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What Is Speaker Recognition?

> Speech Words
Recognition AHow: are you?c

A 4

> Language Language Name
Recognition

\ 4

English

Speaker Speaker Name

[

g Recognition Alice Elliott
‘ Emotion Emotion

g Recognition > Happy

R Accent Accent

g Recognition ” London

v

Speaker recognition is the process of automatically recognizing
who is speaking on the basis of information included in speech
signal
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Example Applications

Access Control Transaction Authentication

Physical facilities Telephone banking
Computer networks and websites Remote credit card purchases

Law Enforcement
Forensics
Home parole

Speech Data Management Personalization
Voice mail browsing

Speech skimming

Intelligent answering machine
Voice-web / device customization
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Speaker Recognition Tasks

ldentification

2
Whose voice is it’/
I ?

Verification/Detection

|l s 1t Salllyds

Segmentation and Clustering

Where are the speaker changes? 0 Speaker Segmentation

Which segments are from the same speaker? 0 Speaker Clustering
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Speaker ldentification/Verification Two Phases

Two phases to any speaker identification and verification systems

Enroliment Model for each

Training speech
speaker

N John for each speaker

> N“JJ' Feature
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-t Sally extraction

John

Sally

Claim: Sally

Verification

‘*’*’\T\W\'\M}\M’w Feature Accept/Reject
extraction

Identification
Feature
PR i sally
extraction
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Speaker Features

U Primary features used in speaker recognition systems are cepstral
feature vectors

U Some form of blind deconvolution is used to remove stationary
channel effects (CMN)

U Time differential cepstra (delta cepstra) are usually appended to
cepstral features

U Typically 24-40 dimensional feature vectors are used

Fourier Transform Magnitude

Log() Cosine transform I—>

One feature vector every 10 ms

Y

1
DR === S Y]
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Speaker Models

U Template Matching
A Dynamic time warping to align train and test sequences of features
A Primarily for fixed-phrase applications

U Nearest Neighbor
A Retain all feature vectors during training

A For each feature vector in test utterances, find distance to K nearest
vectors in training vectors

A Model storage and similarity computations can be high

U Neural Networks

A Many possible forms: multi-layer perceptrons, radial basis functions, neural-
tree networks, etc.

A Explicitly trained to discriminate between speaker and some alternative
speakers

A Training can be computationally expensive and models are sometimes not
generalizable

U Hidden Markov Models
A Statistical representation of how a speaker produces sounds
A Primary model found in modern speaker recognition systems
|
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Speaker Models

U Primary model found in modern speaker recognition systems are
Hidden Markov Models (HMM)

Form of HMM depends on the application

Fixed Phrase m==) Word/phrase models

“Open sesame”

9

Prompted phrases/passwords === Phoneme models
/s/ /i/ /x/

>G00>GG0 >66-6>

Text-independent ===)single state HMM (GMM)

General speech

S
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Speaker Identification/Verification Systems

Identification

'”“ | » Speaker #
M
Speech Feature A
Detection extraction X
» Score

Verification
i Speech Feature \ S > A accept
Detection extraction

s < A reject

Qin Jin 11



Imposter Model

* There are two main approaches for creating an alternative
model for the likelihood ratio test

Cohorts/Likelihood Sets/Background
Sets (Higgins, DSPJ91)

— Use a collection of other speaker
models

— The likelihood of the alternative is
some function, such as average, of
the individual impostor model
likelihoods

Speaker

l model I
II Bkg 3
model

p(S|HO)= f(p(S | Bkg(b), b=1....B)

General/World/Universal Background Model

(Carey, ICASSP91)
Use a single speaker-independent model

Trained on speech from a large number
of speakers to represent general speech
patterns

Can use MAP adaptation to derive
speaker model (Reynolds)

Speaker
model

Universal
model

p(S|HO)= p(S|UBM)
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Evaluation and Performance

Speaker Verification
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