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● Current acoustics of the dance 
studio are in desperate need of 
fixing.

● Room is too live for any speaking 
while rehearsing.

● Also not ideal for live 
performances.
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The Problem



sㄋThe Problem

● Acoustic absorption panels are 
available for use.

● Need to know if they are 
effective, and if so, how many 
are necessary
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1. Find an accurate method to determine RT60 using 
instruments developed in-house.

a. Tested two methods.

2. Reduce the RT60 to ≈1.8 s using available materials.

The Goal
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Acoustics Background
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Measuring Room Reverberation

● Reverberation Time
○ RT60
○ Measured at 1/3 - 1 octave 

frequency bands
○ Ideally 1.0 - 1.8 s

Rakerd et. al. (2019) Schomer et. al. (2002)
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Decibels (dB) and Sound Pressure Level (SPL)

● The “loudness” of sound is 
quantified by its sound pressure 
level (SPL)

https://svantek.com/academy/sound-pressure-level-spl/

Svantek - Sound Pressure Level (SPL)



sㄋ
10

RT60 Calculation

Assuming an exponential decay, RT60 can calculated as: 

Solving for t:



sㄋSabine’s Equation and RT60 Prediction

Electroacoustics - Schomer, Swenson. Page 13.
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Frequency Dependence

● Mid-range frequencies 
are absorbed more 
quickly.
○ Material dependent.

Acoustical Surfaces Inc. Sound Silencer Datasheet

Frequency (Hz)



Instrumentation
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sㄋDevices

● 2 Devices in this project.
○ Both controlled via Bluetooth.

● Speaker board (our method).
○ Makes a single frequency tone.

● Microphone board.
○ Electret Microphone converts 

pressure into voltage.
○ Voltage information recorded in SD 

card.
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sㄋDevices

Speaker Board Microphone Board
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sㄋSpeaker Board Schematic

Adafruit M0 Feather Adalogger
MAX9744 Class D Amp
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Bluetooth LE SPI Friend
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MAX9744 Class D Amplifier

● Communicates with Adalogger over I2C 
protocol.

● Allows digital and analog control.

MAX9744 Datasheet



sㄋSound Creation

● Sine wave emulation.
1. Saves one period at specified 

frequency to an array.
2. Reads through array at 

necessary speed.
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sㄋMicrophone Board
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Adafruit M0 Feather Adalogger

ST7789 TFT 
Display

RTC

Electret 
Microphone

Bluetooth LE SPI Friend



sㄋMicrophone Board
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Adafruit M0 Feather Adalogger

ST7789 TFT Display

RTC Electret Microphone

Bluetooth LE SPI Friend



sㄋMicrophone

● Electret microphone.
● Built-in MAX4466 amplifier.
● Reliable 20Hz - 20kHz.

Adafruit Electret Microphone Datasheet
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sㄋMicrophone Board
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Adafruit M4 Feather Adalogger

ST7789 TFT Display

RTC Electret Microphone

Bluetooth LE SPI Friend



sㄋAnalog Inputs

● 12 bit data

● 120 MHz clock: analogRead() - 37 kHz

● Could take faster data - 44.1 kHz (Red 
Book Audio)

● 512 KB FRAM = 86000 samples = 2.5 s 
of data

https://www.adafruit.com/product/3857
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sㄋMicrophone Board
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Adafruit M0 Feather Adalogger

ST7789 TFT 
Display

RTC

Electret 
Microphone

Bluetooth LE SPI Friend



Our Method

25



sㄋProcedure

● Trigger signal sent from smartphone.

● Speaker makes noise for 3 seconds.

● Microphones record data two seconds 
after speaker starts making noise.

● Trials consisted of two separate tones 
(220 Hz and 440 Hz).
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Back Wall (Concrete)

Mirror Wall

Front Wall and 
Observation Deck

Concrete Wall



sㄋBox Measurement
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● RT60 time is 0.031 ± 0.001 s



sㄋWhy this does not work in the studio?
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Not exponential

Increase in volume 
after turning speaker 
off?

Blip in volume ~ 0.7 s after 
turning speaker off 



sㄋWhy this does not work in the studio?
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sㄋWhy this does not work in the studio?
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sㄋWhy this does not work in the studio?
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● RT60 time is 2.45 ± 0.07 s



Impulse Response Method
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sㄋSchroeder Method of Reverberation Measurement

● Eliminates the need to take the 
average of many trials.

● Uses the assumption that any noise 
is “stationary white noise”.

● Requires an impulse source.
○ Mathematically: Dirac delta.
○ In Practice: Balloon pop, starter gun, 

etc.
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Industry Standard Procedure

● An omnidirectional speaker and 
a sound level meter with octave 
filters is used

● Sound source must be capable 
of producing sound 35-45 dB 
above the floor noise and should 
be placed about 1.5 m above the 
floor

● Data is taken with source in 
several locations

Svantek - RT60 Reverberation Time

www.roomeqwizard.com
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Procedure

● Microphones lined up at different 
distances from center of the room.

● Trigger signal sent from 
smartphone.

● Impulse created as soon as LED 
indicated mics were recording.

● Acoustic foam added for 
subsequent runs.

Back Wall (Concrete)

Mirror Wall

Front Wall and 
Observation Deck

Concrete Wall



sㄋImpulse Measurements

● We chose to pop balloons for our 
impulse.

● Pros: simple, cost effective, impulse 
and reverberation are easily visible.

● Cons: inconsistent balloon pressures 
can throw off measurements, saturates 
microphone signal unless gain is 
minimized.
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Data Analysis

Raw Data Band Pass 
Filter

Hilbert 
Transform
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Data Analysis

Filter Convert to 
dB

Schroeder 
Integration
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Results

440 - 880 Hz band typically 
analyzed over 30 dB of 
decay

Lower and higher 
frequencies analyzed over 
10 dB of decay

± 0.001 s± 0.001 s

Early Decay Time (EDT)
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Results

Balloon popped in middle of room440 - 880 Hz band
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Results - Comparison to Our Method

● RT60 time is 2.45 ± 0.07 s ● RT60 time is 2.159 ± 0.001 s
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Results - Frequency Dependance

Data from 2 trials of 5 devices
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Results - Acoustic Panels

The room with 61 acoustic panels
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Results - Acoustic Panels

Even less conclusive 
results at other 
frequency bands:

Frequency (Hz)



Conclusions
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sㄋConclusions

● RT60 times measured more accurately using Schroeder’s 
method.
○ Fitting directly to raw data impractical because of 

anomalies in data.

● Reverberations at high frequencies easier to dampen out.
○ Still not near to 1.8 s goal, even with significant 

numbers of panels

● Tests with more acoustic foam needed to see difference in 
RT60 times for lower frequencies.
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Recommended Material

https://www.acousticalsurfaces.com/echo-eliminator/bass-buster
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● Presence of higher order 
frequencies makes direct fit 
impractical.

● Artifacts in data (echoes) add 
difficulties to RT60 calculation.

● Different approach necessary.

Recorded in KCPA
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● Fits work well for 440 Hz but 
generally poor for 220 Hz.

● Artifacts in data make RT60 
calculation difficult.
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sㄋTesting With Known Decay Time

● Tested over five trials.

● RT60 = 0.95 ± 0.13 s
○ Real decay time: 1 s.
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Equation for Decaying to -60 dB:

Simplified:

Parameter Derivation Error Derivation

Definition of exponential decay

Apply Propagation of uncertainty:
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sㄋCode description

Error given by covariance 
matrix (pcov[1,1])

Parameter k given 
by pop[1]
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sㄋNoise From TFT and RTC
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Recorded in KCPA
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Balloon Spectrogram
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Results - Curtain


