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1 Introduction

If acoustical information is lacked by noise, it is difficult for computers to recognise speech.However
human can restore lacked information and communicate each other using speech sounds correctly,
such as, the phonemic restoration, the cocktail party effect, etc. This complementation leads
to perceive sounds as a stream. The continuity of frequency modulation is one of factors for
perceiving a stream. These facts suggest that there exists an auditory function for predicting
and tracking frequency transition.

1.1 Perception for Sweep-tones and Phonetic Sounds

Aikawa et al. have reported two factts on pitch perception. The first is that the perceived pitch
image of a logarithmic linear frequency glide is not in fact logarithmic linear, but warped. The
second is that a sudden change in the sweep slope in a unidirectional Frequency-Modulated(FM)
tone induces perceived oscillation.

Kurakata et al. conducted the psychophysical experiment about the perception for sweep
tone followed by noise. The experiment showed that the sweep tone is perceived extended into
the noise. They have suggested that there is an auditory function for predicting and tracking
frequency modulation.

1.2 Spectral Representation in the Primary Auditory Cortex(A1)

Wang and Shamma have proposed a model of the spectral representation in Al. In the model,
input spectral patterns are analyzed and represented along three independent dimensions : log-
arithmic frequency axis, spectral bandwidth axis, and symmetry axis. Since the processing in
the model is considered to be multiresolution analysis, each local features in spectral envelope
can be treated independently.
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Figure 1: The flow chart of the prediction-tracking model

2 Prediction-Tracking(PT) Model for Frequency Modulation

Figure 1 illustrates the flow of the PT model.

In this model, features of spectral peaks are extracted independently from the static rep-
resentation in Al. Each features is represented with four components : amplitude, frequency,
bandwidth, and symmetry. Temporal transitions of the components are predicted and tracked
using the second order system. Then the spectral envelope is reconstructed from predicted fea-
tures. Moreover by expanding the spectral envelope sequence and summing them up along time
axis.

2.1 Input Spectral Envelope

Input for the PT model is the spectrum sequence analyzed by the improved cepstral method.
The frequency of spectra is ordered on the ERB rate scale, which has a good relation with
physiological and psychological findings.



solid : Real Part

dashed : Imaginary Part |

Figure 2: Approximate shape of the spectro response function

2.2 Spectral Representation Model in A1l

Shamma reported that the Al nerve cells severally consist neurons exhibiting similar response
characteristic, which are localized around the characteristic frequency(CF), and which has func-
tion turning by the bandwidth and symmetry. Considering lateral inhibition, this spectro re-
sponse characteristics in the PT model are represented by transformed Gabor function, indicated
in Figure 2.

A1l cells fully respond, if spectro response characteristics match the input spectral enve-
lope. Mathematically, a cell response is an inner product between the input and a spectro
response function. In the PT model, an inner product is defined as wavelet transform, given by
Equation(1).

r(a,b) = <p(@),P(z;0,b) >,

= 1 /_O:o ¢*(x — b)p(x)da:. (1)

a2 a

Where a and b denote a scaling parameter and a shifting parameter respectively, and * denotes
the complex conjugate. a indicates the position along scales, and b indicates the position along
frequencies.

The temporal static response is given by wavelet analysis for an input spectral envelope along
the frequency axis using Eq.(1).

When presented with a stationary stimulus at CF, Al cells usually respond strongly only
near the onset of the stimulus. After that, an amplitude and a bandwidth of the response go
on decreasing. Assuming this temporal response characteristic to be exponentially decaying, a
temporal response function can be described by Equation(2).

M) = ean(T). (2)

Where 7 denotes time constant.

Moreover, the temporal-spectro response is given by the convolution of a spectro response
function and a temporal response function. The response of Al in any time is obtained by
temporal summation of all cell responses.



2.3 Spectral Representation using Peak features

At prediction and tracking process in the PT model, it uses features of spectral peaks that
content four parameters. It has be confirmed that a spectral envelope can approximately be
reconstructed by using only the peak features. Especially, it can exactly be reconstructed around
spectral peaks.

2.4 FM Prediction and Tracking Process

The FM prediction and tracking process is represented by the second order system as Equation(3)

Gzl
H = 3
(Z) 1+ alz*:l + 052272 ( )

ap = —2exp Pcos(y/1—C2-N)

Qg = exprO‘
A= 27rf—n
[s
G = 14 a1+ as.

Where a7 and a9 denote linear prediction coefficients. G is the gain constant of the system,
and f, denotes the sampling frequency. ¢ and f, denote the damping factor and the natural
frequency of the system, respectively.

When a sweep tone is in noise, it uses the output before one step instead of the input before
one step, because peak features can not be extracted in the noise.

3 Simulations

Figure 3 shows predicted trajectories of some sweep tones by using PT model. (a) and (b) in
Figure3 are results of the simulation for step sweep tones that include a sudden change. (c)
and (d) are that for the interrupted sweep tones that include an interruption by noise of which
duration are 100msec in case of (¢), and 200msec in case of (d). Setting parameters are described
in each figure.

At (a) and (b) in Figure 3, pitch oscillation occur around a part of changing slope suddenly.
This disposition is similar to the result of the psychological physical experiment by Aikawa et
al.. Moreover the degree and the number of repetition of pitch oscillation can be controlled by
changing the natural frequency and the damping factor.

At (c) and (d), if a duration of the interruption by noise is short such as (c), the frequency
transition is perceived as the sweep being extended into the noise, but if a interrupted duration
is long such as (d), the frequency transition can not be perceived in the noise. Kurakata et al.
have reported that the limit of duration for the extended perception is about 100msec. Because
the PT model uses features only before interruption by noise, above disposition seems to be
similar to the result of the psychological physical experiment by Kurakata et al..

4 Conclusion

In this study, the model is proposed to predict and to track the frequency modulation. This
model uses the spectral representation in Al. Accordingly, a spectral peak is represented by
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Figure 3: Results of Prediction Tracking Simulation

features that contents four parameters : amplitude, frequency, bandwidth, symmetry. A spectral
envelope can approximately be reconstructed by using only peak features. From this view point,
features of the spectrum is compress owing to using the spectral representation in Al.

In the PT model, prediction and tracking process is represented by the second order system(Eq.(3)),
and it treats features of spectral peaks that extracted from the spectral representation.

The PT model was evaluated by simulation experiments using some kind of sweep tones.
The results of experiments were similar to the perceptions that is found by the psychological
physical experiment for those sweep tones. Therefore, those perceptions can be represented on
signal processing level because of the PT model uses.
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