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Phonetic approach in speech recognition

What for?

The problem is to assign the input utterance to one of D>7 words/phrases from the vocabulary. Each word
is specified by the phonetic transcription. There are C phones in the phonetic alphabet.

The phonetic database of R reference phoneme signals {x,} should be given, and the corresponding label
(phone) c(r) is known (supervised learning)

Conventional approach
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The utterance is divided into stationary parts
using a fixed scale time window (20-30 ms). 0.02
Dynamic programming is used to perform

phoneme segmentation

4

Low performance

Key idea
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It is known, that the speech signals are multi-scale in nature (vowel phones last for

40-400 ms while stops last for 3-250 ms). Let us improve the recognition quality by
using sequential three-way decisions (TWD) and granular computing



And now we introduce the agenda of our talk

0 State-of-the-art: Statistical approach in speech recognition

e Proposed Method

e Experimental results in phoneme and speech recognition

° Concluding comments



Statistical approach

Assumption ML (Maximum Likelihood) decision for each frame Aggregation
Speech signal is a « MFCC (Mel-Frequency Cepstral Coefficients) and GMM * Dynamic time
multivariate piecewise (Gaussian Mixture Model) with diagonal covariances warping
stationary stochastic » Linear (p-order) autoregression (AR) model of Gaussian |+ Hidden Markov
ergodic Gaussian process with non-diagonal covariance matrix: Models
process with zero c*(x(t))= argmin pgy (x(2),X,.) * Phoneme
mean. c(r),r = LR segmentation
The signal is divided ’ ’ and simple
into T fixed-size (20- 30 | with the Kullback-Leibler (KL) discrimination between voting
ms) partially overlapped | multivariate normal distributions. It is equivalent to the
quasi-stationary frames | Itakura-Saito divergence between power spectral densities:

2 F/2 Gx(t)(f) Gx(t)(f)
PrkLx@).x)=— Y |——-Ih————-1
F 29\ G-() G, (f)

Run-time complexity: O(FpT+RFT+DT). As the duration of every phone varies significantly, the
frame is usually chosen to be very small in order to contain only one quasi-stationary part

Performance is usually insufficient, especially for implementation at autonomous mobile platforms
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Three-way decisions and binary classification

4

Yao Y., Information Sciences, 2010:

“Rules constructed from the three regions are associated
with different actions and decisions, which immediately
leads to the notion of three-way decision rules. A positive
rule makes a decision of acceptance, a negative rule
makes a decision of rejection, and a boundary rule
makes a decision of abstaining”

KL divergence between feature
vectors of the same class has
asymptotically chi-squared
distribution

Binary classification: does the utterance x correspond to the c-th phone?
1. Positive decision - accept the c-th class

l :
POS (g py(c) = {x\z(n(x) - p)p(x,¢) < Xlz—a,p(p+l) /5 Where p(x,¢) = o 1_1r€mcrir) _ cpKL (X,X,)
2. Negative decision - reject the c-th phone

l
NEG(a’/J’) (c)= {’“2(7’1()‘) - p)p(x,c) > Xlz—/j,p(p+1)/2J

3. Boundary (delay) decision

2 2 l
BND(q,)(c) = {’“Xl_a, p(p+ly2 =20(X) =p)p(X,.e)< )1 5 ) 1i1)2)

Here B<a are type | and type Il error rates, respectively
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Sequential three-way decisions and granular computing

Key question: how to make a decision if the boundary region was chosen?

Yao Y. Proc. of Rough Sets and Knowledge Technology, LNCS, 2013:
"Objects with a non-commitment decision may be further investigated by using fine-grained

granules"

But how to define granularity levels so that high granularity levels are processed faster than

the low one? .

Utterance is described as a hierarchy of fragments (granules)

Perform phonetic segmentation and obtain S segments (phonemes)
For each segment X(s) repeat
For each granularity level / from 1 to (number of frames in segment s) repeat

Perform TWD for each part
Break if accept decision is made for any part
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Multi-class recognition

Key question: how to define TWD regions for C>2 phones?

Multiple-category classification using decision-theoretic rough sets:
- Lingras et al. Proc. of RSKT 2008

- Zhou. Int. J. of Approximate Reasoning 2014

- Deng & Jia. Proc. of IJCRS 2016

- Liu et al. Fundamenta Informaticae 2012

We examine (C+1) decisions:
1. Accept class c=1
2. Accept class c=2

C. Accept class c=C
C+1. Boundary decision: delay the decision process if the classification result is unreliable

Obvious definition:

[ .
POS(,) 5,(©) = POS(, )(©)- | U POS(4, )@
iE{l,....c-1,c+l,....C}
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Multi-class recognition (continued)

In such implementation a does not stand for the type | error anymore...

Multiple-testing problem. Correction is needed!
To control the false discovery rate and accept the c-th phone if only one hypothesis is
accepted, the Benjamini-Hochberg test can be used in a distance thresholding scheme

2(1(x) = PYP(X,C* (X)) < PUGX) = Xy paty/ 2

2(n(x) - p)p(x,¢3(x)) = Py (@) = Xlz—a(C—l)/C,p(p+1)/2

c; (x)=  argmin p(x,c) - distance to the second nearest neighbor (2NN)
r=1,R,c=c*(x)
In practice the distance does not satisfy the theoretical chi-squared distribution

: 1

POS. . (6)~ {X‘ px,cr (X)) m}

i p(x.c*(x)

P21 =F * 1-a) quantile of the noncentral F-distribution
/ l-a,p(p+1)/2, p(p+1)/2,2(n(x)-p) p(c*(x),c2 (X)) (1-a) g
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Proposed approach based on sequential TWD

Input
utterance
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Here is exactly how our method works in practice

Vowel recognition in a syllable “tro”(/t/ /r/ /ool/)

Granularity Distance to phoneme Decision Final
level rule decision
/aa/ /ee/ Jii/ /oo/ /uu/ v/
=1 3840 | 8538 | 27080 | 4538 | 11333 | 9928 |5%904% ) Delay
3647 | 77.26 | 277.83 | 57.94 | 12084 | 9316 |2/9H3840 ) Delay
=2 .
33339 | 30394 | 19847 | 583 | 46.02 | 460.33 | 30,92/583 = Accepl

final decision

A syllable contains only one vowel, _
we can accept /oo/ phone as the ‘
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Experiments. Russian speech recognition

0 DNN (Deep Neural Network) model trained on Voxforge with Kaldi framework

e Autoregression (AR) estimates of the speech signal PSD (Power Spectral Densities) obtained with
Levinson-Durbin algorithm and Burg method

2| Distances: KL divergence and COSH distance: pcosy (X1,X2)=— Y ( 1(/) 2(f))

F 21 GNHG()
22 Methods:

- Conventional approach (processing of low-scale frames)
- Distance thresholding in sequential TWD
- Proposed approach

The experimental results were obtained with the following parameters

Number of speakers where: 3 | male female Isolated syllable mode
Number of model vowels R with: clusters of phonemes Speaker-dependent mode

Sampling frequency AR-order:| 20 | Frame duration: JEEEt Overlap: RN
Vocabularies:

0 Drugs - list of 1913 drugs sold in one pharmacy

9 Cities - list of 1830 Russian cities with the corresponding region (e.g., “Kstovo (Nizhegorodskaya”)
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Drugs vocabulary. Error rate
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Drugs vocabulary. Performance

Recognition time, ms
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Cities vocabulary. Error rate

Word error rate, %
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Cities vocabulary. Performance

Recognition time, ms
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And summarizing our results we have the following conclusions

Proposed implementation of sequential TWD has a list of advantages

It is 12-14 times faster that the DNN and 4-5 times faster than the conventional
approach with matching of the fine-grained frames

Our method may be successfully applied not only with the Kullback-Leibler discrimination,
but with various dissimilarity measures by tuning the threshold p,,,. For instance, the best
recognition accuracy is achieved with the COSH distance

Our approach leads to the most accurate decisions (for a fixed dissimilarity measure) in
practically all cases

Our method is 2-10 times faster than the obvious implementation of sequential TWD with
distance thresholding

and disadvantages

Performance of our approach may be low if complex phoneme segmentation procedure
is implemented

Our experiments are reported on own speech data with requirement of isolated syllable
pronunciation. Thus, our results are not directly comparable with other ASR methods
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What we are going to do in the future

Further research direction

Application of the proposed method to continuous speech recognition

Analyze only the last granularity level with the computationally expensive state-of-the-
art procedures (HMMs with GMMs/DNNs or LSTMs)

Proper choice of speaker’s phonetic database. Speaker adaptation
Application of our method with non-stationary signal classification tasks

Still-to-still video-based face recognition

Audio-visual speech recognition
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Thank you for your attention

Any Questions?



