Language |Identification (LID)
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Applications of LID System
Preprocessing for various speech tasks
— Language specific speech recognition

— Language translation systems

Multilingual voice controlled information retrieval system

Route the telephone call to the human operator based on

the language

Multilingual applications
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Language Specific Features

* Frame level
— WLPCC, LP residual, Phase of the LP residual

« Syllable level

— Spectral & Prosodic features

« Multi-syllable leve
— Prosody characteristics

— Phonotactics

— Positional features
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Language Specific Aspects of Speech

Acoustic-phonetics
— Articulatory configuration of vocal tract for different sound units
Phonotactics

— Rules governing the way different phonemes are combined to
form sub-words are different in different languages

Prosody

Vocabulary & lexical structure

— Word roots and lexicon are different for different languages
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Implicit LID Features

e Frame level

— Production level constraints specific to language
 Syllable level

— Acoustic variations in the realization of syllables

* Multi-syllable level

— Phonotactic constraints and Prosodic constraints
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Issues In LID

Variability in speaker characteristics

Variability in accents

Variability in the environment and channel
characteristics

Extraction and representation of language specific
prosody

— Rhythm of a language

— Melody of a language
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Language and Speaker-Specific Cues and their
Levels of Manifestation

Language Speaker
High level cues High level cues
. ™ .
AN Lexical Structure /N O Semantic Text—
1 Text- T | based
o Vocabulary > based o Idiolect
o Phonotactics ) o Prosody
Signal-
O Prosody Signal- o Vocaltract > pzaeq
. . b d
|| © Acoustic—phonetics ee | © Fxcitation
Low level cues Low level cues
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Language Discriminating Cues and their
Representation

Cues for LI Representation

Aconstic-phonetics Spectral features (MFCC, .LPCC)
Prosody Features from duration, Fy and amplitude
Phonatactics sequences of subword labels

Vocabulary and lexical structure | Seqguences of word transeriptions
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Phone based LID System

| Language—A - Lauggugg-ﬂ
n—gram Model Log likelihood

Speech|  Acoustic Phone
Preprocessing Recognizer

Language—B Language—B
n—gram Model Log likelihood
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NN Models for Developing Language Models

OUTPUT

FFNN Model

=

HIDDEN LAYERS

AANN Model
.



LID system using frame level features

« Spectral features (WLPCCQC)
* LP residual

 Phase of the LP residual
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Excitation source features at frame level
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(a) Speech segment, its (b) LP residual, (c) Hilbert envelope of the LP residual
and (d) Phase of the LP residual
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LID using spectral features

: Feature AANN
Speecl sﬂﬂl"‘,& — Differencing — Extraction —= Cepstral Mean 1 _| »fodel to be
Removal (WLPCC) Subtraction Trained
AANN Langunage
Model=
Evidence for Hindi

- Himdli

Kannada Evidence for Kannada
. |
Speech Feature - .| Hypothesised
Utterance | Extraction — - Decision Lo Language
, Evidence for Tamil | -l
" Tamil

Evidence for Telugu

p| Telugn
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LID system using frame level features
(Spectral + Source + Phase)

AANN Speaker Models

Spectral
Source Confidencs Combined
Scores 2 Evidence
Phase
Feature Extraction
LPCC Spectral
Test | [
LP Residual Source |-oufidence ;
Utterance Scores Combined | Decision | Hypothesized
*| Residual Phas - Fhase - "Evidence | Logic Language
Spectral )
Source Confidence
Scores
Phase
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Syllabic features for Language ldentification
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Choice of CV as the Basic Unit
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Detection of VOPs
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(a) Speech signal, its (b) Hilbert envelope of the LP residual, (c) VOP evidence plot

(d) Output of the peak picking algorithm and (e) hypothesized VOPs after removing
the spurious ones
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LID System using Syllable Features

Speaker and Language

—specific AANN Models
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LID using Multisyllabic Features
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Multisyllabic Features

Phonotactics
Broad phonotactics (POA & MOA)
Prosodic features

Prosodic + Phonotactic features
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Multisyllabic features (cont..)

Characteristics Variable # Para- | ponresentation uil‘”m"
meters 51011
Phonotactics Syllable identity 4 trisvllabic 12
Broad phonotactics || Category of syllable 4 trisvllabic 12
Svyllable identity 4 trisvllabic
Phonotactics Svllable structure 3 trisvllabic
and prosody Intonation 3 trisyllabic
Duration 1 trisvllabic
Positional 6 monaosyllabic
Svllable structure 3 trisyllabic
Intonation 3 trisvllabic
|JT'E]HE]11_‘{
Duration 1 trisvllabic
Positional § monasvilabie
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Svllable
Structure

o

Phonotactic+Prosodic Features
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Deriving Prosodic Features from Unlabelled
Speech
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Prosodic Parameters

* Intonation
— Change in FO
— Distance of FO peak from VOP
— Amplitude tilt

— Duration tilt
* Rhythm
— Syllable duration
— Duration of voiced region

e Stress

— Change in the log-energy in the voiced region
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FO contours associated with VOPs




Deriving the FO features using VOP locations

VOP locations
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FO parameter extraction

Change in Fy (AFy)

Distance of Fy peak with respect to VOP (12,)

Amplitude tilt (A;) VOF 2

Duration tilt (1) Fip
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lllustration of FO representation using tilt parameters

200 200 et
160 150 150
FoO FO B
12 120 120
[ a0 Tra ’ a0 ‘ a0
40 40 40
i 2 40 60 _ 0 10 a 20 W 60 _ 80 100 0 0 40 G0 81 10D
{a) (<) (e}
200 200 e .
FQ 160 _-=| mg 160 LT Tl FO lso
1200 LamT B 1] [ 120
ai ROl
4ib Al
0 2 40 60 W 100 0 20 40 60 LB 100 0 0 40 &0 a0 o0
() () (£}

Fig. 6.8: llustration of Fj; contours with various tilt parameters. {a) A, —1,
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Detection of voiced regions
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Prosody based neural network for language

Identification
Duration Features ¢
(Tmsyllabic)
. ' Evidence fo
Intonation Features
’ .

Energy Features ..
(Trisyllabic)  °
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Thank You
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