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Abstract
The environ mental mismatch caused by additiv e noise and/or channel distortion often
degrades th e perform ance of as peech reco gnition sys tem seriously . V arious ro bustness
techniques have been proposed to reduce this mismatch, and one category of them aim sto
normalize the statistics of speech features in both training and testing conditions. In general,
these statistics norm alization methods deal with the sp eech feature sequ ences in a f ull-band
manner, which som ewhat ignores the fact th at dif ferent m odulation frequency com ponents
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have unequal importance for speech recognition.

With the above observations, in this paper we propose that the speech feature streams
be processed in a sub-band ma nner. The processed temporal-domain feature sequence is
first decomposed into non-uniform sub-bands us ing discrete wavelet transform (DWT), and
then each sub-band stream is individuall y processed by the well-known normalization
methods, like m ean and variance norm alization (MVN) and histogram equalization (HEQ) .
Finally, we reconstruct the feature stream  w ith all th e modified sub-band streams using
inverse D WT. W ith this process, the com  ponents that correspond tom  ore important
modulation spectral bands in the feature sequ  ence can be processed separately . For the
Aurora-2 clean-condition training task, the new proposed su b-band MVN and HEQ provide
relative error rate reductions of 20.32% a nd 16.39% over the conventional MVN a nd HEQ,
respectively. These results re  veal that the proposed m  ethods significantly enhance the
robustness of speech features in noise-corrupted environments.
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Fﬁr%w*@rw A(c0~c12) » i b PR T R B SR R 39AEH B B A gl

5 M5 R BLEEE R (baseline) ~ 765 #i7Y SB-MVN 2 SB-HEQ ~ 2 #=' FB-MVN 7!

FB-HEQ [="]7% i MFCC F‘jf? ER i o iR (T [ f‘fﬁ"’%&%ﬁﬁﬂ *i—ﬁ'ﬂ—%%?
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S (relatlve error rate reductions) o [l FFE T [H F SNR {ifi ™ pY Fﬁ%ﬁ"{“ﬁ ENINEAR S
T TR 1 T S O P

ez~ o) BT R 2 A T B SR (Y0) ZEAT S R (SR (%)

Method Set A Set B Set C Avg. RR1 RR2
Baseline 71.92 68.22 77.61 71.58 — —
FB-MVN 85.03 85.56 85.60 85.36 48.49 —
SB-MVN(j, 86.87 87.90 87.37 87.38 55.59 13.80
SB-MVN(1 2 87.28 90.23 89.44 88.89 60.91 24.11
SB-MVN(i 23 89.44 90.31 89.61 89.82 64.18 30.46
SB-MVN(1 23,4 89.47 90.31 89.62 89.84 64.25 30.60
FB-HEQ 87.59 88.84 87.64 88.10 58.13 —
SB-HEQ () 87.70 89.31 87.81 88.37 59.08 2.27
SB-HEQ (1,2 89.22 90.55 90.23 89.95 64.64 15.55
SB-HEQ(1 23 89.51 90.75 89.54 90.01 64.85 16.05

SB-HEQ (12,3.4) 89.51 90.83 89.57 90.05 64.99 16.39

AP BT [F] SNR IESHEREE ™ 9T PR (%)

Method clean | 20dB 15dB 10dB SdB 0dB -SdB
Baseline 99.79 | 95.80 88.15 73.81 56.32 | 43.82 | 40.13
FB-MVN 99.82 | 98.73 96.83 91.88 79.52 | 59.80 | 46.70

SB-MVN(, | 99.79 | 98.67 | 96.98 | 92.24 | 82.42 | 66.60 | 51.95
SB-MVN(, | 99.80 | 98.97 | 97.76 | 94.33 | 86.40 | 70.99 | 53.80
SB-MVN(.3 | 99.78 | 98.99 | 97.75 | 9457 | 86.59 | 71.19 | 53.69
SB-MVN(1,34 | 99.81 | 98.97 | 97.75 | 9451 | 86.60 | 71.34 | 53.72

FB-HEQ 99.77 | 99.01 | 97.76 | 94.22 | 84.30 | 65.21 | 48.96
SB-HEQ 99.72 | 98.72 | 97.31 | 93.34 | 83.98 | 68.49 | 52.70
SB-HEQ, | 99.64 | 98.84 | 97.64 | 94.50 | 87.52 | 71.28 | 53.65
SB-HEQ(,3 | 99.66 | 98.84 | 97.70 | 94.68 | 87.09 | 71.74 | 53.78
SB-HEQ (1234 | 99.64 | 98.85 | 97.69 | 94.74 | 87.15 | 71.83 | 54.01
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