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Abstract This paper addresses a speech recognition problem in non-stationary noise environments, especially, the estimation
of noise sequences. To solve this problem, we present a particle filter-based sequential noise estimation method for front-
end processing of speech recognition in noise. In the proposed method, a noise sequence is estimated by three steps,
a sequential importance sampling step, a residual resampling step, and finally a Markov chain Monte Carlo step with
Metropolis-Hastings sampling. The estimated noise sequence is used in the MMSE-based clean speech estimation. We
also introduce a Polyak averaging and feedback into state transition process used for particle filtering. In the evaluation
results, we observed that the proposed method improves speech recognition accuracy in non-stationary noise environments
results by the noise compensation method with stationary noise assumptions.
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ETSI MMSE . Polyak averaging and feedback

SNR baIL{sZile Advanced | (Stationary noise Pgﬂn:;le a=005| a=005| a=01]| a=0.1

front-end compensation) B8=10 =20 | =10 | =20
20 dB 93.61 92.88 96.41 96.13 96.90 96.84 96.84 96.78
15 dB 81.12 86.86 88.92 90.02 91.71 91.93 91.74 91.93
10 dB 54.81 76.73 74.27 75.87 81.39 81.98 82.41 82.04
5dB 29.47 53.18 50.94 54.50 61.96 62.73 62.88 63.28
0dB 18.73 23.15 24.72 28.92 35.92 36.75 38.16 37.95
Average 55.55 66.56 67.05 69.09 73.58 74.05 74.41 74.40
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0 dB 22.29 48.48 43.60 49.43 53.42 54.28 55.97 57.08
Average 63.60 81.20 80.75 81.70 84.22 84.59 85.45 85.77
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