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We propose a new feature normalization scheme based on eigenspace, for achieving robust speech
recognition. In general, mean and variance normalization (MVN) is performed in cepstral domain. However,
anocther MVN approach using eigenspace was recently introduced, in that the eigenspace normalization
procedure performs normalization in a single eigenspace. This procedure consists of linear PCA matrix
feature transformation followed by mean and variance normalization of the transformed cepstral feature, In
this method, 39 dimensional feature distribution is represented using only a single eigenspace. However it is
observed to be insufficient to represent all data distribution using only a single eigenvector. For more
specific representation, we apply unique and independent eigenspaces to cepstra, delta and delta-delta
cepstra respectively in this paper. We also normalize training data in eigenspace and get the model from the
normalized training data. Finally, a feature space rotation procedure is introduced to reduce the mismatch
of training and test data distribution in noisy condition. As a result, we obtained a substantial recogniticn
improvement over the basic eigenspace normalization.
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Table 1. Word accwracy for different normalization scheme of the
car noise condktion in Aurora2.0(%) (normalization of the
test data to the distribution of training data).

Baseline | EIG_static ElG
Clean 98.84 98.60 98.90
20dB 96,42 95.50 97.08
. 15dB 87.62 90.52 95.20
10dB 81.7 | 81.03 89.71
5dB 26.87 60.87 75.69
0dB 10.38 28.72 46.26
-5dB 8.41 10.50 18.40
Avg 56.60 71.33 80.79
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Table 2. Word accuracy for the proposed scheme of the car noise condition in Aurora2 0(%) (normalization of the test data to the distribution

of training data).
Baseline MVN EIG SEN SEN.ro SEN_ro 20
Clean 98.84 98.81 98.90 98.96 98.30 98.90
20dB 96.42 96.93 97.08 97.08 95.85 97.23
15d8 87.62 94.72 95.20 95.08 93.62 95.35
10dB 61.71 88.70 89.71 90.13 87.21 90.46
5dB 26.87 73.34 75.69 77.93 73.46 78.44
0dB 10.38 43.51 46.26 49.12 44.83 49.90
-5d8 8.41 15.63 18.40 19.65 16.76 19.80
Avg 56.60 79.44 80.79 81.87 78.99 82.28
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Table 3. Word accuracy for the proposed scheme of the car noise condilion in Aurora2.0(%) (normalization of both training and test data}.

Baseline MVN EIG SEN SEN ro SEN 1o 20
Cisan 98.84 98.90 98.90 99.11 98.99 99.05
20dB 96.42 97.82 97.79 98.03 97.35 98.09
1548 87.62 95.94 95,94 96.09 95.14 96.21
10dB 61.71 90.46 90.67 90.22 88.73 90.61
548 26.87 75.93 76.35 76.02 73.07 76.68
0dB 10.38 46.08 49.21 49.30 43.99 49.87
-5dB 8.41 17.21 19.68 19.42 16.40 19.86
Avg 56.60 81.26 81.99 81.93 79.66 82.29
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Table 4. Average word accuracy for the proposed scheme of all data
set in Aurora2.0(%) (normalization of the test data to the
distribution of training data).

Baseline | MVN | EIG SEN SEN_ro_2¢

SetA| 59.58 |77.90)79.81) 80.27 80.87

SetB| 57.18 |[79.49(81.21} 81.77 -

SetC| 66.81 | 7790|7896 79,32 -
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Table 5. Average word accuracy for the proposed scheme of ali data
set jn Aurora2.0(%) (normalization of both training and test
data).

Baseline | MVN EIG | SEN | SEN_r0_20

SetA | 59.58 | 80.27 | 80.43 | 80.51 81.08

SetB| 57.18 | 81.84 } 82.87 {82.49 -

SetC | 66.81 79.32 | 78.23 | 79,10 -
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