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Fundamental frequency (FO) has a very important role in various speech/music information processing
scenes including the speech communications in which a machine intervenes, and depending on whether or not
the fundamental frequency can be accurately grasped, the processing accuracy of these various sound/music
information processing is influenced.

Estimation of the fundamental frequency, FO, of a target sound signal has been widely studied in the
literature on speech signal processing, and many methods have been proposed over the last half century. The
conventional methods can be divided into processing in the time domain or frequency domain, or both. Most of
these methods use periodic features in the time domain (e.g., autocorrelation) or harmonic features in the
frequency domain (e.g., comb filtering). The others focused the information of sound source by the vocal tract
filter effect based on the source-filter model. Some methods that precisely estimate the FO of target noiseless
speech have been established. However, they cannot precisely estimate FO under noisy conditions, reverberant
conditions, or both conditions. Other methods have been proposed that robustly estimate the FO of observed
speech under noisy conditions. On the other hand, a few methods to estimate the FO of a target signal robustly
and accurately have been studied in reverberant environments. However, it has not yet been clarified whether
all these methods can precisely estimate FO in very noisy reverberant environments. In other words, there is no
method that can accurately estimate F 0 in an environment with the both of noise and reverberation.

Therefore, in this research, we got a hint from the behavior of the pitch perception for AM signal, and
focused on the modulation component of the sound signal. We proposed a novel F0O estimation method robust
to noise and reverberation by using an unprecedented approach to simulate human pitch perception by
amplitude modulation demodulation technology. Focusing on the modulation component of the sound signal
has several merits. Considering the amplitude modulation signal from the viewpoint of the modulation transfer
function, the influence of disturbance such as noise and reverberation can all be put in a simple diagram of a

decrease in modulation index. Therefore, it is possible to grasp the influence of the disturbance by the




observing of the modulation index without going through complicated signal processing such as examining the
autocorrelation of the waveform or examining the frequency spectrum information. Although the amplitude of
the modulation component decreases due to disturbance, the modulation component period is retained, so the
modulation component itself of the sound signal is a signal component robust to disturbance. In addition, it is
also possible to add the waveform restoration function with modulation index as a parameter, if necessary.

Simulation results have shown that the proposed method can reliably cope with time-variant signals and has
robustness for noise and reverberation. Furthermore, we consider the FO estimation of musical instrument
sound as an example of an application that matches the characteristics of the proposed method, and shown that
the proposed method can be applied sufficiently to a signal such as instrument sound.

Throughout this research, we have proposed FO estimation method based on pitch perception for AM signal
concerning FO estimation in noisy reverberant environment, we show that FO estimation method robust to
noisy reverberation can be constructed by using amplitude modulation demodulation technique.

There should certainly be a field where the proposed method can contribute. For example, by implementing
the proposed method as a part of other FO estimation methods, we can expect roles that complement other FO
estimation methods robustly. Thus, the essence of the proposed method will contribute greatly to speech/music

information processing technology in the future.
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BAREISEE LW o L AE 5O EAE I (F0) 1%, EyFaREeEEHEEL Vo
xR BB B RIZ B W THEERFEE L THH I TV, FO #EEOWFFRIXEEIZ it
AN BATONTEY, RxeFERBERERINLTWS. REHZLO L LT, REERS
2 O EE IS BRI K A JEEINE - BRI ME AR L7z D, 77X R T A0
PR LR EREORBEEZEE LR ERBITOND. TOHERE 2K E
XH%72H12, STRAIGHT <° YIN, &I Tk SWIPE X W o7 FiEBIEIN TS, =
O OHEEVED EREMEIIIER 2@ <, EAMRERE U CER SN DBEICHo2EEL
TWDRIICHD. LinL, BmpEE O L W o IOV R 2B LTIk
MR, WRIERRBERIER2NE ZATH S.

AFLTHE, b MORBEFTEOE y FAROMIEN OV MEHT, FEFORIBE
TR E B Lz ECIRIEAROEMRMEANT 2 H\ 5 2 & T, mWIHEE M - ML
T2 FOHEEEARE L. 22T, BEFOLEFRIICERTHI LT, WOLHI A
Uy hefEH L. £7, (EEO=2>0OF S A IREERHT 52 L (2 FH Oz % v
U7, 1&B L 3FHRBE ANy & UTHEM) CEABREEZEMES & LT HE



HTETHD. ZHUTEHUE 5D EOFEM ZFH L THRERIC FO Z#HETE 52 Lo
O, #EEOMMELZ RIFICH ESE5Z N TED. KIS, REEFIE S 2 L2 s EREK

(Modulation Transfer Function : MTF) O#LENHE 2 5 &, MEORER X OsELIC
KB, &2 TEHME (Modulation Index) DK &9 HfliZe XK & LiAH D =
ETHD. Tk, FEEGEES B EGERIC B T A E S OMBEE AR HE T E S, £
FEDOBLRINONELOELET 5 Z LN TE LA TEND. &#%IZ, MTF &Iz
&, HEEOIREBIC L DRy ORIy 2 BAED o TERMK Y A RE S &5 2 & T,
72 FOHEE 2 AJRE L 3 5. REIET, JFREMIC AT » RICEEY 3 2 B HIE 51oxh U CEfd
TIEMEZ: FOHEEZ FIREL T 572, AM & L B /ot 25 508, HEE & o 725
FEHICBE L CHEAMETHY, BFOBNTFIELIEHT 2 2 LT, EMelk & mErEs &
WFOHELZERIEDLZ EHAMETH S.

Pk, A@w3Cid, & hO AM EOE Y FRREOBEND, o HLnT 7Fr—Fin
DHEE - FREBICIHMEO B W FOHEBEZIRELI-LOTH Y, FINMICERNT 5 & ZANIE
WIZREW. Ko TiHliL (FHEY) OF R e LTHaMiEH 56 D L3RBT,



