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Abstract A series of evaluations using a database that consists of EGG signals and simultaneousely recorded
speech signals was conducted to investigate the performance of a fundamental frequency extraction method based
on a frequency domain fixed-point analysis of a mapping from carrier frequencies to instantaneous frequencies of a
wavelet analysis. The EGG database consists of 14 male and 14 female talkers and has 840 sentences in total. The
investigation is a step foward to refine a high-quality speech analysis/modification/synthesis system STRAIGHT.
Prior to the evaluation, discussions about requirements on desiable source information representations were given
as an introduction to the evaluation. The evaluation tests indicated that the baseline performance without post
processing already yields a competitive accuracy and reliability and reveals that a simple post processing reduces
the gross error rate down to 0.54% for male speakers and 0.32% for female speakers. An interesting hypothesis
about the cause of the observed discrepancies between EGG-based fundamental frequencies and speech-based
fundamental frequencies was also proposed suggesting that rapid changes in the vocal tract length due to rapid
movements of articulatory organs yield the Doppler Effect.

key words fundamental frequency, fundamental period, fixed points, instantaneous frequency, EGG



1 0oodu

gboooboobooobooooooobooooonoo
oboooobooooboboooboooooan
oobOoooooooooooooboooobooon
oobooobOoooooooooobooooooobn
ooooooobooooobboooooooboooobo
ooooooobooooobboooooooboooobo
ooboooooboboobooboooooboboooobo
0000000000000 00 STRAIGHT[3, 6]0
ooooooooooobobooooo

00000 VOCODEROOOODODDDOOOOOO
obooooboooocboboooboooooan
ooobOooooboobooooooooboooon
oobooOoooooooobooocooboobooooon
obooooboooocboboooboooooan
00000 (1L, 5| 0STRAIGHTOOUOOOOOOOO
obOobOoobOOobOOoocbOoobOoooboooooboon
obooooboooocboboooboooooan
QoO00o0O0000O0U0Oo0O0D0D0o0o0oDooUoo
ooooooooooboooobooooobooooo
0[13,4,1000000000000000000000
oooboooooboobooooooobooooo
ooobooooobooobooooooobooooobo
010000000 00o0uo0oooooooooo
EGGUUOOOUO0OU [140000000U0oooooo
ooooooooooboobooooooon

gobooooobooooobooooboboooobooo
gboooooobooboooooboobooocooooon
STRAIGHTOOOOOOOOOOOOOOoOoOoOoOoOd
obooooooboocboobooboboobooooon
oboooobOoooobooooboobooooon
oboooobOooooboooobOobooooon
OO000O0oooDoooOOoOOOOOOOO STRAIGHT
oboboooboboooboooobobobooooo
obooobooooobobooooobobooooboo
oooboooooboooobboooooboooobo
oobooooobobooboobooooobooooobo
goooooooboooooobooboobooooooo
ooobooooobooobooooooobooooo
oooooooo

2 ouooooobbogd

goooOooooooooooboooooobobooo
ooooboobooboooboooooboooobo
ooboooboooboobooooooobooboogn
ooboooobooooboOoobbooobooooobooon
oooooooo

goooooboobooboooobooobooooo
oooobooobooboooboobobobobooooo
ooooboobooboooboooooboboooobo
goooooobooboooooobooboobooooooo
oboooobooooboboooboooooan
oboooobooooboboooboooooan
oobobOoooooooooooooboooooon

ooobOoooobooboooooooooooooooon
oboocoooooooobooboboooboobooon

gobooooooooobobooooooboooboo
obobooobobooobobooobooboooogo
OO00000O0STRAIGHTOOOOOOOOOoOooOo
ooobOooobooooooboocoooobooooon
ooobOoooobooboooooooooooooooon
oboooobOooooboboooboooooan
oobooOoooooooobooooooobooooon
oboooobOooooboboooboooooan
oboooobOooooboboooboooooan
ooooOoooboooooooocooooooooon
oobOo0oooobooobooooooooboooon
oooooooooobooboo

gobooooooooobobooOooooboobobooo
oboooobOooooboboooboooooan
ooobOoooobooooooocooooooooon
000 STRAIGHTOOOOOOOOOOOO (12|00
ooboooooboooooooocooooooooon
ooobOoooobobOooooboocoooooboooooon
oboooobOooooboboooboooooaon
OOoD0O0OO0 VOCODEROOOOOOoOoooDoOOoOO
ooobooooobooOooooboOoooooooooon
oono

2.1 OOO0ooooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000

00000000000000000000000
0000000000000000000000000
MBEO OOOOSTRAIGHTOOOOOOOO0O0O0O
00000000(12,3)0000000000000
000000000000000000000000
0000 [17]0000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000

MBEOOOOOOOOOO [2]0000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
00 [7000[00000000000000000
000000000000000000MBEOOOO
000000000000000000000000
0000000000000000000000000
STRAIGHTOOOODOOOODOOO0O0D000000
0000000000000000000000000



obooooobooooobooboonogd

22 000O0obbOOOoOoOn

gobobobooboboboooobobobodg
gbooooobooboooooboobooocoogooon
ooobOoooooooobooooooooobooon
ooobooooooobobooooooboooooon
ooooo
gbobooobooboooooboobobobodg
600000000000 000000O0oUoOoo
gboooobooboboooboboobobobod
gbooboooobooboobobobooooboonog
oobooboooboooooobOooooboooon
gboocoooboooooooboooooboon
gogoboboooobbooobboooobbog
goboboobooooboboooooboooooboobodg
gbooobooboboobooboboboooooobobobog
goboboobooooboboooooboooooboobodg
gboobooobooobogobboboobobooooonog
gbooboooboboboobooboooooooonog
oboooooooooooono
gobooboboobooboobooooboo
gbooooobobboobobobooboboobod
gbooooobobooboboobooboboobod
gbooboooboooboobooobobobooonog
gbooooobobbooboboboobobobod
gbooooobobboobobooboobobobod
goboboboooobobobooooboooooboobod
ooooOoooobooboooooooboooon
oboooobOooooboooobooooooon
gbooooobooboooooboobooocooooon
oob0O0O0O000O00b0O0o000O0o00o0o000 coesO
obooooOoboooooboooobooooonog
gobooboboobooboobooooboo
goboboboooobboooobboooooobobod
gobobooboooobboooooboooooboobog
oobO0ooobooooooooboooooboooon
oboooobooooboboooboooooan
oobO0oobOooboo1oboboooobooooooon
oboooboooooboooooooboooobooon
obOoobOoooobooboooboobOooboboogon
oboooooboooooobo19vdoboooon
O[5 000 000000000000000000
0000 STRAIGHTOOOOOOOOOO eloOO
oobOooobooooobooooooooboooon
goobobboooobbbooobbbooooog
googooobooboobooboobooboo
giigobobobgboboooooboboboonog
googoooboooboobooboobooboo
gboooboooboboobobooooboboood
goboboboooobboooooboooooboobog
googoooboooboobooboobooboo
googoooooboobgoood

000000000000 0000000d cepstrumO0000
gooooooooooooboooooooo0ooooooooog
gooooooboooooooooooboOoOoboooooooboboo
gooooo

frequency (Hz)
b
2
S
T

I I I I I 1l
0 100 200 300 400 500 600 700 800
time (ms)

120 T

frequency (Hz)

85 I I I I I I I I I
480 490 500 510 520 530 540 550 560 570 580
time (ms)

O 1: Extracted FO trajectories for a Japanese vow-
el sequence /aiueo/ spoken by a male speaker using
STRAIGHT (broken line) and modified Sagayama’s
method (solid line). -6 dB/oct equalization is used.
The lower plot shows an expanded view.
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O 2: Integrated plot of the fundamental frequency
trajectory, event phase and waveform.
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O 3: Extracted source information from a Japanese
vowel sequence /aiueo/ spoken by a male speaker. The
top panel represents fixed points extracted using a cir-
cle symbol with a white center dot. The overlayed
image represents the C/N ratio. The lighter color in-
dicates a higher C/N ratio. The middle panel shows
the total energy (thick line) and the higher frequency
(> 3 kHz) energy (thin line). The next panel illus-
trates an extracted FO. The bottom panel shows the
C/N ratio for each fixed point.
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O 4: Distribution of extracted FO normalized by the
reference FO basede on EGG data. Solid line repre-
sents the distribution after FO refinements using lower
three harmonic components. Dashed line represents
the distribution using only the fundamental compo-
nent. Upper plot shows results for male and the lower
plot shows results for female.
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O 5: Individual gross FO estimation error rate.
Dashed line represents sores without post processing.
Solid line repesents scores with fixed-point reselection
and F0 refinement. Upper plot shows results for male
and the lower plot shows results for female.
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O 6: Abnormal phonation and resulted F0 error found
in a male speech example. Upper lines show extracted
FO from the EGG signal (dashed line) and the speech
signal (solid line). The speech signal is also shown as
a solid line that centered around 100 Hz.
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O 7: Doppler effect on FO estimation. The plot shows
a VCV transition of /ema/ excerpted from a Japanese
sentence spoken by a female speaker. Upper lines show
extracted FO from the EGG signal (dashed line) and
the speech signal (solid line). The speech signal is also
shown at the bottom of the same plot.
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O 8: Doppler effect on FO estimation. The plot shows
a VCV transition of /ire/ excerpted from a Japanese
sentence spoken by a female speaker. Upper lines show
extracted FO from the EGG signal (dashed line) and
the speech signal (solid line). The speech signal is also
shown at the bottom of the same plot.
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