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(The suppression of noise-induced speech distortions for
speech recognition)
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Abstract

In noisy environments, human speech productions are influenced by noises(Lombard effect), and
speech signals are contaminated. These distortions dramatically reduce the performance of speech
recognition systems. This paper proposes a method of the Lombard effect compensation and noise
suppression in order to improve speech recognition performance in noisy environments. To estimate
the intensity of the Lombard effect which is a nonlinear distortion depending on the ambient noise
levels, speakers, and phonetic units, we formulate the measure of the Lombard effect level based on
the acoustic speech signal, and the measure is used to compensate the Lombard effect. The distortions
of speech under noisy environments are cancelled out as follows. First, spectral subtraction and
band-pass filtering are used to cancel out noise. Second, energy normalization is proposed to cancel
out the variation of vocal intensity by the Lombard effect. Finally, the Lombard effect level controls
the transform which converts Lombard speech cepstrum to clean speech cepstrum. The proposed
method was validated on 50 korean word recognition. Average recognition rates were 82.6%, 95.7%,
97.6% with the proposed method, while 46.3%, 75.5%, 87.4% without any compensation at SNR 0, 10,
20 dB, respectively.
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Table 1. Noise type, mean and variance of
noise sound pressure level (dB).
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Number Noise type Mean | Variance
Automobile cabin
1 (highway) 894 152
9 Automobile cabin 768 594
(down town)
3 Exhibition hall 1 713 5.7
4 Exhibition hall 2 76.0 49
|5 | Telephone booth 1 | 685 22
6 Telephone booth 2 | 714 70
7 Telephone booth 3 | 706 104
8 A crowded street 1 | 71.0 79
9 A crowded street 2 | 734 8.1
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Table 5. Recognition rates(%)(the numbers
in parenthesis mean the relative
frequency of data which are
contained in each LEL),

LELL] IKLEL<2 2¢LEL

LST(0 dB) | 85.4(038) | 820(0.31) | 76.4(0.31)

LST(10 dB) | 95.8(044) | 94.8(0.34) | 94.9(0.22)

LST(20 dB) | 975(050) | 97.4(0.34) | 97.0(0.16)

CG (0 dB) | 835(0.36) | 81.1(0.29) | 80.0(0.31)

CG (10 dB) | 96.4(042) | 953(0.33) | 93.2(0.25)

CG (20 dB) | 982(049) | 97.2(034) | 95.3(0.17)

LEL< -2 | -2XLEL<-| —1<LEL

E500(0 dB) | 756(0.37) | 85.1(0.36) | 84.8(0.27)

E500(10 dB) | 94.8(0.25) | 94.7(0.43) | 96.3(0.32)
E500(20 dB) | 97.2(0.17) | 97.0(042) | 97.8(041)
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