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<Abstract>

Performance Analysis of Noisy Speech Recognition
Depending on Parameters for Noise and Signal Power
Estimation in MMSE-STSA Based Speech Enhancement

Chul Ho Park, Keun Sung Bae

The MMSE-STSA based speech enhancement algorithm is widely used as a
preprocessing for noise robust speech recognition. It weighs the gain of each spectral bin
of the noisy speech using the estimate of noise and signal power spectrum. In this paper,
we investigate the influence of parameters used to estimate the speech signal and noise
power in MMSE-STSA upon the recognition performance of noisy speech. For
experiments, we use the Aurora2 DB which contains noisy speech with subway, babble,
car, and exhibition noises. The HTK-based continuous HMM system is constructed for

recognition experiments. Experimental results are presented and discussed with our findings.

* Keywords: Forgetting factor, Speech enhancement, Speech recognition, MMSE-STSA, HMM.
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<E 1> F$SH UF L ANANZHEY ANE (%)

SNR Subway Babble Car Exhibition iy
Clean 98.93 99.00 98.96 99.20 99.02
20 dB 97.05 90.15 97.41 96.39 95.25
15 dB 93.49 73.76 90.04 92.04 87.33
10 dB 78.72 49.43 - 67.01 75.66 67.71
5 dB 52.20 26.81 34.09 44.83 39.48
0 dB 26.01 9.28 14.46 18.05 16.95
-5 dB 11.18 1.57 9.39 9.60 7.94
o 69.49 49.89 60.60 65.39 61.34

<3 2> MMSE-STSA 7]%te] &40 %2 A48 (=085, =0.5) (%)

SNR Subway Babble Car Exhibition Ky
Clean 98.74 98.94 98.81 99.07 98.89
20 dB 96.01 90.99 97.97 95.62 95.15
15 dB 90.30 80.38 96.48 93.49 90.16
10 dB 79.67 63.57 89.92 86.89 80.01
5 dB 61.96 4148 - 70.83 68.78 60.76
0dB 33.68 15.78 31.76 37.80 29.76
-5 dB 11.15 0 8.71 12.00 797
>k 72.32 58.44 77.39 76.52 71.17
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<% 3> MMSE-STSA 7]4te] 4704 £9 Q48 (a=0.90; §=04) (%)

SNR Subway Babble Car Exhibition Ha
Clean 98.74 98.91 98.84 99.07 98.89
20 dB 95.89 90.78 97.79 95.50 94.99
15 dB 90.64 80.38 96.78 92.93 90.18
10 dB 80.07 64.21 91.17 86.21 80.42
5 dB 63.03 42.44 73.93 69.92 62.33
0 dB 35.00 16.08 34.83 39.37 31.32
-5 dB 10.87 0 9.04 12.43 8.09
ki 72.93 58.78 78.90 76.79 71.85

<¥ 4> MMSE-STSA 7]9te] 4374 %9 A4 & (a=0.92,8=03) (%)
SNR Subway Babble Car Exhibition 3
Clean 98.71 98.91 98.84 99.07 98.88
20 dB 95.67 89.84 97.61 95.37 94.62
15 dB 90.54 79.87 96.63 92.72 89.94
10 dB 79.74 63.42 91.62 85.50 80.07
5 dB 63.37 41.93 74.50 69.64 62.36
0 dB 35.22 15.87 36.18 39.52 31.70
-5 dB 10.84 0 9.42 12.50 734
g 7291 58.19 79.31 76.55 71.74

<E 5> MMSE-STSA 7%t¢] £4704 ¥ A4E (a=0.95,8=0.25) (%)

SNR Subway Babble Car Exhibition o
Clean 98.74 98.85 98.78 99.07 98.86
20 dB 95.67 90.18 97.38 94.94 94.54
i5 dB 90.73 - 8093 - 96.69 91.73 90.02
10 dB 80.93 64.63 92.69 84.88 80.78
5 dB 64.78 4311 77.72 70.93 64.14
0 dB 38.19 16.69 40.29 42.30 3437
-5 dB 11.48 0 10.29 13.67 8.86
tr i 74.06 59.11 80.95 76.96 72.77
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<& 6> MMSE-STSA 7]%te] S804 %9 A4F (a=0.98,3=02) (%)

SNR Subway Babble Car Exhibition ot
Clean 98.68 98.76 98.81 99.04 98.82
20 dB 95.27 90.72 96.63 93.52 94.04
15 dB 90.21 81.77 95.29 89.79 89.27
10 dB 80.84 67.90 92.13 83.15 81.01
5 dB 67.21 46.43 81.21 69.58 66.11
0 dB 41.36 19.71 49.18 45.08 38.83
-5 dB 14.25 0 13.39 17.12 11.19
i 74.98 61.31 82.89 76.22 73.85

<¥ 7> MMSE-STSA®] dietvlg] gt H3le & HaF AXE (%)

SNR (P (0.85, 0.55 (0.90, 0.49) 0.92, 0.3) (0.95, 0.25) (0.98, 0.2)
20 dB 95.15 94.99 94.62 94.54 94.04
15 dB 90.16 90.18 89.94 90.02 89.27
10 dB 80.01 80.42 80.07 80.78 81.01
5 dB 60.76 62.33 62.36 64.14 66.11
0 dB 29.76 31.32 31.70 34.37 38.83
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