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Speaker Identification Using an Ensemble of Feature Enhancement Methods
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ABSTRACT

In this paper, we propose an approach which constructs classifier ensembles of various channel compensation and feature
enhancement methods. CMN and CMVN are used as channel compensation methods. PCA, kernel PCA, greedy kernel PCA,
and kernel multimodal discriminant analysis are used as feature enhancement methods. The proposed ensemble system is
constructed with the combination of 15 classifiers which include three channel compensation methods (including ‘without
compensation’) and five feature enhancement methods (including ‘without enhancement’). Experimental results show that the
proposed ensemble system gives highest average speaker identification rate in various environments (channels, noises, and
sessions).
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Figure 1. Feature enhancement method.
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Figure 3. Ensemble of feature enhancement methods.
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Table 1. Experimental results (PC DB, same session).
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Table 3. Experimental results (phone DB, same session).

A3} (Y¥kA3E) DB, Y AlAp.

= Ad ol A

=4 CLEAN | NOISE | CLEAN | NOISE
MFCC 98.70 71.70 62.60 25.40
CMN 90.40 68.50 85.70 62.00
CMVN 92.80 75.70 89.20 73.80
MFCC-PCA 98.70 72.60 45.50 19.60
CMN-PCA 96.30 72.80 91.50 62.10
CMVN-PCA 95.10 82.20 91.10 75.40
MFCC-GKPCA 99.00 74.60 52.40 25.20
CMN-GKPCA 94.80 73.30 90.70 59.40
CMVN-GKPCA 95.60 80.00 92.40 73.40
MFCC-KMDA 98.70 75.10 48.50 23.70
CMN-KMDA 95.30 75.50 91.90 67.00
CMVN-KMDA 95.50 82.50 92.80 79.50
MFCC-LDA 98.40 72.10 36.50 19.10
CMN-LDA 95.10 78.10 90.80 62.40
CMVN-LDA 95.10 78.80 92.10 73.10
MFCC-VOTE 99.00 76.70 52.40 25.80
MFCC-BORDA 95.20 77.80 92.30 66.70
CMN-VOTE 96.10 83.50 93.90 80.60
CMN-BORDA 98.80 76.20 50.50 24.10
CMVN-VOTE 94.60 76.40 92.00 65.20
CMVN-BORDA 96.10 83.10 94.00 79.00
TOTAL-VOTE 97.60 87.60 95.20 79.30
TOTAL-BORDA 97.20 89.10 93.40 80.10
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Table 2. Experimental results (PC DB, difference session).

s Ad gol A

=4 CLEAN | NOISE | CLEAN | NOISE
MFCC 87.02 36.06 69.33 37.88
CMN 82.31 30.67 79.71 33.56
CMVN 83.27 46.44 81.15 47.88
MFCC-PCA 87.50 36.06 56.54 15.87
CMN-PCA 88.17 29.71 85.96 33.56
CMVN-PCA 88.08 51.63 84.33 52.98
MFCC-GKPCA 87.12 37.69 65.00 32.69
CMN-GKPCA 89.23 3433 87.12 40.10
CMVN-GKPCA 88.56 52.98 85.29 54.71
MFCC-KMDA 87.40 36.92 71.73 36.06
CMN-KMDA 89.52 27.69 86.92 33.75
CMVN-KMDA 89.13 54.33 86.73 56.06
MFCC-LDA 87.21 27.98 52.98 26.35
CMN-LDA 89.13 35.29 87.12 40.10
CMVN-LDA 88.46 54.71 85.48 55.10
MFCC-VOTE 87.98 40.19 65.38 33.27
MFCC-BORDA 89.33 32.50 87.50 37.79
CMN-VOTE 89.23 54.81 86.63 55.71
CMN-BORDA 87.69 39.33 62.60 28.94
CMVN-VOTE 88.85 32.12 86.73 38.94
CMVN-BORDA 88.85 54.71 86.35 55.67
TOTAL-VOTE 93.08 56.63 89.42 56.83
TOTAL-BORDA 92.40 61.63 87.60 61.73
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Table 4. Experimental results (phone DB, difference session).

=4 CLEAN | NOISE | CLEAN | NOISE
MFCC 86.20 50.90 41.10 17.50
CMN 76.50 51.20 68.00 48.10
CMVN 80.30 61.70 72.80 56.20
MFCC-PCA 87.70 53.70 28.10 13.40
CMN-PCA 85.50 58.80 74.90 46.40
CMVN-PCA 83.00 66.50 74.80 57.40
MFCC-GKPCA 85.70 55.10 32.90 16.80
CMN-GKPCA 83.10 57.20 74.70 46.00
CMVN-GKPCA 82.50 66.90 74.30 58.40
MFCC-KMDA 86.80 54.10 29.80 14.10
CMN-KMDA 83.80 58.40 75.40 45.50
CMVN-KMDA 83.60 67.70 76.00 60.40
MFCC-LDA 86.40 53.90 23.60 12.60
CMN-LDA 82.60 61.20 73.30 47.40
CMVN-LDA 84.20 65.20 79.10 54.80
MFCC-VOTE 88.30 56.00 33.20 15.90
MFCC-BORDA 84.50 61.00 76.90 50.10
CMN-VOTE 84.90 68.80 80.60 61.70
CMN-BORDA 87.80 54.90 31.80 16.40
CMVN-VOTE 84.00 60.30 76.60 50.90
CMVN-BORDA 84.30 68.20 79.50 60.80
TOTAL-VOTE 88.20 72.30 81.70 59.50
TOTAL-BORDA 87.30 71.70 79.40 61.40

s Ad ol Ad

=4 CLEAN | NOISE | CLEAN | NOISE
MFCC 65.00 26.83 44.04 27.79
CMN 56.44 17.69 50.10 21.54
CMVN 58.56 29.42 53.37 30.19
MFCC-PCA 68.85 24.13 35.19 22.79
CMN-PCA 66.06 20.58 61.44 22.60
CMVN-PCA 63.94 32.40 58.65 32.60
MFCC-GKPCA 66.54 25.38 40.58 23.65
CMN-GKPCA 66.06 24.81 62.12 27.12
CMVN-GKPCA 63.75 32.79 58.56 32.69
MFCC-KMDA 66.92 20.96 44.52 25.87
CMN-KMDA 66.54 19.81 62.02 24.13
CMVN-KMDA 64.71 32.69 59.42 33.46
MFCC-LDA 67.02 20.87 32.60 19.71
CMN-LDA 62.98 23.17 59.13 26.63
CMVN-LDA 63.85 3423 58.56 3433
MFCC-VOTE 67.40 28.37 40.48 25.19
MFCC-BORDA 66.44 23.08 62.12 26.83
CMN-VOTE 65.29 34.13 60.67 33.56
CMN-BORDA 67.50 27.88 39.13 24.23
CMVN-VOTE 64.62 24.04 60.67 27.12
CMVN-BORDA 64.71 34.52 59.71 33.56
TOTAL-VOTE 70.10 37.40 63.46 36.73
TOTAL-BORDA 69.90 41.54 62.31 42.50

75



76 2aelet S48 M3A M2& (2011)

3 5. A% 23 (Froixs} DB, 5L AA. 3 6. A% A (FuiHs) DB, o] AlRh.
Table 5. Experimental results (cellphone DB, same session). Table 6. Experimental results (cellphone DB, difference session).
Y A gl A s A ol A4

54 CLEAN | NOISE | CLEAN | NOISE £A CLEAN | NOISE | CLEAN | NOISE
MFCC 88.27 18.94 64.04 29.62 MFCC 61.06 9.33 38.65 21.73
CMN 81.15 35.58 78.17 37.98 CMN 56.73 24.23 54.13 25.29
CMVN 80.38 52.31 76.73 56.35 CMVN 57.79 36.92 53.94 36.63
MFCC-PCA 88.75 5.19 50.67 24.81 MFCC-PCA 63.94 2.31 29.90 14.90
CMN-PCA 86.35 10.96 83.46 35.00 CMN-PCA 63.46 18.75 59.04 22.88
CMVN-PCA 82.88 48.75 78.08 57.12 CMVN-PCA 60.77 32.02 55.10 38.17
MFCC-GKPCA 88.27 9.62 54.04 23.85 MFCC-GKPCA 62.40 6.83 30.38 15.19
CMN-GKPCA 85.48 26.73 83.46 38.46 CMN-GKPCA 61.35 18.17 57.88 25.10
CMVN-GKPCA 82.31 48.17 78.94 57.98 CMVN-GKPCA 60.87 31.06 56.63 38.85
MFCC-KMDA 88.27 9.81 63.94 29.04 MFCC-KMDA 64.71 7.40 42.69 19.90
CMN-KMDA 86.63 35.00 83.94 46.35 CMN-KMDA 63.85 23.37 60.19 30.77
CMVN-KMDA 84.13 48.85 79.23 58.17 CMVN-KMDA 60.67 31.25 56.54 38.17
MFCC-LDA 88.46 3.85 46.92 22.21 MFCC-LDA 63.75 2.69 27.88 15.00
CMN-LDA 85.10 25.67 81.44 36.35 CMN-LDA 61.83 18.17 58.75 24.81
CMVN-LDA 84.13 42.79 80.10 54.90 CMVN-LDA 62.88 28.17 56.92 37.02
MFCC-VOTE 90.38 8.56 55.87 27.50 MFCC-VOTE 65.29 5.29 33.85 18.37
MFCC-BORDA 87.60 31.63 84.71 42.02 MFCC-BORDA 63.94 22.21 60.58 27.88
CMN-VOTE 85.38 52.50 80.77 60.38 CMN-VOTE 63.46 34.23 58.56 41.06
CMN-BORDA 90.19 8.46 53.85 26.06 CMN-BORDA 64.81 5.48 32.79 17.21
CMVN-VOTE 86.15 29.52 84.42 41.83 CMVN-VOTE 63.56 20.96 60.87 27.31
CMVN-BORDA 85.19 53.37 80.00 61.44 CMVN-BORDA 63.56 34.52 57.98 40.77
TOTAL-VOTE 90.00 40.67 85.19 58.56 TOTAL-VOTE 69.13 26.44 61.06 39.52
TOTAL-BORDA 88.65 46.06 82.60 57.88 TOTAL-BORDA 68.17 32.50 59.71 41.25
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Table 7. Analysis results.

54 %%T—jﬁ% *‘}Oj]é A9 ] cLean B | NoisE B %%gz} %‘%QX} AR B
MFCC 58.33 39.97 67.17 3114 5746 40.84 49.15
CMN 55.95 53.69 7161 38.03 6381 45.83 54.82
CMVN 6297 60.69 7336 5030 7133 5232 6183
MFCC-PCA 5745 29.77 6178 25.45 50.15 37.08 43.61
CMN-PCA 58.12 56.57 7851 36.18 64.66 5003 5735
CMVN-PCA 65.61 6298 7632 5226 71397 54.61 64.29
MFCC-GKPCA 58.19 3439 63.69 28.88 54.12 38.45 46.29
CMN-GKPCA 59.55 57.68 78.00 39.23 66.93 5030 58.61
CMVN-GKPCA 65.46 6351 76.64 52.33 7420 54.78 64.49
MFCC-KMDA 58.09 3749 66.17 2941 55.76 39.81 47.79
CMN-KMDA 60.45 58.99 78.83 4061 68.29 5115 59.72
CMVN-KMDA 66.26 6471 7737 53.59 75.58 55.38 65.48
MFCC-LDA 56.05 2795 5931 24.70 4851 35.50 42.00
CMN-LDA 59.86 57.35 7727 3994 67.22 50.00 58.61
CMVN-LDA 6521 63.46 71.57 51.10 73.73 54.94 64.33
MFCC-VOTE 59.46 35.60 64.96 30.10 55.25 39.80 4753
MFCC-BORDA 6127 59.62 79.26 4163 68.76 52.13 6044
CMN-VOTE 67.69 66.18 78.79 55.09 76.63 57.25 66.94
CMN-BORDA 59.09 3397 63.96 29.10 53.89 39.16 46.53
CMVN-VOTE 6043 59.38 7859 4122 68.06 5175 59.90
CMVN-BORDA 6759 65.73 78.35 54.97 76.48 56.84 66.66
TOTAL-VOTE 69.10 6721 82.01 54.29 7151 58.80 68.15
TOTAL-BORDA | 7051 6749 80.72 57.28 78.20 59.81 69.00
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Figure 4. Speaker identification rate of major algorithms.
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