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Noise Robust ASR

Fachgebiet
Nachrichten-
technik

e Type of distortion - an additive
nonstationary noise n; from Aurora IV
database

e ASR method - a causal Bayesian Feature
Enhancement, [Leutnant et al., 2011]

Nonstationary Noise Robust Automatic Speech Recognition

Tt Yt MFCC vt X4 W
' Feature Bayesian Feature Enhancement Decoder
T Extraction
. f f f
A-priori A-priori Clean Observation
Noise Model Speech Model Model

e Until now: a time-invariant a-priori noise model p(n:) = N (n¢; tin, Xn)
> Estimate pin, 35 on the speech-free frames in the beginning of an utterance

o New: p(nt) = N(n¢; pn,t, Xn) with a time-variant mean vector pin ¢
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A-priori model of nonstationary noise for a Bayesian framework

Power Spectrum LMPSC MFCC
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A-priori Noise Model

Estimate a time-variant power spectral density (PSD) 0% , = E[|N¢|?] of the
|2

nonstationary noise signal from a noisy power spectrum |Y

2. Calculate a time-variant mean vector fin,: from estimates n; in the LMPSC
domain by using the Noise Model Transfer approach

3. Estimate the time-invariant covariance matrix X, for the Gaussian noise model
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Maximum a-posteriori (MAP) based spectral noise tracking

Signal processing in the first stage

CONST D.ecision-

. . . i PSD directed

e Time-invariant noise PSD Approach
estimator (CONST PSD) based on First stage

the speech-free frames in the \Yi
beginning of an utterance

Speech PSD calculation
A-priori SNR smoothing

e Decision-directed approach for
estimation of the a-priori SNR &, !
[Ephraim et al., 1984 | [ = —m—————————— !

Noise PSD Estimator for one frequency bin

________ -1

MAP-based (MAP-B) noise PSD tracker as a postprocessor

o Given the noisy power |Yz|?, the clean speech PSD &g( ; and the a-priori SNR ft
calculate a MAP-B noise PSD estimate &12\, ¢ [Chinaev et al., 2012]
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Maximum A-Posteriori Based (MAP-B) noise PSD tracker

Noise PSD estimation even in presence of speech signal

e For calculation of the MAP-B estimate &12\] o model observations Y by the
Gaussian distribution p(Y¢|o%; ,) and the noise PSD o2 , by the scaled inverse
chi-squared (SICS) distribution p(c%; ;)

&gc,t <
———— e
| | &2
| Observation model Compensation of | "Nt
A2 2 . | >
: N(Y56% +oN,t) SNR dependent bias I
| |
| p(Yelog y) |
| |
Y12 - — |
Posteriori model Bisection/Newton I
| P(0'12\1,1,‘Yt) MOde(o'lz\I,AYt) |
| |
! p(oRe,e) |
|
: A-priori model t—t-1| Approxim. posterio by | |
|| SICS (03 15 A21) SICS (03,43 A7) :
|

MAP-B noise PSD tracker is a core component of the Noise PSD Estimator for one frequency bin
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n example for improved noise tracking in power spectral domain

Noise PSD tracking averaged over all frequency bins for one utterance with babble noise

- - Nolsy PSD

\ —— CONST-PSD
; ‘ 0 —— MAP-B i
! ' Reference

i

! ! (I

I I
400

Frame number

e Noise PSD estimates of the MAP-B postprocessor aim to follow the Reference
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Noise Model Transfer (NMT) approach

Correction of the estimates n; in the LMPSC domain

e Assumed a bias model fi,,+ = n¢ + b estimate a time-invariant bias vector b for
each utterance by using the EM approach, [Yoshioka et al., 2013]

iS’t,

LMPSC ¥ ! ¥
- 3 _: Calculate E-step ~v¢i
. - g noise posterio j«— component
Log-Mel p(ht|yt, k) affiliations
DCT
Filterbank l _‘L T T
> I > [o————
- M-step ICIean speechl | Calculate
- - update | GMM | p(¥t)
=" -- bias vector | | Tk Py k using
-- - . I Nonlinearit
Noise | [ |+ ———
Ly} -
&2 A Model ~ Bias model fin.t
. N,t t | Transfer | #n,t fit + by —>
A-priori Noise Model One EM iteration of the Noise Model Transfer
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Noise tracking in the LMPSC domain on the Aurora IV database
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Figure: Averaged mean squared error (MSE) values of different noise LMPSC estimates fin,¢
e Online-NMT: vector b is calculated based on the previous data y: for t € [1;¢]

e Offline-NMT: conventional NMT approach based on data of the hole utterance
e Opt-NMT: using the true bias vector byrye
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Recognition results on the Aurora IV database

Baseline
CONST
Online-NMT
Offline-NMT
Opt-NMT

clean 127 | 13.0 120 1211 | 129 | 12.2
airport 61.5 | 51.9 473 474 | 445 | 293
babble 60.6 | 47.0 42.6 43.0 | 42.0 | 32.0
car 39.0 | 195 171 169 | 17.6 | 159
restaurant | 58.8 52.7 519 50.5 46.9 34.8
street 58.2 | 43.5 439 421 | 414 | 309
train 60.6 | 43.0 43.0 426 | 42.0 | 33.7

AVG 50.2 | 38.7 36.8 36.4 | 35.3 | 27.0

Table: Resulting word error rates on the Aurora IV database

e Improved nonstationary noise tracking leads to a consistent decrease of
the averaged (AVG) word error rates
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Summary and outlook

e A-priori model for nonstationary noise

> Spectral noise tracking by using the MAP-B postprocessor

> Transformation of the noise PSD estimates into the MFCC domain by using
the Noise Model Transfer approach

> Bayesian feature enhancement with the time-variant a-priori noise model

e Experimental results on the Aurora IV database

> Improved tracking of nonstationary noise features

> Consistent decrease of word error rates = nonstationary noise robust ASR

e Better start values for the EM approach by considering the mismatch function

e Additional usage of a time-variant covariance matrix ¥, — Xn ¢
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