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Pitch Extraction by Using Autocorrelation Function on the Log Spectrum
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Fig.1 Log spectrum of speech and its autocorrelation
function. (a) Log spectrum of before and after
liftering (FIR lifter). (b) Autocorrelation func-
tion of log spectrum.
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Fig.2 Log spectrum of noisy speech after liftering.
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Method
Speaker [ ppor AUTOC ACLOS
Male 085 0.95 0.70
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Fig.4 Examples of pitch contour of standard pitch by observation (STANDARD) and
of the extracted by several methods. (a) Male speech:/hitobitono bjoobueto
njoraizoonitaisuru kjoomiwa/. (b) Female speech:/harukana uchuueno tabiwo

kanooni fitanodato kaNgaeteimafita/.
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Fig.5 Examples of pitch contour extracted by several methods (SNR=0dB). (a) Male
speech. (b) Female speech.
#£3 vYyFhiHEYE (gross pitch error) (%)
Table 3 Gross pitch error at various SNR (signal-to-noise ratio) (%).
SNR
Speaker | Method [ 20dB | 15dB | 10dB | 5dB 0dB | -5dB | —10dB
CEPST 0.39 1.28 2.95 7.28 17,51 35.23 57.49 73.07
Male | AUTOC 1.46 1.63 2.01 2.57 6.59 16.05 38.61 65.20
ACLOS 0.26 0.47 0.77 1.97 6.04 14.38 35.19 59.42
CEPST 2.65 2.86 5.47 12.19 23.38 37.66 54.62 65.94
Female | AUTOC 1.26 1.13 1.30 1.74 421 10.15 28.03 46.68
ACLOS 0.04 0.13 0.26 1.00 3.08 9.72 21.30 39.44
# 4 Fine pitch error DF¥HE (ms)
Table 4 Mean of fine pitch error (ms).
SNR
Speaker | Method [ 20dB | 15dB | 10dB | 5dB 0dB | -5dB | -10dB
CEPST —0.001 0.014 0.019 0.024 0.030 0.027 0.017 0.004
Male | AUTOC —0.036 —0.035 -0.037 —0.041 —0.046 —0.041 —0.028 —0.016
ACLOS 0.063 0.068 0.084 0.121 0.162 0.192 0.151 0.088
CEPST —0.009 —0.016 -0.017 —0.015 —0.016 —0.008 —0.007 —0.009
Female { AUTOC —0.021 —0.023 —0.027 —0.039 ~0.065 0.100 —0.096 —0.061
ACLOS 0.043 0.061 0.082 0.110 0.144 0.161 0.157 0.108
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# 5 Fine pitch error D{E¥ERZE (ms)
Table 5 Standard deviation of fine pitch error (ms).

#£7 FFT O*FEA >~ M 2™ & fine pitch error DIE¥EREE (ms) ORI

Table 7 Relation between 2™ and standard deviation of fine pitch error (ms).

n Male MS MV Female FS FV

9 0.1265 0.0243 0.0748 0.0736 0.0063 0.0047
10 0.1305 0.0140 0.0685 0.0757 0.0030 0.0046
11 0.1335 0.0113 0.0669 0.0770 0.0014 0.0045
12 0.1350 0.0102 0.0668 0.0776 0.0011 0.0045
13 0.1358 0.0100 0.0668 0.0779 0.0011 0.0045

SNR
Speaker | Method [ 20dB | 15dB | 10dB | 5dB 0dB | -5dB | —10dB
CEPST 0.112 0.147 0.171 0.203 0.253 0.299 0.374 0.451
Male AUTOC 0.151 0.150 0.153 0.166 0.189 0.235 0.307 0.400
ACLOS 0.127 0.146 0.181 0.220 0.269 0.341 0.424 0.505
CEPST 0.065 0.117 0.144 0.180 0.223 0.291 0.365 0.443
Female | AUTOC 0.095 0.102 0.112 0.134 0.176 0.220 0.290 0.395
ACLOS 0.074 0.094 0.116 0.139 0.172 0.210 0.265 0.359
#£6 FFT OX4 > M 2™ & fine pitch error DF¥9E (ms) DBk
Table 6 Relation between 2™ and mean of fine pitch error (ms).
n Male MS MV Female FS FV

9 0.0634 —0.0226 0.0223 0.0429 —0.0012 0.0012

10 0.0658 —0.0142 0.0179 0.0434 —0.0003 0.0012

11 0.0671 —-0.0125 0.0162 0.0441 —0.0004 0.0012

12 0.0680 —0.0117 0.0160 0.0446 —0.0004 0.0012

13 0.0685 —0.0116 0.0160 0.0449 —0.0004 0.0012
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