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Improvement of LPC Analysis of Speech by Noise Compensation
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Table2 Improvement degree of cepstrum distance by conventional method
(dB). (white noise. The two value for each SNR are for the cases
of not using and using pre-emphasis)
SNR (dB) -5 0 5 10 15 20
i .0.09 | -0.05 | -0.32 | -1.90 | -0.30 | -1.01 | 0.09 {-1.17 | 0.09 | -1.55 | 0.28 | -2.26
e 041 | -0.18 | 095 | -1.70 | 1.80 | -2.34 | 2.42 | -3.16 | 3.00 | -3.28 | 2.84 | 0.70
a 0.85 | -0.06 | 1.29 | -1.59 | 1.50 | -2.51 | 2.05 | -3.80 | 2.50 | -3.20 | 3.03 | 1.02
0 0.70 | -0.69 | 0.96 | -1.92 | 1.19 | -2.96 | 1.06 | -2.05 | 0.77 | -1.62 | 0.57 | -1.18
u 033 |-011| 035 |-2.28| 056 |-253 | 1.16 [ -3.11 ! 1.38 | -3.39 | 1.64 | -3.19
Average 044 | -022| 065 | -1.92 ]| 095 | -227 | 1.36 | -2.56 | 1.55 | -2.61 | 1.67 | -1.18
Data B 018 | -043) 056 | -1.21| 097 | -1.88 | 1.42 | -2.03 | 1.83 | -1.66 | 2.08 | -1.16
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£ 3 REHEICIZ7 7R N7 LAEROREE AB) (HEET. EBR 7Y <
Y77V REL, BRIV 77 RAHD)
Table3 Improvement degree of cepstrum distance by proposal 1 (dB).
(white noise. The two value for each SNR are for the cases of not
using and using pre-emphasis)

SNR(B) -5 0] 5 10
i -0.09 | -0.09 | -0.82 | -0.06 | -0.30 | -0.32 | 0.09 | -0.45 [ 0.09 [ -0.23 | 0.28 | 0.04
e 041 | 032 | 0.95 | 0.76 | 1.80 | 1.57 | 2.42 | 2.13 | 3.00 | 2.77 | 2.84 | 2.77
a 085 | 0.74 | 1.29 | 1.07 | 1.50 | 1.48 | 2.05 | 1.90 | 2.50 | 2.35 | 3.03 | 2.94
0 0.70 | 0.60 | 0.96 | 0.65 | 1.19 | 0.92 | 1.06 | 1.10 | 0.77 | 1.09 | 0.57 | 0.80
u 0.33 | 042 | 0.85 | 0.53 | 0.56 | 0.58 | 1.16 | 0.80 | 1.38 | 1.09 | 1.64 | 157
Average | 0.44 | 0.40 | 0.65 | 0.59 | 0.95 | 0.85 | 1.36 | 1.10 | 1.55 | 1.43 | 1.67 | 1.62
Data B 0.18 | 0.33 | 0.56 | 0.65 | 0.97 | 1.00 | 1.42 | 1.41 | 1.83 | 1.81 | 2.08 | 2.09

F A BREBR2CLB7 7R NI AEROWEE (dB) (HGMY. EB7) <
YT FYARRL, HEFVIYTrvAHD)
Tabled Improvement degree of cepstrum distance by proposal 2 (dB).
(white noise. The two value for each SNR are for the cases of not
using and using pre-emphasis)

SNR(dB) -5 0 5 10
i 131 | 166 | 1.11 | 158 | 1.36 | 1.22 | 1.74 | 0.87 | 1.89 | 1.07 | 2.13 | 1.95
e 118 | 093 | 205 | 172 | 3.12 | 2.78 | 3.97 | 874 | 435 | 418 | 4.10 | 4.23
a 2.23 | 2.07 | 3.01 | 2.66 | 3.24 | 2.88 | 355 | 3.27 | 403 | 3.88 | 431 | 421
o 224 | 119 | 285 | 243 | 3.07 | 2.80 | 2.98 | 2.92 | 2.66 | 2.60 | 2.41 | 2.21
u 1.30 | 151 | 143 | 1.56 | 2.02 | 1.65 | 2.79 | 2.17 | 327 | 2.84 | 3.49 | 3.40
average | 165 | 147 | 2.09 | 1.99 | 256 | 2.27 | 3.01 | 2.71 | 3.24 | 291 | 329 [ 320
DataB | 1.17 | 1.05 | 1.85 | 1.72 | 2.55 | 2.35 | 3.20 | 2.97 | 3.73 | 3.54 | 4.00 | 3.89
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Fig.1 Comparison of LPC spectra for Japanese
vowel /a/. (a) before improvement (b) after
improvement by proposal 2 (SNR=5 dB, white
noise)
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Fig.2 Comparison of LPC spectra for Japanese
vowel /i/. (a) before improvement (b) after
improvement by proposal 2 (SNR=20 dB, white
noise)
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Table5 Improvement degree of cepstrum distance by proposal 2 (dB).
(low-pass filtered white noise. The two value for each SNR are for
the cases of not using and using pre-emphasis)

SNR(dB) -5 0 - 8 10 15 20
i 3.17 | 3.05 | 2.65 | 2.64 | 2.68 | 2.80 | 3.04 | 2.98 | 2.85 | 2.75 | 2.31 | 2.10
e 078 | 0.88 | 1.53 | 1.57 | 2.08 | 2.02 | 2.21 | 2.24 | 1.86 | 1.94 | 1.11 | 1.20
a 1.07 | 1.20 | 2.20 | 2.06 | 241 | 2.28 | 1.75 | 1.74 | 0.69 | 0.57 | 0.18 | 0.08
o 109 | 111 | 201 | 1.71 | 2.98 | 2.65 | 3.76 | 3.59 | 3.76 | 3.69 | 3.32 | 3.09
u 193 | 2.14 | 258 | 2.62 | 3.11 | 2.83 | 3.35 | 3.09 | 3.20 | 3.23 | 3.18 | 3.19
Average | 1.61 | 1.68 { 2.19 | 2.12 | 2.65 | 2.52 | 2.82 | 2.73 | 2.47 | 2.44 | 2.02 | 1.93
Data B 0.76 | 0.87 | 1.24 | 1.26 | 1.60 | 1.50 | 1.79 | 1.64 | 1.68 | 1.59 | 1.36 | 1.32
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£ 6 BER2CLD77A 7 LAEROREE (dB) (BHME. £V <
Y7V ARRL, BRIV I 77V ABHD)
Table 6 Improvement degree of cepstrum distance by proposal 2 (dB).
(periodic noise. The two value for each SNR are for the cases of
not using and using pre-emphasis)

SNR(dB) -5 0 5 10 15 20
i 185 | 1.69 | 1.82 | 2.38 | 1.73 | 1.90 | 1.60 | 1.55 | 2.09 | 1.86 | 2.64 | 2.52
e 161 | 164 | 098 | 1.14 | 153 | 1.42 | 1.98 | 1.83 | 2.10 | 2.17 | 1.19 | 116
a 187 | 1.42 ) 0.77 | 0.09 | 0.74 | 0.39 | 1.05 | 0.98 | 1.29 | 1.26 | 0.66 | 0.67
o 136 | 1.16 | 1.28 | 0.97 | 1.17 | 0.69 | 1.45 | 1.34 | 1.06 | 1.09 | 1.18 | 0.95

u 3.51 | 2.65 | 3.04 | 2.75 | 2.76 | 3.14 | 243 | 2.56 | 2.69 | 2.29 | 3.41 | 2.74
Average | 2.04 | 1.71 | 1.58 | 1.47 | 1.59 | 1.51 | 1.70 | 1.65 | 1.85 | 1.73 | 1.82 | 1.61
Data B 2.07 | 1.80 | 141 | 1.23 | 1.11 | 0.91 | 1.05 | 0.90 | 0.97 | 0.91 | 0.79 | 0.76
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Fig.4 Comparison of cepstrum distance. (white noise)
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