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Abstract 
In this paper we present a formant database of Arabic used to 
evaluate our new automatic formant tracking algorithm based 
on Fourier ridges detection. In this method we have introduced 
a continuity constraint based on the computation of centres of 
gravity for a set of formant candidates. This leads to connect a 
frame of speech to its neighbours and thus improves the 
robustness of tracking. The formant trajectories obtained by 
the algorithm proposed are compared to those of the hand 
edited formant database and those given by Praat with LPC 
data.         
Index Terms: Arabic database, phonetic annotation, formant 
labeling and formant tracking  

1. Introduction 
It is well known that the spectral maxima of voiced speech, i.e. 
formants, play an important role in the identification of speech 
sounds. Indeed, robust formant tracking is utilized to identify 
vowels [1] and other vocalic sounds [2], to pilot formant 
synthesizers and, in some cases, to provide speech recognition 
with additional data. Although automatic formant tracking has 
a wide range of applications, it is still an open problem in 
speech analysis. Especially, when anti-formants of consonants 
are present, resonances frequencies, i.e. formants, are often 
hidden.  
      Due to the importance of the vocal tract resonances, 
numerous works have been dedicated to develop automatic 
formant tracking methods for estimating formant frequencies 
from the acoustic signal. Most of these methods are based 
firstly on the detection of the LPC roots [3] as initial estimates 
of formant frequencies. Results of many of these methods have 
been used in speech processing applications. However, there 
has been a conspicuous lack of databases that are needed for 
quantitative evaluation of automatic formant tracking, 
especially for the Arabic language. The construction of a 
corpus annotated in terms of formants is not an easy task. 
Indeed formants are often not visible in consonant segments 
and semi-vowels as well. Additionally, formants are 
sometimes very close from each other. The database was 
revised by human experts once the formant annotations were 
completed.  

In this paper we describe our new automatic formant 
tracking algorithm based on the detection of Fourier ridges 
which are the maxima of spectrogram. This algorithm uses  a 
continuity constraint by calculating the centre of gravity for a 
set of frequency formant candidates. Then, to evaluate the 
proposed algorithm we compare it to other automatic formant 
tracking methods using the labelled database as a reference.  

       This paper is presented as follows.  In section 2 we 
present the Arabic database, in section 3, the different stages 
of the manual formant annotation process, in section 4, the 
description of the proposed automatic formant tracking 
algorithm, in section 5 the results obtained by comparing the 
proposed Fourier ridges algorithm with other automatic 
formant tracking methods. Finally, we give some perspectives 
in section 6. 

2. The Arabic database 
Given the interest of studies dedicated to formant tracking 
applied to the Arabic language and the lack of public formant 
Arabic database, we have decided to record and label in terms 
of formants a corpus of Standard Arabic pronounced by 
Tunisian speakers which will be publically available. 

To build our corpus, we used a list of phonetically 
balanced Arabic sentences proposed by Boodraa and al. [4]. 
This corpus is also based on studies of Moussa [5] about the 
standard Arabic language to respect the frequency occurrence 
of each phoneme. This corpus follows a number of syntax, 
grammar and modal rules encountered while reading an Arabic 
text. Hence, it covers the whole phonetic and phonological 
behavior of the standard Arabic language. Most sentences of 
this database are extracted from Koran and Hadith. It consists 
of 20 lists of 10 short sentences. Each list of the corpus 
consists of 104 CV (C: consonant and V: vowel), i.e. 208 
phonemes [4]. 
      We recorded this corpus in a soundproof room. It 
comprises ten Tunisian speakers (five male speakers and five 
female speakers). The signal is digitized at a frequency of 16 
kHz. This corpus contains 2000 sentences (200 different 
sentences pronounced by every speaker) either affirmative or 
interrogative. In this way, the database presents a well 
balanced selection of speakers, genders and phonemes. All the 
utterances of the corpus contain rich phonetic contexts and 
thus are a good collection of acoustic-phonetic phenomena 
that exhibit interesting formant trajectories [6]. In order to get 
accurate formant annotations, we have to verify every 
frequency value of formants with respect to phonemes uttered.  
Thus, to prepare our database, we phonetically annotated all 
the sentences of the corpus by hand using Winsnoori software 
[7]. A screenshot of this tool is shown in Fig.1. We used the 
code SAMPA [8] for this phonetic annotation task.  In this 
stage of the work, we met a lot of difficulties to fix phonemes 
boundaries especially for consonants. Once the annotation 
phase has been completed, the corpus has been reviewed by 
three phonetician experts to correct certain mistakes.
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3. Formant track labeling 
To facilitate the process of formant trajectory labeling in the 
database preparation, we first obtained a set of frequency 
formant candidates provided by the LPC roots [3] using 
Winsnoori [7]. Based on these initial estimative values, we 
drawn formant trajectories by hand by selecting relevant 
trajectories. Fig.1 shows an example of a sentence pronounced 
by a female speaker to illustrate the formant labeling process 
and results. We labeled the first three formants (F1, F2 and 
F3) every 4 ms and recorded them for each sentence of the 
database. The LPC order used is 18 and the temporal size of 
the window analysis is 4 ms to have a wideband spectrogram 
which shows the evolution of the formant trajectories better. 
More difficult situations arise when there are too many LPC 
candidates which are close to each other for two formant 
trajectories. But most of the difficulties arise for the frames 
where there is a lack of spectral prominences or when spectral 
prominences do not coincide with predicted resonances for 
consonantal segments. In this case, nominal consonant specific 
values are provided [9][10].   

Finally, in order to verify the accuracy of the formant 
trajectories for each sentence, we have synthesized the sound 
with the corresponding three formant frequencies using Klatt 
synthesizer implemented in Winsnoori [7] to check whether 
the synthesized sentence matches the original one well. The 
evaluation was subjective though, since the authors were the 
only judges of the result quality.  

Figure 1: Formant trajectories labeled (F1, F2 and F3) by 
hand and manually phonetic annotation for the sentence”�

�������	�
��
���������� ” “�atu�Di:ha: bi�a:la:mihim” (Would you harm 
her feelings with their pains) pronounced by a female speaker.

4. An automatic formant tracking method 
using Fourier ridges 

The block diagram presented in Fig.2 describes the main steps 
of the proposed algorithm. Each element of the block diagram 
is briefly described below. 

4.1. Preprocessing 

The sampling frequency of the database is Fs=16 kHz. Since 
we are interested in the first three formants, we re-sampled the 
speech signal at Fs=8 kHz in order not to take into account 
formant candidates above 4 kHz and to optimize the 
computation time. Then, to accentuate high frequencies, a first 
order pre-emphasis filter of the form 11 0.98 z−−  is applied on 
the speech signal. 

Figure 2: Block diagram of the proposed formant 
tracking algorithm.  

4.2. Time-Frequency analysis 

The time-frequency analysis of the signal is carried by the 
module to the square of the windowed Fourier transform to 
obtain the spectrogram of the signal. The spectrogram used 
here is a wideband spectrogram witch smoothes the spectral 
envelope of the signal to show the temporal evolution of 
formants. 

4.3. Detection of ridges 

Since formant frequencies vary as a function of time, they 
were assimilated to the instantaneous frequencies of the signal.    
Thus, the algorithm calculated all instantaneous frequencies of 
the input signal which were considered as local maxima of the 
spectrogram. In the following, we show how the instantaneous 
frequency was validated like local maximum of the 
spectrogram (for detailed proof, see [11]). We generated the 
family of time-frequency atoms, .i.e windowed function, of the 
windowed Fourier transform noted gu,ξ by time translations 
and frequency modulations of a real and symmetric window 
g(t). This atom has a centre frequencyξ and is symmetric with 
respect to u (translation factor). The windowed Fourier 
transform ),( ξuSf is carried by the correlation of this atom 
with the input signal f. 
       It was shown in [11] that the instantaneous frequency φ’(t)
of f  which  is the positive derived phase of the signal, is 
related to the windowed Fourier transform ),( ξuSf  if 0≥ξ
(Eq.1). 
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       Where s is a scaling which has been applied to the 
window Fourier g, the Fourier Transform, FT, of g, 
a (t) the analytic amplitude of f and ε(u,ξ)  a corrective term.       

Since )(ˆ ωg is maximum at ω = 0, Equation (1) shows that for 

each u, the spectrogram 2),( ξuSf  is maximum at its centre 

frequency ( ) ( )uu 'φξ = . As a result, the instantaneous 
frequency is well validated as a local maximum of the 
spectrogram. The windowed Fourier ridges are the maxima of 
the spectrogram at the FT points ( )( )uu ξ, . In each temporal 
window analysis, the algorithm thus detects all local maxima 

ĝ

Acoustic signal 
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of the FT representation assimilated at Fourier ridges in the 
( )( )uu ξ, plane. We have noticed that Hamming window 

gives better results in term of formant detection resolution 
than other windows [12]. We thus use a 4 ms window with an 
overlap equal to 50 %.  
        In this work tracking only concerns the first three 
formants, so in each temporal window analysis, we have split 
the set of frequency formant candidates detected previously 
into three wide bands each of them corresponding to a 
formant. Then, a parabolic interpolation is applied and ridges 
below a threshold are removed because there may be artefacts 
(for example, "shadows" of other frequencies produced by the 
side-lobes of the window of the Fourier transform analysis or 
instantaneous frequencies specific to the fundamental 
frequency F0 [12]). Then, we calculate frequencies 
corresponding to the remaining ridge points. These 
frequencies are formant candidates that might be chosen  to 
form formant trajectories. At this point, a set of frequency 
candidates is available for each formant.  

4.4. Continuity constraint 

It is considered that in general, formants vary slowly as a 
function of time what leads to impose a continuity constraint 
in the process of selecting formant frequencies from the set of 
candidates. For the other algorithms based on LPC spectra, the 
continuity constraint used for each formant trajectory  is the
moving average of the LPC roots over its respective frequency 
band [7] [13].  In this algorithm we propose the calculation of 
the centre of gravity for a set of frequency formant candidates, 
detected by the ridge detection stage, as a continuity constraint 
between signal frames. Since the detection of ridges gives 
several candidates close together for one formant, the idea is to 
calculate the centre of gravity of the set of candidates located 
in the frequency band associated to the formant considered. 
The resulting frequency f is given by 
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where fi is the frequency of the ith candidate and pi its spectral 
energy.  
Considering centres of gravity instead of isolated candidates 
allows smooth formant transitions to be recovered. 

5. Results and Discussion 
We used our formant database as a reference to verify the 
accuracy of the proposed algorithm and to compare it with 
other automatic formant tracking methods. This evaluation has 
been conducted on the corpus presented above for the Fourier 
ridge algorithm and the popular open source Praat system 
[13]. To enable a visual comparison, Figures 1, 3 and 4 show 
the automatic formant (F1, F2 and F3) tracking results for the 
same example sentence” ����� ���	�
��
���������� ”(“�atu�Di:ha: 
bi�a:la:mihim” which means “Would you harm her feelings 
with their pains”) pronounced by a female speaker. The first 
figure is the reference obtained by hand, and the other two are 
respectively the result obtained by our algorithm and that of 
the Praat system. The default LPC order used in Praat is 16. 
The size of the window analysis is 25 ms. It can be seen that 
for most of the vocalic portions in the utterances where the 
“dark/high energy” bands in the wideband spectrograms are 
clearly identifiable, both automatic trackers give accurate 
results. Exceptions are occasional errors in F2 and especially 
F3 in the long vowel /I/ for the two algorithms, contrary to the 

short vowel /i/ where both methods reach correct results 
approximately. These errors occur mostly during relatively 
rapid formant transitions. 
       To quantitatively evaluate the proposed algorithm, we 
compare it with the LPC method of Praat using our formant 
database as a reference. So, the evaluation of each method 
consists in calculating the averaging absolute difference (Eq.3) 
and the standard deviation normalized with respect to manual 
reference values (Eq.4) for every formant trajectory (F1, F2 
and F3). We thus examined results obtained for  the short 
vowel /a/, which is the most voiced one in the Arabic language 
[9] [10], within the syllable CV. Table 1 shows the results 
obtained on the vowel /a/ preceded by one consonant from 
every phonetic class for each formant trajectory (F1, F2 et F3) 
and for both tracking method. The CV occurrences were taken 
from the two following sentences pronounced by one male 
speaker: ” ���������� ���������������� ” (“ arafa wa:liyan wa qa:�idan” 
which means “He knew a governor and a commander”)  and 
“�!�������"������#
$��%�$”(“hiya huna: laqad �a:bat” which means “She is 
here and she was pious”). 
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Where rF is the reference frequency, cF  the calculated 
frequency corresponding to both formant tracking methods 
and N  the total number of points  of each formant trajectory. 
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Figure 3: Automatic formant trajectories (F1, F2 and 
F3) obtained by the Fourier ridge algorithm for the 
sentence  “�atu�Di:ha: bi�a:la:mihim”(Would you 
harm her feelings with their pains). 

Figure 4: Automatic Formant trajectories by LPC 
(Praat) for the sentence “�atu�Di:ha: bi�a:la:mihim” 
(Would you harm her feelings with their pains). 

The comparison of the errors shown in Table 1 shows that, 
globally, there is no   big difference in terms of errors between 
the two automatic formant tracking methods except in some 
cases when the vowel /a/ is preceded 1) by a semi-vowel for  
F2 and F3, 2) by a tap for  F3, 3) by a voiced plosive for  F1 
and F2. In these cases the algorithm proposed presents results 
close to the reference, and better results than the LPC method 
especially for  F1 and  F2 (except for F2 when the vowel /a/ is 
preceded by a voiceless plosive).

Table 1. Formant tracking errors measured by 
averaging absolute difference (Hz) and standard 
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deviation (%) between the reference and estimated 
values for the short vowel /a/ within the syllable CV 
with different types of consonant. 

We also notice that in most cases, the Fourier ridge 
algorithm presents large difference errors to the reference for 
F3. Tables 2 and 3 present formant tracking errors measured 
by averaging absolute difference and standard deviation 
between the reference and estimated values for each type of 
vowel, i.e. short vowels (/a/,/i/ and /u/) and long vowels (/A/, 
/I/ and /U/) pronounced respectively by two male speakers and  
two female speakers. Tests have been performed on four 
sentences: ” ����� ���	�
��
���������� ”, �������������������������� ”, “�!���� ���"���� ��#
$� �%�$”, cited 
above, and a last one  &�'�(�#
)��� ��*�
��+, ”(“�asaru:na: 
bimun atafin” which means “They captured us at a bend”).

Table 2. Formant tracking errors measured by 
averaging absolute difference (Hz) and standard 
deviation (%) between the reference and estimated 
values for each type of vowel pronounced by two 
different male speakers. 

Table 3. Formant tracking errors measured by 
averaging absolute difference (Hz) and standard 
deviation (%) between the reference and estimated 
values for each type of vowel pronounced by two 
different female speakers. 

Table 2 shows that results are good especially for the 
vowels (/a/,/A/ et /i/) contrary to the (/I/,/u/ and /U/)  probably 
because of their lower energy. We also notice that the 
proposed algorithm presents better results for the male 
speaker1 (MS1) than for (MS2). Table 3 shows that results are 
good for the vowels (/a/,/i/) for both tracking methods, 
especially for the female speaker 1 (WS1) contrary to (WS2) 
where there are some errors for  F3 and F2 for both 
algorithms. However, results are not very good for the other 
vowels uttered by female speakers whatever the tracking 
method. Finally, it can be concluded that our algorithm 
presents a good reliability especially for sentences pronounced 
by male speakers.  

6. Conclusion 
In this paper, the development of a formant Arabic database is 
presented. Formant trajectories have been labeled by hand and 
checked by phonetician experts. This database is well balanced 
with respect to gender and phonetic contexts. Furthermore, we 
report in this paper an exploratory use of the database to 
quantitatively evaluate a new automatic formant tracking 
algorithm based on the detection of Fourier ridges. This 
algorithm provides accurate formant trajectories for F1 and F2 
and results not as good for F3 in some cases.  Our future work 
will target the improvement of this method especially for high 
frequency formants.  
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