[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO0000000000DOO0DOO0DOO0DOO0oooD:oooooooog
OO000000000OO0DOO0DOOoogn
Title(English) Acquisition of Auditory Functions through Learning from Limited Input:

A Computational Modeling Study Using Atrtificial Neural Networks

oo@a) oood
Author(English) Takanori Ashihara
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OooO:0030,
O00000:20240 120 310,
ooooo:0o0o0a,
Ooo00:00 00,00 000,00 00,00000,0000,00 0
0
Citation(English) Degree:Doctor (Science),

Conferring organization: Institute of Science Tokyo,
Report number:[J O 300,

Conferred date:2024/12/31,

Degree Type:Course doctor,

Examiner:,,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

( H3R)

Doctoral Program

m X EE

THESIS SUMMARY

Fea—2A i o fE F R HUd) © (e )
Department of, Graduate major in FA T =T Yy aA—A Academic Degree Requested Doctor of
=z =
AR . =B .

, FR i FERE &7 HE
Student” s Name Chief Examiner

S (FI3C 2000 SFEE)

Thesis Summary (approx.2000 Japanese Characters )

AL TAcquisition of Auditory Functions through Learning from Limited Input: A Computational Modeling Study Using
Artificial Neural Networks (FROAVFZANNDOFE @ CREHEOHS: N\ T=a—JF 02y NT—2 ZHWFIEET Y
I OWE) ) L, &4 FETREINDS.

# 1% lntroduction (Fi) ) TiE, AFEOEFRICOWVWTERD . BRIV THBREV RO | D, HEHHARCE IR EE L
STEEICRE S NLD X 51, R OWERARHE & MTENAE D EMICIIIS LRV RTH D, ZOBRPER[RNR L D), FEICK
2 b DMITONWTILE RIS BV, MR AT L 2 QB OERSLHMEFEONREEBET 2 L, FEBMERAIZE G-
LTV D rIREMEIIMD TEV. £ 2 TAMX TR I OEEOHRPMAZWALNMITHILEZHMNLE LTVD. ZLT, 2 2OT—
~EBELT, EOBREOHME « RAERENFBIC Lo TG FRERF L7z, H—07 —~ (G 2 #) TiE, BRI REe 2%t
JET L BB PIMECAAET 256 & LT, Bl - 237 ROUEFRAHIRR S 17 N TR EAGE 50 & HEAJE 3 (FO) A3 7E rIRE A& it
L. 07—~ (8 33) Ci, FREICIE RSNV, ST 2B AHAMICHFE LR WES L LT, EFZT T
BRI EAS FTRE D & MR LT

% 2 # [Estimating Pitch Information from Simulated Cochlear Implant Signals with Deep Neural Networks (7 4 —7==2—
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This thesis explores whether auditory functions can be acquired through learning from
limited inputs using a computational modeling approach.

Chapter 1 provides the general background for this thesis. One intriguing aspect of
auditory perception is that the physical properties of stimuli do not straightforwardly
correspond to perceptual content, suggesting that learning from auditory stimuli would
play a significant role. This thesis focuses on the effects and limitations of learning,
which typically requires auditory stimuli and corresponding teachers. The first theme
(Chapter 2) investigates a scenario where auditory stimuli are incomplete, but a
corresponding teacher is clearly present. The second theme (Chapter 3) explores a situation
where the auditory stimuli are not significantly degraded, but there is no clear
corresponding teacher.

Chapter 2 investigates the feasibility of FO estimation from cochlear implant (CI) signals,
which convey limited information due to device restrictions. CI users, even those with
substantial speech comprehension, typically have poor sensitivity to pitch information
(or fundamental frequency, FO0). To explore whether this difficulty can be attributed to
CI signals, we estimate the FO information in CI signals using an artificial neural network
(ANN). The results indicate that, with sufficient channels and pulse rates in quiet
environments, the performance is comparable to that of waveform input, suggesting that CI
signals contain a certain level of FO information.

Chapter 3 explores the feasibility of spoken language acquisition from speech stimuli
alone. While multimodal information (e.g., gestures and text) is typically considered
necessary for speech-language development, several studies have suggested that the
information—processing capabilities of a fetus or infant may be formed solely from auditory
input. This chapter examines the language acquisition capabilities of an ANN model trained
on speech inputs alone by performing various spoken language understanding tasks that
require semantic and syntactic knowledge. The results show that the model’ s performance
surpasses that of a baseline based on basic speech signal processing, indicating that
language knowledge can be acquired from speech input alone

Chapter 4 presents the conclusions and future directions of this thesis
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