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A Study on Performance of Pitch Extraction by BPFP Method under Pitch

Variation, Wave Disturbance and Noise

Hideo MIYABAYASHI' and Tetsuo FUNADATT
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Fig.1 Distribution of correct pitch in training data.
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(a) Variations of pitch period (average pitch= 200 Hz)
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Fig.2 Pseudo-synthetic speech waveforms.
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Fig.3 The distribution of D, i, due to the extension
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01 0000O0o0o0ooooo0o u/vooooooooooo
Table 1 Performance of U/V detection and pitch extraction for non-training data.

(a) 00 /00 (male/female)

U/V detection [%)] pitch extraction [%)] overall system [%]

method correct UVE VUE correct GPE correct | UVE4VUE+4GPE | threshold
Cepstrum 84.7/92.0 | 4.0/ 6.4 | 24.8/ 9.1 | 89.3/89.5 | 5.1/ 3.5 | 83.9/88.8 15.4/ 9.2 1.4
Mod. Auto. 88.6/91.8 | 7.0/ 9.1 | 15.1/ 7.6 | 91.4/85.4 | 4.3/ 9.7 | 87.4/85.7 11.7/12.7 0.21
BPFP 91.6/90.6 | 3.9/ 7.1 | 12.1/11.0 | 95.6/94.5 | 1.2/ 4.0 | 91.2/89.9 8.4/ 9.9 64
BPFP(log) 96.9/94.6 | 3.0/ 2.1 | 3.3/ 7.7 | 95.5/93.5 | 1.3/ 4.8 | 95.3/93.5 3.4/ 5.8 85
BPFP-NN 95.1/96.4 | 4.2/ 5.0 | 5.4/ 2.6 | 90.0/96.0 | 0.6/ 0.5 | 90.7/94.9 5.0/ 3.7 -
BPFP-NN(log) | 95.3/97.0 | 1.3/ 3.2 | 7.6/ 3.0 | 92.0/96.2 | 0.6/ 0.1 | 92.1/95.5 19/ 31 -

(b) DO OO (average)

U/V detection [%] | pitch extraction [%)] overall system [%)]

method correct | UVE | VUE | correct GPE correct | UVE4+VUE+GPE | threshold
Cepstrum 88.6 5.2 16.2 89.4 4.2 86.5 12.1 1.4
Mod. Auto. 90.3 8.0 11.0 88.2 7.2 86.5 12.2 0.21
BPFP 91.1 5.5 11.5 95.0 2.7 90.5 9.2 64
BPFP(log) 95.7 | 2.5 | 5.7 | 94.4 3.2 94.4 4.6 85
BPFP-NN 95.8 4.6 3.9 93.3 0.6 92.9 4.3 -
BPFP-NN(log) 96.2 2.2 5.1 94.3 0.3 93.9 3.9 -
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Fig.4 Distribution of correct pitch in non-training
data.
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Table 2 Each rate of U/V detection error/pitch extraction error under pitch

variation (VUE/GPE [%]).

pitch | Cepstrum Mod. Auto. BPFP  BPFP(log) BPFP-NN BPFP-NN(log)
90Hz 6.8/ 0.0 0.0/ 0.0 0.1/ 0.0 0.1/ 0.0 6.4/ 0.0 0.2/ 0.0
120Hz | 1.4/ 0.0 0.0/ 0.0 0.1/ 0.0 0.1/ 0.0 0.1/ 0.0 0.1/ 0.0
150Hz | 1.2/ 1.2  0.0/15.5 0.2/0.3 0.0/0.3 0.3/ 0.0 0.3/ 0.0
200Hz | 1.0/ 9.4  0.0/20.6 0.4/02 0.4/04 0.6/ 0.2 0.4/ 0.2
250Hz | 0.0/10.7  0.0/25.3 0.7/0.2 0.7/ 0.5 0.7/ 0.0 0.5/ 0.0
300Hz | 0.0/ 8.7 0.0/18.0 1.2/ 0.6 0.3/ 0.6 0.3/ 0.0 2.0/ 0.0
350Hz | 0.0/ 9.8 0.0/26.3 13.1/ 1.0 1.7/ 1.4 6.4/ 1.7 0.7/ 6.4

W90Hz

®120Hz
150Hz
200Hz
B 250Hz
E300Hz
0350Hz

EEEE

Cepstrum Mod. Auto. BPFP  BPFP(log) BPFP-NN BPFP-
NN(log)

VUE+GPE [%]
o

NN
222022 20 777777

05 0O0O0O0OO0O0OO0O U/ VOOOOODOODOOoOooo
0O VUE+GPED
Fig.5 Rate of combined error of pitch extraction
with U/V detection under pitch variation
(VUE+GPE).
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Fig.6 Rate of combined error of pitch extraction

with U/V detection under wave disturbance
(VUE+GPE).
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Table 3 Each rate of U/V detection error/pitch extraction error under wave

disturbance (VUE/GPE [%])).

pitch | Cepstrum Mod. Auto. BPFP

BPFP(log) BPFP-NN BPFP-NN(log)

90Hz | 0.1/0.0  0.0/00 0.1/0.0
120Hz | 0.0/ 0.0  0.0/0.0 0.1/ 0.0
150Hz | 0.0/ 0.0 0.0/ 0.0 0.2/ 0.0
200Hz | 0.0/ 0.0  0.0/0.0 0.4/ 0.0
250Hz | 0.0/ 1.8 0.0/ 0.0 0.5/ 0.5
300Hz | 0.0/ 7.4  0.0/0.0 0.9/0.6
350Hz | 0.0/30.0 0.0/ 0.0 1.0/ 0.7

0.1/ 0.1  15.7/ 0.0 0.3/ 0.1
0.1/0.0 0.1/ 0.0 0.1/ 0.1
0.2/ 0.3  0.2/0.0 0.2/ 0.0
0.4/ 0.2  0.2/0.0 0.2/ 0.0
0.5/ 05  0.5/0.0 0.3/ 0.0
0.6/ 0.6 0.3/ 0.0 3.2/ 0.0
1.3/ 0.7  2.3/0.0 0.3/ 0.7
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Table 4 Minimum SNR required to ensure that each of cumulative U/V detection
error/pitch extraction error under white noise is within a range of 5%

(VUE/GPE [dB]).

pitch | Cepstrum Mod. Auto. BPFP BPFP(log) BPFP-NN BPFP-NN(log)
90Hz | 12/ 2 10/0  —2/-10 —10/—10  &/—10 0/—10
120Hz | 12/ —2 6/ -8  —4/—10 —4/-10 —6/-10 —4/-10
150Hz | 10/ 0 6/ -2 -2/ -2  —6/0 —4) —4 —2/ -8
200Hz | 8/ 0 4/ 0 2/ 0 6/ 2 —2/4 —2/6
250Hz | 10/ 2 2/ 8 6/ 6 10/ 6 8/ 0 10/ 0
300Hz | 10/ 2 0/ 2 12/ 8 12/ 8 4/ 0 16/ 0
350Hz | 8/ 4 2/ 6 16/ 8 16/ 10 18/ 2 8/ 2
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Fig.7 Minimum SNR required to ensure that cumu-

lative combined error of pitch extraction with
U/V detection under white noise is within a
range of 5% (VUE+GPE [dB]).
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