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l. INTRODUCHON

Fortnants are one of the eldest representations for speech analysis and production It is well established that
forrnants are less powerful than tlte cepsttal representation for recognition task but theyallow the vocal tract
configuration to be described. in order In improve models of production and to study speech gestures. it is
important to have an accurate estimation of tenants and their transitions.
Fonnant tracking is an old and as yet unsolved problem. With increasing computational power. new
sophisticated methods are proposed which take a priori Imowledge of glottal wave into account. But. if from
a theoretical point of view they appear more efficient. in practice. the results are quite far from those
expected. In this paper we compare several parametric methods of formant tracking in order to determine the
contribution of each hypothesis assumed by these methods.
The main problem in comparing methods. is that we do not know the true values of formant frequencies and
bandwidth Until now a qualitative visual comparison has been employed. In this paper we try to establish
some quantitative criteria in orderto achieve a more objective comparison v
After reviewing the general scheme of formant tracking. and studying the relation between the methods.
some results obtained for the four first fonnants with Vowel-Vowel transitions for male and female speakers
are presented.

2, METHODS

2.l Scheme of formant tracking
In order to better understand the part of analysis we review the general scheme of formant tracking in figure
1. This can be subdivided into three steps.

The first is to obtain a spectrum that represents the frequency characteristics of vocal tract from a frame of
the signal, For this. we need to remove the contribution of the glottal wave from the signal. Two main
approaches can be used [1]. Either a spectnrm obtained with cepstral filtering or a spectnrm obtained by a
parametric approach. The second approach requires knowledge of the production of the signal.
The next is to extract the fonnants from this spectrum. Three methods are generally used. Either using a
peak-picking method on the spectrum [2] or based on the derivative of is phase [3] or, in case of parametric
approach. using the roots of the predictor polynomial [4]. “the main problem at this stage. is to define
criteria in order to differentiate formant and a spectral shaping poles. Limitations on the value of the
bandwidth and frequency range for each formant are often used .
The last step is to post-process these values by considering all or a large pan ofthe signal, It is in this stage
that we can introduce criteria of smoothing and continuity. This last step will not be examined in this paper.
For an accurate analysis of formant transitions. it is important to have a small time window. in this case. the
parametric approach is well known for its better frequency resolution [5], For the parametric approach.
extracting l'orrnants from roots of predictor polynomial gives better results [6].
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F

The transfer functionbecomes: H(z)=l/(1+2rziz"') eq.5
r-r

N

andtheresidual: e, =s.—§_=s.—2n‘.s,_‘ eq.6
i0

Comparing eq.2 and eq.5. it merges that the transfer frmction had only poles in is spectrum. This enor is

important only in the case of nasal sounds. when the nasal cavity is curpled with the vocal tract. Thus the

residual 2,, contains infomtation about this error and information about rtte excitation (eq.3 and 6.1.6). This

is interesting from the point of view of pitch analysis [8]. but it is disadvantageous for formant tracking. in

effect. in the model we assume that the spectnrm of the residual is flat (minimisation in the sense of least

squares). 1f the residual contains excitation information. it has a slope at ban/octave. To improve the

analysis. we could be employ pitch synchronws analysis. Analysis perfumed on one pitch period gives

better results [1]. Nevertheless. in tltis case. we are always in disagreement with the theoretical modeL In

efiectaswiththepitchperiod.theglotta1wavedoesmthaveat1at spectrum. lnordertoagree withthe

hypothesis of the LP. we need to perfomr the analysis only on the closed phase period [9. 10]. The main

problem of this method is to deten-nine the closed phase. If the laryngograph signal is recorded

simultaneously this task can be quite easy [11], but with only the speech signal it is an open problem [12].

Another approach to improve the result of LP analysis is to weight the prediction coefficients [13]. This

approach is mainly used to increase the robustness against the noise[14]. We do not consider these methods

in this paper.

2.2.2 Introducing knowledge about the excitation Derivatives of LP analysis try to the influence of

the error introduced by not taking the excitation into account. So it seems useful to introduce intonation

about the glottal wave in the parametric model [15.16.17]. For this we replace u,l by g”. a model of glottal

wave We med a modified version of Lilijencrants-Fant model [18]. We distinguish four pans in the pitch

period described by 6parameters. This implies that the analysis is performed on one pitch period.

Either we considered that the all-pole model is sufiicient and in this case with put M=0. (ARx analysis) or

we take M>0 to take the zeroes in the spectrum into account (ARMAJt analysis). We study the cases M=O

and M=6.

In both cases. the problem of this analysis is to fit the model of the glottal wave with reality (GAR and

GARMA analyses). Some non-linear optimization methods exist [19]. the more irnponant is to define some

criteria for stopping the iteration. We can look at the difference between the residual and the glottal model,

or the difference between resynthcsis speech and real speech taking either the filter given by the analysis or a

filter with "good" fomtants. No comparison was performed between these different ways. We decided to

choose the first for computational time aspect and used the Levenberg-Manquardt method [20].

This approach seems to give good results. but few comparisons have been made with other analyses [21].

We study the exact improvement brought about by this method in comparison of asynchronous or

synchronous LP.

23 Criteria of comparison

The main problem for comparing different formant tracking methods is that we have no method of knowing

the real formant values, In pitch detection for example. the laryngographic signal gives the true value of

pitch. From this it is possible to establish criteria and achieve quantitative comparison [22].
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3. RESULTS

3.1 Database and parameters
The comparison of methods is achieved with a database of vowel transitions in VIVZ context produced by
one male and one funale speakers. The s‘x vowels are/Bl. [EL/til. IN.N and l3l.
The sigral was sampled at leHz. The deteclim of Clonal Closure Instant is achieved withinverse filtering
method [24]. Tie classical linearprediction is performed with a window of 32 ms. with an overlap of 50%.
AllanalysesarebasedmthemethodofeovaflanoeandusetheQR tramformatimtoresolvethesysremof
equations. in the case of non stability ofthe filter. roots outside the unit circle were reflected inside [4].

3.2 Quantitative comparison.
Results for male and female speaker are giver respectively in table 1 and 2. For both speakers. clmical
Linear Prediction (U’C) gives best results. in terms of mouthing (smaller PQ values). This is expected

because the analysis is performed on a quite large window (32 ms). which corresponds to 3 to 6 pitch
periods. However. the percentage ofMFV is significativeiy hiyrer for the LPC analysis.
We can see that using a limitation of bandwith at 900 Hz decrease the percentage of MFV significantly

which coincides with anincrease of the penurbation quotient that is significam for the female speaker.

There are no significant differences between the different analyses, either the missing or the pemu-bation

quotient.

3.2 Visual comparison

in figure 3. we show formant tracking obtained with different methods with bandwith limited to 500 Hz for
the utterance laal spoken by the female speaker.
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It can be seen that LPC gives the more regular values. but does not allow tlte fonmnt trajectories to he

accumer followed during the This enor will be aggravated in tire case of faster transitions.

As with MFV and PQ parameters. thee are rtot many differences between methods. The enors are situated
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Table l : Percentage of missing and frequency pertubation for male speaker.

 

Table 2: Percentage of missing and frequency perturbation forthe female speaker.

5. CCNQUSION

in this paper. we compared some parametric approaches for extracting forrnants. Contrary to most studies of

this ldnd. we used objective criteria in order to compare the methods.

We did not observe significant differences between analyses excepted for the case of asynchrounous linear

prediction The choice of the limitation in the bandwith of formant seems more important. especially for the

female speaker.

Nevenheiess. we cannm decide which is the best method according to the criteria of MFV and PQ or visual

comparison for all the database. To obtain the best formant tracking. it will necessary to adapt the choice of

the analysis with the utterance and speaker. For this. using of objective parameters could be a great help.
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          Figun: 3: Pennant (lacking obtains by analysts with bandwixh limited to 500 and 900 Hz for the utterance

[cal spoken by the [mats speaker.
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