Understanding auditory properties with a computational model

1 5 Why can humans detect sound changes?

Abstract

Humans can respond to changes in the sound amplitude. We investigated why humans acquired such an ability by constructing a
computational model of the auditory system. We simulated perceptual and neuroscientific experiments that examine responses to
sounds whose intensity changes over time.

We assumed as little knowledge about the auditory system as possible to construct the model. Nevertheless, the model exhibited
properties similar to those of the auditory system. By simulating various existing experiments with the single model, we could
explain in a unified manner the phenomena at different scales: behavioral sound discrimination and neuronal response properties.
Our study will lead to the design of better hearing aids, cochlear implants, and earphones and headphones that would make users’
hearing comfortable in any environment. Designing a sound environment suitable for each individual's hearing ability may also be
possible.
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® Humans can respond to changes in the sound amplitude /™ Many neurons respond to amplitude changes.
(Amplitude modulation; AM). m |n each unit in the trained model, unit activities in response to

sound amplitude changes were calculated.
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® Why does the auditory system exhibit such a property? layers in the NN were similar to those in the peripheral, middle, and
— We answered it by computational simulation. central brain regions, respectively.
m Aneural network (NN) was trained to classify everyday sounds. W Training to recognize everyday sounds resulted in responses similar
Thresholds were calculated in each layer. to those of neurons in the auditory system.
— Patterns of the thresholds in the higher layers were similar to — Our neurons in the auditory system might also have been
those in humans. adapted to recognize everyday sounds.
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resulted in responses similar to the auditory system.

3 o 2 TKJ. Piczak, “ESC : Dataset for environmental sound classification,” in Proc. The 23rd ACM international conference
— Our aUdltory SyStem mlght alSO haVe been adaptEd to recognlze on Multimedia (MM '15), 2015. tt JS. Garofolo, LF. Lamel, WM. Fisher, JG. Fiscus, DS. Pallett, NL. Dahligren, V. Zue,

eVel’yday Sounds. “TIMIT acoustic-phonetic continuous speech corpus LDC93S1,” 1993. 11T G. Langner, CE. Schreiner, “Periodicity
. ding in the inferi llicul f th t. | N | hani " J lof N hysiol Vol. 60, No. 6,
— Our answer to why humans can detect amplitude changes. ‘;‘;_1";%&%' oo ouecak LABuronaTmEcTaniams;; UM ot NeUropHYsolag; ¥OL 55,055y

References

[1] T. Koumura, H. Terashima, S. Furukawa, “Cascaded tuning to amplitude modulation for natural sound recognition,” journal of
Neuroscience, Vol. 39, No. 28, pp. 5517-5533, 2019.

[2] T. Koumura, H. Terashima, S. Furukawa, “Human-like modulation sensitivity emerging through optimization to natural sound
recognition,” Journal of Neuroscience, Vol. 43, No. 21, pp. 3876-3894, 2023.

Contact

Takuya Koumura, Sensory Representation ResearchGroup, Human Information Science Laboratory



