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ABSTRACT

For accurate formant tracking, Linear Prediction (LP)
and Fourier Transform (FT) analysis have some
limitations. For the first, the limitation is the validity of
the speech production model. For the second it is the
limited time and frequency resolution. In this paper we
focus on the improvment of -the FT using the
reassignment technique. This method allows a much
more accurate representation taking into account the
phase of the FT. Comparison of this method with the
normal FT and LP is carried out on Vowel-Vowel
transitions, using respectively a pitch synchronous
analyisis and a closed phase analysis. For the first case,
the reassigned spectrum performs better than the LP,
and slightly worse for the closed phase. In both
conditions the results are significantly improved
compared with the normal FT. The efficiency of the
method with regard to the Formant definition is
discussed. ‘

1. INTRODUCTION

Formants are one of the oldest representations for
speech analysis. To better study speech production
mechanisms ( speech gestures or locus theory), it is
important to have an accurate estimation of the formants
and their transitions. Even thought many studies focus
on this subject [1, 2, 3], it remains an unresolved
problem.

The two main approaches are based on either Linear
Prediction analysis (LP) or the Fourier Transform [3].
Each of them has advantages and disadvantages.

The LP allows a better frequency resolution than the FT
with a small window [4]. The main problem of the LP
approach is to fit the speech production model to reality.
This becomes more important when a model of glottal
wave is introduced. Non linear optimization methods
have to be used, but they increase dramatically the
computational cost without always much better
performance [5].

The disadvantage of the Fourier Transform, is the
limited time and frequency resolution (with a small
window the frequency resolution is poor leading to an
inability to separate near formants). This disadvantage
can be reduced using the reassignment method. This
method consists of improving the localization of the
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energy in time and frequency taking into account the
phase of the Fourier Transform.

After a brief description of the reassignment method in
the time frequency context, the concept of the
reassigned spectrum, used in this study, will be
introduced. Results on Vowel-Vowel transitions will be
given, comparing with normal Fourier spectrum and
Linear Prediction. The importance of the detector and
the definition of formant will next be discussed.

2. METHOD
2.1, The reassignment method

The reassignment was first proposed by Kodera and al
[6] in order to improve the resolution of the
spectrogram. This method consists of assigning the
value of the spectrogram to the centre of gravity of the
energy included in the analysis window, rather than the
centre of the window. The new point of assignment

(t.,v,) can be computed using the derivative of the
Fourier transform ®(¢,v) [6].
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Recently a faster implementation has been proposed [7]
using a ratio of Short Time Fourier Transforms (eq.3
and 4).
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with STFT, ,(¢,v) the value of the Short Time Fourier
Transform of the signal x using a window # at the point
(t,v). dh represents the derivative of the window, and
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th the window multiplies by the time. 7, and vV,
represent the coordinates in time and frequency of the
point of reassignment.

The reassigned spectrogram is obtained by adding all
the values of spectrogram which are reassigned in the
same point.

This method gives impressive results on theoretical
- signals. A previous study has shown the advantages of
this method of having an accurate time frequency
description of the characteristics of speech signals [8].
The method enhances the components of the signal. In
the case of the narrow band spectrogram, the harmonic
structure is better displayed with an improvment in the
time resolution. For the wide band spectrogram, the
time structure is more accurate, especially the pitch
pulses, without a deterioration in the localisation of the
frequency structure (formants). Figure 1 shows a wide
band spectrogram and its reassigned version for the
utterance "where were you a year ago". The burst
corresponding to the closure of vocal cords is better
displayed, and more importantly in the context of this
study, the formants are enhanced and it is much easier
to follow their transitions.

2.2 Reassigned spectrum

In this study, only the frequency reassignment is
exploited. For each frame of the signal a reassigned
spectrum is computed using equation 4.

However, with the reassignment method the points are
not equally spread on the frequency scale, as in the
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Figure 1 : Wide band spectrogram (top) and its reassigned version (bottom) for the utterance "where were you a year
ago".

normal spectrum. In order to process a such spectrum
and compare it with the normal spectrum, we resample
it on the FFT scale. That is to say, the energy at the
reassigned point is spread between the two nearest
points of the FFT. In figure 2, an example of the
spectral density obtained with the norml FFT and its
reassigned version in the case of a pitch synchronous
analysis and closed phase analysis are shown. The
reassignment concentrates the points around the
formants and has two effects. Firstly, the formants are
enhanced, with an higher amplitude and a smaller
bandwith (the first three formants in the case of the
pitch synchronous analysis). Secondly, this allows
discrimination of two formants which are merged in the
normal spectrum, like the two first formants for the
closed phase analysis.

In order to keep the accuracy brought by the method, the
reassigned spectrum is resampled with twice the
resolution than the FFT.

2.3. Formant detection

The methods are assessed using a pitch synchronous
analysis and closed phase analysis. For such analysis,
the instant of glottal closure (GCI) is detected using an
inverse filtering technique [9]. The closed phase is
considered as the half of the pitch period.

In the normal spectrum and reassigned spectrum, the
formants are detected using the same peak picking
method. For each formant, potential candidates are
extracted within a frequency range. After, according to
the amplitude of the peak and the value of the adjacent
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Figure 2 : FFT spectral density and its resampled reassigned version for a pitch synchronous (left) and closed phase
(right) analysis of the vowel /a/. The vertical dotted lines represent the point of reassignement in frequency.

formants, the best candidate is elected as formant. The
frequency of the formant is determined by interpolation
with the two nearest samples.

In the case of the linear prediction, the formants are
extracted from the roots of the predictor polynomial
[10].

In both cases, a formant is considered as a strong peak
in the spectrum. The detection does not take into
account the adjacent frame, and no post-processing is
performed.

The main problem for comparing different formant
tracking methods is that there is no method of knowing
the real formant values. Some objective criteria can be
introduced [5]. However, they do not allow a efficient
comparison yet, and visual comparison remains the best
criteria.

3. RESULTS

In the case of the pitch synchronous analysis, the
reassigned spectrum gives the best results. The formant
trajectories are smoother than in the LP analysis. All the
formants are clearly visible, while with the normat
spectrum some are missing or merged (for example in
the case of the /u/).

In the case of the closed phase analysis, the LP analysis
gives the better results. However the results obtained
with the reassigned spectrum are better than those
obtained with the classical spectrum.

It secems that the reassigned spectrum method is more
robust to a small decay in the detection of the GCIL.

The number of non detected values (the analysis is
unable to find a formant) is lower with the reassigned
spectrum than the two other methods.

Figure 3 shows an example of formant trajectories with
these methods during the /a-i/ transition. The reassigned
spectrum is better with the pitch synchronous analysis
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(during the /i/ for example). It is clear that the F3 of the
/a/ splits between the second and third formant of the /i/.
For the closed phase it is always possible to follow the
formants and their transition while this is not possible
with the FFT (F2 of /a/ and F1 of /i/ are missing). The
F1 and F2 of the /a/ are respectively over and under
estimated, but in contrast to the fft, separated.

4. DISCUSSION

Formant detection is performed in two steps. The first
consists of obtaining a representation containing the
vocal tract information (formants). The second is
extracting the formants from this representation. The
result is the combination of these two steps. Bad results
do not necessarily mean that the representation is
incorrect, but that the two steps do not fit together.

It is certain that the reassigned spectram has more -
surplus peaks than the others methods, and needs a
more sophisticated method to deal with. This poses the
problems for the detector and the formant definition.
Nevertheless it is clear that the reassigned spectrum
allows a more accurate representation of vocal tract
characteristics.

When we study the trajectories more carefully, we sce
that a lot of errors could be removed by continuity
criteria. The detector could used adjacent frames to
extract the formants. This means more or less using a
time frequency approach. In this context, the
reassignment method (in both time and frequency) can
be very useful (as the spectrogram of figure 1 shows).

Another point is the definition of the formant. In this
study a formant is considered as a peak. But as just
discussed, time consideration is important. On the other
hand the classical approch of F1, F2, F3, etc is not
sufficient, because sometimes there are crossing
formants. In this case the principle of resonance,
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Figure 3 : Examples of formant trajectories obtained with the Fourier spectrum (FFT), the reassigned spectrum (rea)
and the linear prediction (LP) for /ai/ using pitchsynchronous (top) and closed phase (bottom) analysis.

proposed in [11] will be more adapted. However, as
shown in figure 3, a resonance can split into two other
resonances or die. The definition of the formant used in
the detector has to take into account such behaviour.

It is certain that the detector used here, favours the
linear prediction more than the reassigned spectrum.
The power of the reassignment technique will be
emphasised with a detector based on these new
principles.

5. CONCLUSION

In this paper, the efficiency of the reassigned spectrum
for formant tracking was studied using pitch
synchronous analysis and closed phase analysis. Results
show that for the pitch synchronous analysis, the
reassigned spectrum gives better trajectories than the
normal Fourier spectrum and linear prediction. For the
closed phase linear prediction gives better results, but
the reassigned performed quite well while the normal
spectrum is worst.

The reassigned spectrum allows an accurate
representation even with small window. However, for
the purpose of formant tracking, these performances are
limited by the detector, and more generally the
definition of Formant. Future work will be necessary in
this direction.
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