
Hearing Hearing Loss
Anes Macić

Computer Audition F2023



2

Background Goal Approach Results

Inner Ear - Mechanotransduction of Pressure Waveform to a “Neurogram” 
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Background Goal Approach Results

Auditory Nerve Properties: Frequency Sensitivity
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Background Goal Approach Results

Auditory Nerve Properties: Dynamic Range
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Background Goal Approach Results

Auditory Nerve Properties: Timing (phase locking)
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Background Goal Approach Results

A neurogram is a population response of AN fibers (a cochlear STFT)



7

Background Goal Approach Results

A neurogram is a population response of AN fibers (a cochlear STFT)
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Background Goal Approach Results

Invert the Auditory Nerve Model (ANM)
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Background Goal Approach Results
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Background Goal Approach Results

Data

 LibriSpeech Audio Corpus

 2 hours of English speech (40 speakers, all different sentences) at 16kHz

Preprocessing

 Bruce, Erfani & Zilany (2018) Auditory Nerve Model

 Neurograms have 2 channels (fiber types) and 512 frequency channels 

(150Hz – 8kHz) at fixed 65 dB SPL

Few minutes of speech take 1 hour of processing when run in parallel on 

20 CPUs, 90GB RAM
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Background Goal Approach Results
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Background Goal Approach Results

Initial Loss: Time Domain MSE
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Background Goal Approach Results

𝜉(𝑡) =
ҧ𝑆𝑥𝑥  ∗ 𝑓

׬ ҧ𝑆𝑥𝑥𝑑𝑓
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Background Goal Approach Results

Match in time domain𝐿1 =
1

𝑁
෍(𝑦 − ො𝑦)2
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Background Goal Approach Results

Match in envelope and variance

𝐿2 =
1

𝑁
෍(𝑦𝑒𝑛𝑣  − ෟ𝑦𝑒𝑛𝑣)2

𝐿3 =
1

𝑁
෍(𝜎2 − ෢𝜎2)2



16

Background Goal Approach Results

Final Loss Function
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Background Goal Approach Results
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Background Goal Approach Results

To use the middle most-sensitive region, 

output should be windowed and hopped at 50%.
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Background Goal Approach Results
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Background Goal Approach Results

Two possibilities

1. The model degrades information more than what hearing loss would.

2. The model underestimates hearing loss. 

How do we think about this?

Farhadi (2023) showed that the efferent feedback (from the brain to the ear)

can affect the periphery responses (it can increase spectral contrast.).
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Background Goal Approach Results

Summary

• An inverse auditory model was created and trained with a custom loss function

• When evaluated on hearing loss neurograms, the model reduces spectral contrast.

• (Unavoidable?) obstacle to hearing hearing loss is the efferent feedback.
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Background Goal Approach Results
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