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Improvement in Both Tasks of LVCSR and ISWR
by Using Peripheral Feature Extraction and CMN Control

TAKASHI FUKUDAT and TSUNEO NiITTAt

In this paper, we propose a feature extractor that improves the performance of isolated-
word and continuous speech recognition with CMN every utterance. Firstly, local features
(LF) and peripheral features (PF) extracted from time-spectrum (TS) patterns and their roles
in speech recognition are described. Then, the proposed feature extractors are implemented
into a standard HMM-based speech recognition system with modified CMN (MCMN) in which
CMN is controlled by a normalized variance of an utterance. Experiments were investigated
both in an isolated spoken-word recognition (ISWR) system and a large vocabulary contin-
uous speech recognition (LVCSR) system. Experimental results show that the feature set of
MFCC with MCMN and novel PF outperforms the baseline feature set in an LVCSR task,
and achieves significant improvement in an ISWR task.
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Table 1 Comparison between without CMN and with
CMN, and the performance of additional periph-
eral features (mixture=8):

MFCC+Dyn.: MFCC+A;+A;Ay+AP+AAP
MFCC+Per.: MFCC+A:+A,+AP+AAP

Dimension = 38.

Word error rate [%)]
MFCC+Dyn. MFCC+Per.
Without With Without With

CMN CMN CMN CMN

System

LVCSR 19.3 16.3 31.2 23.1
ISWR 1.5 3.8 1.4 1.3
Input
h MFCC
SPEE | 2deh- | IDCT CMN |—

BPF

7-point LR At-Cepstrum
E——
(time axis)

3-point LR Aq-Cepstrum
—
(quef. axis)
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Fig.1 Peripheral features in quefrency domain.
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Fig.2 3 x 3 orthogonal basis extracted from speech data.
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Fig.3 An example of local features.
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Table 2 The result in LVCSR: MFCC+LF+PF.

Word error rate [%)
Model mix.=4 mix.=8 mix.=16
Baseline 21.3 16.3 14.7
MFCC+LF+PF 21.2 17.4 15.7
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Table 3 The result in ISWR: MFCC+LF+PF.

Word error rate [%)]
Model mix.=4 | mix.=8 | mix.=16
Baseline 4.8 3.8 3.7
MFCC+LF+PF 2.0 2.0 1.6
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Fig.6 MFCC with peripheral features.
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Table 4 The result in LVCSR: MFCC+PF.

Word error rate [%)
Model mix.=4 mix.=8 mix.=16
Baseline 21.3 16.3 14.7
MFCC+PF 19.4 15.8 12.5
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Table 5 The result in ISWR: MFCC+PF.

Word error rate [%)]
Model mix.=4 | mix.=8 | mix.=16
Baseline 4.8 3.8 3.7
MFCC+PF 6.1 4.9 5.1
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Table 6 The result in LVCSR: Modified CMN.

Word error rate [%)]
Model mix.=4 | mix.=8 | mix.=16
Baseline: CMN 21.3 16.3 14.7
Baseline: MCMN 21.7 16.7 14.9
MFCC+PF: MCMN 19.5 16.7 12.8
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Table 7 The result in ISWR: Modified CMN.

Model Word error rate [%)]
mix.=4 mix.=8 mix.=16
Baseline: CMN 4.8 3.8 3.7
Baseline: MCMN 2.3 1.7 1.7
MFCC+PF: MCMN 2.6 2.5 2.3
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Table 8 The error rate of CMN and MCMN: Baseline
model.
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