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Introduction 
 

Using of voice technologies is challenging approach 
in human computer interaction. Fine structure of speech 
must be revealed for natural voice synthesis and robust 
speech recognition. Spectral analysis is common accepted 
research method for speech analysis. Spectral formants are 
very informative variables of voiced speech sounds. It is 
possible that their movement analysis could help to build 
more accurate model of speech. 

L. Kaukienė [1] analyzed the spectra of unstressed 
vowels in Standard Lithuanian, their acoustic and 
articulations characteristics. The unstressed vowels were 
compared with the stressed ones. She found that low rise 
vowels “a”, “e” have the biggest qualitative reduction. 

R Kliukienė [2] investigated regressive influence of 
palatalized consonants on the spectrum of the short vowels 
in Standard Lithuanian. She found that palatalized 
consonants increase frequency of second formant. 

D. Balbonas, G. Daunys [3] analyzed the formant 
movement of vowel “a” in Lithuanian language. They 
found that formants movement in vowel “a” depends upon 
stress. Sound duration and variation of intensity are 
important parameters, which allow to model pronunciation 
of sound “a”. 

J. M. Hillenbrand, T. M. Nearey [4] examines the role 
of formant frequency movements in vowel recognition.  
They found no evidence of a simple inverse relationship 
between F0 and vowel intelligibility.  

Also they found that spectral change patterns play a 
secondary but quite important role in the recognition of 
vowel quality. The relative importance of formant 
frequency change varies considerably from one vowel to 
the next. The relationships between spectral change 
patterns and vowel identity are guaranteed to be more 
complex when the consonant environment preceding and 
following the vowel is allowed to vary. 

Authors tried to find out how to explain formant 
movement in Lithuanian vowels “a”, “e”, “ė”, “i”, “u” and 
“o”. The first idea was that so happens because of 
reduction. But our investigation revealed that for first two 
formants most influence have stress position in the word. 
Also authors have attempted to find the generalized 

frequencies of the first and second formants of all 
Lithuanian vowels,  

 
Method 

 
The authors recorded the speech of three speakers; 

two males and one female. The speech was recorded in 
quiet environment using computer microphone. For each 
speaker was prepared text with 635 words (774 syllables). 
The whole text have 93 words (152 syllables) with sound 
“a”, 112 words (117 syllables) with sound “e”, 73 words 
(79 syllables) with sound “ė”, 137 words (196 syllables) 
with sound “i”, 97 words (100 syllables) with sound “o” 
and 123 words (130 syllables) with sound “u”. The words 
selected for speech was elected from 1200 frequently used 
words in Lithuanian language. The speaker’s speech files 
with different sounds were divided into separate sound 
files and then using Praat software sounds a, e, ė, i, o, u 
and transition between these sounds and other sounds in 
the concrete word were marked [5]. Marking was made 
manually. Information about marking was saved in Text 
Grid files (Praat extension). Each word has its own Text 
Grid file that contains information about location of 
syllables and empty intervals in the word. Also file 
contains information about the names of syllables, the 
length of word and all marked intervals in the word. 

When using specialized Praat script the points of F0, 
F1, F2, F3 F4 F5 formants at every 10ms were extracted 
from wave file to Excel data sheet, for each word. In the 
end we had 2322 Excel files with formant points and 2322 
Text Grid files. Text Grid and Excel files had used in 
Matlab program as a data for artificial neural network.  

The artificial neural networks (ANN) approach was 
used to find approximation of formants frequency on 
factors. All data was divided into three groups for training, 
validation and testing. So the earlier stopping was 
achieved. The attempts were done to find smallest set of 
factors which best describe formants frequencies. 

 
Results and discussion. 
 

The analysis of formants frequencies distribution of 
vowels for three subjects was done. The results for F1 and 
F2 are presented in Table 1.  The data in the table was 
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collected from formants frequencies distribution in each 
vowel of each subject. For example Fig. 1 shows all 
formants frequencies distribution of vowel “e” for subject 
V1. 
Table 1. Distribution of formant F1 and F2 frequencies 

Formant F1 F2 
Subject/ vowels V1 V2 M1 V1 V2 M1 

a 490-
1090 

300-
750 

590-
1070 

1050-
1620 

1050-
1650 

1070-
1770 

e 410-
1000 

350-
800 

460-
1010 

1300-
2060 

1300-
1700 

1130-
2260 

i 240-
570 

250-
500 

240-
600 

1740-
2410 

1150-
2400 

1740-
2640 

u 310-
750 

250-
450 

230-
640 

690-
2110 

660-
1600 

720-
1620 

 o 470-
770 

320-
610 

430-
910 

710-
1370 

860-
1350 

780-
1300 

ė 330-
580 

300-
660 

340-
820 

1780-
2310 

1340-
2160 

1350-
2540 
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Fig. 1. F1, F2, F3, F4 formants frequencies distribution of vowel 
“e” of V1 subject 

 
Artificial neural network was used to find out how 

formants movement dependence from stress. The best 
results were obtained, when polynomial coefficients of 
intensity regression versus time were used together with 
sound duration and time moment of sample. 

Also the distribution of all formants frequency errors 
after approximation with ANN for all vowels and subjects 
were done. Results of distribution of F1 and F2 formants 
frequency errors are presented in Table 2. 

 
Table 2. Distribution of formants F1, F2 frequency errors 

Formant F1 F2 
Subject/ vowels V1 V2 M1 V1 V2 M1 

a ±100 ±40 ±70 ±80 ±70 ±100 
e ±70 ±40 ±60 ±90 ±40 ±200 
i ±50 ±40 ±60 ±90 ±150 ±150 
u ±70 ±30 ±70 ±110 ±90 ±150 
 o ±50 ±30 ±90 ±110 ±40 ±100 
ė ±30 ±40 ±60 ±50 ±70 ±150 

 
The distribution of remaining errors for vowel “i” (F1 

formant, V1 subject) is plotted in Fig. 2.  
The distribution is close to Gaussian distribution. The 

interval, where the errors most frequently occur is ±50 Hz 
(95%-97% of samples are ±50 Hz range) for F1 and about 
±100 Hz for F2. For F2 formant the bigger error rate was 
found for M1 subject.  

The simulation results of F1 formant (all vowels) 
movement for V2 subject versus time, when other 
parameters are constant (they have their mean values of 

stress group) are shown in Fig. 3–8. The four cases of 
stressed syllables are used (0 – non-stressed, 1 – grave, 2 – 
acute accent, 3 – circumflex). 
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Fig. 2. The distribution of remaining errors for vowel “i” (F1 
formant, V1 subject) 
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Fig. 3. Formant F1 movement during utterance of sound “a” 
versus normalized time in case of differently stressed syllable 
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Fig. 4. Formant F1 movement during utterance of sound “e” 
versus normalized time in case of differently stressed syllable 
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Fig. 5. Formant F1 movement during utterance of sound “i” 
versus normalized time in case of differently stressed syllable 
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Fig. 6. Formant F1 movement during utterance of sound “o” 
versus normalized time in case of differently stressed syllable 
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Fig. 7. Formant F1 movement during utterance of sound “u” 
versus normalized time in case of differently stressed syllable 

0 0.2 0.4 0.6 0.8 1
350

400

450

500

550

600

650

Time, r.u.

F1
, H

z

2 

0 
3 

 
Fig. 8. Formant F1 movement during utterance of sound “ė“ 
versus normalized time in case of differently stressed syllable 
 

The authors analyzed the data in Fig. 3–8 and have 
noticed that there is no difference between vowels “a” and 
“e” in F1. Exception is for the grave stress because the 
frequency of F1 in vowel “a” is higher than in vowel “e”. 
Also analyzes of figures shows that F1 frequency is the 
lowest for non-stressed vowels except vowel “i”. F1 
frequency of vowel “i” for non-stressed is the highest. The 
F1 frequency, for 1, 2 and 3 case stress, is higher in “e” 
and “a” than in “ė”, “i”, “o”, “u”. Fig. 8 shows that vowel 
“ė” do not have the grave stress 

General information about F1 formant for V2 subject 
in Lithuanian vowels is shown in Table 3. Fig. 3–8 and 
Table 1 show us that F1 formant frequency and moving 
way depends on stress. Table 2 shows general information 
about F2 formant for V2 subject in Lithuanian vowels. 

Tables 3 and 4 can be useful for sound synthesis or 
recognition, for example there is a need to synthesized 
sound non-stressed “a”. 

Table 3. F1 formant grouping according stress case for V2 
subject 

Stress / 
case The frequency range, Hz Form of formant 

movement*

 350-550 300-350 325-450 mal mar c 
0 a, e, ė, o u i a, e, i, o ė u 
 500-700 450-550 300-400 mal mar c 
1 a  e, o i, u i a, e u, o 
 500-625 350-500 300-350 mal mar su 
2 a, e ė, u, o i e, ė, o a, u i 
 425-750 375-425 275-325 mal mar su 
3 a, e, ė, o u i a, e ė, o i, u 

*c – constant, mal – Maximum on the left, mar – Maximum on the right, 
su – small up 

 
Table 4. F2 formant grouping according stress case for V2 
subject 

Stress 
/ case The frequency range Form of formant 

movement*

 1200-1500 1425-1725 1050-1300 d sd u ld 
0 a, ė, u e , i o a, ė e u, o i 
 1675-1800 1125-1550 675-950 lu c mar u 
1 i a, u, e o  u, o e a i 
 1625-2400 800-1225 1550-1575 c ld mil d 
2 ė, i o, u, a e a, e ė, i o u 
 1350-1575 1550-2500 850-1225 sd u ld mac 
3 a, e ė, i o, u e, u a, o i ė 

*c – constant, mar – maximum on the right, d – down, u – up, sd  - small 
down, ld – large down, mil – minimum on the left, mac – maximum on 
the centre, lu – large up 
 

The frequency range for F1 is 400-525Hz the same 
frequency range can have: non-stressed “a”, “e”, “ė”, “i”, 
acute accent “ė”, “u”, sound “o” in all situation. So this 
frequency range can be 10 sounds, but the same form of 
formant have only 6 sounds: non stressed “a”, “e”, “i”, “o” 
and acute accent “ė”, “o”. In next step we can add 
information from table 4. The frequency range for F2 is 
1250-1500Hz the same frequency range can have: non-
stressed “a”, “ė”, “i”, “o”, “u”, grave “i”, “u” and 
circumflex “a”. The same form has only non-stressed “a”, 
“ė”, “i”. From both tables only non-stressed “a” and “i” 
have the same frequency range and formant form in F1 and 
F2. Really F2 formant form for sound “a” and “i” are not 
very similar, sure they both are d (down – frequency 
descending) type, but differences is between descending 
style - sound “a” is convex styled, sound “i” is concave 
styled. So the question is it possible, using frequency range 
and formants style, to separate different sounds? 

The authors calculated the generalized frequencies of 
F1, F2 formants for each subject. The centre frequencies of 
Lithuanian vowels are shown in Fig. 9–11. 
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Fig. 9. Generalized frequencies of F1 and F2 for V1 subject 
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Conclusions  
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As in our previous study [3] for sound “a”, we 

obtained that the formant movement of Lithuanian vowels 
depends upon stress. The good approximation of 
experimental results of F1 and F2 by ANN was obtained, 
when the polynomial coefficients of intensity 
approximation upon time were used as input parameters 
together with sound duration and current moment time. 

The map of generalized frequencies of formant F1 
and F2 strongly depends of subject. It is issue for using 
them in speech recognition and future investigations in this 
field are needed. 

 Fig. 10. Generalized frequencies of F1 and F2 for M1 subject 
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Atlikta lietuvių kalbos balsių spektro formantų kitimo analizė. Tyrimui buvo pasirinkti dažniausiai lietuvių kalboje pasitaikantys 
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