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ABSTRACT 

The present paper is an attempt to find some individual 
characteristics of speakers based on the vowel formant 
analyses of Czech vowels. We give a brief description of 
the Czech vocalic system and observe how this scheme, 
considered as the optimal standard, is realized by several 
speakers. Our characteristics of a speaker are not based on 
absolute physical properties of vowels nor on their com-
parison with referential values, but mainly on the mutual 
relation between vowel areas in one individual vowel 
system, including variability of formant frequencies and 
possible overlapping of two or more areas.  

1. INTRODUCTION 

One of the elementary problems of the speaker recogni-
tion is to find criteria that could be deduced from the ob-
jective analysis, particularly from the acoustic properties 
of speech. Among the individual speaker characteristics, 
the pronunciation of vowels is one of the most remark-
able.  

A phonetic–acoustic description of a language usually 
provides a wider range for formant values, because the 
vowel areas should be large enough to include all possible 
realizations of the vowels uttered by all speakers of this 
language. Although some variability must be expected 
even in one individual speaker, one speaker usually ex-
ploits only a part of the possible range for every vowel: 
this can be called the individual vowel system, and here 
we can find the basic differences between speakers. Be-
sides, if a deviation from the standard appears systemati-
cally by a speaker, it has to be regarded as a part of his 
individual system, and the type and extent of these devia-
tions constitute an important characteristic feature.  

This paper is a continuation of my thesis on vowel differ-
entiation in individual Czech speakers [1]. 

1.1. THE VOWEL SYSTEM OF CZECH 
The vocalic system of Czech consists of 5 short vowels [a 
  o u], 5 long [a: : i: o: u:] and 3 diphthongs [ou, au, 
eu]. The quality of each part of the diphthong being simi-
lar to that of the corresponding monophthongs, we will 
further concentrate only on the latter. The corresponding 
short and long variant should not differ in their quality, 
with the exception of [i:], narrower than []; but only the 
opposition of quantity has the distinctive value. The vowel 
[o:] is found more rarely, only in loan words – but many 
of them quite frequently used – and also as a result of an 
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ssive lengthening, phenomenon which is not treated 
The vowels are pronounced fully in all the positions 
 stress unit, reduction does not belong to the stan-
If reduction of quality or quantity appears, it is al-
a consequence of immediate circumstances and 

ds on the speaker. Differences caused by the influ-
f consonantal context are irrelevant from the system 

of view; previous analyses [2,3] did not come to any 
alizable conclusions. The system can be represented 
riangle scheme containing only the cardinal vowels 
I O U], so it can be considered as a relatively small 

lacement of Czech vowels in the F1/F2 space is 
 in Figure 1. Data for short and long vowels are not 
ted, since, as mentioned above, they should not be 

ent. The extent of the vowel areas is the sum of limit 
 given by several previous works and resumed in 

his range, to which we shall refer as to the referential 
, is supposed to be large enough to include all pos-
ealizations of Czech vowels uttered by all speakers. 
te of it, vowel areas are still clearly discriminated in 
ptimal scheme. The intelligibility of all vowels is 
sary, since there exist many minimal pairs of words 
ing by a single vowel (often inflectional forms of a 
e).  

e 1: Placement of vowel areas in Czech (previous 
)  

possible defect of this scheme is that the earlier 
rements were made in laboratory conditions on 
d vowels or words, so it could be objected that it 

not quite correspond to the situation in connected 
h. Nevertheless, our tests [5] proved that, without the 
rt of a semantic context, listeners follow primarily 
oustic properties of the vowels, and classify them 
ing to the referential (optimal) scheme; it corre-
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sponds thus to the perceptual criteria. For the perceptual 
evaluation, see also [6] – listening tests with synthetic 
vowels confirmed that listeners require a clear discrimina-
tion of the vowel areas.  

2. ANALYSIS 

In our work we investigated individual vowel systems of 4 
male and 4 female speakers of Czech, professional pre-
senters and newsreaders of the public service Czech radio. 
The material for analysis was recorded from the radio 
broadcasts (it was not uttered for the purpose of the analy-
sis). The speech was digitalized at 22 kHz, 16 bit, using 
the Cool Edit software. For every speaker we extracted 
sets of all vowel types; in every set, all positions in the 
stress unit were represented: vowel in the initial – stressed 
– syllable, in the final syllable – before another stress or a 
pause – and in medial syllables between them. The results 
confirmed, that, as we already mentioned, there are no 
significant differences between vowels in these positions, 
therefore we further do not treat them separately.  

Formant frequencies were measured in the centre of the 
vowels, we abstracted from the formant trajectory. Values 
were read from FFT spectrum sections. As the automatic 
computation of formants revealed a high probability of 
error, we preferred their determination by hand and eye. 
Data about the formant structure, F0 and duration of the 
vowels are available; conclusions are made with regard to 
the frequency of the first two formants.  

The measured formant values in Hertz were converted to 
the mel scale, which enables better comparison at different 
frequency zones; conversion equation cited by Traun-
müller [7] was used. 

The absolute extent of formant frequencies for every 
vowel could lead to a partial distortion of the information, 
because it may contain some isolated, non-systematic 
errors (slips of the tongue). To eliminate them, we estab-
lished average formant areas for individual speakers, 
defined as the average frequency of a vowel formant ± the 
standard deviation of the set. This should represent the 
range in which a given vowel is most likely to occur.  

Instead of the more usual F1/F2 plot we display the results 
in diagrams that show the distribution of the areas on the 
frequency axis separately for each formant. Every vowel 
type was assigned a line, where the first line segment 
represents F1, the second one F2. This enables to see more 
clearly the relations between formants. The length of the 
line segments shows the variability of individual occur-
rences of a vowel formant.   

3. RESULTS 

Though our speakers are professionals supposed to ob-
serve the distinct pronunciation required by the orthoepic 
standard of Czech, a high number of deviations appear. 
They consist mainly in moving the vowels toward the 
central – neutral – position, areas of individual vowels are 
closer, which results in overlapping of neighbouring 
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 areas. This phenomenon is mostly a result of an 
sively fast speech rate and is more salient in the 
vowels; the long ones are generally realized more 
ully" as the speaker has more time to finish the 
latory movement, which also means a lower number 
erlapping. For this reason we decided to treat short 
ng vowels separately and, because the short vowel 
stem shows more clearly some individual features, 
ll aim our following work only to this one.  

ARAMETERS OF CHARACTERISTICS 
 2 shows the natural differences between male and 

e speakers, determined anatomically by the length of 
chords and the size and shape of resonance cavities. 
n also see the general tendency of deviations from 

andard scheme. However, the differences between 
ers even within each group are more considerable, so 
e prefer to observe every individual speaker sepa-

. 

e 2: Average areas of short vowel formants for men 
omen, compared to the referential values. 

ry individual vowel system, we can observe three 
parameters visible in the line diagrams: (i) formant 
ility, (ii) F1-F2 distance in the same vowel type, and 
lationship between formants of different vowels.  

e variability is represented by the length of the line 
nts, which corresponds to the double of the standard 
ion of the set. The SD is expressed in the same units 
 original values, in this case in mel. F1 and F2 are 
ed separately for this purpose. According to the 
ility size we can establish a scale for comparison, 
 from low variability (high stability of a formant) – 
ariability is not realistic – to high variability (little 
ty). The degrees are determined with regard to the 
 of values in our set of speakers, and are valid only 
is set. Analysis of a greater set of speakers would be 
le for establishing a generally applicable scale.  

r material the formant variability ranges from 35 to 
el, with the median of 134 mel. F2 has generally 
r variability than F2 in the same vowel type, with 
l exceptions: [a] of speakers 1, 4, 6 and 5 (where 
r F1 variability is particularly salient); [] of speak-
4, and [o] of speaker 3. 
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The relationship between the variability of F1 and F2 of 
the same vowel can be also regarded as belonging to indi-
vidual speaker's characteristics, since there was found no 
dependence generalizable across speakers.    

(ii) The interrelation between F1 and F2 of one vowel is 
often expressed in literature as the F2/F1 ratio (less fre-
quently as F2–F1). This has the advantage of exact nu-
merical values, but they are usually computed only from 
the average – central frequencies. Our diagrams visualise 
the distance between the whole formant areas, so that they 
make it possible to judge of the relative compact-
ness/diffuseness of the vowels and in the same time to 
observe other factors.  

Differences between speakers are apparent particularly in 
the back vowels and [a]: while the F1-F2 distance is con-
stant in some individual systems, it varies considerably in 
other ones.  

(iii) The relationship between different vowels is visible 
on the vertical axis, F1 and F2 separately again. If certain 
vowels have in common a part of the frequency range, it 
appears as partial or total overlapping of two or more 
formant areas. This does not necessarily mean that the 
speaker does not differentiate these vowels; they can be 
clearly distinguished by the other formant. On the other 
hand, it shows us which formant contributes more to the 
differentiation of the vowels in question. One example of 
this are vowels [] and [a] of speakers 2 and 3 (see Figure 
3 and section 3.2.).  

The second formant shows more tendency to overlapping,  
a fact that can be ascribed to the greater variability of F2, 
as we have shown above. This would lead to the conclu-
sion that F1 is more significant for the vowel discrimina-
tion, which is contrary to the significance order estab-
lished for Czech as F2 – F2 by [2]. However, this phe-
nomenon does not appear by all speakers with the same 
intensity. See the next section for more details. 

3.2. SOME INTERESTING CASES 
Here we will have a closer look at some specificities of 
speakers, as an example of what can be detected in read-
ing the line diagrams. 

Noticeable differences between speakers are found in the 
acoustic characteristics of [a], which is an open central 
vowel, with F1 and F2 concentrated in the centre of the 
formant field. This optimal case, however, is found only 
rarely in our material. Speakers often pronounce [a] with 
insufficient openness, which acoustically means the 
lowering of F1 and approaching it to the [] and [o] 
values.  
Even more salient is the approaching of [a] to either [] or 
[o] by the frequency of F2. Different tendencies can be 
observed:  

(i) F2 is raised, near or equivalent to that of []; in articu-
lation terms, the vowel is shifted towards the front posi-
tion. This is particularly the case of speakers 2 and 5. 
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ent significance of F1 and F2 for discrimination of 
owels is illustrated by the case of [] and [a] of fe-
speakers 2 and 3. F2 areas of speaker 2 are overlap-
while F1 areas are clearly separated: F1 can thus be 
ered as distinctive for this speaker. Speaker 3 shows 
ntrary tendency, with F1 areas overlapping by a 

part and F2 nearly separated (as there is still an over-
 her F2, we conclude that this speaker does not 

y discriminate [] and [a]). 

r cases can be found for other vowels and speakers. 
ave it to the reader to make his own conclusions 
igure 3. 

4. CONCLUSION 

s paper we tried to point out what properties of 
er can be seen from his individual vowel system, in 
to contribute to speaker's identification. This is only 
iminary sketch, focused mainly on the method of 
ion and visualisation of factors relevant for the char-
stics. We intend to propound a statistical analysis 
ould enable an automatic processing of the results. 
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Figure 3: Individual vowel systems of speakers: average  

formant areas. 
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