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Introduction

® Frequency-responsive RGB (FRGB) instrument lights are RGB lights that are designed for
musical instruments. The LEDs are controlled by the frequency and volume of the
instrument being played where the frequency determines the musical note which
determines the color of the LED and the volume determines the brightness of the LED.

e The main goal was to create an immersive visual element to musical performances in
order to better captivate a wider audience.



http://drive.google.com/file/d/1FuCP-O1UoFuxr0TXrWrFQR4VxZkdATla/view

Specifications

Specification

Goal

Minimum SNR value

25 dB

Minimum refresh speed

5 iterations per second

Fully customizable note colors

Can customize the color associated with
each note individually

Portability

< 7x5x5 inches
< 3lbs



http://drive.google.com/file/d/1R9tmusYM54fN4s4i28mMRjxwh7HIWS1R/view

Signhal-to-Noise Ratio

e When calculating the SNR, the labs did not have the required equipment to accurately measure the

values for the calculations.
O  Lab head David Douglas assisted with finding the values using the multimeter despite it not being as accurate as
with a Decibal Reader
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http://drive.google.com/file/d/1i_8PDwQ9ALmTuVdy0RzQcpTf7BBUgqQg/view
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After testing we confirmed that the LEDs
updated at a refresh rate of at least 5
color/brightness adjustments per second.

The example video shows 6 LED updates
in the span of 1 second with a timer



http://drive.google.com/file/d/1LBweks9JhBk0mgRLBF2NSy5XoEFIFXF1/view

Fully Customizable Note Colors

tk

Set Your Custom Color Theme

- -

- - -

Set Custom Theme



http://drive.google.com/file/d/1Q8l2OumV5AoTwK1t8VlG3caltBJ-Jibf/view
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http://drive.google.com/file/d/19yvERbvP_is8OfW5izNUWBsRjkfuGs8c/view

Component Selection

® Microcontroller
e Analog-to-Digital Converter
e LED Strips




Cost

Processor Speed

Microcontroller Comparisons

$80

0

$298

RAM

0.5x Pi 4

2x Pi 4

Size

1GB

4 GB

Power Requirement

3.35"x2.2"x0.8”

2.72°x1.77°x1.77”

5V DC

5V DC



http://drive.google.com/file/d/122ctWYyYIBTGBlOUhBXe6RYy_zsIyrKO/view

Analog-to-Digital Converter Comparisons

0

Dual Slope Flash Pipelined Delta-Sigma  Successive
Approximation

Cost $46.94 $154.70 $78.61 $6.66 $21.52

Size (inches) | 2.07x.54 2.096x.62 0.3x0.3 0.2x0.12 0.2x0.12

Resolution 15-bit 16-Dbit 16-bit 16-bit 16-Dbit

Throughput 40 166,000 10,000,000 860 1,000,000

per second

Noise 30uVpp 120uVpp 150uVpp 62.5uVpp 47.3uVpp



http://drive.google.com/file/d/16u-J-eQIdmCptjpyqjiz136UE-g-Qdhv/view

LED Comparisons

Quiality of Light No glare

Uniform light beam

Cost ~5% lower

Colors Non-adjustable

Brightness 80+ lumens/watt



http://drive.google.com/file/d/1RYzeTbZlH3WJzzeiw6S1gBI4SZD-tw7E/view

Converting Music Into Color #

Python 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/14eOTr0ANU0Y7Sut_RQNRp3jE5fOX0WT7/view

Note-to-Color Relationships

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

Ex. The note A flat corresponds to the color Blue

"]

A
e

Ab



http://drive.google.com/file/d/19rMbVF14iBdegA5FCaWCO6X9HGl96-61/view

Hardware Implementation

Analog-to-Digital Converter
Pre-amplifier
Raspberry Pi 4 Microcontroller

LCD screen




Analog-to-Digital Converter (Original)
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http://drive.google.com/file/d/1LT6BOIdPPsdfnoX7gKxEE1TpWfLtSs-g/view

RTM3004UsS; 1335.8794K04; 105376 (01.601 2020-04-01)
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http://drive.google.com/file/d/13o5XWkn_D_QVYdIIkqoy7aQgsVoKgMc_/view
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https://web.mit.edu/6.101/www/s2020/projects/colinpc_Project_Final_Report.pdf
http://drive.google.com/file/d/1JLPtRmxdxCPlkt3HlleULmhgG4oG7ISl/view

RTM3004US; 1335.8794K04; 105376 (01.601 2020-04-01)
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http://drive.google.com/file/d/1sJGExWQm1486hHj71qjJJLnf7c3AxsW4/view
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http://drive.google.com/file/d/1hWiTC3RV338AkbXRcKnOnJknV7yfDFTs/view
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http://drive.google.com/file/d/10K3oboWdH158MTNPEthThY34OgPih97E/view

SolidWorks Design @
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http://drive.google.com/file/d/1shodKbD_Nj5lg_IjULd6x8iT9SWIFtMJ/view

Raspberry Pi 4 Layout @

40-Pin General-Purpose 3V3 power o o 5Vpower
Input/Output Header GPIO 2 (SDA) o ° 5Vpower
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http://drive.google.com/file/d/14MW1mqMJMLE_MgkZfSFSzdiGniXbohdY/view
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http://drive.google.com/file/d/1U4wJ_Cz5y_mYIvOBgy6DlO80qLCD8Fym/view

Software Implementation

GUI (tkinter)
Python code
Console output

Software demo




Fourier Transforms

e Algorithm designed to interpret repeating patterns
o  Appliedin sound, optics, electrical engineering, etc.

e Sound can be defined as the fluctuation of air pressure over time
O  FTfinds the frequency of the fluctuations

e Converts a sound into a list of frequencies
o  Anote is a specific frequency range

e Most sounds are made of several frequencies

o0  Application uses fft.js library to implement fast Fourier Transforms
O  Fast Fourier Transform is an algorithm made for quick computer calculations



http://drive.google.com/file/d/1GzcicbNCweSKSj3fLEzaMpL40gNHW0uy/view

Python Gui Using tkinter ®

Welcome to FRGB Instruments!

Welcome to FRGB Instruments!

Select Theme... r—
Select Theme... r—

Custom
Energetic
Jazz
Oceanic

. k

Continue.



http://drive.google.com/file/d/1f3MSGJ8Bojfd8oFBH_TxTLBTVZTzfMhb/view

Python Gui Custom Theme Running #

tk

Set Your Custom Color Theme

- -

- - -

Note Bb

Set Custom Theme



http://drive.google.com/file/d/19lFSUiT8BoAMDQ_hVWCYVt8gVdPPlvMu/view

Python GUI Visualization Screen #

Visualization In Progress... Visualization In Progress...

(r,3fw Note: E



http://drive.google.com/file/d/1FtNhBA-b9V64xNAgtXHA9zHWSh19TxCX/view
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http://drive.google.com/file/d/11FqAbUL90dw-QchaGU-kCSpZLg7527Pd/view

Python Code Tests (Console Output)

Single Note: :
& File Edit Tabs Help Multiple File Edit Tabs Help
B peak frequ 121 Hz Notes: Db peak frequency: 556 Hz



http://drive.google.com/file/d/1zow0Ywx3kgaO1e9BiSWUbu3__YtJCqMS/view

Challenges Faced With Hardware

Problem

Solution

Aimed too highly for course PCB
requirements.

Building an ADC from scratch proved far too
difficult and time consuming when paired with
the rest of the project.

Shipping delays with PCB components.

Paid extra for 4-6 day shipping.

Component failure.

Purchased multiple backups of each
component.

Issues with understanding component
datasheets

Experience from time in the lab testing
components as well as research

Finding recommended parts

Using replacement parts



http://drive.google.com/file/d/1ngbFyPvKPEqpFrgKcZ6Cf6X_SJjdZbEf/view

Challenges Faced With Software »

Problem

Solution

Corrupt Python Libraries on Raspberry Pi that
stopped the program from running

A clean Raspberry Pi OS install (Seemed like
a one off corruption)

How to Implement a GUI with Python

Utilized the Tkinter and ttk bootstrap
Python libraries to implement GUI with
widgets

Sample Rate

Trial and error until the correct gain and
sample rate values were found.

Debugging Issues with Raspberry Pi

Research and Trial and Error

Inability to have more than one person
work on code while away

More time spent together in Senior Design
Lab and phone calls



http://drive.google.com/file/d/13_PoI6XaLv3157Ekx2u51nrn1K_ucu_6/view

Work Distribution

Name Stefan Anja Leith Carson

Software Design P P

Hardware Design P P

ADC S P

Pre-Amplifier P S

RGB Integration P S

GUI S P

Legend:
P = Primary
S = Secondary



http://drive.google.com/file/d/11nntJMePt96bOoCY0ZMinLlXs-IIeDjW/view

Future implementations @

Note Intervals (i.e perfect fifth).

Bluetooth module and lights.
Merging software application with physical product.
Training mode

Polyphonics



http://drive.google.com/file/d/1HyV4tIoQLjpL_hSMC52q59iuNMcBbMqk/view

Any Questions?




