 
Approximations

Cost Low High Low High Low

Size Small Large Medium Small Small

Latency High Low Low High Medium

Resolution High Low Medium High Medium

Throughput Low High High Low Medium

Noise Low Medium Medium Very Low Low

http://drive.google.com/file/d/1vt7YkEbTYUfODCG98ih3cX_ScqNC4xWt/view


Analog-to-Digital Converter Schematic

http://drive.google.com/file/d/1OXjpMIizEFmm3moAk0zlHSeHMJtQVJPb/view


Analog-to-Digital Converter Layout

http://drive.google.com/file/d/1AEAhRBo8GjVjLw8qU2dxFYzyds-Aamke/view


DC-to-DC Converter Schematic

http://drive.google.com/file/d/1u40YYCheDFeA5bc4cHbraX_rVRdGPAbh/view


DC-to-DC Converter Layout

http://drive.google.com/file/d/1dpLBNk0NUusvEEqFtKzzBthlUdP0Qt06/view


Light Emitting Diodes

• Brightness

• Color spectrum

• Longevity

http://drive.google.com/file/d/1enbDmrA238qOQEmPxflf6pl63FzE_xwg/view


LEDs Comparison Table

SMD COB

Quality of Light • Features a glare
• Best used as a point light

• No glare
• Uniform light beam
• Best used as a surface light

Production Efficiency Low High

Cost ~5% Higher ~5% Lower

Color & Temperature Adjustable with a wide variety of 
colors

Non-adjustable color

Application Signs & Displays Security & Industrial

Energy Efficiency Highly efficient Highly efficient

Brightness 50-100 lumens/watt 80+ lumens/watt

http://drive.google.com/file/d/1rx6s4VHfMwNXQLgOYyeRWfhV4xrnDzAO/view


Power Supply

• Portability

• Cost

• Life Cycle

http://drive.google.com/file/d/1zvbYQd_4l0wpGx6jlggIP8A5yZKG9H3X/view


Power Supply Comparison Table

Rechargeable 
Lithium-Ion 
Battery Pack

Lithium Polymer 
Battery

Raspberry Pi Battery 
Pack

PiJuice Hat USB Wall 
Charger

Size 1.9”x3.2”x6.3” 2.6”x1.42”x0.39” 4.17”x3.82”x1.38” 4.33”x4.92”x1.38” N/A

Weight 1.58 lb 1.25 lb 0.28 lb 0.22 lb N/A

Cost $53 $38 $26 $90 $12

Capacity 8300 mA/h 3000 mA/h 4000 mA/h 1820 mA/h N/A

http://drive.google.com/file/d/1NYo1dfU0gkbNJmso1VX4XxR4iVCESUch/view


Display Screen

• Display Size

• Resolution

• Compatibility

• Power Consumption

• Cost

http://drive.google.com/file/d/12ZIteS0uLcp9uiGvBG4UVvLh6JMF2Pt6/view


Display Screen Comparison Table

Criterias LCD OLED QLED

Cost $40 $120 $110

Screen Size 5” 5.5” 5.5”

Features Touch Screen Touch Screen Touch Screen

Availability 1000+ 2+ 50+

Resolution 800x480p 1920x1080p 1920x1080p

Compatibility Raspberry Pi Raspberry Pi Raspberry Pi

Power Consumption 5V DC 5V DC 5V DC

http://drive.google.com/file/d/129IgG4iiqgeguAo5seJwcrEZn4kDhq64/view


SolidWorks Design
Design Iterations were made in the adjustment to any changes that needed to be done on the 

system.

http://drive.google.com/file/d/12DkDpZP2PJMuRrEJYN9j-l0z-Lx-ia3J/view


Converting music to 
colors

• JavaScript program converts sound 
into frequency values.

• Frequency ranges assigned to 
various notes.

• Each note assigned a different 
color.

• Visual representation of 
Chromesthesia

http://drive.google.com/file/d/18w7V-uHSU-ZAxEh2fGk8UCJYCfaeEUNy/view


Level 0 - Note-to-Color Relationships

• Relationship between specific notes with specific colors
• Foundational level to be implemented
• Represents sound-to-color visualization

Ex. The note A flat corresponds to the color Blue  

=

http://drive.google.com/file/d/1OlCHdEbJmz5rz_ctMjUaUd9SGb5AAAdK/view


Level 1 - Note Relationships

• Changes color based on musical note-intervals
• Can select which intervals to track

If C = And G = 
Then C and G played successively 
produces a color mix of both  =

http://drive.google.com/file/d/1bBuNk_uxuRoUxEmYskFOjO28yzxwgzYU/view


Level 2 –
Polyphonic 
Sound

• Differentiate between different 
instruments being read by the 
microphones input

• Based on specific timbre of each 
instrument

http://drive.google.com/file/d/1caTsKicWsrjcr7dC3qswi50F4K_zzIab/view


Implementing Color 
Schemes

• Used to determine which note gets 
which color

• Ability to add, edit, and delete new 
color schemes

http://drive.google.com/file/d/16Lie1-6OOFXEjyZOGOtlWRiIBdk8a2Wo/view


Fourier 
Transforms

Algorithm designed to interpret repeating patterns

• Applied in sound, optics, electrical engineering, etc.

Sound can be defined as the fluctuation of air 
pressure over time

• FT finds the frequency of the fluctuations

Converts a sound into a list of frequencies

• A note is a specific frequency range

• Most sounds are made of several frequencies

Application uses fft.js library to implement fast 
Fourier Transforms

• Fast Fourier Transform is an algorithm made for quick 
computer calculations

http://drive.google.com/file/d/1Z_sJ1pGlyNZrVueGGGRS0uqeL9AOWHWR/view


Work Distribution

Name Stefan Anja Leith Carson

Software Design X X

Hardware Design X X

A-D Converter X

DC-DC Converter X

Music Integration X

RGB Integration X

http://drive.google.com/file/d/149nlBBwLnpHg_vKu45RWybffS9A87u2B/view


http://drive.google.com/file/d/1CuyAQO_ry5E4bQQI_CHyR3yB-t6z8lH5/view


Budget

Part Estimated Cost Description

Microphone $79.99 Floor Clip-On microphone to read in 
music being played.

LED Strip $21.99 High Density RGB LED strip with 144 
LEDs per meter to light up the 
instrument.

5” Display Screen $48.49 Touchscreen LCD display to apply 
different light modes and settings 
can be IPS or TFT.

Microcontroller $185 Raspberry Pi 4b 8 GB

Power Supply $11.89 Power cable with switch to turn off 
power to the Raspberry Pi.

Frequency Converter 
Components

$100 Comparator used for the ADC.

http://drive.google.com/file/d/123mbcOvSepuqmIiNPC3SI2qC5GoArZop/view


Product Demo

http://www.youtube.com/watch?v=ueMOcoi3uU4
http://drive.google.com/file/d/1xkB3SoPIhnJni5hsZOgrctVcK1ZU3PFj/view


Questions?


