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CS217: ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING 

presented by: Darshan Prabhu

Introduction to Speech Recognition

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/


What is Automatic
Speech Recognition?

Chapter 1:

Definition, Challenges, History and Evaluation Metrics

RELEVANT LINKS
24/03/2025

DATE

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/


What is ASR ?

RELEVANT LINKS
24/03/2025

DATE

Reference: "How Alexa and Siri work !”, https://bridgethedigitaldivide.us/blog/how-alexa-and-siri-work/.
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Reference: "How Alexa and Siri work !”, https://bridgethedigitaldivide.us/blog/how-alexa-and-siri-work/.

Wernicke's area, located in the posterior
segment of the superior temporal gyrus 
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A task of automatically converting the speech signal into words.
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Why so
serious?

A task of automatically converting the speech signal into words.
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A task of automatically converting the speech signal into words.
The recognized words can be 

the final output, or
the input to Natural Language Processing
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A task of automatically converting the speech signal into words.
The recognized words can be 

the final output, or
the input to Natural Language Processing

Downstream applications of ASR
Spoken language understanding
Spoken translation
Intelligent video editing
ASR from brain signals
ASR for speakers with speech pathologies

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/
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Speaker’s Influence: Accent or Dialect variations, Non-native speakers, Disfluencies  etc1
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Speaker’s Influence: Accent or Dialect variations, Non-native speakers, Disfluencies  etc1

Environmental factors: Background noise, Co-articulation, Reverberation etc2
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Speaker’s Influence: Accent or Dialect variations, Non-native speakers, Disfluencies  etc1

Environmental factors: Background noise, Co-articulation, Reverberation etc2

Data related problems: Microphone quality, Lack of diversity etc3

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/
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A historical perspective of ASR

Reference: “The History of Speech Recognition to the Year 2030” by Awni Hannun,https://awni.github.io/future-speech/.
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A historical perspective of ASR (continued)
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Reference: 

Prediction:

I want to go to the cse office  

I want to go see a office
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Reference: 

Prediction:

I want to go to the cse office  

I want to go see a office

1

Method 1: Sentence Error Rate

An entire sentence is either correct or not. 

100% error rate in the case above.

.
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Reference: 

Prediction:

I want to go to the cse office  

I want to go see a office

1

Method 1: Sentence Error Rate

An entire sentence is either correct or not. 

100% error rate in the case above.

Problem: Too strict. Need to consider some measure of local correctness.
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https://darshan7575.github.io/
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Word Error Rate (WER)

Evaluation Metrics

Reference: 

Prediction:

I want to go to the cse office  

I want to go see a   *** office

1

Method 2:

# insertion errors = 0, # substitution errors = 2, # of deletion errors = 1 Edit distance = 3

Word Error Rate (%): Edit distance (=3) / # reference words (=8) * 100 = 37.5 %

Calculated using Levenshtein distance.
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Word Error Rate (WER)

Evaluation Metrics

Reference: 

Prediction:

I want to go to the cse office  

I want to go see a   *** office

1

Method 2:

# insertion errors = 0, # substitution errors = 2, # of deletion errors = 1 Edit distance = 3

Word Error Rate (%): Edit distance (=3) / # reference words (=8) * 100 = 37.5 %

Calculated using Levenshtein distance.

Problem: How to handle languages that do not have word boundaries? (Ex: Japanese)

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/
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Character Error Rate (CER)

Evaluation Metrics

Reference: 

Prediction:

hello     world

heldoo world

1

Method 3:

# insertion errors = 1, # substitution errors = 1, # of deletion errors = 0 Edit distance = 2

Character Error Rate (%): Edit distance (=2) / # reference chars (=10) * 100 = 20 %

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/


Chapter 2:
Connectionist
Temporal Classification
Background, Problem Setting and Formulations
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Reference: "Sequence ModelingWith CTC”, https://distill.pub/2017/ctc/.
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Mathematical Formulation of ASR
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Mathematical Formulation of ASR

a sequence of acoustic features
corresponding to a speech signal

d-dimensional acoustic feature vector
and T is the length of the sequence
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Mathematical Formulation of ASR

a sequence of acoustic features
corresponding to a speech signal

d-dimensional acoustic feature vector
and T is the length of the sequence

a sequence of words and M is the
length of this sequence

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/
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Training of ASR
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Training of ASR

Dataset
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Training of ASR

Dataset
Input

sequence
Output

sequence
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Training of ASR

Dataset
Input

sequence
Output

sequence

O and y are different
length sequences. 

How do we handle it?
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Alignment, Blank and Beta Operator

What is an alignment?
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What is an alignment?
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Alignment, Blank and Beta Operator

How to handle repetitions in alignments?
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https://darshan7575.github.io/


RELEVANT LINKS
24/03/2025

DATE

Blank symbol (_): Added to the vocabulary. It represents “empty”. 

For a given label sequence, there can be multiple alignments: (x, y, z) could

correspond to (x, _, y, _, _, z) or (_, x, x, _, y, z)

Alignment, Blank and Beta Operator
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Blank symbol (_): Added to the vocabulary. It represents “empty”. 

For a given label sequence, there can be multiple alignments: (x, y, z) could

correspond to (x, _, y, _, _, z) or (_, x, x, _, y, z)

Define a 2-step operator     that reduces a label sequence by: first removing

repeating labels and second removing blanks. 

  (“x, _, y, _, _, z”) =   (“_, x, x, _, y, z”) = “x, y, z”

Alignment, Blank and Beta Operator
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Blank symbol (_): Added to the vocabulary. It represents “empty”. 

For a given label sequence, there can be multiple alignments: (x, y, z) could

correspond to (x, _, y, _, _, z) or (_, x, x, _, y, z)

Define a 2-step operator     that reduces a label sequence by: first removing

repeating labels and second removing blanks. 

  (“x, _, y, _, _, z”) =   (“_, x, x, _, y, z”) = “x, y, z”

     ("x, y, z") = {"x, _, y, _, _, z", "_, x, x, _, y, z", …} is the set of all T-length alignments

that collapse to the string "x, y, z" on applying the operator

Alignment, Blank and Beta Operator
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Rethinking the Probability
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Rethinking the Probability

conditional
independence
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Rethinking the Probability

marginalizes over
valid alignments

computing the probability for a
single alignment step-by-step.

conditional
independence
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Dynamic Programming
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Dynamic Programming

If the orignal label sequence is of length l, then
the new sequence would have 2l+1 labels
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Dynamic Programming
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Dynamic Programming
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Dynamic Programming
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Dynamic Programming
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CTC formulation
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CTC formulation

the probability given by NN to the symbol 
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CTC formulation

the probability given by NN to the symbol 

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/


RELEVANT LINKS
24/03/2025

DATE

CTC formulation

alignment ends
with last token

alignment ends
with blank
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Prediction with CTC

Pick the single most probable output at every time step

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/


Email: darshanp@cse.iitb.ac.in

Thank you!
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Want to know more about ASR? Check out:
CS753: Automatic Speech Recognition

https://www.linkedin.com/in/darshan-prabhu/
https://darshan7575.github.io/

