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Introduction

* Tenporal processig is commorny used in peech
feature extraction to aid performance and
robustness.

 LDA applied to tenporal trgectoriesgives
discriminant data-driven filtefS:manskyvan vuuren 1997,

« Data-driven terporal filters chage in the
presence of reverberation.

o Test LDA filters usiig RASTA-PLP, Modulation-
Filtered $ectragram (MFSG), and PLP-pstra.
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Hybrid ANN-HMM System
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Feature Extraction

H_%E_V_/ 000

frequency analysis
feature processing |
I v I energy ci)mputatim

nonlinear transform

000 i
linear transform

'..-h'\-\.

e, ' -
'Iél.' ICSI - UCB ICSLP 2000 - Beijing China M.L.Shire,B.Y.Cher'-@l'

s



Discriminant Training

Preprocessing

Discrimiatively
Trained
MLP

Linear Discriminant Analysis Components
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Temporal LDA Procedure
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*Collect means and covariance matrices.
*Take LDA vectors as eigenvectors of ratio of covariance of

class meanp; to mean of class covariances
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Effect of reverberation
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LDA-RASTA Filters
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sIncreasing severity of reverberation results in broader, smoother
Impulse responses and narrower modulation frequency pass-band.
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LDA-RASTA-PLP
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*RASTA filter replaced with filters derived using LDA.
«Stories corpus used to train discriminant filters.
*Recognition tests used Numbers corpus.
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LDA-RASTA-PLP WER

WER(%) for different LDA filters on Numbers corpus
Single acoustic context to MLP

MLP LDA filter
train test clean light heawy
clean clean 9.10 9.00 12.0-
light light 18.90 16.40+ 18.30
heawy heawy 45.50 42.10+ 38.90+

«3 conditions: clean data, light reverberation, heavy reverberation.
L DA filters derived in these conditions on independent corpus.
*MLP with only a single frame of acoustic features.

Matched LDA-MLP training usually gave best results.
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LDA-RASTA-PLP WER 2

WER(%) for different LDA filters on Numbers corpus
MLP acoustic context of 9 frames (~100ms)

MLP LDA filter
train test clean light heawy
clean clean 5.20 5.30 7.00-
light light 11.10 10.70 12.40-
heawy heawy 30.70 30.10 30.30

*Give MLP a wider acoustic context of 9 frames instead of 1.

Difference between using different sets of filters reduces.

*Heavy filters are most restrictive and give worst results on mis-matched
cases.

*MLP may be including its own temporal processing.
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Wider acoustic context to MLP

100 ms context
covers active portion
of LDA filters
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Preprocessing

"
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Linear Discriminant Analysis Components

LDA
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MFSG-LDA

Critical
Band
Power Log LDA

Filter

Train

Speech

Test >

Speech ”” I \
Critical Square Envelope AGC Local
Band Root Filters Stages Normalization
Power

*Qriginal filters were 8HZ lowpass and 8-16Hz bandpass
*Replace with LDA-RASTA filters
*Notice oddity of designing from log instead of square root.
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Critical-band class distributions
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Domain
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*Must use log-domain to better obey LDA assumptions.
sEffect of non-linearity is to add harmonics.

*Raises, noise floor but original fundamental remains.
*Also, shape invariance of log to powers: IdEp log(X)
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Gaussianity test
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«Skewness and Kurtosis statistics should be zero for Gaussianity
*Log is closer to meeting criterion than cube and eighth root
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MFSG-LDA

800HU MLP

9 frames context

WER (%)

Train Test MFSG MFSG-LDA
clean clean 6.50 7.00
light light 12.10 12.40
heawy heawy 31.60 32.80

Frame accuracy (%)
Train Test MFSG MFSG-LDA
clean clean 76.96 78.40+
light light 70.95 72.82+
heawy heawy 55.66 57.89+
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MFSG vs MFSG-LDA

liéi:l ICSI - UCB

i

difference in frame accuracy

1000

500

500

1000

800

600

400
200

200
400

1500

1000

500

500

Train and test on clean

!
b d g t k dcltclkcls shz f thv h m n | r w y hhhv iy ih eh ey ae aa ay ah ao owuw er axrax h#

Train and test on light

\
b d gt k deltclkcls shz f thv h m n | r w y hhhv iy ih eh ey ae aa ay ah ao owuw er axrax h#

Train and test on heavy

|
b d g t k dcltclkcls shz f thv h mn | r w y hhhv iy ih eh ey ae aa ay ah ao owuw er axrax h#

ICSLP 2000 - Beijing China

M.L.Shire,B.Y.Cher /A



PLP-Cepstra-LDA (delta replacement)

PLP Local
Cepstra Normalization LDA
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PLP Delta Local
Cepstra Calc Normalization

*Features, delta, and double delta replaced by LDA filtered features
*Cepstra has implicit logarithm followed by linear transform.
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PLP-Cepstra class distributions
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Sample PLP LDA filters
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PLP-LDA

400HU MLP
single frame acoustic input

WER (%)
Train Test PLP+Deltas |PLP-LDA
clean clean 7.80 8.80 -
light light 16.20 17.60 -
heawy heawy 46.10 40.40 +
Frame accuracy (%)

Train Test PLP+Deltas |PLP-LDA
clean clean 70.75 74.65 +
light light 62.05 67.74 +
heawy heawy 45.59 53.48 +
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Summary

e RASTA-PLP

— General improvement in WER using specific LDA
filters.

— Filters appear to work best in matched training and
testing conditions.

— Advantage mitigated by allowing contextual frames to
MLP.

« MFSG, PLP-Cpstra

— Consistent improvement in frame-level phone
classification accuracy.

— Inconsistent effect on WER.
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Discussion

e LDA filters desgned to discriminate between
phone classes.

 Yields consistent iprovement in frame accunac

« WER can be worse, mismatch with Viterbi
assumtion?

e Relation of frame and word accuyadifficult to
analze.
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Conclusion

 |Is environment@ecific tenporal LDA useful in
speech feature extraction in ASR?

— Automatic means of selecting reasonable temporal
filters.

— Can help when adding acoustic context is prohibitive or
expensive to the probability estimator.

— Basic speech modulations below about 16Hz is
Important, further specific partitioning with filters can
yield diminishing returns.
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