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|. Ear Physiology

® The ear is a very sensitive

of air pressure variations into nerve firings
O just above Brownian motion !?
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® The cochlea is largely understood
O the brain is more difficult



The Ear

® |mpedance matching & transduction
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Auditory Transduction

by Brandon Pletsch

O pinna acts as horn
O eardrum + bones match impedance
O cochlea transduces to nerve firings




The Cochlea

® Complex resonant structure

Oval window Basilar Membrane
(from ME bones) (BM)
Travelling
PAS N wave 2 kHz
/4
— Pooo s s AT
—> ,::::/ \:\ Base ”’Illlll”ll%l’l’l”” ;" i U1 Apex
Cochlea
16 kHz A 6 kHz
Resonant s“e*%ﬁﬁﬂﬁﬁﬁmmﬁﬁﬁﬁﬁﬂ%%@g’Amx
frequency
50 Hz
> http://www.wadalab.mech.tohoku.ac,jp/FEM BM-e.html

0 Position 35mm

O active feedback to maintain near-ringing state
o fibers!
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Hair Cells

® Transduce mechanical motion
to nerve firings
Cochlea
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0 3,000 IHCs driving 20,000 nerves
O easily damaged

_— Auditory nerve



Auditory Nerve

® |HC fires near maximum displacement
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Nerve Responses
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Auditory Nerve Ensemble

® Ensemble of nerves provide full information
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Auditory Models

® [ilterbank + nonlinearity
O varying (but broad) bandwidth
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2. Auditory Psychophysics

® Extensive study of relationship between
physical (@) and psychological (‘¥) values
O perception Is not “direct’!

® Common across all perceptual modalities
O proprioceptive force, body positioning
O vision
O hearing

® O - Y distinction is important!



Loudness perception

® Perception of physical parameter
O just noticeable difference -
O magnrtude scaling

® \Weber’s law:
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Equal Loudness

® Fletcher-Munson curves (1937)
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Masking

® Limited dynamic range in cochlea
O effect within frequency*‘critical bands”™
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Limits of Hearing

® Test what listeners can

“two-interval
A B X forced-choice”:
X =AorB?
» time
® Roughly...

O timing: 2 ms difference, 20 ms ordering
O tuning: ~ 1%
O spectral profile: single components ~ 2 dB

O phase!?
O tones vs. nolse...



3. Pitch Perception

® Complex (non-sinusoidal) tones

give a single,
O despite harmonics resolved by coch
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“Place” models of pitch

Hypothesis:
Pitch results from

broader HF channels
4 cannot resolve
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O support: low harmonics are important
O but: prtch of noisy signals



“Time” models of pitch

® Autocorrelation
neatly unifies pitch phenomena

3 per-channel
autocorrelation
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O but: high-frequency modulation evokes weak pitch



Competing Cues

® Perhaps brains use both place & time cues

O common perceptual strategy:
opportunistic combination of information

® eg. combination

Pr(6 Pr(6
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o if x1, x2 are independent given 0



4. Music Perception

® Hearing music involves
O Instruments
O notes
O rhythm

® Can study with
subjective
experiments




Scene Analysis

® Detect separate events
O common onset

O common harmonicity
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Consonance

® Musical intervals
relate to

® Pitch Helix
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Rhythm

® Sensitive to periodicity
O speech! breathing! brain?

® Onsets + autocorrelation?
O variations in tapping
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Sequences

® Perceptual effects of sequences
O e.g. streaming
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® Music is built of sequences
O different sensitivities



Summary

® Ear converts air pressure to
O spectral analysis

® Brain does a lot with scarce information
O dealing with the real world

® Music is a complex signal
O multiple sources
O harmonic structures
O temporal patterns
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