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Overview

Psychoacoustics

e Loudness
* Pitch
e Timbre

« Sound Quality Metrics
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Loudness Level (phons)

Psychoacoustics

120 = :
= \:_‘::Q"" = phons
n-' \\ \"\. : LY
2100 e
(] \‘\\\ . - — ..-—1-.._‘?0 N
b T e e —— e — N
= ‘\\\\ k\ \\‘:\ . — ‘_ﬂ\g 0 - -
CCI 80 Y ‘ e = ~
2 ARSI ~— 70 DA
— ‘\ Y o \\ \\ I\'—-— i -
g 60 AN N = —~ —00 7 i
™~ — -~ t
- NY R =0 A~
ab] " Y ~ "y —
'_. b b '\_‘ - — Fad
2 40 INCINE NN T 40 AT
u ll ™ N o B | — il
a /,f - ‘h\ -\\L 4 ‘;\(]\-‘ r" —
— . ~— — I
E 20 F— Threshold B =20 7 —
é —— of hearing N —10 > -
-~ (MAF) —
0 i 1 ! ‘1\__ ,’
|
10 100 1000 10000
Frequency (Hz)
3

Vibro-Acoustics Consortium




VAC Meeting September 30, 2021

A-Weighting Adjustment

Psychoacoustics
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https://community.sw.siemens.com/s/article/sound-quality-metrics-loudness-and-sones
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A- and C- Weighting

Psychoacoustics
Center Frequency [Hz] A-weighting [dB] C-weighting [dB]

25 -447 44

31.5 -39.4 -3.0

40 -34.6 2.0

50 -30.2 213

63 -26.2 0.8
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100 -19.1 0.3

125 -16.1 0.2
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Example
|
Psychoacoustics
Octave Band Center dB Level 44, dBA Level
Frequency (Hz)
125 90 -16.1 73.9
250 96 -8.6 87.4
500 92 -3.2 88.8
1000 90 0 90.0
2000 85 1.2 86.2
4000 85 1.0 87.0
8000 81 -1.1 79.7

Ly = 10logo (ZN_, 10(en+2dn)/10)

Ly = 101og;o(1073% + 10874 + 10888 + 100 + 10862 + 1087 + 10797) ~ 95 dB(A)
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Relative Loudness (sones)

Psychoacoustics

Loudness is considered on a linear scale where 2 sones is twice as loud

as 1 sone.
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Bies, Hansen, and Howard, 2018

Sound Pressure Level and Sones

THTTETTNT __._______._.h._:_f_“._ h._ﬁﬂ_l___ﬁﬁ_ AL ____J

=8
WL
—

AN

BANMAN AN

=
fes]

4k

2k

1k

Loudness index

L
2 Zooooowownmo I T
n m_un:ucs_d..._-_ ——— e B e e T y i

500

——
—
—
b
—
e ——
b
B
T —
250

One-third octave band centre frequency (Hz)

[
[y
N
125

63

130

31.5

S 888 R 8 R8 8§ R 8 ¢S

(egri 7 21 gp) [2A9] amnssaxd punos pueg

Vibro-Acoustics Consortium



VAC Meeting September 30, 2021

Example

Psychoacoustics

z Si) Stotar ~ Overall Loudness Level (sones)
S; ~ Loudness in Octave Bands (sones)

Smax ~ Highest Level (sones)

B ~ 0.3 for Octave, 0.15 for 1/3-Octave

Stotal = Smax + B (

imax

Octave Band Center Frequencies (Hz)

31.5 63 125 250 500 1000 2000 4000 8000
Band Level (dB) 57 58 60 65 75 80 75 70 65
Band Loudness (sones) 0.8 13 25 4.6 10 17 14 13 11

Seotal = 17 +0.3(0.8 + 1.3 + 2.5+ 4.6 + 10 + 14 + 13 + 11) = 34.2 sones (loudness)

34.2 sones is approximately 91 phons

Vibro-Acoustics Consortium
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Example Vacuum Cleaners

Psychoacoustics

100'00:_ tone\‘ —— Spectrum brand_A
Vacuum A Vacuum B
o | dB 95.9 95.3
| | M dB(A) 95.4 93.2
0.00 Hz 24000.00
100.00 — e Sones 86.6 58.1

Pa
dB

|
0.00 Hz 24000.00

https://community.sw.siemens.com/s/article/sound-quality-metrics-loudness-and-sones
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Masking

Psychoacoustics

800 Hz pure tone Narrow band of noise 90 Hz wide
centered at 410 Hz
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From Bies, Hansen, and Howard, 2009
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Masking 800 Hz Tone

Psychoacoustics

Amplitude

800

Frequency (Hz)
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Masking 800 Hz and 860 Hz Tone

Psychoacoustics

Amplitude

800
860

T >

Frequency (Hz)
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Overview

Psychoacoustics

e Loudness
 Pitch
e Timbre

« Sound Quality Metrics
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Pitch Not Partial

Psychoacoustics

Tone at 100 Hz

Amplitude

100

Frequency (Hz)
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Pitch Not Partial

Psychoacoustics

Tones at 100, 200, 300, 400, 600, 700, and 800 Hz.

100 200 300 400 500 600 700 800

0

What is the perceived pitch?
100 Hz

Vibro-Acoustics Consortium 16
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Pitch Not Partial

Psychoacoustics

Tones at 200, 300, 400, 600, 700, and 800 Hz.

200 300 400 500 600 700 800

0

What is the perceived pitch?
100 Hz
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Pitch Not Partial

Psychoacoustics

Tones at 200, 300, 400, 600, 700, and 800 Hz.
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Pitch Not Periodic

Psychoacoustics

Tones at 120, 220, 320, 420, 520, and 620 Hz.

Amplitude

120 220 330 420 520 620

L] ,

Frequency (Hz)

What is the perceived pitch?
104.6 Hz

Vibro-Acoustics Consortium 19
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Pitch Not Periodic

Psychoacoustics

Tones at 120, 220, 320, 420, 520, and 620 Hz.

104.6
120 220 330 420 520 620

LI ,

Frequency (Hz)

Amplitude

What is the perceived pitch?
104.6 Hz

Vibro-Acoustics Consortium 20
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Pitch Just Strange

Psychoacoustics

Tones at 900, 1100, 1300, 1500, and 1700 Hz.

Amplitude

900 1100 1300 1500 1700

NI

Frequency (Hz)

What is the perceived pitch?
216.6 or 185.9 Hz

Vibro-Acoustics Consortium 21
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Pitch Just Strange

Psychoacoustics

Tones at 900, 1100, 1300, 1500, and 1700 Hz.

750

Amplitude

900 1100 1300 1500 1700

T

Frequency (Hz)

What is the perceived pitch?
216.6 or 185.9 Hz
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Equation for Residual Tone Identification

Psychoacoustics

foa Yon Qi fii
" Yn i Nty
az power (amplitude squared)
In frequencies
N, integer combinations (i.e., 3,4,5,6,7 or 4,5,6,7,8 or others)
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Shepard Tones

Psychoacoustics

Search on YouTube for “The sound illusion that makes Dunkirk so intense”

Vibro-Acoustics Consortium 24
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Overview

Psychoacoustics

e Loudness
* Pitch
e Timbre

« Sound Quality Metrics
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Timbre Beating

Psychoacoustics

Tones at 200 and 204 Hz.

Amplitude

Frequency (Hz)
What is the beat frequency?

4 Hz

Vibro-Acoustics Consortium 26
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Timbre Beating

Psychoacoustics

Tones at 3000 and 3080 Hz.

3000

Amplitude

3080

Frequency (Hz)

What is the beat frequency?
80 Hz

Vibro-Acoustics Consortium 27
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Timbre Beating

Psychoacoustics

Tones at 201 and 300 Hz.

Amplitude

201 300

| ,

Frequency (Hz)

What is the beat frequency?
3 Hz

Vibro-Acoustics Consortium 28
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Imbre Bach Backwards

Psychoacoustics

 Bach

 Bach with notes reversed

Vibro-Acoustics Consortium 29
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Overview

Psychoacoustics

e Loudness
* Pitch
e Timbre

« Sound Quality Metrics

Vibro-Acoustics Consortium 30




VAC Meeting September 30, 2021

Metrics Tonality

Psychoacoustics

» Classic Tonality — provides a relative weight of the tonal
components to the rest of the spectrum on a scale from 0 to 1.
Delivers one number for entire frequency range. 1.0 is defined
as a 60 dB sine tone at 1 kHz with no other noise present.

» Psychoacoustic Tonality — more sophisticated metric which
incorporates features of human hearing. Results are delivered
in frequency bands. Numbers increase with amplitude.

» Tone to Noise Ratio — compares the tone level to that of the
masking noise in each band.

* Prominence Ratio — compares the level in a frequency band to
surrounding bands.

Vibro-Acoustics Consortium 31
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Metrics Modulations or Transients

Psychoacoustics

 Fluctuation Strength — appropriate for modulations up to ~20
per second.

* Roughness — appropriate for modulations from ~20 to 300 per
second.

« Kurtosis — statistic for identifying irregularities in the signal (i.e.,
clicking sounds).

“Turns out it was a
marble in the ashtray”

et o~

B
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Richard Lyon (2000)

Psychoacoustics

Some perceptual psychologists, among which psycho-acousticians are a
subset, propose additional metrics that can be used to choose among product
variations. In the area of sound, such metrics carry names like roughness,
sharpness, and fluctuation strength. They are measured using combinations of
frequency and temporal filtering, and instrumentation is available for computing
these metrics.

These metrics undoubtedly shed some light on the correlation between features
of sound and perception. But engineers design gear trains, motors, and
structures, not spectra, so a correlation between component sounds and the
acceptability of a product (which we have defined as sound quality) is of more
direct value to the design engineer.

Vibro-Acoustics Consortium 33
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