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\A Brief Intfro To Automatic
S\peech Recognizer (ASR)

- What Is speech recognition

~ Is it voice recognition ? No.

- Recognizing the sequence of predefined set
of units (like phonemes) spoken by a




\A Brief Intfro To Automatic
S\peech Recognizer (ASR)

. Types of Speech Recognition Systems

.~ Based on Techno
‘I Continuous Vs Isolated Word Recognizer

- Based on application
" Limited Domain Vs Unrestricted
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Acoustic model
Captures the spectral variations of every phoneme
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Courtesy : http://home.cc.umanitoba.ca/~robh/howto.html|
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Acoustic model

Uses technique called as Hidden Markov Models
to capture the temporal variations in speech
data

HMM is a statistical Machine Learning Technique

All the models are stored in form of binary files
which are then used by decoder for comparing
with actual speech data
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Phonetic Lexicon

Gives phonetic representation of every word In
vocabulary

Can assemble valid words from output
produced by acoustic model

Al x @20kaNGdy O¥ Nn
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Mantra of ASR based applications - Smaller the

vocabulary size better is the recognition
accuracy
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Language Model

Captures the underlying grammatical structure of
language in statistical framework

Bigrams &
Capture probability of one word occurring after another
z Uy UA]| g @-(yiitll probable bigram
Trigrams 0
Capture probability of one word occurring a bigram
z Uy UA] g @] xNebbighly rare trigram
z Uy UA] g @NOmpBissible trigram
Language model plays very important role in speech
applications
Good language model improves performance of
ASR by large extent
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DTW matching of two time series Speech Engine / Decoder

Compares input speech data
b with acoustic models

EEEEEEE . Uses modified version of basic
. DTW algorithm

Uses Hidden Markov Model
(HMM) based acoustic
phonetic models for
comparison
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Courtesy: http://www.tu-plovdiv.bg/Container/bi/DTWimpute/DTWalgorithm.html
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Analog to Digital Convertor
Done by sound card

Noise Filtering
Done by few well known available algorithms
Mostly done by technique known as pre -emphasizing

Feature Extraction

Features represent compact representation of information
contained in signal

They reduce computational load

Most well known feature Mel -frequency cepstral coefficients
(MFCC) used in Hindi ASR
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Creating Acoustic Models
HTK, CMU SphinxTrain

Creating Phonetic Lexicon
For English reference dictionaries are available
For other languages in -house code

Language Modeling
CMUCLMTK, SimpleLM, SRI Labs, HTK

Speech Engine / Decoder
Hdecode (HTK), CMU Sphinx
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HTK can be used only for research purpose

Sphinx is also developed as a research tool but it is
freely available for system building also
Sphinx 2 8 uses semicontinuous models
Sphinx 3 d uses continuous models written in C
Sphinx 4 d Java implementation of Sphinx 3
Pocket Sphinx & A decoder for PDA, mobile devices
http://cmusphinx.sourceforge.net/ntml/cmusphinx.php

Julius is only speech engine which can use models
built with HTK trainer
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Features

A multi -speaker large vocabulary continuous speech
recognition system

Developed using CMU Sphinx Tools

Applicable for native north Indian Hindi speakers particularly
from Delhi, Madhya Pradesh, Uttar pradesh, some part of
Rajasthan and Punjab

Applicable for (but not necessarily restricted) to urban
speakers in particular

Applicable for age group from 18 to 60 years
Applicable for both male and female speakers

Can be plugged into any application program using CMU
Sphinx APIs

Models built on 16KHz data recorded on Desktops and
Laptops
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Hindi ASR was developed under Sarai FLOSS
Fellowship 2007

Obijective:

To build generic acoustic models for multi  -speaker Hindi
speech recognizer to enable open source community to
develop spoken user interfaces in Hindi language

40 speakers in total

50 sentences per speaker

Recordings on phonetically balanced corpus
Microphone and computer variations covered

FOSS.IN 28 NOV 2008 BANGALORE 15



o

verview of Hindl ASR

http://sourceforge.net/projects/hindiasr




Dictation
For specific domains like office documents
System control/navigation
For driving menus, pushbuttons and GUI components
Building hands free GUI interfaces
Commercial/Industrial applications
Limited domain intelligent dialog systems
Telephonic inquiry systems (IVR)
Software for blind people
Entertainment
Operations in computer games
Building chatter bots
Driving intelligent devices
Robots, washing machines, coffee vending machines
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D,

oesely Vs Tightly Coupled Applications

USER

Tightly Coupled Archit




Tightly coupled Application Architecture
The application linked to Sphinx libraries
Application can access sphinx APIs
Application has better control over many things in speech
engine

Speech signal acquisition

Buffering

Feature extraction

Decoder configurations

Decoder process and outputs
Acoustic and Language model scores
Changing Language model

All advanced applications like user interfaces should be
ideally implemented in tightly coupled architecture
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Loosely coupled Application Architecture
The application uses Sphinx decoder as a black box
Application can not access sphinx APIs

The coupling between application and Sphinx recognition
engine is by writing and reading the files

The only information which Application gets from Sphinx is
decoded string and final scores for that in some
predefined format

This kind of architectures slows down performance of
whole application since Sphinx runs as a separate process
and your application actually waits for decoder output
Advantage

Simple and quicker to implement

No knowledge of sphinx APIs is needed
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Phone set

Creating Phonetic Lexicon (dictionary)

Creating Domain Specific Language
Model

How to use Sphinx APIs
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Phoneme is a basic unit of sound in a particular
language

Transliteration scheme called Itrans -3 is used to
represent basic phonemes

aaarlkk~neistoolpiinnymvudgg~bhjt:
ch sh d: uu dh shh nd~ bh ai au th ph ph~ kh kh~
d~rxchhthghd:ihjhdh~00 -nj~ng~Il:h:e-ej~
SIL

Number of phonemes -59
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