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ABSTRACT 

The investigator uses a non-invasive methodology based 
on a synchronous recording of voice, laryngographic 
signal and subglottal resonance on 2 ‘European’ 
overtone singers and 2 ‘Siberian’ semi-professional 
throat singers. For the upper registers of throat singing an 
extremely short contacting phase was obtained and SQ 
seems to be appropriate to distinguish between both 
phonation types. Lower registers share doublet and triplet 
waveform patterns, but differ significantly in jitter and 
shimmer rates (j < 0.1; sh < 0.15 for ThS). Other findings 
are a narrowed bandwidth of a dominant F2 and an ostinato 
formant between F3 and F4, which are remarkable for all 
throat singing styles.  

1. INTRODUCTION 

The terms overtone singing (OtS) and throat singing (ThS) 
are still often taken as synonyms but differ after a closer 
look extremely in their ‘voice technique’. Singers of both 
types can differentiate at least 5 voice production modes. 
So are for overtone singing modal register (with 2 different 
articulatory settings) and sometimes vocal fry (‘Strohbass’ 
register) described [13]. For throat singing the 
classification matches for the most part with traditional 
terminologies, which otherwise indicate a broader stylistic 
variety [11]. Therefore it needs to be assumed that there are 
certain similarities among styles of the same timbre and 
range. So for this study only articulatory similar OtS and 
ThS styles of the same assumed phonation type and register 
have been selected. Each of these ThS styles inhere 2 
‘substyles’ (tuvan names: höömei, syghyt, kargyraa type 1, 
kargyraa type 2). Endoscopic examinations [[7],[8] [9]] 
discovered that a ventricular-vocal fold register, an 
aryepiglottic-vocal fold mode but also an aryepiglottic-
ventricular fold register [9] in throat singing are 
productively used. The paper presents an investigation that 
serves as pilot study for a corpus of 20 singers from 
southern Siberia (including Mongolia and the Republics of 
the Russ. Fed. Tuva, Gorno-Altai, Hakassia). The intention 
is to find significant characteristics that allow a distinction 
between ‚western’ (modal) overtone singing and South 
Siberian throat singing and that serve as model for further 
studies in other fields based on a non-invasive 
methodology. 
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2. METHODS 

aterial             
ingers were asked to produce sustained passages of 
nt voice production modes and of different vowel 

ies (/o/, /u/, /a/, /e/, /i/) and harmonic structure 
g up and down) on a comfortable pitch. One of the 
rn’ singers had also experience and training in 

-singing. He was asked also to produce voice 
ction modes and singing styles of both categories. All 
recordings on ThS have been carried out during 
ork in southern Siberia in the years 2000-2002. 

 

e 1: signals from voice (Vx), laryngograph (Lx) and 
ttal wave (Sx) – consecutive cycles are ordered along 

dinate axis – EGG serves as basis for synchronizing 
 the point of glottal closure (delay time 1.4 ms) 

ecordings and Acoustical Analysis          
dings were made by connecting a DAT-Recorder 
 TCD-100) and DCC-Recorder (Philips DCC170) 
devices allow a sampling rate of 44.1 kHz) or 

atively by a 4 channel tape recorder (Tascam 



Portastudio 414MKII). For the electroglottographic 
measurement a portable electro-laryngograph (Kay 
Laryngograph Ltd.) was used. And a Lavaliere microphone 
(H&H EM 100 N) served as simple contact ‘accelerometer’, 
being placed on the skin of the singer’s jugular fossa it 
could be hold by the singers themselves while singing [15]. 

Acoustic analysis including fundamental frequency 
perturbation or periodicity analysis of all three signals, 
formant and bandwidth analysis has been done by Praat [5] 
and WaveSurfer [23], cascading of waveforms by Glottal 
Segmentation [10] and harmonicity (NHR) analysis by the 
software MDVP & Multi-Speech (Kay Elemetrics Ltd.).  

4. RESULTS 

4.1 geometry variations of Lx      
Observing the different Lx-waveform shapes several 
deviations from modal (normal) can be stated. So Mod2 
shows a saw type signal with steep closing (contacting) 
phases and peak skewing. And in AEF-VF1 mode in some 
samples a skirt bolging or ramping can be observed [2], 
while for AEF-VF2 an incisive ‘knee’ can be found [4]. 

4.2 contact signal measurements         
The analyses of electro-glottographic values shows already 
for such a small set of samples some articulate differences 
in the investigated Closed Quotient (CQ), Closing Quotient 
(CiQ), Open Quotient (OQ) and Speed Quotient (SQ) 
(Table 1). So SQ seems to be an appropriate dimension to 
differentiate modal (Mod1 and Mod2) and ‘aryepiglottic 
sphinctered modal’ (AEF1 und AEF2). CiQ values support 
the observed steepness and bandwidth measurements. The 
for AEF-VF1 obtained OQ seems unexpectedly high. 

 Mod1 Mod2 AEF-VF1 AEF-VF2 

OQ 0,264 
(0,094) 

0,281 
(0,060) 

0,304 
(0,055) 

0,105 
(0,074) 

CiQ 0,089 
(0,017) 

0,128 
(0,018) 

0,051 
(0,013)  

0,074 
(0,037) 

CQ 0,125 
(0,052) 

0,260 
(0,080) 

0,192 
(0,052) 

0,167 
(0,017) 

SQ 0,189 
(0,062) 

0,349 
(0,094) 

0,123 
(0,052) 

0,122 
(0,021) 

Lx-jitter 0,060 
(0,020) 

0,082 
(0,025) 

0,046 
(0,011) 

0,061 
(0,025) 

Lx-shimmer 0,047 
(0,022) 

0,083 
(0,015) 

0,018 
(0,003) 

0,013 
(0,002) 

Vx-jitter 0,037 
(0,047) 

0,022 
(0,009) 

0,030 
(0,022) 

0,040 
(0,015) 

Vx-shimmer 0,037 
(0,020) 

0,021 
(0,004) 

0,042 
(0,005) 

0,046 
(0,007) 

Table 1: mean values of EGG-measurements (STD in 
parentheses) and frequency perturbation of reinforced 
harmonics and throat singing of two singers 
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phona
e other hand the production modes of the lower 
rs indicate a different interpretation of the vocal fold 
t area signal. Already the endoscopic findings lead to 

ssumption that also ventricular fold contact and 
glottic fold contact is represented in the waveforms 
re 2). For low register styles with a pitch range 
45 to 70 Hz typical double rhythm and triple 

m patters can be found [3] [17]. Though contact 
measurements haven’t been made yet. 
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e 2: overview on the different findings variety of 
ographic waveforms for the low register (40-75 Hz) 

(periodic jitter), shimmer and NHR measurements 
aken on intervalls of quasi sustained passages with an 
ximate duration of 2,5-3s (Table 1 and 2). The 
ed values show for the upper register a rather small 
ling, but also without a clear tendency. Lower register 
 scatter strongly beside vx-jitter. Here ‘kargyraa’ 
es unexpectedly a rate fewer than 10%. [21] 

pulse 

(fry) 
creaky 

VeF-VF 
Kargyraa 

AEF-VF2 

Kargyraa 

er 0,149 
(0,167) 

0,193 
(0,238) 

0,025 
(0,010) 

0,012 
(0,004) 

mmer 0,122 
(0,099) 

0,223 
(0,220) 

0,039 
(0,018) 

0,041 
(0,043) 

le doublets, 
triplets 

single, 
doublets, 
triplets 

doublets doublets 

er 0,220 
(0,122) 

0,137 
(0,043) 

0,062 
(0,045) 

0,025 
(0,020) 

mmer 0,209 
(0,067) 

0,342 
(0,289) 

0,119 
(0,043) 

0,133 
(0,086) 

 2: average perturbation values for ‘low register’ 
tion modes (Note the high variance) 



As for the measured formants and bandwidths of the two 
often as identical presumed types with a very clear 
flute-like sound of reinforced harmonics appears also a 
significant difference in formant enhancement. Especially 
the bandwidth of the ‘melodic formant’ F2 narrows in ThS 
exceedingly (Table 3) [cf. 13, 8].  

 
Figure 3: overlaying LPC and FFT spectra of ThS (left) 
and OtS (right) in upper and lower register 

An other significant attribute over all throat singing styles 
is a F3 (and sometimes F4) ostinato (Figure 3). It is clearly 
associated with a twanging timbre of ThS and serves for the 
tuvan ThS singers also as a quality characteristic [11]. And 
it could also stand for the ability of voice penetrance. 

Noise-to-harmonic ratio (NHR) seems to be aligned with 
the degree of constriction (from Mod1 to AEF-VF2) in the 
upper register of ThS (Table 3). As for the lower register 
the ratio appears significantly higher than MDVP treshhold 
of 0,190. 

Table 3: bandwidth values (mean, sd, median) and 
noise-to-harmonic values (mean) of 2 singers 

The specific subglottal cavity excitation can be observed in 
a plot of cascaded waveforms (Figure 4). The Sx-wave 
shows on one hand a synchronization effect in regard to 
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 Mod1 Mod2 AEF-VF1 AEF-VF2 

FD F1  F1 F2, F3, F4 F2, F3 

B2 
233,8 
(262,7) 
137,5 

167,3 
(206,8) 
84,3 

199,6 
(195,6) 
121,7 

20,95 
(12,20) 
17,75 

NHR 0,073 
(0,021) 

0,108 
(0,018) 

0,209 
(0,063) 

0,473 
(0,159) 

 Creaky Pulse (fry) VeF-VF  AEF-VeF  

FD F1 F1 F1, F2 F1 

B2  
99,0 
(107,6) 
69,7 

179,7 
(186,2) 
106,8 

174,3 
(174,2) 
102,5 

42,7   
(102,8)   
39,9  

NHR 0,406 
(0,085) 

0,729 
(0,044) 

0,980 
(0,127) 

0,458 
(0,065) 
tract shape changes (especially F2) and a dominant 
the chest resonator. On the other hand for low register 
tyles also a douple or triple excitation in Sx would be 
ted – an effect which the material does not support 

 
e 4: subglottal (delay time 1.4 ms) wave of an /aua/ 
e of AEF-VeF phonation mode (style kargyraa)  

5. CONCLUSIONS 

idth measurements validate the auditive impression 
arper enhancement in ThS. The F3/F4 ostinato might 
ntified with the first small resonator of the epilarynx 
r better additus laryngis, since all ThS modes share 
ticulatory adjustment. 

e basis of jitter, shimmer and NHR measures lower 
r of ThS are appearing more homogeneously which 

urse could be explained inter alia by a stronger 
ctive use and focus in training of this genre, the usage 
lse register is not very widespread among OtS 
reters.  

dispersion in OQ and CQ values reflects the 
ainty in marking those phases of the contact signal. 
o consisting problems in imaging those vibratory 
ns it is unlikely to be solved in the near future. 
ially the production modes of all low registers 
te a different interpretation of the vocal fold contact 
signal. Overlaying vibratory patterns of different 
ing masses seem to be present in Lx but without 
able waveform change in Sx. Here a time-based 



subharmonic analysis could be a better attempt [17]. The 
examination of the cascaded oscillogram can be linked to 
spectrographical characteristics in the voice signal, but it 
offers also a more direct view on adjunctive waveform 
behaviour. The subglottal pressure wave shows especially 
time base synchronization effects during the adjustment of 
the vocal tract and subglottal resonator and displays the 
excitation of subglottal cavities. Especially observing the 
articulatory influence seems very promising for further 
inverstigations [8, 14]. 
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