DIGITAL AUDIO BASICS Based on slides © 2009—2021 DeHon, Koditschek
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LAB 5: MEASURED MASKING

Saw (heard) that loud tones could mask softer,
nearby frequencies.
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LECTURE TOPICS

Where are we on course map?
Psychoacoustics

Review
Masking

References

LAB 5: MEASURED OWN FLETCHER CURVE

« I — FEELING | | | «
G joa T o . &
H | | H
e ! | E
2108 100 + 2 &
o d | ] *3
w Q v w
4 S | 4
$108 9 \\ Ha <
g S |

2 z \\ t 3
-] [
g10% g so— H—toz &
e & [N HH g
$o2 g : 2 £
z 2 N ; z
> e w
E10714 Z j—oooz &
) >
z A
%6 I~ 00002 &

—
0 100 104 06~ 20000
FREQUENCY IN CYCLES PER SECOND

PSYCHOACQUSTICS




e
THE PHYSICAL EAR — TAKE-AWAY

— Cochlea
Vestibuli 600 H: q H
! Maai.m,‘ J\_ directly senses frequencies
S jemprane
by Captures frequency domain

EES ...not time domain
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Stapse (mm) locations
Cochiear Apex activated by sound waves

{Low Frequency) . .
Neurons sense activation|

Cochlear Base
(High Frequency)
Unroted

Cochlea
==
Relative
Ampiitude /
[FG3] Anil il Due to the greater nd smaller mass,
the base of the basilar membrane is tuned to high frequencies while the apex resonates best

with the low frequendies. The amplitude of the traveling waves across the membrane shows
the frequency-to-place mapping.

Picture above — uncoiled cochlea...
-- different stereovilli (Hairs) resonate at different frequencies
-- our ear performs Fourier Transform!

AUDITORY THRESHOLDS — MEASURED BY FLETCHER
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MASKING

Auditory Masking

When the perception of one sound is affected by the
presence of another

Remember...perception
Two types:
Frequency Domain Based:
Frequency Masking, simultaneous masking, spectral masking

Time Domain Based:
Temporal Masking / non-simultaneous masking
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Limits of Human Hearing...easy to see from Cochlea
Cochlea only so long...
lowest frequencies: 20 Hz
Highest frequencies: 20 kHz
Also helps us understand ‘selectivity’
Our brain can choose to ‘listen’ to output of various filters
Example: At a party, but you can concentrate on conversation!

AUDITORY MASKING

e
FREQUENCY DOMAIN MASKING

Masking illustrates the limits of ear selectivity
In fact, we measure ear selectivity using masking!
Vocabulary:
Masker — The noise ‘masking’ the maskee
Maskee — The signal being ‘masked’ by masker
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ON-FREQUENCY MASKING ON-FREQUENCY MASKING
Greatest/worst form of frequency masking Greatest/worst form of frequency masking e
Occurs when maskee & masker are the same frequency Occurs when maskee & masker are the same frequency Maske
Level
(@B)
Masker Frequency (Hz)
Sound Maskee Also strong when masker and signal are within same auditory band
'—(g‘ée)‘ (filter) Sound

Frequency (Hz) Maskers

Sound Masker:
L(Z“s?' T Maskee Signal
Frequency (Hz) \ / Frequency /Hz
Critical
Band
13 14
ON-FREQUENCY MASKING ON-FREQUENCY MASKING
Greatest/worst form of frequency masking Greatest/worst form of frequency masking
Occurs when maskee & masker are the same frequency e Occurs when maskee & masker are the same frequency ~ sound Maskeq
L(eve}l (dB)
Frequency (Hz)

Frequency (Hz)

Also strong when masker and signal are within same auditory filter Also strong when masker and signal are within same auditory filter

Sound
Level

e

Think about Cochlea vibrating:

Think about Cochlea vibrating: sau
5
Froquency ) \____ / Signal
Fioquocy 7 Listener cannot distinguish between e Fisauocy
) Nearby hair cells vibrating them, perceived as one sound
; will cause some vibration. Preclass 1: audience noise masks
Interpreted by brain as caused movie line
by large vibration, not a separate

frequency.
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OFF-FREQUENCY MASKING FREQUENCY MASKING

Given a signal at a frequency

s - How strong must a signal (or noise) at a
ound Listening channel . N
Level or auditory fiter difference frequency be in order to be heard?

General trend:

Larger the frequency difference
— The less strong it must be (the less masking)

Off-frequency masking

Sound
Level
1dB

Frequency /Hz Amount of masker Frequency /Hz
within same listening
channel as signal
Masker has different frequency than signal

Masker still has effect...
...if it's in same auditory filter band as signal Frequency (kHz) https://commons.wikimedia.org/wiki/File:OutputlevelMoore.svg




FREQUENCY MASKING EXAMPLE
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DEMONSTRATION

Generate 1000 Hz Tone (masker) [band 9]
Sweep frequency 700Hz to 1600 Hz (masked)

About 20% of level of masker
Bands 7--11

Both constant loudness
Reference without Masker
Play sound...

When hear second signal?

further apart

See diminished masking effects as frequencies get
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FREQUENCY MASKING EXAMPLE
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DEMONSTRATION

Generate 900 Hz Tone (left channel) (maskee)
Turn gain all the way down (-36 dB)

Generate 1000 Hz Tone (right channel) (masker)
Keep gain at 0 dB

Play sound...

Bring intensity of 900 Hz tone up so we can hear both
tones
Mute masker and play it again...

Maskee was always there, just couldn’t hear it

Even though it was at different frequency of masker
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FREQUENCY MASKING EXAMPLE
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PRECLASS 2

Which frequencies should we keep?
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Plots of masking at several different frequencies:

0, 200 500 1000 2050

MASKING
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FREQUENCY

Effect of masking is ‘worse’ at higher frequencies
Masking band gets wider at higher frequencies

TIME-DOMAIN MASKING (TEMPORAL)

Two types:
pre-masking (backwards)
post-masking (forwards)

Pre- Simultaneous Post-Masking
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TEMPORAL MASKING - BACKWARDS

Not as intuitive an explanation...

60

Simultaneous

%

Threshold Increase (dB)

Maskee Au

50 100 150

Asudden masker noise... T e e e ()
Makes inaudible other sounds preceding noise!
Why does this happen?
One thought: takes time for your brain to interpret sound
Think of it like a buffer...
Throws out contents of buffer when a loud sound comes in
to concentrate on only the loud sound (masker in this case)
Also, hair vibrations likely take time to come up to full amplitude
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FREQUENCY MASKING AND HARMONICS

Masking can also occur at the harmonics of masker...

MASKING
o838 83
{ l

o

200 400 600 800 1000
FREQUENCY

Example has a masker at 200 Hz

While effect of masker is greatest at 200 Hz...
Also effects harmonics of masker signal!
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TEMPORAL MASKING - FORWARDS

Easier to understand...

masker L

' 50 100 150 o 50 100 150 200
ssker appearance (ms) Time after masker removal (ms)

A sudden masker noise...
Makes inaudible other sounds following noise...for up to 200ms
Physical: hair cells in Cochlea don't stop vibrating instantly

Brain accounts for the fact their vibration will decay over time after
incident sound goes away

(imagine the compression possibilities!)

USING PSYCHOACOQUSTICS IN DIGITAL AURIO
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BAsIC FREQ/MASKING COMPRESSION IDEA

Convert to frequency domain
If few frequencies
Cheaper to only represent those
Masking means can drop frequencies that are
present, but not dominant
Save by leaving those out
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PRECLASS 3

Same A, B, C, D, E from preclass 2
With same masking effects

Encode 0s/masked with 1-bit
Encode keep/non-0 with 9-bit

g

A BC DE

BIG IDEAS

Human hearing mechanism directly encodes
frequency

By position on Cochlea
Differential sensitivity by frequency
Hear some frequencies louder than others
Frequency Masking

Limit to what we can simultaneously perceive in critical
bands — loud frequencies can hide others

Temporal Masking
Loud signals can hide sounds that come after (or before)

I
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LEARN MORE

BIBB417 — Visual Processing
Same kind of look at physiology, but for vision

LING520 — Phonetics 1
Focus on speech, includes both hearing and production
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Open book, open notes
Calculators allowed
2 hours
Anytime between 9am and
11pm EST Wed. 3/3
5% of grade

prepare for final
Last 3 year’s midterm and
answers

on 2018, 2019, 2020 syllabus

Were all in-person, closed
book
2020 final was Online Quiz,
also on syllabus

Post “rules” for exam

ESE150 Spring 2020

MIDTERM — ONLINE QUIZ

Topics
Data representation in bits
Sounds waves
Sampling
Quantization
Nyquist
Lossy/lossless compression
Common case
Frequency domain
Psychoacoustics
Perceptual coding

before Fridai

COMING UP

Feedback — including Lab 5
Next Lecture
Put this together to compress audio
Start deriving key features of MP3 (finish next Friday)
Lab 5 report this Friday as usual
Lab 6 on Monday - start of big, formal lab
Lab now posted
Midterm next Wednesday
No lecture
No lab report next Friday
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