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Abstract
In this study we investigated the speaker discriminating poten-
tial of nasals and fricatives. In the past, vowel formants were
often used for speaker discriminating purposes, but it seems that
they are not the best choice for this task. Our study suggests that
the spectral moments of nasals and fricatives may discriminate
speakers better than vowel formants.
Furthermore, we analysed whether the context of the nasals and
fricatives and the speaking style had any effect on their speaker
discriminating power. The results indicate that a restriction of
the context does not improve the speaker specific features, since
the unrestricted context provided the best F-ratios. In the com-
parison of read and spontaneous speaking style, the latter shows
a slightly better performance.
Index Terms: speaker specific features, nasals, fricatives, con-
text, speaking style

1. Introduction
For speaker discriminating purposes various parameters were
used. Often vowel formants were used for this task such as in
[1] and [2], but measuring the formants of vowels is a quite dif-
ficult task, because there are many parameters which may alter
the results [3].
On the other hand there are fewer studies investigating conso-
nantal parameters. There are some studies which suggest that
especially nasals have a high speaker discriminating potential
[4] - [8]. Nolan describes early studies which analysed isolated
nasals or words and proved them to be useful in speaker recog-
nition systems [4]. Eatock and Mason investigated the speaker
discriminating power of different phonemes, where nasals were
ranked highly, along with vowels [5]. Other researchers see
nasals as less useful than vowels, but still as the best consonants
[6]. Recent studies demonstrated that the nasal formants [7]
and the poles and zeros of their transmission function [8] can
discriminate speakers.
Beside these studies, there are also other properties which make
nasals interesting for speaker discriminating purposes. Since
the nasal cavity is quite stable for one speaker but different
for other speakers, it provides reliable information about a
speaker’s anatomy. In addition, it is impossible to modify one’s
nasal cavity willingly to alter its parameters. Of course it can be
affected by an illness such as a cold, but that causes only tem-
porary changes [9].
The phonetic category of the fricatives contributes largely to
the diversity of the phoneme inventory. Since there are so many
fricatives with different places of articulation, the speaker has
to produce every sound with great accuracy to make it distin-
guishable for the listener [10] - [12]. There are already studies
which indicate that fricatives have properties which predestine
them for speaker discrimination [12] - [16]. First of all, there is
great diversity in the articulation of fricatives between speakers

[13] - [15], which may help to discriminate between them. Us-
ing fricatives for speaker discrimination has even allowed the
discrimination of disguised voices [12]. In a recent study, Ka-
vanagh analysed the spectral moments of the fricative /s/ and
showed their high inter-speaker-variability [16].

2. Our Approach
The literature about nasals and fricatives shows some interest-
ing facts about these phonemes which could help in the field of
speaker recognition. However, researchers are undecided as to
whether nasals and fricatives are useful for this task. This led us
to investigate the nasals and fricatives of the German language
further. As an acoustic feature we used the spectral moments
of the phonemes. This measure has already been used for frica-
tives [16] with good results, but until now it has not been applied
to nasals. Since the spectral moments are easy to measure and
offer a lot of information, we used them in this experiment as a
speaker discriminating feature.
Further, we analysed how context and speaking style influence
the speaker specific parameters of nasals and fricatives. Dif-
ferent studies suggest that all phonemes are influenced by their
context [17] - [21]. To investigate this hypothesis we measured
how speaker specific nasals and fricatives are in different con-
texts. For this we sorted the nasals and fricatives by their con-
text, e.g. whether they occured between vowels (VCV) or con-
sonants (CCC). Maybe one context, makes the phonemes more
speaker specific than others.
While the influence of the context is temporary, the speaking
style (e.g. read speech, spontaneous speech, interview or a di-
alogue) as a global factor affects the entire utterance. Several
studies have already shown some influence of the speaking style
on speaker parameters like f0 or vowel formants [22] - [25].
Therefore, the central question of this paper is whether the spec-
tral moments of nasals and fricatives are useful for speaker
discrimination. What influence does the context have on the
speaker specific of the phonemes? And how does the speaking
style influence the speaker discriminating power of the param-
eters? In this paper we present our preliminary results for three
experiments.

3. Method
In our study we used speech data from two different speech
databases. The first one was the Verbmobil corpus, which con-
tains spontaneous dialogues of German speakers. The record-
ings were made simultaneously by microphone and mobile
phone for 49 male speakers. [26] Those 49 speakers were se-
lected for this experiment. The second corpus was the PhonDat
speech database, which contains read speech from 201 German
speakers [27]. From this database, the utterances of the 49 male
speakers with the most speech material were used for the anal-

Copyright © 2013 ISCA 25-29 August 2013, Lyon, France

INTERSPEECH 2013

2793



m4
m3
m2
m1

0
10
0

20
0

30
0

40
0

50
0

s n m f z C S v x j N h

Figure 1: The F-ratios of the spectral moments of the nasals
and fricatives in spontaneous speech (Verbmobil corpus).

ysis.
The utterances were segmented and labelled automatically us-
ing MAUS [28] and then imported to the EMU speech database
system 2.4 [29]. With the tkassp tool we calculated the short
time spectra for all utterances. The first five vowel formants
were calculated with the snack tool in EMU [29].
Following this, we imported the data to the statistic program R
version 2.13.0 [30]. The relevant phonemes were selected and
the spectrum at the midpoint taken to calculate the spectral mo-
ments. For the vowel formants we proceed analogously.
With regard to the context, we analysed different vowel and con-
sonant contexts, both-sided (e.g. VCV) as well as one-sided
(e.g. VC, CV).
The comparison of read and spontaneous speech revealed the
influence of the speaking style on the F-ratio of the acoustic
parameters.

3.1. Spectral moments

The moments of a spectrum parameterise the shape of the spec-
trum and are defined as follows:

m1 =

∑
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∑
a
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In the formula m stands for the moment of the spectrum,
n defines the order of the moment, a stands for the amplitude
and f for the frequency of the spectrum, in which m1 stands
for the center of gravity, m2 for the distribution of the energy
(variance), m3 for the skewness and m4 for the kurtosis of the
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Figure 2: The F-ratios of the formants of the vowels in sponta-
neous speech (Verbmobil corpus).

spectrum [18].
To analyse fricatives, spectral parameters have been used in sev-
eral studies (e.g. [16], [21]). For the nasals, until now different
parameters were used, but this experiment showed that the spec-
tral moments provide good results for the nasals as well.

3.2. Statistics

As a statistical measure we used the F-ratio, which calculates
the ratio of the inter-speaker-variability and the intra-speaker-
variability of a parameter.

F =
variance of speaker means

mean of speaker variance
(5)

F =
n

m−1

∑m
j=1(μj − μ̄)2

1
m(n−1)

∑n
i=1

∑m
j=1(xij − μj)2

(6)

where n is the number of utterances, m the number of
speakers and xij the value of the parameter in the ith utterance
of the jth speaker [31].
The larger the F-ratio, the higher the speaker discriminating po-
tential. The F-ratio becomes high if either the inter-speaker-
variability is high or the intra-speaker-variability is low. There
are some disadvantages of the F-ratio due to the fact that the
value does not cover the correlation between the single param-
eters [32] and is sensitive to non-normality in the distribution
of the data. One has to take these facts into account when us-
ing this measure. We calculated the F-ratio with an analysis of
variance (ANOVA) in R and plotted the results.

4. Results
4.1. Nasals and Fricatives in comparison with vowels

The results for all the nasals and fricatives show high F-ratios
(Figure 1), whereas only some of the vowels seem to perform
this well (Figure 2).
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Figure 3: The F-ratios of the spectral moments of the nasals
and fricatives in VC context (Verbmobil corpus).

All consonants reached high significance with p < 0.001,
which means that the F-ratio exceeded the critical F-value. For
vowels, most, but not all, had significant F-ratios.
Some of the consonants had especially high values, namely the
nasals /m/ and /n/ as well as the fricatives /s/ and /f/. For this
reason, for the following experiments we used only these four
phonemes.

4.2. The influence of context

The restriction of the context of the nasals and fricatives did not
improve the speaker discriminating power of the parameters.
On the contrary, the F-ratios are lower in all the analysed con-
texts. The context shown in Figure 3 was the most successful
one, but it is still worse than all contexts combined.

4.3. The influence of speaking style

The comparison between the spontaneous and the read speaking
style showed a slight preference for spontaneous speech (Fig-
ure 4). The F-ratios from two of the four spectral moments (m2

and m4) differ significantly.

5. Discussion
5.1. Nasals and Fricatives in comparison with vowels

As the first experiment shows, the nasals and fricatives provide
great speaker discriminating potential. Using the spectral mo-
ments as an acoustic feature, the F-ratio was high for all the
phonemes and especially for the nasals /m/ and /n/ and the frica-
tives /f/ and /s/. For this reason, only these sounds were used in
the following experiments. The vowel formants gave less satis-
factory results. Some vowels proved useful, but all of them had
lower F-ratios than the consonants.

5.1.1. Analysis of error

Since these results are quite surprising, we checked for possible
sources of error, such as mistakes in the automatic segmentation
or formant tracking, or non-normally distributed data.
The automatic segmentation was mostly correct and because we
always measured at the midpoint of each segment, the chance
of missing the right segment was low.
For formant tracking we tried two different tools and chose the
better one, but there is no guarantee for absolute correctness,
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Figure 4: The F-ratios of the spectral moments of the nasals
and fricatives in read speech (PhonDat speech database).

since the true formant values are unknown.
The distribution of the data was mostly normal in the data ex-
amples we checked.

5.2. The influence of context

In the second experiment we investigated the effect of the con-
text on the speaker discriminating power of the nasals and frica-
tives. No restricted context gave higher F-ratios than the unre-
stricted context. It seems that only all contexts combined guar-
antee a good speaker discrimination. An explanation may be
that we always measured at the midpoint of each segment, but
maybe the context did not have a big influence on the phonemes.
Furthermore, the restricted context also provides less speech
material and by that a limitation of the variability.

5.3. The influence of speaking style

The third experiment was a comparison between two different
speaking styles, namely read and spontaneous speech. The re-
sults showed slightly better results for the spontaneous speech.
Maybe the speaker’s individual characteristics are represented
more in spontaneous speech, since the speaker decides what to
say. In read speech the speaker may have less possibilities to
affect the spoken utterance. Given that we used two different
corpora for this comparison, these results are to be considered
as preliminary.

6. Conclusions
Our study suggests that using the spectral moments of nasals
and fricatives have a higher speaker discriminating potential
than vowel formants. Furthermore, it shows that special con-
texts do not help to improve the speaker discrimination power
and that spontaneous speech seems to be somewhat more
speaker specific than read speech.
Next we will analyse the effects of the transmission channel
of the telephone on the speaker specific qualities of nasals and
fricatives. Since the telephone channel has a limited bandwidth,
the spectral features of the phonemes may lose some of their
ability to transmit speaker specific information.

2795



7. References
[1] McDougall K., Nolan, F., “Discrimination of Speakers using the

Formant Dynamics of /u:/ in British English”, ICPhS XVI, Saar-
brcken, 6-10 August 2007.

[2] Rose, P., “Forensic Speaker Discrimination With Australian En-
glisch Vowel Acoustics”, ICPhS XVI, Saarbrcken, 6-10 August
2007.

[3] Harrison, P., “Variability of formant measurements”, master the-
sis, University of York, 2004.

[4] Nolan, Francis, “The phonetic bases of speaker recognition”,
Cambrige University Press, 1983.

[5] Eatock, J. P. and Mason, J. S., “A Quantitative assessment of
the relative speaker dicriminating properties of phonemes”, IEEE,
1994.

[6] Antal, Margit, “Phonetic Speaker Recognition”, in Proceedings of
the 7th International Conference COMMUNICATIONS, S. 7376,
Bucharest, Romania, 2008.

[7] Kavanagh, Colleen, “Speaker discrimination using English nasal
durations and formants”, in The International Association for
Forensic Phonetics and Acoustics, 2010.

[8] Enzinger, E. and P. Balazs, “Speaker Verification using Pole/Zero
Estimates of Nasals”, Analele Universitatii ftimie Murgu”Resita,
2011.

[9] Rose, P., “Forensic Speaker Identification”, Taylor & Francis,
London, New York, 2002.

[10] Stevens, K. N., “Airflow and Turbulence Noise for Fricative and
Stop Consonants: Static Considerations”, The Journal of the
Acoustical Society of America, Vol. 50:1180, 1971.

[11] Gordon, Matthew, P. Barthmaier und K. Sands, “A cross-linguistic
acoustic study of voiceless fricatives”, Journal of the International
Phonetic Association, 32:141174, 2002.

[12] Lorenzen, Ramona, “Eine akustisch-phonetische Untersuchung
zur Stimmverstellung”, master thesis, Christian-Albrechts-
Universitt, 2004.

[13] Narayanan, Shrikanth S., A. A. Alwan und K. Haker, “An articula-
tory study of fricative consonants using magnetic resonance imag-
ing”, Journal of the Acoustic Society of America, 98:13251347,
1995.

[14] Newman, Rochelle S., S. A. Clouse und J. L. Burnham, “The
perceptual consequences of within-talker variability in frica-
tive production”, Journal of the Acoustic Society of America,
109:11811196, 2001.

[15] Silbert, N., De Jong, K., “Focus, prosodic context, and phono-
logical feature specification: Patterns of variation in fricative pro-
duction”, Journal of the Acoustic Society of America, 123, 2769-
2779, 2008.

[16] Kavanagh, Colleen, “Inter- and intra-speaker variability in acous-
tic properties in English /s/” , in The International Assiociation for
Forensic Phonetics and Acoustics, 2011.

[17] Pompino-Marschall, B., “Einfhrung in die Phonetik”, Gruyter,
1995.

[18] Harrington, Jonathan, “Phonetic Analysis of Speech Corpora”,
Wiley-Blackwell, Oxford, 2010.

[19] Munson, Benjamin, “A method for studying variability in frica-
tives using dynamic measures of spectral mean”, Journal of the
Acoustic Society of America, 110:12031206, 2000.

[20] Wilde, L. F., “Analysis and Synthesis of Fricative Consonants”,
Massachusetts Intitute of Technology, 1995.

[21] Shadle, Christine H., Proctor, M. I. and Iskarous, K., “An MRI
Study of the Effect of Vowel Context on English Fricatives”, in
Acoustics, 5101-5106, 2008.

[22] Shriberg, E. et al., “Effects of Vocal Effort and Speaking Style
on Text-Independent Speaker Verification”, Interspeech Brisbane
2008, 609-612, Australia, 2008.

[23] Loakes, Deborah, “A forensic phonetic investigation into the
speech patterns of identical and non-identical twins”, PhD-thesis,
The University of Melbourne, 2006.

[24] Draxler, Ch., F. Schiel und T. Ellbogen, “F0 of Adolescent speak-
ers - First Results for the German Ph@tt Sessionz Database”, BAS
Bavarian Archive of Speech Signals, University of Munich, 2008.

[25] Moos, Anja, “Forensische Sprechererkennung mit der Messmeth-
ode LTF (long-term formant distribution)”, master thesis, Univer-
sitaet des Saarlandes, 2008.

[26] Hess, Wolfgang J., Kohler, K. J., Tillmann H.-G., “The Phondat-
Verbmobil Speech Corpus” in Fourth European Conference on
Speech Communication and Technology, Madrid, Spain. EU-
ROSPEECH 1995.

[27] Schiel, F., Baumann, A., “PhonDat 1 Corpus (Diphon Material) -
General Documentation”, University of Munich, 2009.

[28] Schiel, F., “MAUS Goes Iterative”, in Proc. of the IV. Interna-
tional Conference on Language Resources and Evaluation, Lis-
bon, Portugal, pp. 1015-1018, 2004.

[29] “http://emu.sourceforge.net/”

[30] “http://www.r-project.org/”

[31] Nolan, Francis, “Intonation in speaker identification: an experi-
ment on pitch alignment features”, The International Journal of
Speech, Language and the Law, 9:121, 2002.

[32] T. Kinnunen, “Spectral features for automatic text-independent
speaker recognition”, Ph.D. dissertation, Dept. of Computer Sci-
ence, University of Joensuu, Joennsu, Finland, December 2003.

2796


