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As one main characteristic of speech, harmonics play an important role
for speech recognition, fundamental frequency estimation, speech enhance-
ment, as so on. The harmonics are closely related to the local peaks of
speech spectra in the frequency domain. A highly accurate speech harmon-
ics is given by estimating the local peaks of the speech spectrum. Therefore,
the estimation of local peaks on the speech spectrum plays an important
role for various speech processing.

For the local peaks estimation, many algorithms have been reported so
far. There are two main types of the local peaks estimations. One is the
methods based on extraction of every local peaks. The other is the methods
based on extraction of harmonics. However, conventional methods often
overestimate or underestimate the number of peaks. For the local peaks
estimation on the speech spectrum, the conventional local peaks estimation
methods do not use the estimated peak knowledge in the previous frames.
These methods estimate the local peaks only in the current frame. There-
fore, the conventional methods have a drawback that the noises greatly
influence the accuracy of local peaks estimation in the current frame. The
sudden incidence of peak candidates those are not appropriate for local
peaks might be estimated in noisy environments. Thus, these methods
have no robustness for noises. Since the harmonics vary gradually, the
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frequency positions of peaks in the previous frames are important for esti-
mating the peaks in the current frame. Learning position from the previous
frames offers benefits to estimation of local peaks in the current frame in
noisy environments.

In this thesis, the author proposes a local peaks estimation method on
the speech spectrum in noisy environments. The proposed method aims to
estimate local peaks even in non-stationary noisy environments that con-
ventional methods are hard to deal with. For the solution, the author uses
the particle filter which is estimation of parameters from the current frame
and the previous frames. The feature of the particle filter is to approxi-
mate the accurate posterior probability distribution using a lot of particles,
i.e. discrete values. The posterior probability distribution is represented
according to the density of the population of the particles. As the num-
ber of particles increases toward infinity, the approximation approaches
the true posterior probability. The number of local peaks is unknown and
the harmonics fluctuate in the high frequencies and the transition of each
local peaks is independent. Therefore, the number of local peaks should
not be given for the local peaks estimation on the speech spectrum. The
proposed method introduces the likelihood which is able to estimate multi
local peaks on the speech spectrum. The likelihood enables to estimate
peaks present probability simultaneously. The local peaks might exist in
the frequency ranges with the high peak presence probabilities to a high
degree around the current frame. Therefore, the proposed method with
the particle filter is effective estimation for the local peaks estimation that
the number of local peaks is unknown.

The proposed method consists of a two-step estimation. The first step is
to estimate the peak presence probability based on the spectral envelope
of the cepstrum. The local peaks are able to be simultaneously estimated
using the likelihood with the same peak presence probability in the high
probability regions. The likelihood which describes the spectral envelope
brings a criterion for determination whether peaks are present or not. No
transition model is needed because the position of peaks in the next frame
can be estimated by the peak presence probability. The proposed method
estimates the peak presence probability by representing posterior proba-
bility distribution with a lot of particles even the number of local peaks is



unknown or the transition of each local peaks is independent. The second
step is to extract peaks from the candidates of the peaks based on the peak
presence probability. The frequency bands which have maximal posterior
peak presence probability become a candidate of peak. The position of
peaks is obtained by extracting one point by extracting the point with the
maximal peak presence probability.

In order to evaluate the accuracy of peaks estimation, two experiments
are carried out under various conditions. In experiment 1, we synthesized
the noisy speech by adding the pink noise from the first frame to end frame,
and the comparisons between the proposed method and the conventional
methods are carried out. In experiment 2, we use the synthetic speech by
adding the narrowband noise whose duration is set to two frames from the
fifth frame as non-stationary noise, and the comparisons between the pro-
posed method and the conventional methods are carried out. To evaluate
the performance quantitatively, we use the synthetic speech with the pre-
set positions of peaks. These methods are evaluated with two measures,
the number of the pre-set peaks and the frequency distance between esti-
mated peaks and pre-set peaks. The number of correct local peaks derives
accuracy of the number of local peaks. And, the distance between correct
local peaks and estimated local peaks derives the accuracy of frequency
distance. It is important to improve the accuracy of these two measures.

There are little differences between fundamental frequencies, the type
of speakers or the contents of vowels. Therefore, the author averaged the
results which have the similar tendency. In experiment 1, the results show
that the proposed method is superior to the conventional methods in term
of the frequency distance and the number of correct peaks even in the
non-stationary noisy environment. This is because the proposed method
learns the peak presence probability from the previous frames with a clue
in slight evidence. In experiment 2, the proposed method is superior to the
conventional methods in term of the frequency distance and the number
of correct peaks under the condition of positive input SNR or narrowband
noise. For the robustness of narrowband noise, the proposed method esti-
mates local peaks in the conditions that the duration of narrowband noise
within two frames. This is because the learning of the peak presence proba-
bility prevents from picking the local peaks come from the noises. However,



in the conditions that the input SNR is negative and the added noise is
pink noise or white noise, the proposed method estimates not well. This
is because the proposed method learns the local peaks cannot be taken
it as local peaks produced by a noise. Therefore, the proposed method
made improvements of robustness for noises that were the drawback of the
conventional method for practical condition.



