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kind.of WGN
noise
Speec Input without
proce- speech noise
ssing 10 5 0
strategy
/ba/  199.38] 75 | 625 65 48 65 50 |48.75
/da/ 87.5 193.75] 62.5 [58.75|51.25]50.62 | 50.62 | 50
Linear /pa/ 100 | 100 | 50 | 375 | 475 | 50 25 |48.13
filterbank/+ /ta/ 99.38196.25| 37.5 |61.88] 625 | 625 | 50 |61.25
_ /fa/ 87.5 |71.88]44.37] 45 | 32.5 [38.12]38.75 | 46.25
adaptation /sa/ 70 183.75|61.25|81.87| 62.5 | 75 | 37.5 | 50
/va/ 100 | 100 |51.25| 50 [50.62| 62.5 | 62.5 | 50.62
/za/ ]89.94]97.48| 52.2 | 75.47|50.31| 67.3 | 50.31 | 54.72
/ba/ 87.5 |85.62]65.63]75.62|62.75| 68.1 | 56.87 | 61.88
/da/ |71.25|75.62|61.25|48.75|48.75| 55 | 375 | 50
Nonlinear /pa/ |84.38]98.12]51.25|48.13] 62.5 | 75 50 45
filterbank/+ /ta/ 80 | 875 |58.13] 625 | 50 | 575 | 50 50
o /fa/ 73.12171.88| 38 [53.75] 50 |68.13| 50 |[49.38
adaptation /sa/ | 73.75| 87.5 | 62.5 | 62.5 |54.37 | 62.5 | 48.75 | 62.5
/va/ |74.38] 875|625 | 50 | 525 | 625 | 375 | 62.5
Jza/ | 71.07]77.36]50.31]64.78 | 47.8 [52.20 | 50.31 | 50.94
E 31 SANAY AN AYEA (Fol e Ae WAgs se A9, 9
(%), Aoz FUdE FEL 4 oJsHgHYe 455 E HEe A9
SAANAHANA Y SHHE BFASS e
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kind of

) SSN
noise
Speec Input
proce- speech
ssing 10 5 0
strategy
/ba/ 875 | 73.12 | 64.38 | 73.12 | 625 | 625
/da/ 99.38 | 78.38 | 88.12 75 75 63.75
Linear /pa/ 62.5 75 75 62.5 75 74.38
. /ta/ 71.25 | 67.37 | 73.12 | 86.25 | 66.25 75
f +
ﬂterban.k/ JTa/ 5313 | 51.88 | 50 | 55.63 | 50 | 53.75
adaptation /sa/ 75 62.5 | 71.88 | 625 | 56.87 50

/va/ 63.12 62.5 71.88 | 55.63 | 54.37 | 38.12
/za/ 62.89 | 71.07 | 77.36 | 73.58 | 62.89 | 78.05

/ba/ 66.87 62.5 51.25 | 58.75 | 33.12 | 61.88

/da/ 62.5 | 56.87 | 52.5 | 49.38 | 66.87 | 50.62

Nonlinear /pa/ 62.5 62.5 | 46.88 45 50 57.75

: /ta/ 62.5 62.5 | 63.12 | 54.37 50 49.38
+

ﬁlterban_k/ /fa/ 56.25 | 60 475 | 48.13 | 58.13 | 48.75

adaptation /sa/ 81.87 | 625 | 53.75 | 61.25 | 49.38 | 49.38

/va/ 62.5 62.5 | 56.25 | 73.75 50 44.37

/za/ 64.78 | 62.89 | 55.35 | 37.74 | 50.31 | 37.74
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Abstract

Performance Assessment of Cochlear Implant Speech

Processing Strategy based on Spike Train Decoding

Kim, Doo Hee
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

This study suggest a novel method for the evaluation of cochlear implant (CI)
speech processing strategy based on neural spike train decoding. From formant
trajectories of input speech and auditory nerve responses responding to the
electrical pulse trains generated from a specific CI speech processing strategy,
optimal linear decoding filter was obtained, and used to estimate formant
trajectory of incoming speech. Performance of a specific strategy is evaluated
by comparing true and estimated formant trajectories. We compared a
newly—-developed strategy rooted from a closer mimicking of auditory periphery
using nonlinear time-varying filter with a conventional linear—filter-based
strategy. It was shown that the formant trajectories could be estimated more
exactly in the case of the nonlinear time-varying strategy. The superiority was
more prominent when background noise level is high, and the spectral
characteristic of the background noise was close to that of speech signals.
This confirms the superiority observed from other evaluation methods, such as
acoustic simulation and spectral analysis.

Adopting the rapid adaptation, investigated in the responses of auditory
nerves, in the cochlear implant speech processing strategy can improve speech

intelligibility. This improvement would be mostly due to the better delivery of
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place of articulation and speech onset. We applied adaptation in the biological
cochlea to speech processing strategies. We could detect the speech onset
easier by applying adaptation effect. So, it is possible to expect the
improvement of speech intelligibility by offering the information of place of

articulation and speech onset to CI users.

Keyword: Cochlear implant, Speech processing strategy, Time-invariant linear

filterbank, Time-varying nonlinear filterbank, Adaptation, Spike train decoding

_4‘]_



	차 례
	국문 요약
	제1장 서론
	1.1 연구배경 및 현황
	1.2 연구내용 및 범위

	제2장 방법
	2.1 Spike train decoding
	2.2 어음처리방식 성능평가방법
	2.2.1 포먼트 디코딩을 통한 어음처리방식 성능평가
	2.2.2 음성시작점 정보 전달특성평가

	2.3 어음처리방식의 종류
	2.3.1 시불변-선형 필터뱅크 기반 어음처리방식
	2.3.2 시변-비선형 필터뱅크 기반 어음처리방식
	2.3.3 적응효과

	2.4 확률적 청신경 모델
	2.5 시뮬레이션을 위한 음성제작방법
	2.5.1 포먼트 디코딩을 위한 음성제작
	2.5.2 음성시작점 정보 전달특성 평가를 위한 음성제작


	제3장 결과
	3.1 포먼트 디코딩을 통한 어음처리방식 성능평가
	3.1.1 포먼트 디코딩에 이용된 상세 파라미터
	3.1.2 포먼트 궤적의 참값과 추정값 간 비교
	3.1.3 어음처리방식 간 평균 포먼트 디코딩 성능비교
	3.1.4 여러 가지 잡음 하에서 평균 포먼트 디코딩 성능비교

	3.2. 적응효과 적용 전후의 음성시작점 정보 전달특성평가
	3.2.1 음성시작점 정보 전달특성평가에 이용된 상세 파라미터
	3.2.2 적응효과 적용 전후의 음성시작점 정보 전달특성 비교


	제4장 고찰 및 결론
	4.1 Spike train decoding에 기반한 새로운 어음처리방식 평가방법의 제안
	4.2 제안된 평가방법을 이용한 모의실험 결과 및 고찰
	4.2.1 포먼트 디코딩
	4.2.2 음성시작점 정보 전달특성 평가

	4.3 제안된 평가방법의 유용성

	참고 문헌
	Abstract

