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A Single Channel Voice Activity Detection for Noisy Environments
Using Wavelet Packet Decomposition and Teager Energy
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ABSTRACT: In this paper, a feature parameter is obtained by applying the Teager energy to the WPD(Wavelet
Packet Decomposition) coefficients. The threshold value is obtained based on means and standard deviations of
nonspeech frames. Experimental results by using TIMIT speech and NOISEX-92 noise databases show that the
proposed algorithm is superior to the typical VAD algorithm. The ROC(Receiver Operating Characteristics)
curves are used to compare performance of VAD’s for SNR values of ranging from 10 to -10 dB.
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Table 1. Speech files used in the experiments.

Speaker | Gender | Texts Spee((:ll; )Ra tio Length (s)
4
MDABO M 8 47 37.745
MWBTO M 8 53 44.730
FELCO F 8 52 46.050
FPASO F 8 47 38.555
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Fig. 1. Speech-averaged ROC curves for SPD-TE
(solid lines) and Sohn(dotted lines) VADs for SNR
=10, 5, 0, -5, -10 dB.
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Table 2. Speech-averaged VAD scores.
Noise SNR SPD-TE Sohn
Type [dB] k FARI HRI1 p FARI HR1
Babble 10 6.6 0.0571 0.9307 0.99 0.1882 0.9763
5 43 0.1081 0.9040 0.99 0.1709 0.9255
0 34 0.1869 0.8314 0.99 0.1653 0.8232
-5 2.7 0.3231 0.7126 0.98 0.2474 0.7400
-10 1.9 0.4712 0.5243 0.96 0.3588 0.6344
Factory2 10 8.0 0.0691 0.9690 0.99 0.6700 0.9753
5 6.8 0.0623 0.9405 0.98 0.0634 0.9416
0 5.0 0.0636 0.9216 0.90 0.1075 0.9042
-5 35 0.1140 0.8993 0.70 0.1533 0.8243
-10 2.7 0.1888 0.8309 0.35 0.2190 0.7977
Volvo 10 8.0 0.1167 0.9995 0.99 0.0877 0.9973
5 8.0 0.0980 0.9986 0.99 0.0773 0.9970
0 8.0 0.0764 0.9935 0.99 0.0716 0.9961
-5 8.0 0.0513 0.9658 0.99 0.0648 0.9925
-10 5.0 0.0567 0.9638 0.99 0.0544 0.9825
White 10 8.0 0.0440 0.9622 0.70 0.0351 0.9695
5 3.6 0.0446 0.9716 0.42 0.0446 0.9504
0 24 0.0484 0.9521 0.30 0.0973 0.8949
-5 2.0 0.1020 0.8950 0.23 0.1098 0.8480
-10 1.77 0.2250 0.7670 0.23 0.2750 0.7150

Time[s]

(a) Speech waveform

YOLVIO SNR= -10dB

Time[s]

(b) Noisy speech with -10 dB Volvo noise

Time[s]

(c) SPD-TE feature values(solid lines) and threshold(dotted lines)

0 5 10 15 20 25 30 35 40 45
Time[s]

(d) SPD-TE(solid lines) and ideal(dotted lines) VAD results
Fig. 2. Example plots.
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