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Moftivation

* Large performance gap between humans and state-of-the-
art ASR systems

* Computational principles of DNNs remain elusive; they are
analytically intractable

* Improving these models requires a better understanding of
their transformations

COLUMBIA | ENGINEERING



Introduction to acoustic models
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Phonemes

Smallest contrastive unit in
language

 e.g, ‘K" vs. “b” in cat/bat
 ~40-60 in English

vocal folds

Output target in acoustic ‘e
modeling

trachea

esophagus
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Phonetic Features

Manner of articulation

Place of articulation

Voicing
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Phonetic Features
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Manner of articulation
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Phonetic Features

Manner of articulation

same manner same place
(plosive) (labial)
Place of articulation /\ /\

/

Voicing
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Phonetic Features

Manner of articulation

Place of artig

Voicing

/s/ = unvoiced /z/ = voiced

same manner (fricative)
same place (alveolar)
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Phonetic Features
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Distinctive Features

Table 1. Distinctive Features of American English Consonants

p b mf v 0 o0 t d n s 1z I f 3 tf d3 J a k ¢ p w ? h
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Labial + + + 4+ 4+ a4 4 a4 e e e e a4 e e e e e e e e e e o+ e o=
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Table 2. Distinctive Features of American English Vowels
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Phonemes and phones

Phoneme

Smallest contrastive unit in language.
Abstract idea.

Phone

Instances of phonemes in actual utterances.
Physical segments.

Example: “pat” vs. “bat”
4 phonemes 6 phones
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Exploring How Deep Neural Networks Form Phonemic Categories
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Input Hidden Layers Output
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Hidden Layers
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Input Hidden Layers Output
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DNN Architecture

Input layer

11 frames of 24-
dimensional log Mel
filter bank coefficients +
deltas

Hidden Layers Output
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DNN Architecture

Input layer 5 sigmoid

11 frames of 24- hidden layers
dimensional log Mel 256 nodes each:
filter bank coefficients +

fully connected
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Speech stimuli & DNN activations

Output
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Speech stimuli & DNN activations

Output
Input HL1-3 Hidden 4 Layer Activation HLS  (1abel)
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Speech stimuli & DNN activations

Output
Input HL 1-3 Hidden 4 Layer Activation HLS  (1abel)
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Summary of findings

1. Nodes are selective to phonetic features at the individual
and population level
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Hidden Layer 1
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Neural responses to speech in human
superior temporal gyrus (STG)
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Examples of average phoneme responses in STG
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Clustering the PSI vectors
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Summary of findings

1. Single nodes and populations of nodes in a layer are
selective to phonetic features

2. Phonetic feature encoding becomes more explicit in
deeper layers
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Summary of findings

1. Single nodes and populations of nodes in a layer are
selective to phonetic features

2. Node selectivity to phonetic features becomes more
explicit in deeper layers

3. Network invariance is learned through explicit
representation of sources of variability
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phoneme = “t”
example selectivity for three nodes (N1, N2, N3)
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Summary of findings

1. Single nodes and populations of nodes in a layer are
selective to phonetic features

2. Node selectivity to phonetic features becomes more
explicit in deeper layers

3. Network invariance is learned through explicit
representation of sources of variability
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