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In this paper, we propose a improved speech absence probability estimation algorithm by applying environmental
noise classification for speech enhancement, The previous speech absence probability required to seek a priori
probability of speech absence was derived by applying microphone input signal and the noise signal based on the
estimated value of a posteriori SNR threshold, In this paper, the proposed algorithm estimates the speech absence
probability using noise classification algorithm which is based on Gaussian mixture model in order to apply the optimal
parameter each noise types, unlike the conventional fixed threshold and smoothing parameter, Performance of the
proposed enhancement algorithm is evaluated by ITU-T P,862 PESQ (perceptual evaluation of speech quality) and
composite measure under various noise environments, It is verified that the proposed algorithm yields better results
compared to the conventional speech absence probability estimation algorithm,

Keywords: Speech absence probability, Gaussian mixture model (GMM), Noise Classification
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Table 1. Optimal threshold and smoothing parameter (frame)
is selected by comparing composite measure score.

Noise type Threshold ~,, | Smoothing parameter o,
Babble noise 0.98 0.98

Car noise 0.20 0.27

office noise 0.97 0.96

White noise 0.28 0.25
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Fig. 1. 3D mesh curve of the optimal operating values for
the babble noise 10 dB SNR.
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Fig. 3. Comparison of noise power estimation (k=3) under
White noise (SNR = 10 dB). (a) Noisy speech, (b) Clean
speech, (¢) Actual noise power (solid line), estimated
noise power based on fixed ¢ (dotted line), estimated
noise power based on Malah algorithm (dashed line)
and estimated noise power based on proposed method

(dark line).
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Fig. 4. Comparison of speech presence probability (k=3)
under Babble noise (SNR = 5 dB). (a) Noisy speech,
(b) Clean speech, (c) Speech presence probability in
short-time frames probability of conventional algorithm
(dashed line), probability of proposed algorithm
(solid line).
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Table 2. PESQ score of the fixed ¢, Malah, MCRA and
proposed algorithm.

Noise SNR (dB)
type | Method 5 10 15

fixed ¢ 2.331 2.656 2.940
Babble Malah 2.342 2.669 2.953
noise MCRA 2.349 2677 2.963
Proposed 2.365 2.690 2.981
fixed ¢ 3.488 3.747 3.975
Car Malah 3.520 3.766 3.991
noise MCRA 3.532 3.778 4.007
Proposed 3.559 3.795 4.026
fixed ¢ 2.326 2.628 2.947
Office Malah 2.337 2.634 2.951
noise MCRA 2.349 2.651 2972
Proposed 2.368 2.667 2985
fixed ¢ 2.099 2434 2.781
White Malah 2.103 2442 2.786
noise MCRA 2117 2.451 2.794
Proposed 2131 2.467 2.802
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Table 3. Composite Measure score of the fixed 4, Malah,
MCRA and proposed algorithm.

Noise SNR (dB)

type | Method 5 10 15
fixed ¢ 2.682 3.065 3.361
Babble Malah 2710 3.082 3.397
noise MCRA 2.721 3.095 3.412
Proposed 2.742 3.113 3.431
fixed ¢ 3.801 4.087 4315
Car Malah 3.820 4.101 4.336
noise MCRA 3.839 4121 4.339
Proposed 3.869 4.158 4.358
fixed ¢ 2.751 3.084 3.436
Office Malah 2.764 3.103 3.451
noise MCRA 2.788 3.124 3.469
Proposed 2.808 3.151 3494
fixed ¢ 2.284 2.682 3.064
White Malah 2.305 2.698 3.078
noise MCRA 2.329 2712 3.088
Proposed 2.352 2.742 3.117

I 4. &HZ BHOIM DHE (2 Malah7} HQFSH B 1} MCRA
J2|3 MQKE 2m2[ES| MOS Al Hlw
Table 4. MOS score of the fixed ¢, Malah, MCRA and
proposed algorithm.

Noise SNR (dB)
type | Method 5 10 15

fixed ¢ 2.042 2.331 2.718
Babble Malah 2.071 2.356 2.749
noise MCRA 2.089 2.375 2.764
Proposed 2.103 2.392 2.781
fixed ¢ 3.143 3.677 3.975
Car Malah 3.177 3.704 4.007
noise MCRA 3.198 3.727 4.013
Proposed 3.225 3.756 4.035
fixed ¢ 2.204 2.501 2.859
Office Malah 2.241 2.548 2.887
noise MCRA 2.253 2.562 2.898
Proposed 2.266 2557 2911
fixed ¢ 1.839 2.159 2572
White Malah 1.855 2174 2.599
noise MCRA 1.871 2.190 2.611
Proposed 1.902 2212 2.628
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