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Abstract

In this paper, we propose a novel scheme in performing feature statistics normalization
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techniques for robust speech recognition. In the proposed approach, the processed temporal
domain feature sequence is first converted into the modulation spectral domain. The
magnitude part of the modulation spectrum is decomposed into overlapped non-uniform
sub-band segments, and then each sub-band segment is individually processed by the
well-known normalization methods, like mean normalization (MN) and mean and variance
normalization (MVN). Finally, we reconstruct the feature stream with all the modified
sub-band magnitude spectral segments and the original phase spectrum using the inverse DFT.
With this process, the components that correspond to more important modulation spectral
bands in the feature sequence can be processed separately and more spectral samples within
each band give rise to more accurate statistic estimates due to overlapping the adjacent
segments. For the Aurora-2 clean-condition training task, the new proposed overlapping
sub-band spectral MN and MVN provide further error rate reductions over the conventional
non-overlapping ones.
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xK— ~ BHESHE SMN P IEPERER (%)

Set A Set B Set C Average AR(%) RR (%)
baseline 71.92 68.22 77.61 71.58 — —
SBSMN, 77.62 76.10 81.19 77.73 6.15 21.63

SBSMN(S' =1 | 77.83 76.60 81.83 78.14 6.56 23.08

SBSMN" =1 | 7795 76.55 81.07 78.01 6.44 22.64

SBSMN(' =1 | 79.48 78.93 82.03 79.77 8.19 28.82

SBSMN.' —1II | 87.89 86.99 87.97 87.55 15.97 56.18

SBSMN( ¥ —1II | 8581 86.11 85.44 85.86 14.28 50.24

SBSMN' —IT | 86.73 86.04 86.96 86.50 14.92 52.50
F ~ ZRESHER SMVN 322 FHHEEER (%)

Method Set A Set B Set C Average AR(%) RR (%)
baseline 71.92 68.22 77.61 71.58 — —
SBSMVN, 87.36 88.53 88.03 87.96 16.38 57.65
SBSMVN =1 | 87.88 89.09 88.52 88.49 16.91 59.51
SBSMVN' —1 | 87.09 88.26 87.71 87.68* 16.10 56.66
SBSMVN(Y —T | 8732 88.52 88.08 87.95% 16.37 57.61
SBSMVN{”) —II | 8794 89.12 88.61 88.55 16.97 59.70
SBSMVN//' =1 | 8801 89.19 88.57 88.59 17.02 59.87
SBSMVN.' —1II | 88.09 89.17 88.78 88.66 17.08 60.10
F= - BiESHET SHE %2 B8R (%)

Method Set A Set B Set C Average AR RR
baseline 71.92 68.22 77.61 71.58 — —
SBSHE, 90.45 91.29 90.19 90.73 19.16 67.40
SBSHE!' ~1 | 90.66 91.44 90.33 90.91 19.33 68.00
SBSHE[]' =1 | 90.69 91.40 90.52 90.94 19.36 68.12
SBSHE[ =1 | 90.72 91.42 90.53 90.96 19.38 68.20
SBSHE/ —II | 90.49 91.28 90.26 90.76 19.18 67.49
SBSHE — 1 | 90.03 90.99 90.06 90.42 18.84 66.29
SBSHE(S' —1II | 90.18 91.10 90.30 90.57* 18.99 66.83
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P I D AR A ) R SRR A L SR T [k £ AT
SRR (%)
Method Set A| SetB | Set C |average| AR (%) |RR (%)
Baseline 7198 | 67.79 | 78.28 | 71.56 | — | —
CMN 79.37 | 82.47 | 79.90 | 80.72 | 9.15 | 32.18
SBSMN ([} -1 18938 | 90.25 | 88.76 | 89.60 | 18.04 | 63.44
CMN |SBSMVNJ -1 |88.15| 89.45 | 88.77 | 88.79 | 17.23 | 60.59
SBSHE () -1 |89.08| 90.02 | 89.05 | 89.45 | 17.89 | 62.90
CMVN 85.03 | 85.56 | 85.60 | 85.36 | 13.79 | 48.50
SBSMN ([} - T 18939 | 90.27 | 88.74 | 89.61 | 18.05 | 63.47
CMVN | SBSMVN (J' - T 188.57 | 89.64 | 88.90 | 89.06 | 17.50 | 61.54
SBSHE() - T 189.01| 89.97 | 88.95 | 89.38 | 17.82 | 62.66
MVA 88.12 | 88.81 | 88.50 | 88.47 | 16.91 | 59.46
SBSMN (' -1 |89.42| 90.34 | 88.91 | 89.69 | 18.12 | 63.73
MVA | SBSMVN({' - T |88.65| 89.68 | 89.20 | 89.17 | 17.61 | 61.92
SBSHE () -1 |89.08| 90.03 | 89.12 | 89.47 | 17.90 | 62.96
HEQ 86.91 | 88.32 | 87.50 | 87.59 | 16.03 | 5637
SBSMN (' -1 189.94| 90.95 | 89.58 | 90.27 | 18.71 | 65.79
HEQ [SBSMVN (' -1 |88.17| 89.84 | 88.94 | 88.99 | 17.43 | 61.29
SBSHE () - T 189.16 | 90.35 | 89.36 | 89.68 | 18.11 | 63.69
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