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• Deep Learning (DL) based Speech Enhancement (SE)
 Basic DL-based SE system architecture
 Key factors to the DL-based SE performance  

• Assistive Oral Communication Technologies
• Summary 
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Speech ….Easily Got Distorted



Deep Learning Based SE System 
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DL-based SE for Noisy Speech
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Clean speech Noise: 2baby Crying Noise: Siren
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Objective Function 

Noise

Communication

Speech perception
• Quality
• Intelligibility

Noise

Communication

Automatic speech recognition
• Recognition accuracy      

Mean squared error (MSE) and L1 losses aim to minimize the 
differences of enhanced and target and do not directly consider 
human perception and ASR performance.
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大學曰：心不在焉，聽而不聞

聽聞

聲音品質(Quality)及理解度 (Intelligibility)並不相同

對口語溝通輔助系統而言，理解度比較重要
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把噪聲壓抑就好了嗎?



Speech enhancement model based on 

speech Intelligibility learning
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Objective Functions for DNN and Brain

• DNN Model vs. Human Brain
 Difficult to fully understand what is inside 
 What we can control: input, reference, objective function

Input Output Input Output

ReferenceReference



Objective Function 

• STOI-based Objective Function [Fu et al, TASLP 2018]
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在 (a) −3 dB and (b) −6 dB SNR 下字辨識率以及聲音品質聽測分數

針對聽覺理解度優化的語音增強系統

• 實驗結果 (真人聽測)
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(1) 相同的DNN，在不同目標函數下，有不一樣的效能。
(2)基於 (STOI +MSE)函數的語音增強模型有最佳的效能。
(3) 此研究成果獲得2021 IEEE Signal Processing Society (SPS) Young Author 

Best Paper Award (台灣第二次獲此殊榮)。



Deep Learning Based SE System 
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• Deep Learning (DL) based Speech Enhancement (SE)
 Basic DL-based SE system architecture
 Key factors to the DL-based SE performance  

• Assistive Oral Communication Technologies
• Summary 



基於AI的口語溝通輔助系統
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聽覺機能障礙

說話機能障礙

人工電子耳

助聽器

輔聽器

異常語音偵測

異常語音增強

• 聽AI

• 說AI



資料來源:
https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/cochlear-implant-surgery
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人工電子耳

RF發射線圈

語音處理綺
1. 麥克風
2. DSP 處理器.

3. 電池
4. …



資料來源:
https://www.healthdirect.gov.au/cochlear-implant
http://www.yanthia.com/online/projlets/spear3/index.html
https://medium.com/@mosaicofminds/maps-in-the-brain-f236998d544f
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人工電子耳

Traveling wave theory (Nobel Prize 1961) 

植入電極

https://www.healthdirect.gov.au/cochlear-implant


• 人工電子耳可以讓全聾者重新聽到聲音 (2018年人工電子耳納入健保)

• 在乾淨情況下，配戴者有高度辨識度，在有干擾情況下(特別是背景雜訊)

，配戴者的理解度明顯降低

• 使用深度學習語音增強模型，提升配戴者的語音理解度

人工電子耳: A Modern Miracle
20

深度類神經網路
增強後的語音 (Ỹ)

失真語音 (X)
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SE for Cochlear Implant 
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SE for Cochlear Implant Simulation 

Clean 2T Noise 0dB

MMSE DDAE

• Vocoded speech



SE for Cochlear Implant Simulation 

Clean
Clean Babble Noise 0dB

MMSE DDAE

• Normal speech



實驗結果

Input SNR
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(1) 基於深度學習的語音增強可以有效在客觀評

估、主觀評估(模擬器)、主觀測量 (臨床實
測)均獲得明顯的進步。

(2) 此研究成果為全球首項應用深度學習語音增

強於人工電子耳的研究。
(3) 此研究成果獲得國家新創獎 (2018-2020)、

2022未來科技獎。



基於AI的口語溝通輔助系統
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聽覺機能障礙

說話機能障礙

人工電子耳

助聽器

輔聽器

異常語音偵測

異常語音增強

• 聽AI

• 說AI



發音障礙:

構音異常、失語、口吃、口腔手術、聲帶損傷

文言版《説文解字》：訥，言難也
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語音增強於改善說話障礙

• 成果1：口腔癌術後語音理解度改善

• 成果2：構音障礙語音理解度改善

• 成果3：人工電子喉語音理解度改善

• 解決方法：基於深度學習的語音增強

增強後的語音 (Ỹ)
失真語音 (X)

深度類神經網路



SE for Speaking Disorder

Liberty Times Ltd..

• Task: improving the speech intelligibility of 
surgical patients.

Taipei Veterans General Hospital

• Target: oral cancer (top five cancer for male in 
Taiwan).
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Before After After Before 



SE for Speaking Disorder

• Proposed: joint training of source and target dictionaries 
with non-negative matrix factorization (NMF): 
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Before 
Surgery

After 
Surgery



語音增強後結果

衛生紙給我 遙控器在哪裡
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[Fu et. al., TBME 2017]

語音增強於改善說話障礙 (口腔癌術後)

GAN-based solution
[Chen et. al., Interspeech 2019]
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術後語音



語音增強於改善說話障礙 (腦性麻痺)

我們中秋節一起去賞月

• 成果2：構音障礙語音理解度改善
• 使用兩階段轉換提升理解度之外並增加語音相似度

W.-C. Huang, K. Kobayashi, Y.-H. Peng, C.-F. Liu, Y. Tsao, H.-M. Wang, T. Toda, “A 
Preliminary Study of a Two-Stage Paradigm for Preserving Speaker Identity in 
Dysarthric Voice Conversion," Interspeech 2021.



語音增強於改善說話障礙 (電子喉語音)
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 M.-C. Yen, W.-C. Huang, K. Kobayashi, Y.-H. Peng, S.-W. Tsai, Y. Tsao, T. Toda, J.-S.
R. Jang, and H.-M. Wang, “Mandarin electrolaryngeal speech voice conversion
with sequence-to-sequence modeling, ASRU 2021”

Original MT-CLDNN Seq2seq ELVC

那個牆上掛著一幅油畫

• 成果3：人工電子喉語音理解度改善
• 使用新穎的序列對序列 (Seq2seq) 轉換演算法
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• Deep Learning (DL) based Speech Enhancement (SE)
 Artificial intelligence and deep neural networks 
 Basic DL-based SE system architecture
 Key factors to the DL-based SE performance  

• Assistive Oral Communication Technologies
• Summary 
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• Assistive Oral Communication Technologies
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結論

聽說AI 

歡迎一起來作
有溫度的研究



特別感謝
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