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The paper presents preliminary results of the comparative theoretical and experimental acoustic analysis 
of vibrant sounds in Russian, English and German languages. The undertaken research aims at giving 
description of vibrant allophone systems in the above-mentioned languages. One of the final purposes of 
the research is to find some common and distinctive features of vibrant systems in Russian, English and 
German. Such a database may be applied, e.g., in interactive expert systems for speaker identification, 
computer-mediated language learning systems, for speech synthesis. The results of the experiments can 
be used for further development of the theory of corpora linguistics, comparativistics, forensic linguistics. 
The research is being carried out under the guidance of the Head of the Department of Applied and 
Experimental Linguistics of the Moscow State Linguistic University D.Sc. of Philology, Sc.Degree of 
Professor, Academician of International Informatization Academy Potapova R.K. 

1 Introduction 

In the modern world of rapidly developing new 
information technologies the problem of speaker 
identification automatization is still at the top of the 
agenda, one of its main aspects is creation of new and 
development of existing speaker identification systems, 
databases. 
The formation of representative phonetic databases is 
one of the main conditions for successful speech 
recognition, speech synthesis, speaker identification. 
For many languages such databases have been formed 
for many years and are available now, but still the 
number of standard databases meeting all requirements 
is not very large. The situation with the Russian 
language was even worse: no database of any 
satisfactory quality existed until 2001 when Cognitive 
Technologies wrote a Russian database for Intel 
Corporation [21]. 
Information of the segmental level as well as 
information of the suprasegmental level plays an 
important role in the process of speaker identification. 
Precise acoustic and articulatory properties of sounds 
are necessary for successful speech recognition and 
synthesis. There are still some uncertainties about 
different sound properties. 

2 Brief description of Russian, 
English and German vibrants 

The most widely-spread /r/-sounds in different 
languages are apical [r] (like the Russian one), 
retroflex approximant [�] (typical for American 
English), the so-called "tap", or "flap" [™], produced 

with a delicate touch of the tip of the tongue against the 
alveolar ridge, uvular [r] (like in French). 
Russian palatalized and nonpalatalized /r/-sounds are 
sonorant vibrants by the manner of noise production 
and the type of closure, as for the active speech organ 
they are front cacuminal, alveolar as for the place of 
articulation, voiced regarding the involvement of voice, 
oral taking into consideration the position of the velum 
(the configuration of the vocal tract for /r/ and /r'/ is 
shown in Figure 1 [13]). The open phase of 
nonpaltalized /r/ has the following formant structure: F1 
~ 400-600Hz, F2 ~ 1300-1600Hz, F3 ~ 1800-2300Hz, 
in the close phase the values of F1, F2 are decreasing 
(F3 can hardly be traced in most cases), as well as the 
intensity of formants F1, F2, F3 by ~ 2-15dB, 7-22dB 
and 6-8dB relatively. For /r'/ F2 and F3 are higher than 
for the main variant of nonpalatalized /r/ (F2 ~ 1500-
1900Hz, F3 ~ 2300-2500Hz) [2, 13]. Russian vibrants 
can become voiceless, nasalized, they can be realized 
as flaps. 
 

 

Figure 1: Configuration of the vocal tract  
for Russian /r/, /r'/ 
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English /r/ is a voiced oral post-alveolar consonant 
which exhibits considerable labialization so that the 
following vowel can be labialized. The configuration 
of the vocal tract is rather complicated for this sound: 
there are three constrictions while articulating it: 
between the tip of the tongue and the alveopalatal zone, 
between the dorsum and the pharyngeal wall and in the 
area of the lips (as it is labialized). The typical F-
picture of this consonant is very similar to that of the 
retroflex vowel [Ə ]̃ (that is why /r/ is frequently called 
a semivowel) and can be characterized by the 
following frequencies: F1 – 300 Hz, F2 – 1000 Hz, F3 – 
1600 Hz (a very low F3 can be regarded as a peculiarity 
of this English sound) [2]. The analysis of different 
classifications of English /r/-sounds and preliminary 
experimental analysis allow to speak about the 
following allophones of the English phoneme /r/: 
approximant, rolled, flap, voiceless, fricative, post-
alveolar /r/. After plosives /t/, /d/ vibrants usually turn 
into fricatives, after voiceless sounds they tend to be 
wholly or partially devoiced. 
Linguists usually single out such allophones of 
German /r/ as postdorsal-uvular [R] and [⎝], apical-
alveolar vibrant [r], postdorsal- prevelar [ϱ], laryngeal 
/r/, vocalic allophone [�] [8, 23, 25, 29]. In the initial 
position of a syllable consonant allophones are more 
likely to occur, whereas in the final syllabic position 
after vowels vibrants are either vocalised or 
assimilated. In multisyllabic words and after the long 
[a:] complete assimilation has much greater 
probability. Vibrant allophones are usually devoiced 
after voiceless obstruents [8].  Mean formant 
frequencies for the allophones of German /r/ are shown 
in Table 1. 

Table 1: Mean formant frequencies for [ʁ], [R], [r] 
between vowels and in the context ['bYRgeR] 

Allophone Context F̅1̅ F̅̅̅2̅ F̅3̅ F̅4̅ 

/V-V/ 460 1113 2408 3347 [ʁ] 

/Y-g/ 468 1031 2240 3149 

/V-V/ 480 1205 2291 3095 [R] 

/Y-g/ 486 1082 2328 2966 

/V-V/ 521 1265 1959 2408 [r] 

/Y-g/ 478 1104 1981 2396 

3 Experimental investigation of 
vibrant sounds 

The experimental research is dedicated to the 
examination of acoustic properties of Russian, English 
and German vibrants. There is made an attempt to 
single out the most typical vibrant allophones. The 
singled out allophones were described in acoustical, 
articulatory and contextual terms.  Such factors as the 
position of the neighbouring vowels regarding 
wordstress, the quality of the neighbouring consonants, 
word as well as phrase boundaries were taken into 
account. 

3.1 Method 

In the experiment involving Russian speech 510 
phonetically representative phrases of 3-5 words read 
by male and female speakers served as speech material. 
The phrases included 623 vibrant variants, 72% of 
them were nonpalatalized variants, 28% – palatalized. 
English data base is based on Corpus IViE formed by 
Oxford Phonetic Laboratory and Cambridge Speech 
Center, containing 36 hours of speech data obtained 
from adolescent speakers (six male, six female) from 9 
regions of England.  Taking into account the large size 
of the database for the present study some dialects have 
been chosen and analysed (Cambridge, Cardiff, 
Dublin). Five speaking styles were recorded:  
- 22 phonetically controlled sentences with a range 

of grammatical structures, 
- a read text, the fairy tale 'Cinderella', 
- a retold version of the text, 
- a map task (single sex pairs), 
- discussion on the topic 'smoking'. 
So different types of speech activity were involved in 
the experiment: prepared and unprepared reading (the 
sentences and the fairy tale), spontaneous and 
quasispontaneous speaking (retelling of the fairy tale, 
the map task, dialogues). 
German speech material was formed from the read and 
spoken texts (male and female speakers of different 
age) from CDs and Internet. 
The experimental research included measuring of the 
following parameters: 
− frequencies of the first three vibrant formants; 
− amplitudes of the first three vibrant formants; 
− temporal characteristics: phrase duration, vibrant 

duration and duration of vibrant components. 
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3.2  Hypothesis 

As it is well-known the quality and duration of 
consonants depend on the rhythmic structure of the 
word and the position in the phrase.  
It was supposed that the following factors would 
influence the realization of vibrants: 

− Context 
It may be assumed to be a working hypothesis that the 
quality of neighbouring sounds as well as the position 
in the word and in the phrase will influence the quality 
of the vibrant. For example, voiceless consonants can 
devoice vibrants. 

− Types of speech activity 
It was supposed that the quicker rate of speaking in 
comparison with unprepared reading will lead to a 
greater variety of allophones and duration shortening 
of vibrants and their components. 

3.3  Results 

As a result of the Russian speech material research the 
following most typical allophones were singled out 
with the help of two criteria: 
− ‘quantity’ of vibrant components (for 

nonpalatalized /r/: without any vibrations, with 
one, two, three, four vibrations;  for palatalized 

/r’/: without any vibrations, with one, two 
vibrations); 

− ‘quality’ of vibrant components (for /r/: the main 
variant, fricative, devoiced, nasal, approximant, 
creaky;  for /r’/: the main variant, approximant, 
devoiced, creaky). 

It is noteworthy that the singled out allophones were 
influenced greatly by the context. Thus, for example, 
fricative allophones were pronounced mainly before 
voiced and voiceless fricative sounds, devoiced 
vibrants appeared before and after voiceless plosives, 
before a pause, in the phrase-final position. 
According to the analysis of the English speech 
material it has been found out that English /r/-sounds 
are mainly realised as approximants, less frequently as 
rolled /r/, flaps. Women tend to stay away from 
pronouncing the linking /r/ in spontaneous speech 
unlike men, which coincides with what Laurie Bauer 
claims [24]. As far as the quality of linking /r/ is 
concerned, it was mainly pronounced as an 
approximant which coincides with the statement made 
by some linguists, for example [24]. As we know, 
some phoneticians insist on its being a flap [17], and it 
was actually sometimes the case. Very rarely one could 
come across vibrants in this position. Fig. 2, 3 illustrate 
the spectrograms of linking vibrants as an approximant 
and a vibrant. 

 

Figure 2: English linking /r/ as an approximant 
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Figure 3: English linking /r/ as a vibrant 

As for German vibrants as it was expected partially 
devoiced vibrants appeared after voiceless plosives and 
fricatives. 
Speaking has really influenced the length of the sounds 
under consideration and resulted in shorter vibrants and 
their components. 

4 Summary 

Practically the obtained results can serve for enlarging 
of the existing database and developing of a new 
database for foreign languages of interactive expert 
systems for speaker identification, computer-mediated 
language learning systems. Hopefully the results of the 
undertaken research of vibrant systems in Russian, 
English and German can be used for further 
development of the theory of corpora linguistics, 
linguocriminalistics, comparativistics. 
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