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@ Studiul comportamentelor modelelor Markov ascunse
fara probabilitatile de tranzitie intre stari

@ Clasificarea si recunoasterea fonemelor cu modelul
propus

@ Studiul duratelor fonemelor si posibilitatea integrarii
acestora in algoritmul Viterbi
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Bazele teoretice 1. Elemente de fonetica
2. Extragerea caracteristicilor
3. Tehnici de grupare, cuantizare vectoriala

4. Modele Markov ascunse
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Fricative Africate M
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sp(n) = s(n) —a-s(n—1) (1)

Bazele teoretice
@ Analiza cepstrala
o FFT - Spectru de amplitudine
o Filtre asezate conform cu scara Mel
@ Logaritmare
@ Transformata cosinus

@ Postprocesare
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Bazele teoretice T|M|T OASlS-NUMBERS

Creator Tl si MIT Szeged University
Conditii birou birou

Parametri 16KHz, 16 biti 22.05KHz, 16 biti
Scop Rec.vorbirii continue  Rec.numerelor
Nr. vorbitori 630 26

Continut 10 propozitii(30s) 26 de cuvinte
Nr. foneme 61 31
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Extragere Modele
caracteristici normale GMM

U

Analiza fonetica a
modelelor de vorbitori

12 MFCC
12 MFCC
12 MFCC

Grupa fonetica {V, W, S, N, A, F, O}
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Distributia categorilor fonetice in clustere

.
[
ClusTeRs
CLuSTeRs
= CLUSTERS.
0 Guustens
=

Analiza fonetica a
modelelor de vorbitori
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TIMIT 630 de vorbitori

Categorie  Antrenare Testare Rataid.

Vocale 9.65s 2.27s 95.39%
Nazale 1.34s 0.38s 70.31%
Fricative 3.27s 0.95s 44.60%
Semivocale 2.38s 0.47s 41.74%

Plozive 1.43s 0.35s 10.47%
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Margit Antal PSGMM - Calculul similaritatii

Vocale GMM
nl Gaussiene il
Fricative GMM
Africate n2 Gaussiene w2
Nazale GMM w3 ( )
Modele de vorbitori i sum
structurate fonetic n3 Gaussiene
wé
Plozive GMM
n4 Gaussiene w5
Semivocale GMM
n5 Gaussiene
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Recunoasterea vorbitorului - Modele
structurate fonetic

TIMIT 630 de vorbitori

Tip model Nr.mixt. Rataid.(3s) Rataid.(6s)
GMM 6 93.02% 98.58%

PSGMM1 6 92.14% 98.74%

PSGMM2 6 92.06% 98.16%
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Vocale Fricative

Nazale

a. Initializare clasica b. Initializare cu clasele fonetice

Eroare: 2,53% Eroare: 1,11%
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@ Componentele unui model de vorbitor nu sunt pure
d.p.d.v. fonetic

@ Nazalele si vocalele s-au dovedit a fi sunetele cele
mai specifice vorbitorilor

@ Modelele structurate fonetic (PSGMM), care
utilizeaza doar informatii relative la categoria
fonemelor, au performante similare cu cele obisnuite
(GMM)
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Margit Antal
W = max P(W|X) = max P(X|W) - P(W) (3)

Semnal vocal

X=(x1, x2, ..xT)

Analiza acustica
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Model de limbaj

Secventa de cuvinte

recunoscute
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Antrenare-Testare-Evaluare

Margit Antal Vectori acustici: 39MFCC, 20ms/10ms

numar_foneme_corect _clasificate
numar _total_foneme

Ratarecunoastere = 4)
TIMIT

Antrenare: 176.929 foneme, 462 vorbitori
Testare: 63.644 foneme, 168 vorbitori

| A\

A\

OASIS Numbers

Antrenare: 7.461 foneme, 20 vorbitori
Testare: 2.244 foneme, 6 vorbitori
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Matricea de confuzie - Foneme: OASIS 31 - Modele: GMM 16

Foneme recunoscute
P lEx G4 o EmMe s e _=35002%-0cS<nN

Clasificarea fonemelor

= dktts+ ~22AEehiijJlEmnOoorrsuuyvz
Foneme prezentate
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Modificarea algoritmului Viterbi

at(f) = 1"2/?1<Xn04t—1(i) -aj - bj(or) (5)

Margit Antal

log a¢(j) = 1rglfc1<xn{log ai—1(i) +log a;} + log bj(or)  (6)

log at(j) = max {log ae—1(7) + Iy} +log bj(or) ~ (7)

0, caz contrar

Iij:{ B, dacai = j ®)
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Metrica Levenshtein

INS + SUBST + DEL
N

PER =100 -

ACCURACY =100 — PER (10)
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Recunoasterea fonemelor - Rezultate

experimentale

5 DEL INS SUBST ACCURACY
11 6.79% 7.39% 3454%  51.27%
13 9.13% 4.76% 33.12%  52.98%
15 1142% 3.24% 31.66%  53.67%
20 17.16% 131% 28.12%  53.40%
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OASIS 31

B8  DEL INS SUBST ACCURACY
11 0.52% 27.93% 5.18% 66.36%
13 0.82% 21.80% 5.53% 71.85%
20 237% 11.27% 6.00% 80.35%
25 4.06% 7.77% 5.78% 82.38%
27 4.83% 7.08% 5.83% 82.25%
30 6.43% 5.82% 5.70% 82.03%
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e e e e A A

Duratain [ms]

150 - 4

LI T R

P S S S SRR SRR
Oehiijllmnoorsuuwvz-~

Foneme OASIS

b

P L
Modelarea duratei ‘dktts+- - 222AE
fonemelor
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}

a

1
at(j) N 1rgla<xn{7'min(j)r<n7'a<)s'max(j) {at ’ I) aU H bj o e)}}
(12)

T—1
a(j) = {Q%{ max {ar-f(i) -a- || b/(ot—e)}

Tmin <T<Tmax 620
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Durate ACC. INS SUBST DEL
1..50 11.70% 85.53% 2.63% 0.12%
2..50 60.70% 36.22% 2.84% 0.21%
3..50 76.29% 18.39% 4.23% 1.07%

Tmin---Tmax 76.64% 16.32% 5.95% 1.07%
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Rezultate experimentale, OASIS 26 de cuvinte

Margit Antal

REC. FONEME REC. CUVINTE
84.36% 86.54%
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@ Rezultatele experimentale demonstreaza ca
probabilitatile de tranzitie in modelele Markov
ascunse sunt nesemnificative comparativ cu
probabilitatile de emisie ale starilor

@ Am adaptat algoritmul Viterbi pentru modele de
foneme GMM

® Am propus o serie de modificari ai algoritmului Viterbi
pentru integrarea cunostintelor legate de durata
fonemelor.
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@ Recunoasgterea vorbitorului
@ Construirea modelelor de vorbitori structurate fonetic
prin adaptarea modelelor generale de foneme
o Verificarea identitatii pe baza unor informatii
lingvistice ca: durata unor foneme sau cuvinte
specifice
@ Recunoasgterea vorbirii
@ Modelarea mai adecvata a duratei fara marirea
complexitatii calculelor
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