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Audio Signals
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Why speech?

• Most natural way for human
communication
• Hard to represent (You cannot

speak the same twice)
• Hard to search
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Speech Applications

• Google Maps
• Apple’s Siri, Google Home, Amazon Echo/Alexa
• Screen readers
• Voice biometrics
• …
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Overview of speech topics
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Speech Recognition

Text-to-speech

Speech-to-speech
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• Besides training Deep Neural Networks, what does each topic care about?

6



• Speech: a sequence of vector (length T, dimension d) 
• Text: a sequence of token (length N, V different tokens)
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Speech recognition



Speech recognition
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Speech recognition

• HMM
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Speech-to-speech



Speech separation
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https://researcher.watson.ibm.com/researcher/view_group.php?id=2819

https://researcher.watson.ibm.com/researcher/view_group.php?id=2819


• Ideal
binary
mask
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Two Problems in the speech separation task

Output dimension 
mismatch 

Permutation 
problem



Speech Enhancement

• Well-solved
• Perceptual clean speech
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Noisy speech clean speech noise



Voice Conversion

• Feature Disentangle
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• Inference pipeline
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Text-to-speech

• Natural
• Lack of evaluation metric
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Speech classification



Gender classification

19



Emotion recognition

• Categorized emotion, sometimes confusing
• Dataset, actor performance
• Continuous change of emotion
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Speaker recognition
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Speaker recognition

Speaker Embedding:

• Represent speaker info
• Measure the similarity
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Speaker verification

• Verify the identity of a speaker

Automatic
Speaker

Verification
speech

Decision
Accept or Reject
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Voice Anti-spoofing
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Decision
Genuine or Spoofing attacks
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Voice Anti-spoofing

• Detect spoofing attacks (fake speech)

Speaker Verificationspeech

Decision
Accept or Reject

Sensor
(microphone)

Feature 
Extraction

Anti-spoofing

features

Impersonation / 
Replay

Spoofing attack

Text-to-speech / 
Voice conversion
Spoofing attack
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Generalization Issue



https://vimeo.com/345075279
Anti-Spoofing Demo from ID R&D
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https://vimeo.com/345075279


Keyword spotting
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Other topics
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Talking face generation
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Singing voice synthesis

31

https://bytesings.github.io/paper1.html

https://bytesings.github.io/paper1.html


Future horizons

• General speech understanding

• Disentangled speech representation

• Human-Computer Interaction with speech
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Thank you ! Q & A
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Speech Features

• Resonance peak
• Features (What aspects does each one models? ):
• PLP
• MFCC
• PNCC
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