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Abstract

This paper investigates the relationships between body height
and formant frequencies in young male adults. A total of 121
speakers were recorded uttering four Chinese vowels. The
body height data of the speakers was close to be normally
distributed, with a large range and standard deviation. Three
subsets of formant parameters: the individual first four
formant frequencies, formant interspaces and the sum of
different formant frequencies were investigated. Moderate but
significant negative relationships were found between most
formant parameters of the three subsets and height.
Comparatively, the strongest correlations were found between
the subset of different formant frequency summations and
height. A regression function was also given through multiple
regression analysis. These results imply that formant
parameters, especially the sum of different formant
frequencies, can provide a relatively accurate indication of
male speakers’ heights.

Index Terms: Standard Chinese, body height, formant
frequencies, correlation, regression

1. Introduction

Formant frequencies and structure are always predicted to
provide reliable cues to speaker’s body size, especially the
height. Hypotheses as such are mostly based on the notion that
the most important determinant of formant parameters in
humans could be the vocal tract length (VTL), and that the
human body height could be correlated with VTL. The latter
has been corroborated by the authors in [1], who measured the
VTLs of 129 normal humans, aged 2-25 years, and revealed a
strong positive correlation between VTL and height (=0.926,
p<0.0001). However, few studies, except for [2], were found
to investigate the correlation between VTL and height in
adults. The authors in [2] investigated 15 males aged from 24-
55 years, and found no significant correlation between VTL
and height (+=0.08). The study, however, is based on a small
sample, therefore the results are questionable.

Compared with the acquisition of the anatomical data of
the vocal tract size, formant frequencies and heights are easier
to be measured. Thus, there has been a rich repertoire of
studies that examined the relationship between formant
frequencies and heights. For adult males, however, the
previous studies have yielded controversial results. Some
authors found no correlation [3-4]. Some studies found

correlations but the results did not reach statistical significance.

For example, [5] found that men with low-frequency formant
and small formant dispersion (Df, defined as the averaged
difference between successive formant frequencies (e.g.,
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(F4-F1)/3 or (F3-F1)/2), and was found to be closely tied to
both VTL and body size of macaques [6]) tended to be taller
(r=—0.36, p=0.06, N=26). In contrast, some studies revealed
significant negative correlations between certain vocalic
formants and height in male speakers. For example, [7]
investigated five Spanish vowels, and found F2 measured in
the vowel /e/ correlated with height significantly (=—0.57,
p<0.01, N=27). [8] explored eight German vowels, and found
a moderate but significant correlation between male speakers’
heights and F3 of [a:] (r=—0.44, p<0.01, N=43). By averaging
two formants, the author also found the maximal correlation
was slightly improved in the case of F3 + F4 of [9:] (r=—0.40).
[9] found heights were significantly negatively correlated with
Df ((F3-F1)/2 (i.e., first three formants were analyzed) in their
study, =—0.32, p=0.024, N=50). In [10], the authors recorded
lists of isolated vowels, words, and sentences spoken in
Canadian English by 34 adult males. Not only Df ((F4-F1)/3
(i.e., first four formants were analyzed) in their study, both
when all vowels were analyzed together and when tokens of
schwa were analyzed separately), but also all four individual
formants of schwa were found to perform a significant effect
that varied with height. [11] investigated formant frequencies
and dispersions of F1-F4 for the vowels /a:/ and /i:/, and only
found a weak but significant negative correlation between F2,
F3, and F4 of /i:/ and height (»=—0.260, —0.299, and —0.320,
respectively, p<0.05, N=60). Recently, A new measure of
formant structure, ‘formant position’ (Pf, which referred to the
average standardized formant values, e.g.,
(F'1+F2+F'3+F'4)/4) was introduced by [12]. The authors
found the Pf was significantly negatively associated with
height in two studies(r=—0.24, p<0.01, N=175; r=—0.38,
p<0.05, N=32, respectively), and claimed that Pf was more
strongly related to height than Df. The findings were
supported by [13], which also found a significant negative
relation between Pf and males’ heights (r=—0.31, p<0.01,
N=176).

Owing to the different methodologies used in the previous
studies, it is hard to compare their results directly. Undeniably,
some studies showed various problems. For example, the
sample sizes were too small (15-43) [3-5, 7-8, 10]; the age
ranges were too large (18- 68 years in [9] and 18-50 years in
[11]); or the height range was too small [3]. Another
influencing factor is that different formant parameters, namely,
individual formants, average of two or more formants, Df and
Pf were used in different studies.

Based on a large and still growing database, the purpose of
this paper is to examine the relationship between body heights
of young Chinese adult males and various formant frequencies
and derived formant measures.



2. Method

2.1. Speakers and Recording

121 male speakers aged 19-30 years (mean 24.4 years,
standard deviation (SD) 2.8 years) were recruited for this
study. All speakers' nationalities were self-identified Han.
They were students (accounting for a large proportion),
teachers, physicians and public servants. None of them had
any noticeable voice and speech disorders. All speakers were
able to speak Standard Chinese fluently. The speech materials
were four monophthongs: [a] (or the character “Wi”, [a>°]), [o]
CBIEY”, D, [, ) and [y] (97, [y*Din two
styles: sustained form and normal-speaking (other three
vowels including [u] were also collected, but not shown here,
because the numbers of valid speakers were less than 100).
Speakers were instructed to produce the sustained vowels at
their comfortable levels of pitch and loudness for at least 2s.
They also were required to read the vowels (or characters)
naturally. Both styles were repeated twice. The SONY ECM-
44B microphone was used to record the materials in sound-
attenuated rooms at Peking University and the Second
Hospital of Dalian Medical University. All recordings were
made at a sampling rate of 22 kHz and 16 bit depth.

2.2. Procedures

2.2.1. Body Height Measurement

The body height was measured without shoes from a steel
measuring tape (millimeters) stick affixed to a wall
Measurements were made to the nearest 1 millimeter.

2.2.2. Acoustic analysis

Wavesurfer [14] was chosen to extract formant values using
the LPC-based algorithm. The steady-state segment of the
vowel was chosen by hand for formant tracking. Generally, the
center frequencies of first four formants values (F1-F4) were
obtained automatically with the default settings. All
measurements were compared with automatically extracted
values and visual estimates based on the gray-scale
spectrogram (bandwidth 250Hz). When values generated were
judged to be incorrect, such as lower formants were skipped or
F4 and F5 merged, the LPC spectra would be recomputed with
altering(increasing) the LPC order and/or number of formants
until the LPC peak displayed overlaid on the spectrogram
properly. Meanwhile, if the four repeats of one vowel sounded
very different and the formants displayed large discrepancies,
the vowel would be discarded from analysis. F1-F3 were
measured for all valid vowels. If F4 was not clearly enough on
the spectrogram, in few cases, F4 was judged to be
unmeasurable. Finally, the formant frequencies of four repeats
were averaged for calculation.

We then computed the combination of F1-F4 of each
vowel in two different ways and formed other two subsets of
formant parameters. One was the interspace between two
different formants (DFI), including six new variables: F4—F1,
F4-F2, F4-F3, F3-F2, F3—F1 and F2-F1. Another was sum
of formant frequencies (SFF) , including eleven new variables:
F1+F2, FI+F3, F1+F4, F2+F3, F2+F4, F3+F4, F1+F2+F3,
F1+F2+F4, F1+F3+F4, F2+F3+F4 and F1+F2+F3+F4. For
correlation and regression analysis purposes, the new three
variables (F4-F1, F3—-F1 and F2-F1) and another three
variables (F1+F2, F1+F2+F3 and FI1+F2+F3+F4) were
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equivalent to the widely used parameter Df and recently found
parameter Pf, respectively, though they were not averaged or
standardized.

2.2.3. Statistical analysis

Pearson’s correlation and multiple regression approach were
made to estimate the relationship between height and formant
parameters using IBM SPSS, version 19.

3. Results

3.1. Descriptive statistics

Figure 1 shows the histogram of all 121 speakers’ heights
(quantized in terms of 5 cm bins). The number of speakers
across each bin are also displayed. The distribution is close to
be normal. The height ranges from 155.0 cm to 197.6 cm
(mean 176.6 cm, SD 8.9 cm).

Table 1 provides a summary of the mean, minimum,
maximum and the SD of individual F1-F4 measures of all
speakers. N stands for the number of valid speakers measured.
There are three, one and two speakers’ data that were
disregarded for the vowel [a], [i] and [y], respectively.
Meanwhile, F4 of five and three speakers were unmeasurable
for the vowel [a] and [3], respectively.
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Figure 1: Histogram showing height distribution

Table 1. Mean, min, max and SD for individual F1-F4.
N means the number of valid speakers measured.

\Y F(Hz) Mean Min Max SD N
[a] Fl1 780 646 934 62 | 118
F2 1195 1011 | 1485 92 | 118
F3 2644 2117 | 3013 181 | 118
F4 3594 3124 | 4243 184 | 113
[2] Fl1 515 408 673 47 | 121
F2 1136 932 1468 | 97 | 121
F3 2586 2146 | 3009 169 | 121
F4 3463 | 2962 | 3920 | 217 | 118
[i] F1 285 | 219 | 359 | 31 [ 120
F2 2188 1764 | 2608 | 161 | 120
F3 3077 | 2751 | 3583 | 169 | 120
F4 3658 | 3130 | 4269 | 194 | 120
[yl F1 284 | 225 | 376 | 32 [ 119
F2 1902 1632 | 2150 | 105 | 119
F3 2265 | 2003 | 2628 | 122 | 119
F4 3283 | 2960 | 3652 | 154 | 119
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Table 2. Pearson’s correlation coefficients between formant frequencies of [a], [2], [i]and [v]and height.

Formants Parameters (Hz) [a] [a] [i] [yl
Individual formant | F1 —0.409 % * -0.025 -0.116 —0.155
frequencies (IFF) F2 —0.358%*x* —0.365%*%* —0.484%*%* —0.446%**

F1-F4 F3 —0.183* —0.280% —0.380%%* —0.399%**

F4 -0.196* —0.361%** —0.460%** —0.475%%

Different formant | F4—F1 —0.061 —0.369%** —0.426%%* —0.444% %
interspaces F4-F2 -0.021 —0.205* -0.063 —0.196*
(DFT) F4-F3 ~0.008 ~0.168 ~0.170 —0.165
F3-F2 -0.001 -0.068 0.078 -0.020

F3-F1 -0.043 —0.281%* —0.340%** —0.370%**

F2-F1 -0.108 —0.336%%* —0.457%%* —(0.383%**

Sum of formant F1+F2 —0.414%** —(.322 %% —0.494%** —0.470%**

frequencies (SFF) | F1+F3 —0.288%* —0.260%* —0.41]%%* —0.402%%*
F1+F4 —0.291%* —0.338%** —0.484 % —0.485%**
F2+F3 —0.322%%% —0.392%** —0.509%** —0.457%%*
F2+F4 —0.318%* —0.430%%* —0.542%%* —0.529%*%
F3+F4 —0.244%* —0.366%** —0.46]1*** —0.519%**
F1+F2+F3 —0.378%** —0.369%** —(.525% % —0.465%**
F1+F2+F4 —0.369%** —0.408%** —0.555%#* —(.539%#*
F1+F3+F4 —0.304%* —0.35] %% —0.479%%* —0.521 %%
F2+F3+F4 —0.330%** —0.420%** —0.528%** —0.531%**
F1+F2+F3+F4 —0.369%** —0.404%** —0.54] *** —0.536%**

Significant level (2-tailed): *p<0.05. **p<0.01. ***p<0.001.

3.2. Correlation and regression for all speakers

The Pearson’s correlation coefficients between 21 formant
parameters of each vowel and speakers’ body heights are
shown in Table 2. The 21 parameters are divided into three
subsets, which are individual formant frequencies (IFF), DFI
and SFF.

For vowel [a], all IFFs (F1-F4) significantly negatively
correlate with height. The predictive power of higher formants
(F3 and F4), however, was poorer than of the lower formants
(F1 and F2). No significant correlations between the six DFI
parameters and height were found. In contrast with DFI,
significant negative relationship between all eleven SFF
variables and height were observed. The minimum and
maximum 7 value were —0.244 (F3+F4) and —0.414 (F1+F2),
respectively. The best predictive variable was FI1+F2
(r=-0.414, p<0.001), followed by F1 (r=—0.409, p<0.001). For
vowel [o], F2, F3 and F4 (but not F1) were found to be
significantly negatively related to height. F4—F2 and three
other variables (F4-F1, F3-F1 and F2-F1), which were
equivalent to Df, were significantly negatively associated with
height. Similarly, all eleven SFF variables were observed to
correlate with height significantly negatively. The best
predictive variables of three subsets showing in red were
F2(r=—0.365, p<0.001), F4-F1(=—0.369, p<0.001), and
F2+F4(=—0.430, p<0.001), respectively. Compared with
vowel [a], the situation of vowel [i] was basically the same: F2
to F4, except for F1 were significantly negatively linked to
height. Three variables equivalent to Df were significantly
negatively associated with height. All eleven SFF variables
were shown to associate with height significantly negatively.
However, the best predictors of three subsets showing in red
were F2(r=—0.484, p<0.001), F2—F1(r=—0.457, p<0.001), and

F1+F2+F4(r=—0.555, p<0.001), respectively. Generally, it was
evident that the predictive power of vowel [i] was better than
of vowel [a]. For vowel [y], the situation was also comparable
to vowel [o] and [i]. We found significant negative
correlations between F2, F3, F4, F4-F2, three variables
equivalent to Df and all SFF variables and height. The best
predictors of three subsets were F4(r=—0.475, p<0.001),
F4-F1(r=—0.444, p<0.001), and FI1+F2+F4 (=—0.539,
p<0.001), respectively.

As a whole, all formant variables correlated with height
negatively, except for F3—-F2 of [i]. More than two IFF
variables of each vowel significantly negatively correlated
with height. Most DFI variables (including Df) of vowel [a],
[i] and [y], but not of [a], were good predictors for height. The
SFF variables (including Pf) showed better predictive ability
than IFF and DFI. The maximum correlation coefficient of
cach vowel was found in the SFF subset, which was displayed
in red. An example of one significant correlation was
illustrated in scatter plots for F1+F2+F4 of vowel [i] with
height (Figure 2).

Subsequently, multiple regression analysis was performed
to estimate height from formant parameters. Firstly, for each
vowel, IFF variables (F1-F4) were selected as the independent
variables. Then all IFF variables of the four vowels (4*4=16 in
all) were mixed together as the independent variables. Finally,
all DFI and SFF variables ((6+11)*4=68 in all) were combined
together as the independent variables. Due to the multi-
collinearity between independent variables, a stepwise method
was chosen for all regression analyses. The selection criteria
for adding and removing variables, based on F-test were set by
F<0.05 and F>0.1, respectively. Results of five effective
models were shown in Table 3. Better results were obtained
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when DFI and SFF variables were included in the model. The
regression function with the largest R coefficient was:
Height = 300.575 — 0.008* i(F1+F2+F4)

—0.008* y(F1+F2+F3+F4) — 0.017* o(F2-F1)
In addition, from Table 2 and Table 3, we could find that
the R value for collection of different formants of each vowel
was very similar to (slightly bigger than) the r value for the
sum of homologous formants, suggesting that the new derived
variables (SFF) increasing the predictive ability effectively.

2004 R? Linear = 0.308

Height (cm)

T T T T
5500 8000 8500 7000
F1+F2+F4 of [i] (Hz)

Figure 2: Scatter plots for F1+F2+F4 of [i] (Hz) with
height(cm).

Table 3. Results of five effective regression models.

Vowel Variables R adj. R? Std.error
[4] F2,F4 0.448 0.187 8.006
[yl F2,F4 0.529 0.268 7.469
[i] F1,F2,F4 0.566 0.302 7.446

Mixed i(F4), y(F3), 0.577 0.314 7.319

2 (F2)
Mixed | i(F1+F2+F4), 0.619 0.365 7.039
y(F1+F2+F3+
F4), 2 (F2-F1)

4. Discussion and Conclusion

This study found that there were significant negative
relationships between adult male speakers’ heights and both
individual formant frequencies (IFF) and derived formant
variables, namely, DFI and SFF. The results disagreed with
the findings of [3-5]. The discrepancies could be attributed to
several factors: the size or height range of the sample
population were too small for an effective test (which would
underestimate the underlying correlation), or different formant
variables were used in the earlier studies. We found IFF had
strong relationships with height. However, formants with
different order and of different vowels showed variations. (As
one reviewer pointed out that, it was unclear why the higher
correlation happened on certain vowels, like [i] and [y].
Certainly, further studies were needed.) These results were
supported by [7-8, 10-11], who found that certain order
formant frequency of certain (not all) vowel did have a
moderate but significant correlation with height. In the present
study, by contrast, most IFFs of all investigated four vowels
strongly associated with height. One possible explanation is
that the sample size was larger, and the height distribution
clearly trended to be normal with a large range and SD in our
study. Different from other three vowels, unexpectedly, F1 of
[a] showed better estimation accuracy than the higher
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formants, which needed further studies. In line with studies
[12] and [13] based on large database (175 and 176 speakers),
which reported that Pf strongly related to height, we found that
SFFs as new variables, some of which were equivalent to Pf,
showed the strongest relationship with height. Although DFIs
(including Df) were also found to correlate with height, the
correlations were slightly weaker. One possible explanation
was given in [12]: Adding one formant and subtracting
another, as in Df calculation, captures information about
formant spacing but partly cancels information about formant
positions. The results of multiple regression analysis
confirmed the ability of SFFs, and also implied the
effectiveness of combining the formant variables of different
vowels. Although the correlations were significant, anyhow, as
the correlation coefficients were not very high (|r|<0.555,
adjusted R’<0.365), from a practical point of view, the
application of the estimation of adult males’ body heights from
formant frequencies should still be with caution.

This pilot study carries three limitations. Firstly, only four
vowels, other than long materials were investigated. Secondly,
one critical hypothesis of the database is that the height of
whole adult male population distributes normally, and the
current data does not satisfy the real condition of Chinese
young adults very well. Meanwhile, as one recent authoritative
investigation [15] showed that the mean and SD heights of
Chinese school students aged 19 to 22 years were 172.07 cm
and 6.19 cm (N=23770), respectively. The corresponding
values in our study were both larger comparatively, which
would maybe slightly overestimate the underlying correlation.
Thirdly, the results were based on high-quality recordings,
other than telephone calls with restricted frequency.

In conclusion, the present study revealed that there were
moderate but significant negative relationships between adult
male speakers’ body heights and formant parameters, which
included individual formant frequencies, formant interspace
and the sum of different formant frequencies. However, as the
correlation coefficients are not very high, it is suggested that
for forensic purpose the estimation of adult males’ heights
only based on formant frequencies should still be done with
caution. In future studies, more speakers should be recruited to
make the height distribution more practical. Other variables,
such as standard deviation of fundamental frequency [16] and
Long-Term Formant Distribution [17], should also be
integrated. The exploration of adult female speakers will be
interesting as well. Such investigations are currently
undertaken by the authors.
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Abstract

Objective: This investigation analyzes flow glottogram and
electroglottogram (EGG) parameters as well as the relation-
ship between formant frequencies and partials in two male
Kunqu Operaroles, Colorful face (CF) and Old man (OM). Par-
ticipants and Methods: Four male professional Kunqu Op-
era singers volunteered as participants, 2 singers for each
role. Using inverse filtering of the audio signal flow glotto-
gram parameters and formant frequencies were measured
in each note of scales. Two EGG parameters, contact quo-
tient (CoQ) and speed quotient, were measured. Results:
Formant tuning was observed only in 1 of the OM singers
and appeared in a pitch range lower than the passaggio
range of Western male opera singers. Both the CF and the
OM role singers showed high CoQ values and low values of
the normalized amplitude quotient in singing. For 3 of the 4
singers CoQ and the level difference between the first and
second partials showed a positive and a negative correlation
with fundamental frequency (F0), respectively. Conclusions:
Formant tuning may be applied by a singer of the OM role,
and both CF and OM role singers may use a rather pressed

type of phonation, CF singers more than OM singers in the
lower part of the pitch range. Most singers increased glottal

adduction with rising FO. ©2014'S. Karger AG, Basel

Introduction

Colorful face (CF) and the Old man (OM) are two im-
portant male Kunqu Opera roles. The voice of the CF role
is typically described as ‘resonant’ and ‘vigorous’ and uses
a number of vocal effects. The OM singers, by contrast,
use deep and hoarse voice as they play the roles of middle-
aged or elderly gentlemen. In the tradition of the Kunqu
Opera, both use modal register to sing and recite on stage.
However, the details of the phonation and articulation
method have not been investigated. The voice quality de-
pends on the muscular, aerodynamic, and acoustical con-
ditions in the glottis and the vocal tract. Therefore, it is
relevant to analyze subglottal pressure, voice source and
resonance characteristics associated with the voice tim-
bres of these two roles.

In our previous investigations, both similarities and
differences were found between the OM role and the CF
role with regard to equivalent sound level, fundamental
frequency (F0) and long-term-average spectrum (LTAS)
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[1,2]. As compared with the CF role the OM role showed
significantly higher equivalent sound level and lower
mean FO in singing. The main LTAS peak of the CF role
appeared at higher frequency than that of the OM role
and in both roles this peak was higher in frequency and
wider in bandwidth than in nonsingers’ standard conver-
sational speech. In addition, the CF role singers demon-
strated a speaker’s formant peak in their LTAS curves.
These observations raise the question to what extent these
differences emanate from the voice source and the vocal
tract. Therefore, in the present article, flow glottogram
and electroglottogram (EGG) as well as the formant fre-
quency characteristics will be analyzed.

A flow glottogram shows transglottal airflow versus
time. It reflects glottal opening and closure from the per-
spective of time and airflow amplitude and is commonly
obtained by inverse filtering. This technique eliminates
the contributions of the vocal tract to the output sound.
In cases of high FO it is unreliable or impossible to use.
Hence it is applicable to the voice of CF and OM roles as
their FO ranges are considerably lower than those of oth-
er Kunqu Opera roles.

Several parameters are typically used to characterize
the voice source, such as the peak-to-peak pulse ampli-
tude and the maximum flow declination rate (MFDR).
These parameters seem to be useful to reveal glottal fea-
tures. The peak-to-peak pulse amplitude has been found
to be strongly correlated with the amplitude of the funda-
mental [3, 4]; MFDR has been found to be closely related
to vocal intensity [5], sound pressure level [3], and to sub-
glottal pressure [6]. The ratio between peak-to-peak pulse
amplitude and MFDR, i.e. the amplitude quotient (AQ),
has also been analyzed in the parameterization of the glot-
tal source [7-9] and has been found to systematically re-
flect changes in phonation type [9, 10]. However, it typi-
cally differs between sexes due to the FO differences [9].
Therefore, the normalized version of AQ (NAQ), which
is the product of AQ and FO0, was introduced as a comple-
ment to AQ [11]. NAQ has been used both in speech [12,
13] and singing [10, 14] analyses. High AQ or NAQ val-
ues have been shown to indicate a less adducted phona-
tion type. Closed quotient (ClQ), defined as the ratio be-
tween the closed phase of glottal flow and the period, is a
frequently used time-based parameter. It has been found
to be associated with the level difference between the first
and second voice source partials (H1-H2) [6, 15], and low
values of H1-H2 are typically associated with pressed
voice and strong high-frequency partials [16-18].

The EGG reflects vocal fold contact [19] and is only
indirectly related to glottal airflow [20]. Some EGG pa-
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rameters appear to be related to phonation type, such as
FO, open quotient, contact quotient (CoQ) and speed
quotient (SQ) [21]. The open quotient and CoQ are re-
ciprocal parameters; the former is the ratio between the
de-contact phase of the EGG signal and the fundamental
period while the latter is the ratio between the contact
phase and the period. A high CoQ is typically associated
with a pressed voice while a low CoQ is mostly observed
for breathy voice. The CoQ and the ClIQ are not necessar-
ily equal, since transglottal airflow may occur during in-
complete glottal closure [22]. The definition of SQ is the
ratio between de-contacting phase and contacting phase
in the EGG. In other words, high SQ indicates that the
glottal closing is quicker and the voice has more high-
frequency energy.

Formant tuning or vocal tract tuning is a topic that has
been discussed in recent years [23-27]. It increases the
sound level of the vocal output, and it is assumed to help
the singer avoid register breaks [27-31]. In some male
singing voices, formant tuning has been observed in and
above the passaggio, between the pitches of E4 and G4
[27, 31], while formant detuning has been found in pro-
fessional male opera singers [32]. Two types of formant
tuning have been reported: (1) tuning F1 and/or F2 to a
harmonic partial, and (2) tuning F1 or F2 to a frequency
just above its nearest partial. On the other hand some
singers have been found to keep F1 and F2 constant and
independent of FO.

Method

Four male professional Kunqu Opera singers volunteered as
participants, 2 singers for the CF role (CF1 and CF2) and 2 singers
for the OM role (OM1 and OM2). CF1, CF2 and OM1, who are
performers of the Kunqu Opera Theater of Jiangsu Province, were
recorded in a quiet living room, about 4 x 5 x 3 m. OM1 works at
the Northern Kunqu Opera Theater and was recorded in an an-
echoic room, about 3.6 x 2.6 x 2.2 m. Each singer was asked to sing
as on stage four songs from their respective role repertoires. A
Sony Electret Condenser Microphone, placed off axis on the chest
at 21 cm for all singers, was used to record the audio signals. The
EGG signal was obtained by an EGG system (Electroglottograph
Model 6103; Kay, USA). Those signals were simultaneously re-
corded and digitized with 16 bits resolution at a sampling frequen-
cy of 20 kHz and recorded on dual-channel wav files into the
ML880 PowerLab system. A 1-kHz calibration tone was recorded
and its sound pressure level, measured by means of a TES-52
Sound Level Meter (TES Electrical Electronic Corp., Taiwan,
ROC), was announced at the end of each song. The analyses were
conducted on all /a/ vowels extracted from the recordings.

For formant frequency analysis, the files were converted into
smp format and calibrated by means of the Soundswell Core Signal
Workstation (Hitech Development, Stockholm, Sweden) using the
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sound level calibration tone. Most of the syllables contain more
than one tone. Sections from the middle part of the tone were se-
lected for inverse filtering. The filtering was performed by means
of the custom-made DECAP program (Svante Granqvist, KTH).
It displays waveform and spectrum in separate windows (fig. 1).
The frequencies and bandwidths of the inverse filters are set man-
ually (in the lower window). Then the acoustical signal is filtered
with the inverse of the transfer function associated with the given
formant frequencies and bandwidths and is displayed as a flow
signal (in the upper window). The derivative of the EGG (dEGG)
signal was displayed along the same time axis of the flow glotto-
gram and delayed by about 1 ms, corresponding to the travel time
of sound from the glottis to the microphone. Four criteria were
used to help adjusting the formant frequencies and bandwidths:
(1) aripple-free closed phase; (2) smoothly declining source spec-
trum envelope; (3) synchronicity between the MFDR and the pos-
itive dEGG peak, and (4) the open phase starts no later than the
negative dEGG peak. The reliability of these measures was tested
by comparing them for 32 samples with those independently ob-
tained by the second author. The results showed no significant dif-
ference (paired t test, p > 0.05) from the original formant frequen-
cy results; parameters of a linear correlation between the original
and second measures are listed in table 1.

Analyses of the flow glottograms obtained were carried out us-
ing the Snaq module in the Soundswell Core Signal Workstation.
After manual marking of the period and of the closed phase, the
program calculates the following parameters: (1) F0, (2) MFDR,
(3) AQ, (4) NAQ, (5) H1-H2, and (6) CIQ.

The EGG signals were analyzed using Matlab-based VoiceLab
(Linguistic Lab of Peking University). The low-frequency compo-
nent of EGG signals, which was caused by the up and down laryn-
geal movements, and the high-frequency noise were reduced by
means of the wavelet transform. The moments of glottal contact
and of loss of glottal contact were approximated using the com-
monly used 35% of the EGG amplitude criterion (fig. 2). Three
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Table 1. Slopes, intercepts, correlations, and standard deviations
for the relationships between the formant results determined by
two authors

Roles  Formant Slope Intercept R? Standard
deviation, Hz
CF1 F1 1.54 -441 0.61 28
F2 1.44 -558 0.43 24
CF2 F1 0.88 111 0.89 10
F2 0.76 270 0.83 20
OM1 F1 0.87 112 0.84 14
F2 0.78 227 0.72 11
OoM2 F1 1.34 -314 0.95 9
F2 1.18 -224 0.98 12

parameters were calculated: (1) F0; (2) CoQ and SQ. FO was trans-
formed into semitones and the mean and standard deviation of
CoQ and SQ were calculated for each pitch.

Results

Formant Tuning

Figure 3 shows F1, F2 and harmonic partials for 2 CF
and 2 OM singers. The relationships between formants
and FO were analyzed by means of linear regression,
showing the R? and slope values listed in table 2. F1 and
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Table 2. Correlations and slope constants for the relationships be-
tween FO and F1 and between F0 and F2 for the four participants

Singer F1 F2

R? slope R? slope
CF1 0.29** 0.58 0.20** 0.36
CF2 0.33** 0.23 0.86™** 0.85
OM1 0.00 0.05 0.22* 0.50
OoM2 0.41** 0.50 0.56** 1.12

Correlations significant at the * p < 0.05 and ** p < 0.01 levels
(two-tailed).
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Fig. 3. F1, F2 (big dots) and the harmonics (dotted lines marked with H2-H8). The gray areas represent the fre-
quency ranges that meet the 50-Hz criterion of formant tuning.
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Table 3. Scale tones where F1 and F2 fell within 50 Hz of a harmonic in all measurements of that pitch for the indicated singers

Singers Pitch range Pitch where F1 is close to a harmonic Pitch where F2 is close to a harmonic
CF1 E3-G#4 C#4-D#4, G#4

CF2 E3-G#4 F3, F#3, A3, D4 F3, F#3, G#3, A3, D4, G#4

OM1 C#3-E4 D3, D#3, G3, G#3, B3-D4 C#3, D3, E3, G3, G#3, A#3-D4

OM2 C#3-F#4 C#3-F3, G#3, A3, D#4 C#3, D#3, A3, B3, E4

The second column shows the singers’ pitch ranges.

Table 4. Pearson correlation between indicated flow glottogram parameters

Singers Parameters FO MFDR AQ NAQ H1-H2 ClQ
CF1 FO 1.00 0.66* -0.83* -0.15 -0.75* 0.35*
MFDR 0.66* 1.00 -0.78* -0.55* -0.72* 0.42*
AQ -0.83* -0.78* 1.00 0.65* 0.73* -0.33
NAQ -0.15 -0.55* 0.65* 1.00 0.29 -0.22
H1-H2 -0.75* -0.72* 0.73* 0.29 1.00 -0.59*
CF2 FO 1.00 0.54* -0.91* 0.27 -0.67* 0.38*
MFDR 0.54* 1.00 -0.50* 0.19 -0.54* 0.29
AQ -0.91* -0.50* 1.00 0.12 0.74* -0.52*
NAQ 0.27 0.19 0.12 1.00 0.05 -0.25
H1-H2 -0.67* -0.54* 0.74* 0.05 1.00 -0.78*
OM1 FO 1.00 0.57* -0.84* 0.23 -0.45* 0.18
MFDR 0.57* 1.00 -0.64* -0.28 -0.42%* 0.14
AQ -0.84* -0.64* 1.00 0.31 0.37* -0.31
NAQ 0.23 -0.28 0.31 1.00 -0.10 -0.19
H1-H2 -0.45* -0.42%* 0.37* -0.10 1.00 -0.46*
oM2 FO 1.00 0.57* -0.86* 0.02 -0.24 -0.20
MFDR 0.57* 1.00 -0.65* -0.36% -0.49* 0.06
AQ -0.86* -0.65* 1.00 0.47* 0.23 0.09
NAQ 0.02 -0.36* 0.47* 1.00 -0.02 -0.08
H1-H2 -0.24 -0.49* 0.23 -0.02 1.00 -0.70*

F0 in semitones. Correlations significant at the * p < 0.05 level (two-tailed).

F2 tended to increase significantly with FO (p < 0.01) for
CF1, CF2 and OM2, while for OM1 significant correla-
tion was found only for F2 (p < 0.05). The slope values are
smaller than 1 except for F2 of CF2.

F1and F2 are close to a partial at several pitches (fig. 3).
A frequency difference less than 40 or 50 Hz between F1
or F2 and its nearest partial has been applied as a criterion
of formant tuning [33, 34]. Table 3 lists the tones where
the 50-Hz criterion was met in our material. F1 or F2 was
close to a harmonic in many cases, especially for OM1,
although for nonadjacent scale tones. For most cases in
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the table the formant was close to but not identical with
the frequency of the partial.

Flow Glottogram Data

Many flow glottogram parameters analyzed show a
correlation with other such parameters, as can be seen in
table 4. For all singers: (1) FO is significantly and positive-
ly correlated with MFDR and negatively correlated with
AQ; (2) MFDR is significantly negatively correlated with
AQ and H1-H2. H1-H2 is positively correlated with AQ
and negatively correlated with FO, but only significantly
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Table 5. Slopes of the linear regression between the indicated pairs of parameters
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Singer Parameter pair (independent, dependent)
F0, MEDR Fo, AQ FO, H1-H2 MADR, H1-H2 AQ, MFDR AQ, HI1-H2 H1-H2, CIQ
CF1 66 -0.024 -0.6 -0.006 -2,764 20 -0.010
CF2 74 -0.017 -0.5 -0.003 -3,649 27 -0.015
OM1 132 -0.020 -0.2 -0.001 -6,248 6 -0.016
OM2 121 -0.027 -0.1 -0.001 -4,464 4 -0.019
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Fig. 4. Mean value and standard deviations of CoQ and SQ as a function of F0 in semitones re 55 Hz.

for CF1, CF2 and OM1. The correlation between H1-H2
and CIQ is negative and significant for CF1, CF2 and
OM2, which is consistent with previous research [6, 15].
Linear regression analysis was carried out for param-
eters that showed a significant correlation. Table 5 shows

Formant and Voice Source Properties of
Kunqu Opera Singers

the slopes. In some cases the slopes clearly differed be-
tween roles: MFDR increased more with FO for OM than
for CF; H1-H2 more with AQ for CF than for OM; H1-H2
decreased more with MFDR for CF than for OM, and H1-
H2 decreased more with FO for CF than for OM.
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Table 6. Pearson correlation between the indicated EGG parame-
ters

Singer FO CoQ SQ

CF1 Fo 1 0.75% -0.62*
CoQ 0.75* 1 -0.48*
SQ -0.62* -0.48* 1

CF2 Fo 1 0.55% -0.55%
CoQ 0.55* 1 -0.23*
SQ -0.55% -0.23* 1

OM1 Fo 1 0.40%* 0.04*
CoQ 0.40%* 1 -0.02
SQ 0.04* -0.02 1

oM2 Fo 1 -0.02 -0.54*
CoQ -0.02 1 0.19*
SQ -0.54* 0.19*% 1

FO in semitones. Correlations significant at the * p < 0.05 level
(two-tailed).

For each pitch in the range E3-E4 a paired t test was
run for each of these parameters between singers. No pa-
rameter showed any difference between roles. Singers of-
ten show differences in phonation characteristics be-
tween high and low notes. Therefore the comparisons
with pitch groups seemed relevant. The pitch of A#3 was
chosen as the boundary between high and low notes,
since the EGG parameters showed break points in the vi-
cinity of this note (fig. 4). A paired t test for each param-
eter in the same pitch group between singers showed that,
in the low pitch range, H1-H2 was significantly higher for
the OM role than for the CF role.

EGG Data

Figure 4 shows the mean value and standard deviation
of CoQ and SQ at each pitch for 4 singers. CoQ differs
between singers of the same role, for the CF role in the
low pitch range (E3 to C4, note 19-27, 165-262 Hz), and
for OM role in the high pitch range (A#3 to F#4, note
25-33,233-370 Hz). As for SQ, the 2 CF singers are alike
while the 2 OM singers differ, particularly in the low pitch
range (A#3 to F#4, note 25-33, 233-370 Hz).

The result of a Pearson correlation between F0, CoQ
and SQ is listed in table 6. For singers CF1 and CF2, FO
and CoQ show significant positive correlation; SQ is neg-
atively correlated with FO and CoQ. For OM1, F0 and
CoQ show significant positive correlation. The SQ of
OMLI is discontinuous at A#3 (fig. 4). Both below and
above A#3, it is significantly and negatively correlated
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with FO. OM2, by contrast, shows a significant negative
correlation and his SQ shows a significant positive cor-
relation with CoQ.

Discussion and Conclusion

Assessing occurrence of formant tuning requires two
conditions to be fulfilled: (1) the formant frequency data
must be accurate and (2) there must be a convincing for-
mant tuning criterion. In our case, where the FO distance
between the data points is small, another condition could
be added: (3) that the separation between the formant and
a partial is kept small with changing FO.

Our formant data were derived from inverse filtering,
a well-established method in voice research [35]. The
method often reflects even small errors in filter settings in
terms of drastic flow glottogram deviations from a physi-
ologically realistic shape, or by source spectrum envelope
peaks or valleys near formants. Also, independent deter-
mination by the second author showed no significant dif-
ference from the original formant frequency results.
Hence, our formant frequency data can be assumed to be
reliable.

Adopting the definition of formant tuning proposed
by Henrich et al. [34] we tentatively applied a maximum
separation of 50 Hz between partial and formant. This
frequency difference corresponds to about 2 semitones in
the vicinity of the pitch of E4. At lower FO this criterion
becomes increasingly generous. The FO range of the OM
role goes down to about 140 Hz, so in this case the 50-Hz
criterion needs to be applied with caution. For a low F0,
such as 150 Hz, the probability that this criterion is met
is 67%, while for a high FO0, such as 400 Hz, the probabil-
ity decreases to 25%.

Alternatively, a semitone criterion can be applied.
However, this criterion is also associated with problems.
For high order harmonics, 1 semitone is too large; for ex-
ample the separation between partials number 8 and 9 is
about 2 semitones, so here any formant frequency would
meet the 1-semitone criterion. The semitone criterion is
also problematic in the low FO range since here formant
tuning will apply to rather high partials.

A third criterion would be that the formant is system-
atically shifted between scale tones such that the distance
to its nearest partial is constantly kept narrow. This pat-
tern was observed in the case of OM1 in the pitch range
B3 to D4. Incidentally, this would have contributed to the
lack of correlation between F1 and F0, as shown in table 2.
It may also be mentioned that this pitch range is lower
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than the passaggio of Western male singers, where for-
mant tuning has been reported [27, 31]. A possible reason
why the Kunqu Opera singers apparently avoid formant
tuning is that they strive to maintain vowel quality rea-
sonably independent of FO.

Also by applying the 50-Hz criterion we noted formant
tuning for singer OM1 between B3 and D4. Here, the
maximum distances between formants and partials were
33 and 45 Hz for F1 and F2, respectively. Thus, although
the 50-Hz criterion is not perfect, it is acceptable in this
pitch range.

NAQ, assumed to reflect glottal abduction [11],
showed no correlation with FO for our Kunqu singers.
This suggests that they keep the same degree of glottal
abduction throughout their pitch range. By contrast,
Bjorkner et al. [10] noted that Western baritone singers
showed higher NAQ values on a high than on a low F0.
This suggests that the Kunqu singers produce their high
pitches with firmer glottal adduction than what seems
common among Western baritone singers. Moreover,
normal and pressed voice in normal Western speakers
correspond to NAQ values in the range 0.13-0.16 and
0.10-0.15, respectively [9]. The CF and OM singers’
NAQ values were remarkably low, ranging between 0.06
and 0.12, thus suggesting use of a more hyperfunctional
type of phonation than is common in the Western
world.

MFDR, a parameter closely correlated with subglottal
pressure and representing the strength of vocal tract ex-
citation, was significantly higher for the OM role than for
the CF role. This gives reason to expect that the OM sing-
ers were singing more loudly than the CF singers. This
expectation is corroborated by data published elsewhere
[1]. Furthermore it can be noted that the OM singers in-
creased their MFDR about twice as much with increasing
FO than the CF singers.

H1-H2 has been extensively used in descriptions of
voice source characteristics, low values typically being as-
sociated with pressed voice and strong high-frequency
partials [16-18]. In the low pitch range, the CF singers
showed significantly lower H1-H2 values than the OM
singers. This is consistent with the LTAS analysis show-
ing that these singers, unlike the OM singers, demonstrat-
ed a speaker’s formant near 3 kHz [2]. H1-H2 tended to
decrease with increasing F0 only for CF voices, suggesting
a more hyperfunctional phonation at high pitches. This
conclusion is supported also by the CoQ that tended to
increase with FO, particularly for the CF singers. On the
other hand, as mentioned above the NAQ values showed
no variation with FO. It seems that the relationships be-
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tween these flow glottogram parameters need to be fur-
ther explored in future research.

Most of the mean CoQ for the 4 singers are higher
than the CoQ of pressed phonation reported in previous
investigations, which like us have applied a criterion
threshold of 35% of the EGG amplitude for defining CoQ
[36]. Hence, the current participants used pressed voice
when singing. However, as illustrated in figure 4 differ-
ent singers of the same role behaved somewhat differ-
ently. CF1 varied his CoQ substantially in the low pitch
range as shown by the large standard deviations. Thus,
he apparently varied phonation type between normal
and pressed, and sometimes even breathy. On the other
hand, CF2 kept his phonation mode more constant. Both
OM1 and OM2 tended to increase CoQ with FO in the
low pitch range. Their CoQ values were rather high, sug-
gesting that they both maintained a rather pressed pho-
nation voice.

In conclusion, of the 4 singers only OM1 demonstrat-
ed formant tuning. It was observed in the pitch range B3
to D4, which is lower than the passaggio range of West-
ern male opera singers, where formant tuning has been
observed. With regard to phonation type, both the CF
and the OM role singers showed high CoQ values and
low NAQ values in singing, which suggests a rather
pressed type of phonation. In the low pitch range, the CF
singers seemed to use a more pressed phonation than the
OM singers, and they also showed stronger energy in the
high-frequency range of the spectrum. For 3 of the 4
singers analyzed, CoQ and H1-H2 were positively and
negatively correlated with FO, respectively, which sug-
gests that with rising FO these singers increased glottal
adduction and modified their phonation towards a more
pressed type.
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Loudness and Pitch of Kunqu Opera

*Li Dong, tJohan Sundberg, and *Jiangping Kong, *Beijing, China and 1Stockholm, Sweden

Summary: Equivalent sound level (Leq), sound pressure level (SPL), and fundamental frequency (Fy) are analyzed in
each of five Kunqu Opera roles, Young girl and Young woman, Young man, Old man, and Colorful face. Their pitch
ranges are similar to those of some western opera singers (alto, alto, tenor, baritone, and baritone, respectively). Differ-
ences among tasks, conditions (stage speech, singing, and reading lyrics), singers, and roles are examined. For all
singers, Leq of stage speech and singing were considerably higher than that of conversational speech. Interrole differ-
ences of Leq among tasks and singers were larger than the intrarole differences. For most roles, time domain variation of
SPL differed between roles both in singing and stage speech. In singing, as compared with stage speech, SPL distribu-
tion was more concentrated and variation of SPL with time was smaller. With regard to gender and age, male roles had
higher mean Leq and lower average Fy, MFO, as compared with female roles. Female singers showed a wider F dis-
tribution for singing than for stage speech, whereas the opposite was true for male singers. The Leq of stage speech was
higher than in singing for young personages. Younger female personages showed higher Leq, whereas older male per-
sonages had higher Leq. The roles performed with higher Leq tended to be sung at a lower MFO.

Key Words: Equivalent sound level-Sound pressure level-Fundamental frequency—Kunqu Opera—Task—Condition—

Singer—Role.

INTRODUCTION

The Kunqu Opera is a traditional performing art in China. It has
been handed down orally since the middle of the 16th century
and is revered as the ancestor of all Chinese Operas. It is com-
monly praised for its elegant phrases, wonderful stories, and
beautiful melodies and is performed by at least 10 artists, Jing,
Guansheng, Jinsheng, Laosheng, Fumo, Zhengdan, Guimen-
dan, Liudan, Fuchou, and Xiaochou, each with a special voice
timbre.' The roles can be divided into five groups, namely:

1. Sheng (Young man roles) recites and sings in both modal
and falsetto register. Both Guansheng, who wears an of-
ficer’s hat, and Jinsheng, who wears a headband, change
their voice quality according to the age and identity of the
personages. A Guansheng performer acts as a young king
or a gifted scholar, and his voice quality has been de-
scribed as “broad and bright” having “a heavy oral reso-
nance.” Jinsheng performers often act in love stories and
sing with a brighter, lyrical voice.

2. Dan (Female roles) includes Laodan (Old woman role),
Zhengdan (Middle-aged woman role), Guimendan
(Young woman role), and Liudan (Young girl role). To
portray their different ages and identities, Dan performers
sing with different voice qualities; in general, the older
the personage, the greater the proportion of modal voice.
Thus, Laodan performers recite and sing with loud modal
voice, Liudan performers with falsetto voices, whereas
Zhengdan and Guimendan use both these registers.

3. Jing (Colorful face roles) performers sing with their faces
painted in different colors depending on the identity of
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the personage. The voice quality has been described as
“resonant and vigorous.” Often, they use a series of spe-
cial effects to display different characters, such as voice
bursts and “intense resonance.”

4. Mo (0Old male roles), including Laosheng (Old man role)
and Fumo (second Old man role), recite and sing in modal
register. Laosheng performers play the roles of middle-
aged or elderly gentlemen. The Fumo performer intro-
duces the story at the beginning of the performance.

5. Chou (Buffoon roles), including Xiaochou (Clown role)
and Fuchou (second Clown role), recite and sing with reg-
ister shifts between falsetto and modal. Fuchou pays
more attention to expression than to voice. Xiaochou is
a comical role performed with a loud and clear voice.

Summarizing, the voice timbres mirror the ages, characters,
and identities of the various personages. The voice qualities
deviate dramatically from both conversational speech and
Western operatic tradition, which have been well described in
previous research.>~ In contrast, few attempts have been made
to describe the acoustic characteristics of Kunqu Opera roles
in scientific terms, although these characteristics possess
a general relevance from the point of view of voice science,
illustrating the flexibility of the human voice and exemplifying
how the voice can be used in artistic, musical, and dramatic
contexts. The present study investigates the 1) differences
among roles; 2) differences among singing, stage speech (also
called recitative in Peking Opera®), and reading lyrics; 3) intra-
role differences between songs; and 4) differences between
singers of the same role. The investigation focusses on two pri-
mary acoustic properties of the voice, loudness and fundamental
frequency (Fy), in five Kunqu Opera roles, two female (Young
girl and Young woman), and three male (Colorful face, Old
man, and Young man).

METHODS
Four female and six male professional performers of Kunqu
Opera, aged 25-47 years, volunteered as subjects, two
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TABLE 1.
Ages (y) of the Ten Performers
Roles Young Girl Young Woman Colorful Face Old Man Young Man
Singer 1 45 47 27 46 45
Singer 2 41 27 25 44 27

performers in each of five roles (Table 1). Their professional ex-
periences varied between 7 and 27 years. The singers were told
to sing just as on stage. As there are no songs that are common
to all these roles, the singers were asked to perform three or four
songs of their own choice that belonged to their repertoire at the
time of the recording. The songs had duration of between 2 and
3 minutes and differed in emotional color. The two Young girl

singers sang only three songs because one of the songs was
very long. The singers also recited a section of stage speech.
In addition, all singers read, in modal voice, the lyrics of the
songs chosen, duration between 2 and 3.5 minutes. The lan-
guage differed from Mandarin Chinese but was identical with
what they used in their roles on stage, which actually corre-
sponds to ancient Chinese.
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FIGURE 1. Leqat 0.3 m for reading lyrics, stage speech, and singing. In each panel, the left group of columns shows the Leq values of the reading
of the different lyrics, and the right group the Leq values of stage speech and three or four songs.
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TABLE 2.

The Leq and SPL at 0.3 m Averaged Across the Three or Four Songs Sung and Spoken by the 10 Kunqu Opera Singers

Reading Lyrics Singing Stage Speech

Subject Mean ¢q Meansp, Mean ¢q Meansp, Values Meansp,
Young girl | 73.4 65.52 86.3 77.48 90.2 78.38
Young girl 2 83 73.84 89.3 79.24 93 80.47
Young woman 1 68 60.91 80.7 74.04 86.1 78.39
Young woman 2 77.1 67.8 82.7 74.74 90 81.1
Colorful face 1 75.4 66.42 90.5 83.66 91.7 80.14
Colorful face 2 76.2 68.02 92.1 86.34 91.7 83.61
Old man 1 81.2 71.08 92.6 83.8 89.9 77.52
Old man 2 82.7 72.75 95.4 87.9 98 87.27
Young man 1 73.2 64.06 88.8 81.71 91.5 81.15
Young man 2 73.5 64.85 87.9 79.53 92.9 80.36

The columns marked Reading lyrics refer to the singers’ reading of the song lyrics.

Young girl singer 2 and Old man singer 2, who both are per-
formers of the Northern Kunqu Opera Theater, could be re-
corded in an anechoic room, about 3.6 X 2.6 X 2.2 m, as they
lived in Beijing, the city where the research was carried out.
The other singers, who were performers at the Kunqu Opera
Theater of the Jiangsu Province, had to be recorded in an ordi-
nary room, about 4 X 5 X 3 m. Audio was picked up by a Sony
Electret Condenser Microphone placed off axis at a measured
distance that varied between 15 and 21 cm for the different
singers. All sound level data were normalized to 30 cm. The
signals were digitized on 16 bits at a sampling frequency of
20 kHz and recorded on single channel wav files into ML.880
PowerLab system. Sound pressure level (SPL) calibration was
carried out by recording a 1000-Hz tone, the SPL of which
was measured at the recording microphone by means of
a TES-52 Sound Level Meter (TES Electrical Electronic,
Corp., Taiwan, China). This SPL value was announced in the
recording file together with respective microphone distance.

Two programs were used for analyzing the recordings. Wave-
Surfer-1.8.8p3 was used to measure the F. After converting the
files into the smp format and eliminating pauses longer than 10
milliseconds from the recordings, the Soundswell Core Signal
Workstation 4.0 was used to analyze the equivalent sound level
(Leq). The distribution of SPL values was determined by means
of the Soundswell Histogram module. Statistic analyses were
completed using SPSS 18. Given the small sample Leq and

M Reading lyrics Singing H Stage speech

100

920

80 -+

70 +

Mean Leq @ 0.3m [dB]

60 -

Younggirl Youngwoman Colorfulface  Old man

Young man

FIGURE 2. Leqat 0.3 m, averaged across subjects for the indicated
conditions. The bars represent +one standard deviation.

mean Fy (N <8), the mean values were compared by ¢ test.
For the larger sample of time variation of SPL (N> 360),
a Mann-Whitney U test was used.

RESULTS

Figure 1 shows the Leq for the different singers and tasks. The
within-subject averages across read texts and songs are listed in
Table 2 together with the values pertaining to stage speech.
With regard to the reading of the lyrics, the intrasubject varia-
tion was rather small, whereas the variation between the differ-
ent songs was larger, means 2.5 and 4 dB, respectively. There
were clear Leq differences between the songs sung by the
same singer, which does not seem surprising because the Leq
of singing would depend on the character of the song.

As can be seen in Table 2, the Leq of singing was, on average
across subjects, 12.3 dB (standard deviation [SD]: 3.6 dB)
higher than that of the reading lyrics. Stage speech showed
even higher Leq values, average 15.1 dB (SD: 3.6 dB). For all
roles, the Leq differences between reading lyrics and singing
were significant, and also between reading lyrics and stage
speech (P <0.05). The Leq of stage speech was higher than
that of songs for all singers except Colorful face 2 and Old
man 1. However, only Young woman and Young man roles
showed significant differences between singing and stage
speech (P <0.05). Thus, the Leq values of singing and stage
speech were similar, but both were significantly higher than
that of the reading of the lyrics. Also, the variation among
singers was greater in singing than in stage speech.

The Leq values for the two performers of the same role varied
in many cases. With regard to reading lyrics, the Leq values
were significantly different between the two singers of the
Young girl and of the Young woman roles, and with respect to
singing the two Old man role singers showed significant differ-
ences (P <0.05). The female roles who spoke louder in reading
the lyrics also recited the stage speech and sang louder. For
male roles, in contrast, the Leq of stage speech and singing
had little to do with the Leq of reading lyrics.
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FIGURE 3. Box plot of SPL at 0.3 m. Crosses inside boxes represent the medians. The box represents the value between the first and third quartile

locations. The whiskers represent adjacent values. The horizontal axis labels are acronyms of the singers, Y—young, G—girl, W—woman, M—

man, CF—colorful face, O—old, S—representing singing, and ST—stage speech.

Comparing the five roles, there were some Leq differences
(Figure 2). As a whole, the Leq of male roles were higher
than those of the female roles. In both singing and stage speech,
Colorful face and Old man showed the highest values and Young
woman the lowest, and the differences between roles were
much larger in singing. The Leq of most roles differed signifi-
cantly for singing (P <0.05). Only Young girl and Young man
roles did not show significant difference in singing. With regard
to the age of the characters, the younger females and older
males had higher Leq.

The mean values of SPL were about 10 dB lower than the Leq
values (Table 2). This is not surprising, given the influence of
soft phonation and pauses on the SPL. The mean SPL will
drop considerably if the recorded signal contains long soft or
silent sections, whereas under the same conditions the Leq
will remain similar. The reason is that, unlike the SPL average,
the Leq is calculated on the basis of linear sound pressure.
Therefore, the narrow distribution of SPL values will decrease
the difference between the SPL average and the Leq. The SPL
of singing had a more concentrated distribution compared with
that of stage speech (Figure 3). With respect to the roles, singers
of the same role had similar distributions of SPL, whereas
singers of different roles showed differing distribution in sing-
ing but not in stage speech.

The SPL differences between adjacent voiced segments re-
flect the time domain variation of loudness. As can be seen in
Figure 4, this difference was significantly larger for stage
speech than for singing (P < 0.05), indicating that the variation

e

= Singing Stage speech

=

SN

Mean of the absolute value of
SPL differences between
adjacent voiced segments [dB]

(S S

EERL RN

Old man

Young girl Young woman Colorful face Young man

FIGURE 4. Means of the absolute values of SPL differences be-
tween adjacent voiced segments. The bars represent +one standard
deviation.

was greater in stage speech. For most roles, the variation of SPL
with time differed significantly between roles in both singing
and stage speech (P <0.05; Table 3).

The average Fys, MFO, of the different roles are shown in
Figure 5. As expected, female roles showed higher means
than male roles. For all roles, MFQ was lowest in reading and
highest in stage speech. The differences were significant
(P <0.05), except for singing and stage speech of the Old
man role singers. The MFO for the different roles showed signif-
icant differences for singing (P <0.05), although MFO for
Young girl and Young woman roles were similar. For the male
characters, the younger roles used higher MF0Q. The MFO differ-
ences between singing and stage speech were much larger in the
female than in the male roles.

The means and SD of F, for each singer are listed in Figure 6.
Female singers showed a wider F|, distribution for singing than
for stage speech, whereas the opposite was true for male
singers. Between singers, the SDf, showed great variation for
stage speech but small variation for singing, the latter reflecting
mainly compositional characteristics. The singers of the same
role showed similar SDg, for the same task except for the Old
man role. The female singers showed smaller SD, than male
singers when reciting stage speech.

Comparing the data shown in Figures 2 and 5, interesting re-
lationships between mean Leq and MFO can be observed for the
different roles. Within roles, there was a positive correlation,
implying that the MFO was high when the singers produced
a high Leq. In contrast, the roles performed with higher Leq
tended to be sung at a lower MFO. It seems likely that these re-
lationships between Leq and MFO0 belong to the characteristics
of the different roles.

DISCUSSION

Our analyses comprised no more than two singers for each of
the five roles. On the other hand, all singers were professional
and earned their livelihood from singing, suggesting that they
had well-established singing skills and well-controlled voices.
Second, four songs with different emotions were enough for re-
flecting the variations of songs in the same role. The songs of
Kunqu Opera could be divided into two groups, the South
song and the North song. Typically, South songs are smooth,

18



18

2014
Journal of Voice, Vol. 28, No. 1, 2014

TABLE 3.

The P values According to a Mann-Whitney U test (Significance Level 0.05) of the Difference in Time Variation of SPL

Between the Roles in Singing and in Stage Speech

Singing Stage Speech
Young Colorful Old Young Young Colorful Old Young
Role Woman Face Man Man Woman Face Man Man
Young girl 0.000 0.000 0.000 0.000 0.000 0.014 0.904"¢ 0.927"¢
Young woman 0.000 0.160"° 0.001 0.002 0.000 0.000
Colorful face 0.010 0.105"¢ 0.025 0.020
Old man 0.184" 0.831"

Abbreviation: ns, not significant.

whereas North songs are more excited. All roles include both
South songs and North songs except Colorful face; at present,
most songs of that role are of the North song type. Thus, includ-
ing several song samples for each role should have enhanced the
credibility of the results. However, there was only one sample of
stage speech for each singer, which might have limited the rep-
resentatively of the findings. The variance of stage speech
should be considered in the future.

As was shown in Figure 1, some singers’ Leq was higher
when they were reading the text of stage speech than when read-
ing the lyrics of the songs, possibly because they were influ-
enced by the speaking style of stage speech. In fact, they read
the texts of stage speech more emotionally than the lyrics.
When reading the lyrics of the songs, they perhaps adopted their
voice habits of conversational speech.

Considering the age, dialect, and the recording place, some
point should be mentioned. In all roles, singer number 1 was
older than the singer number 2, particularly for Young woman
and Young man. The younger singers showed higher Leq than
the older singers, especially in stage speech. Another factor is
the dialect. Young girl 2 and Old man 2 both came from North
China and their dialect was northern mandarin. The other
singers came from South China, and their dialect was the Wu
dialect, which sounds gentler than Mandarin. The style of north
Kunqu Opera is bold, whereas the style of south Kunqu Opera
was gentle. Although the singers performed similar plays and

mReading lyrics Singing M Stage speech

® 50
5 40
g
‘g = 30 A
5T
¥ 20 A
g 10 -

0 4

Colorful Oldman Youngman

Younggirl Young
woman face

FIGURE 5. The MFO (in semitones re 55 Hz), averaged across sub-
jects for the indicated conditions. The bars represent +one standard
deviation.

used the same language when they were acting, they were prob-
ably influenced by their cultures and dialects. Also, it cannot be
excluded that the different recording conditions between the
north and south groups had an effect. Young girl 2 and Old
man 2 were recorded in a sound-treated booth with an abnor-
mally low reverberation level, which may have caused them
to increase vocal loudness. On the other hand, the Leq differ-
ence was small between the lyrics reading of Old man 2 and
Old man 1, who were recorded in different rooms.

Previous research has found a strong positive correlation be-
tween Leq and MFO in speech produced at different loud-
nesses.® The correlations differed between roles in singing.
The Leq and MFO were only significantly correlated for the
Old man and Young man roles (P < 0.05, R>> 0.9). The songs
sung by each of the singers differed in emotional color, and
this is likely to weaken the correlation. In speech, none of the
correlations were significant (significance level is 0.05). How-
ever, the ranges were narrow both in Leq and in MFO.

In the tradition of Kunqu Opera, the Young girl and the Young
woman roles are performed in falsetto register, whereas the Col-
orful face and the Old man roles use modal register. Mean Leq
and MFO were intermediate for Young man role, and this role
uses modal voice in the lower pitch range and falsetto in the
higher. The relationships between vocal register and Leq and
MFO in Kunqu Opera would be worthwhile to study more in de-
tail in the future.

w B &
G 8 &

FO [in semitones re 55 Hz]
Now
w8

4 4‘ s &
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FIGURE 6. Mean and standard deviation of the distribution of F, (in
semitones re 55 Hz) observed in the 10 Kunqu Opera singers’ singing
of three or four songs and their stage speech. Crosses inside boxes rep-
resent the means. The box represents the positive and negative standard
deviation. Y—young, G—girl, W—woman, M—man, CF—colorful
face, O—old, S—representing singing, and ST—stage speech.

19



Li Dong, et al Kunqu Opera

2014

CONCLUSION

This study explored the differences in Leq, SPL, and F\y among
tasks, singers, conditions, and roles. The interrole difference
was larger than the intrarole difference. The singers of the
same role showed a similar Fy concentration, not only for sing-
ing but also for stage speech. The variation of SPL with time
differed between most roles in both singing and stage speech.

On average, the Leq of stage speech and singing were 15 and
12 dB higher than conversational speech as documented in the
singers’ reading of lyrics. The Leq of stage speech were higher
than singing for all the singers of Young girl, Young woman, and
Young man roles. The between-role Leq differences were
smaller in stage speech than in singing. In singing as compared
with stage speech, the SPL distribution was more concentrated
and the time domain variation of SPL was smaller.

The mean Leq and MFO varied systematically with the sex
and age of the singer. Male roles had higher mean Leq and
lower MFO than female roles. The F distribution of singing, ex-
pressed in semitones, was wider than that of stage speech for
female singers and narrower for male singers. There was not
much difference in F, concentration between singers while
singing. The female singers showed smaller SDf, than male
singers in stage speech. With regard to the ages of the charac-
ters, younger female personages showed higher Leq, whereas

older male personages had higher Leq. The roles performed
with higher Leq tended to be sung at a lower MFO.
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Long-term-average spectrum characteristics of Kunqu Opera
singers’ speaking, singing and stage speech
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Abstract

Long-term-average spectrum (LLTAS) characteristics were analyzed for ten Kunqu Opera singers, two in each of five roles.
Each singer performed singing, stage speech, and conversational speech. Differences between the roles and between their
performances of these three conditions are examined. After compensating for Leq difference LTAS characteristics still dif-
fer between the roles but are similar for the three conditions, especially for Colorful face (CF) and Old man roles, and
especially between reading and singing. The curves show no evidence of a singer’s formant cluster peak, but the CF role
demonstrates a speaker’s formant peak near 3 kHz. The LTAS characteristics deviate markedly from non-singers’ standard
conversational speech as well as from those of Western opera singing.

Key words: Kunqu Opera, LTAS, role, singer’s formant cluster, speaker’s formant

Introduction

The voice timbres of Kunqu Opera singers are sup-
posed to mirror the ages, characters, and identities
of the respective roles, which have been described
elsewhere (1). In our previous investigations, Kunqu
Opera singers’ stage speech, singing, and conversa-
tional speech were found to differ with regard to
equivalent sound level (Leq) and fundamental fre-
quency (F0) (1). These parameters were somewhat
higher for stage speech than for singing, and both
were significantly higher than for conversational
speech. They also differed between roles. However,
Leq and FO differences would not be enough for
describing all relevant acoustic characteristics of the
specific voices of the different Kunqu Opera roles.
Also spectrum differences would be important.
Already Leq differences are typically accompanied
by frequency-dependent effects on the voice source
spectrum (2-5). Furthermore, at high FO singers
may vary the formant frequencies and the distances
between them (6-8). This affects the levels of for-
mant peaks in the spectrum and hence also the voice
timbre. Therefore, an exhaustive description of the

vocal style of Kunqu Opera singing needs to analyze
also spectrum characteristics.

The long-term-average spectrum (LTAS) is an
effective tool for voice analysis. It represents the over-
all spectral characteristics of a voice and typically
stabilizes after 30-40 seconds of running speech
(9-14) and singing (15-18). The LTAS contour
reflects both the voice source and the vocal tract
resonance characteristics. In singing as well as in
speech an LTAS typically shows a peak near 0.5 kHz.
The reason is that F1 is frequently located in this
range. Classically trained Western singers, such as
bass, baritone, and tenor singers, typically display
another pronounced peak in the high-frequency part
of an LTAS, between about 2.5 and 3.3 kHz (8,15).
This peak has been referred to as the singer’s formant
cluster and has been explained as the result of clus-
tering formants 3, 4, and 5 (15). For professional
voice users, such as actors and country singers, a
prominent peak often occurs at a slightly higher fre-
quency, near 3.5 kHz. It has been called the speaker’s
formant (12-14,19). It has been explained as the
result of the closeness of F3 and F4 (14).
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Also the singer’s formant has been explained as
the consequence of a reduction of the frequency dis-
tance between higher formants. Acoustic theory of
voice production (7) predicts that the levels of two
formants generally increase by 6 dB each if the dis-
tance between them is halved. Likewise, vowels with
a high first formant, such as /a/, or a high second
formant, such as /i/, have strong singer’s formants,
and vice versa. Formant frequencies are determined
by vocal tract shape. For example, the singer’s for-
mant is highly dependent on the physiological con-
figuration of the vocal tract, particularly the shape of
the larynx tube and the area ratio between the larynx
tube opening and the pharyngeal tube at the level of
this opening (15).

The amplitudes and frequencies of the LTAS
peaks just mentioned are influenced also by voice
source. The amplitudes of the voice source partials
depend mainly on the maximum flow declination
rate which occurs during the closing of the glottis
(7). If the rate is slow, the amplitude of the partials
in high frequency will be low, and vice versa. The
type of closure also influences the amplitude of the
partials. For example, in ‘breathy’ phonation, in
which the vocal folds fail to close the glottis com-
pletely, the amplitudes of the upper partials are
decreased, which reduces the prominence of the
singer’s formant.

In this investigation, voice characteristics of
Kunqu Opera performers of five traditional roles,
Young girl (YG), Young woman (YW), Young man
(YM), Colorful face (CF), and Old man (OM), are
analyzed in terms of LTAS. The aim was to investi-
gate 1) whether the LTAS of Kunqu Opera singers
are similar in conversational speech, singing, and
stage speech; and 2) whether the Kunqu Opera sing-
ers demonstrate a singer’s formant or speaker’s for-
mant LTAS peak. Comparisons of LTAS of classically
trained Western singers and normal speakers and
those of Kunqu Opera singers are made to illustrate
the differences.

Method

Four female and six male professional performers of
Kunqu Opera used in our previous study (1) were
subjects also for the experiment (Table I). The sing-
ers were told to sing three to four songs just as on
stage. The total duration of the songs, which differed
in emotional color, was 6—18 minutes. The singers
also recited a section of stage speech, which lasted
for 1-3 minutes. In addition, all singers read, in
modal voice and in the style of conversational speech,
the lyrics of the recorded songs. This reading, hence-
forth referred to as reading, took between 2 and 3.5
minutes. The language differed from Mandarin
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Table I. Information of ten performers.

Professional
Age experiences
Roles Singer (years) (years) Gender
Young girl 1 45 25 Female
2 41 21 Female
Young woman 1 47 27 Female
2 27 8 Female
Colorful face 1 27 9 Male
2 25 7 Male
Old man 1 46 27 Male
2 44 25 Male
Young man 1 45 25 Male
2 27 8 Male

Chinese but was identical with what they used in
their roles on stage, which actually corresponds to
ancient Chinese in Ming Dynasty.

YG singer 2 and OM singer 2, who work at the
Northern Kunqu Opera Theater, were recorded in
an anechoic room, about 3.6 X2.6X2.2 m. The
other singers, who are performers of the Kunqu
Opera Theater of Jiangsu Province, had to be
recorded in a quiet living room, about 3.5 X 5 X 3 m;
the background noise was 35 dB(A), and the rever-
beration time was about 0.3 s. Although the room
acoustic was quite different from a typical Kunqu
Opera stage, none of these highly experienced singers
complained about difficulties to control their voices.
A Sony Electret Condenser Microphone, placed off
axis at a measured distance that varied between 15
and 21 cm for the different singers, was used to
record the audio signals (critical distance of the room
was about 75 cm). The signals were digitized on 16
bits at a sampling frequency of 20 kHz and recorded
on single-channel wav files into ML880 PowerLab
system. Sound pressure level (SPL) calibration was
carried out by recording a 1 kHz tone, the SPL of
which was measured at the recording microphone by
means of aTES-52 Sound Level Meter (TES Electri-
cal Electronic Corp., Taiwan, ROC) and then
announced in the recording file together with the
respective microphone distance. All sound level data
were normalized to 30 cm.

The LTAS analysis of the wav files was accom-
plished using the WaveSurfer software (1.8.8p3). The
FFT window length was set to 128-point, the band-
widths of the analysis filters to 303 Hz, and the fre-
quency range to 0—10 kHz. After eliminating pauses
longer than 10 ms from the recordings, LTAS were
computed for each singer’s entire recording in each
condition. The recordings of singing were long, and
those of reading lyrics and of stage speech was rather
short (1-3 minutes). Therefore, for each singer,
LTAS was computed for each 40-second section of
the recordings of singing so as to allow analysis of
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variation. Since the main sound energy appeared in
the frequency range 0-5 kHz, the analysis was lim-
ited to this range. The curves for reading and stage
speech were adjusted so as to compensate for Leq
differences. This compensation was realized by mul-
tiplying the level values by the LTAS mean gain fac-
tors reported in previous research for different
frequency bands (1,5). The gain factor increases with
frequency in the low-frequency range, keeps stable
in the middle range (from 1.3 to 3 kHz) at 1.4 for
male singers and at 1.6 for female singers, and
decreases in the high-frequency range. For instance,
to compensate a difference in Leq of 10 dB between
two voice samples of a male singer, the LTAS level
of the voice with lower Leq is increased by
10X 1.0=10 dB in the 500 Hz frequency band,
while the LTAS level in the 3000 Hz frequency band
is increased by 10 X 1.4 =14 dB. To obtain a quan-
titative measure of L'TAS similarity, correlations (lin-
ear regression) were calculated between pairs of
LTAS curves, using SPSS 18.

FO was extracted using the WaveSurfer software.
The extraction method was ESPS (Entropic Speech
Processing System), using the algorithm of ACF
(Auto Correlate Function); FO was limited from 60
to 900 Hz; the analysis window length was 0.0075 s;
and the frame interval was 0.01 s. The description
statistics were accomplished using SPSS.

Results

After the LTAS had been compensated for Leq differ-
ences (1,5), the differences between them for the three
conditions were substantially diminished, especially for
the CF and OM roles (Figure 1). The LTAS curves
for the three different conditions differ in a similar way
for the two singers of the same role. For the female
singers stage speech showed considerably less energy
in the low-frequency range, up to about 0.6 kHz. This
would depend on their elevated FO range. On the other
hand, for the CF and OM roles, the LTAS curves of
all three conditions are quite alike. For YG, YW, and
YM roles, the maximum peak in stage speech is located
near or somewhat higher than in singing, and the peak
is also narrower. The stage speech curve exhibits sev-
eral peaks. Their center frequencies are close to har-
monic. For example, for YGI1, the center frequencies
of the second, third, fourth, and fifth peaks of the stage
speech appear at 1.8, 2.4, 3.1, and 4.2 kHz, i.e. close
to 3, 4, 5, and 7 times 600 Hz.

Pairwise LTAS comparisons of conditions are
listed in Table II in terms of the determination coef-
ficients. After the compensation for LLeq differences,
the data show higher correlations than the original
data, especially between reading and singing and

2014

between reading and stage speech. This suggests
that Leq variation was an important reason for the
differences between three conditions. With regard
to the correlations between the compensated data,
all of them were significant, and for most singers
reading lyrics and stage speech showed the lowest
similarity; the spectrum level of reading lyrics and
singing were highly correlated (R>>0.9 in 8 of the
10 singers). Thus the LTAS curves of Kunqu Opera
singers’ singing and reading show high similarity.

The voice timbres differ between roles (1), and
LTAS curves can reflect the voice timbre. Thus, it
also seems relevant to examine how the LTAS dif-
fer between the roles. Although in the present study
no more than two representatives of each role were
analyzed, the average LTAS for a role seems worth-
while to study. It should be borne in mind that our
subjects were professional representatives of the
respective roles and hence their voice must contain
typical characteristics of that role. Furthermore,
such an average LTAS will reduce the salience of
individual characteristics. For example, of the two
OM singers, one showed a marked peak near 3000
Hz, while the other did not, so this peak is rather
weak in the average LTAS. On the other hand a
marked peak appeared in this frequency range in
both CF singers’ LTAS, so it became prominent in
the average LTAS, thus suggesting that this may be
a typical property of this role.

The left and right panels of Figure 2 show the
average LTAS for each of the roles for singing and
stage speech. All roles display a main peak between
0.7 and 1.1 kHz; for the CF and OM roles it
appears at somewhat higher frequencies than for
the other roles, for both singing and stage speech.
The curves differ in steepness in the octave above
the main peak. In singing it is more than 16 dB/
oct for the CF and OM roles and much less for
the three young roles, no more than 4 dB/oct for
the YW role. In stage speech the spectrum slope in
this octave is 8 dB/oct for the YM role, 12 dB/oct
for the YG, YW, and CF roles, and 17 dB/oct for
the OM role. A second peak can be observed at 3
kHz. It is particularly marked for the CF role and
the stage speech of the YM role.

To see the LTAS characteristics of Kunqu Opera
singers’ singing and stage speech, it is relevant to
compare their LTAS with that of standard conversa-
tional speech, which has been reported in a previous
study (5). Figure 3 shows how the Kunqu Opera
singers’ LTAS curves deviate from this reference. For
both singing and stage speech, the LTAS level around
1 kHz is higher than the reference. This applies to all
roles. In the female roles’ singing, the LTAS level
between 1 and 2 kHz is much stronger than the
reference. A marked valley occurred in the vicinity of
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Figure 1. LTAS curves for lyrics reading, singing, and stage speech (R, SI, and ST, respectively). The horizontal lines correspond to the
separation of the first and third quartiles of the FO distribution.
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Table II. Coefficients of determiation for the correlations between three conditions for ten singers before and after
compensation of the Leq differences (Original and Compensated, respectively) (5). All correlations are significant.

Reading and singing

Reading and stage speech

Singing and stage speech

Original Compensated Original Compensated Original Compensated
Singers R? Slope R2? Slope R? Slope R? Slope R? Slope R? Slope
Young girl 1 0.78 1.00 0.97 1.16 0.40 0.61 0.76 0.81 0.78 0.76 0.83 0.72
Young girl 2 0.91 1.05 0.93 1.04 0.73 1.01 0.86 1.03 0.84 0.99 0.88 0.96
Young woman 1 0.49 0.84 0.76 1.15 0.32 0.63 0.74 1.01 0.84 0.85 0.87 0.83
Young woman 2 0.92 0.99 0.96 1.10 0.47 0.64 0.73 0.70 0.67 0.74 0.77 0.70
Colorful face 1 0.86 1.03  0.97 0.92 0.77 0.90 0.95 0.82 0.96 0.90 0.96 0.89
Colorful face 2 0.74 1.05 0.93 0.92  0.67 090 0.91 0.83 0.94 0.87 0.94 0.88
Old man 1 0.93 0.87 0.97 0.77 0.96 0.92 0.97 0.83 0.97 1.02 0.98 1.07
Old man 2 0.79 1.24 0.96 1.24 0.71 0.96 0.92 0.96 0.95 0.80 0.96 0.78
Young man 1 0.81 1.03  0.98 0.94 0.71 0.81 0.93 0.72 0.96 0.82 0.96 0.77
Young man 2 0.64 0.84 0.87 0.84 0.37 054 0.76 0.58 0.86 0.79 0.89 0.70

2 kHz for OM and CF roles. Between 1.5 and
4.5 kHz there are between one and three peaks
for most singers. The CF shows a positive deviation
from the reference between 2.5 and 4.5 kHz, and
for the YM role a peak, particularly marked for
stage speech, can be seen around 4 kHz. Less clear
peaks can be observed near 3 kHz for the YG, YW,
and YM roles.

Figure 4 compares the LTAS curves of different
Kunqu Opera singers with those of comparable
Western opera singers (8), using similarity in pitch
range as criterion and the akronyms SI for singing
and ST for stage speech: alto for YGSI, YGST,
YWSI, and YWST; baritone for CFSI, CFST,
OMSI, OMST, and YMSI; and tenor for YMST. In
both singing and stage speech, the main peak of
Kunqu Opera singers’ LTAS curves appears at
higher frequency than for the Western opera singers,
and the LTAS level below the main peak frequency
is clearly lower. However, this may be because the
LTAS curves of the Western opera singers were
derived from commercial recordings in which the
singers were accompanied by an orchestra. In the
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female roles’ singing, the LTAS level between 1 and
2 kHz is much stronger than in the case of Western
altos. The female Kunqu Opera singers and the
Western altos both display an LTAS peak near 3
kHz, which is somewhat higher in frequency and
less marked in the Kunqu Opera singer voices. The
LTAS curves of the CF role show a peak similar to
that of Western baritone singer’s formant cluster,
even though its center frequency is higher. Its level
is comparable for stage speech but clearly weaker in
singing. The LTAS curves of OM role’s singing and
stage speech and YM role’s singing show no obvious
peak in this frequency range. In YM role’s stage
speech, two small peaks present between 2 and 3
kHz, while Western tenor singer’s formant cluster
appears at higher frequency and is more marked.
The standard deviations associated with the
LTAS curves for the ten subjects’ singing are shown
in Figure 5. This standard deviation (SD; ,¢) varies
considerably between roles and singers. It is particu-
larly wide for YW2 and particularly narrow for the
OM and CF roles. For the female roles, the SD; 1, ¢
between 1 and 2.5 kHz is similar to the difference

Meansound level(dB)

-45 T
100 1000

Frequency (Hz)
- = = Meanof CF = = Meanof OM

Figure 2. Mean LTAS of the two singers of the indicated roles.
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Figure 3. Differences between the LTAS of singing, stage speech of Kunqu Opera singers, and standard conversational speech (5). The
LTAS of standard conversational speech was compensated for the Leq difference for the different singers.

between their LTAS for singing and the LTAS for
standard conversational speech (Figure 3). This indi-
cates that for these voices the L'TAS curves vary con-
siderably depending on what segment is chosen for
analysis.

The SD, 1,5 in the frequency range of the singer’s
formant cluster is relevant for determining whether
or not a voice possesses a singer’s formant cluster; a
low SD| ,,¢ would imply that the spectrum level in
the corresponding frequency range shows a small
variation. In the case of the CF role, particularly in
the case of singer 2, the SD| 1,5 is quite narrow in
the frequency range of the singer’s formant cluster.
This means that these singers tended to produce
strong partials in this frequency region. The three
young roles, especially YW2 and YM2, show large
values of SD| 1,,¢ near 3 kHz.

Traditional Kunqu Opera singing is performed
without sound amplification and typically accompa-
nied by a solo Kun bamboo flute. The singer’s for-
mant cluster in Western operatic singing seems to
have been developed in response to the sound qual-
ity of Western orchestra, enhancing partials in a
frequency range where the competition with the
accompaniment is moderate. It is then relevant to
ask if a similar relationship exists between the tim-
bral quality in Kunqu Opera singing and the Kun
bamboo flute. Figure 6 shows LTAS curves, mea-
sured over several minutes of playing of the Kun
bamboo flute for two types of music, ‘south song’
and ‘north song’. Both demonstrate three peaks
below 5 kHz. The main peak appears in the low-
frequency range, near 700 and 1200 Hz. Both show
secondary peaks between 2 and 3 kHz and between
4 and 5 kHz.

Discussion

LTAS curves of most Kunqu Opera singers show one
or more peaks in the high-frequency range. Clear
peaks in an LTAS curve may reflect either of three
conditions or combinations of them: 1) stable for-
mants frequencies; 2) narrow formant bandwidths;
and 3) partials in the corresponding frequency region.
Since the frequencies of the higher formants are
rather constant, the first condition is mostly met.
Regarding the second condition, a long closed phase
will make the bandwidths narrow, and, with respect
to the third, a high FO implies wide separation of
spectrum partials, so that the peaks at high frequen-
cies may reflect both harmonic partials and formants.
Conversely, an LTAS peak will be a sign of a stable
formant when the FO average is low or when the
variation of FO is great. Compared with the CF role,
the YG, YW, and YM roles, who all sing in a high FO
range, showed lower spectrum level at high frequen-
cies. This may be a combined effect of formants and
partials.

A tendency to cluster two formants will result in
a peak at the center frequency of the cluster sur-
rounded by valleys. The singer’s formant is produced
by clustering F3, F4, and F5, and the center fre-
quency of the peak appears between 2.5 and 3.3 kHz,
depending on the voice classification. According to
Bele (14), the speaker’s formant is produced by low-
ering of F4 such that it approaches F3, and the cen-
ter frequency is between 3.15 and 3.7 kHz. Both CF
singers and one of the OM role singers show peaks
near 3 kHz surrounded by valleys, while the other
singers do not. The peak has wider bandwidth
and lower level than the singer’s formant in Western
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Figure 4. LTAS of singing, stage speech of YG, YW, CF, OM, and YM roles and singing of Western opera singers. SI: singing, ST: stage

speech.

baritones’ L'TAS. Thus, it is not comparable to the
singer’s formant cluster but similar to the speaker’s
formant.

Formant frequencies affect the shape of the LTAS
curve, as mentioned. For Kunqu Opera singers, F2
in low vowels, e.g./a/ and/a/, produce a strong spec-
trum peak which tends to extend the main peak up
to 2 kHz. By contrast, the center frequency of the
main LTAS peak in previously published studies of
conversational speech and of Western opera singing
is typically located in a lower frequency range, about
500 Hz. In Kunqu Opera singers’ front vowels, F2
in singing is up to 2.5 kHz and close to F3. This will
raise the level of the second marked L'TAS peak and
form a valley between the main peak and the second
peak, as in the case of the CF singers (Figure 1).

There may be several reasons for the absence of
the singer’s formant cluster in Kunqu Opera: 1) The
presence of a singer’s formant cluster reduces the
differences between vowels, and text intelligibility
may be particularly important in Kunqu Opera;
and 2) the singer’s formant cluster boosts the sound
of the singer’s voice so it can be heard over an accom-
panying orchestra. However, Kun bamboo flute,
which is the most common accompaniment for
Kunqu Opera, shows a peak in the frequency range
of the singer’s formant cluster (Figure 6). Thus, it
has an L'TAS curve totally different from that of a
Western opera orchestra, which shows a rather low
level around 3 kHz. Hence, a speaker’s formant
would be more effective than the singer’s formant
cluster to boost the singer’s voice. For female roles,
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Figure 5. LTAS curves and standard deviations of the different singers’ singing.
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Figure 6. LTAS of Kun bamboo flute.

which show lower Leq than the male roles, the LTAS
levels between 1.5 and 2 kHz are higher than that of
the bamboo flute. This may help the female roles to
cut through the sound of bamboo flute.

Conclusion

LTAS characteristics of Kunqu Opera performers of
the roles YG, YW, YM, CF, and OM were found to
differ between the roles. The CF role demonstrated
a speaker’s formant peak in their LTAS curves. In
singing, the LTAS curves for the performers of the
three young roles showed a great variability near 3
kHz between consecutive parts of the song, as
reflected in terms of large values of SD;p,4. This
implies a great variation of voice timbre and/or vocal
loudness. None of the roles showed a singer’s for-
mant cluster. For all roles the main LTAS peak
showed wider bandwidth and appeared at a higher
frequency in singing and stage speech than in non-
singers’ standard conversational speech. The sing-
ers’ reading differed considerably from their singing
and stage speech, but the substantially lower Leq
seemed to be an important reason for this differ-
ence. Thus, after compensating the LTAS curves for
this difference, the characteristics of reading, sing-
ing, and stage speech became strikingly similar,
particularly for the CF and OM roles. For all roles
the similarity was particularly high between reading
and singing.
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Abstract. This paper has used the modern biological technology, from the perspective of
multimodal, to study on Tibetan speech physiology aspect. Using lip video signals to study the
Tibetan consonants lip changing; using EPG signals to study the tongue palatal contraction when
Tibetan language pronunciation; using voice signal to study the Tibetan voice types; using
respiratory signals to study the reading breathing way for Tibetan language. This study can improve
the basic theory research of Tibetan language level and application level in the information science,
in Tibetan speech physiology synthesis, speech pathology, language teaching and so on also has a
broad application prospect.

B EEEESESHARAE
2IK IR
FILRERFFERKE S XA ERBEAREALRE, 2M, HF, F
Email: lyhweiwei@126.com
EIWAEE FKE

K@ AUE BAES; BABALES REHT PRES 25

FXHE. ACFIARAREERAR, NEEEAETRE 5 EERA. BBV
55, HARMEHENERRL; ELsSEUES, HRABRERSHEEEMEN; @i
RERFT, PIABBHRERL BLPRHESHTE, HABEHRNTRTR. KR
AT AR w8 Y A IR AT FUK P AIZE (R BRI T M N AAKTE, SHEETEEEAR. 5
ERETHG . S HEE T EEEEE AN AR,

1. 3|5

BEREEAORE. FEREA, FENEIUHEZRKE. BiEENEIER RS
B —X, FA=ZKFE: NEAS BASNELFE., FE2NEY T EEhEES
JTHE, HREEEMAL. 55 LNERTEANE=SAFTE: FELERYI L. #BE

978-1-61275-066-8/10/$25.00 ©2014 IERI ICASS 2014
207

30



2014

HRNEE. LA R. BRERTSEOE EHHEANZERE, ERM11EA 5T
FHERFHX A, FIL=R0 5 4 LUE A A kL .

T A TE AR — R (B4R, 1980, 2002; %R, 1985, 1986; HIIFH, 1992;
BEE, 1995; fLILF, 1991, 1995; L3k, 1996, 1997) . FitREA%+HEREES
FREEBBAERELRE, WET —HEAI—RNESFEERE, HET KRNETERNE
MR LY, AT —RFAIMRR, REA B THTRIE S 2R S D EARAEH
LEDARYE

EESRSMATERENEMESHITES S, BEY. BYFSNETEEYNE
AR, EER L, FEEEFEERNARAMESIENTIR. £4EL, RTiRA
P . ODEENRANE, RESHEE, £EESMOBES[R]. AR EKE
AEMEE. BE. B, BAMPRESHEESHRE, BLMiESESHIEE, M
BETRERNAEESY, HIFURE S AT IS 7 R R AR

2. BAHIR

WEERXEREWNEEHRT S, MACEE—ME LTSRN RSEY, FElkaEE
FETRAMEY, AMIBRAHXEERLSESZANXER. BERSE, ®01T LR
BERENFOERAD. REMNEMKE, H3REEFMERERN .

“HEREEE TN RESEHTRE, FiCEMBAENASMES (EIFR) . —%
BREMATRDNSEIEFT 1A, BEaRE: AREE (W) . HEEE (w2) . FESLE
FOE (hD) « FTEAREFOE (h2) . FEASEFOE (h3) . FTEABEIFOE (
hd) . JBAMEHEITOR (hS) « ATMBRE (xoff) \ 2. Ei b ESFa L ELAR
EEA B CnE2ER) .

Pt M

2’“‘*“‘&_ i ,,wf”’
E i, o
B IR moomovon

hp

Wi

Bl B S0E B2 —#gERSEENX

T GEGE R E N S S A RN ERA TR, EiEENssaE
EL T E=FER:

(1) FMTEHMENEE: [nd]. [ndz]. [ndz]. [ndz]. [mb]. [ng]

(2) WIEHE AEE: [hm]. [ht]. [bn]. [he]ls [hk]s [hn]. [hgl. [hts]. [hts]. [htg],
[(Am]\ [Ad]. [An]\ [Az] [Al]s [Az] [Aj]. [An]. [fdz]

(3) FEEHEHNW]: [hwls [Aw]. [kw]

MFRIFTLIRH LA T 4548

(D S EREEFHEANZLINEE30.22-36.282 8, HEFOEFEHETINEE
0.95-5.822 0], SMEREFMIFOFEKELINEZINAK, EIEREBLIEELHATIT
B EAIE

Q2) EFEFETRENMNBRERTTOER, HANTUESLEINERRE, WETF
AEERANEHEE T RSN A,

(3) WETFOERSNEREZ MHELI RN R. EEHEETH, MEREHER
—EEFEE N BETT O 1S T/ .
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R SNEREFHESF OERFER

SMNERE | FFRE SMNEREE | PO

1] ~r i e
REVERE | e | wwe | | BT | n | s
i, nd 36.28 3.62 hk 32.11 182
Eﬂ%g ncz 3058 | 152 htc 3343 | 22
m ndz 32.74 2.26 Am 33.57 2.47
© |ndz 34.55 5.82 fin 32.33 165
hm 34.44 116 | ATEHE | Ain 31.71 4.66
hn 32.29 095 | AMEE | Az 32.83 3.29
» hn, 33.1 421 fiz 33.25 5.53
Eﬂiﬁ hy 3337 2.79 fl 31.92 42
E’F; ht 32.1 132 | peme [ Aw 31.9 4.02
hts 30.95 1.69 )as [bow 32.8 0.99
hts 30.22 2.44 [w] kw 32.56 1.56

he 33.1 2.07
3. BEHIR

&7 (phonation) ZIEFEHESMIERT, URRKHERS AT ERSEE, BEE
BB T EHRRSOAE, BRIFE, URFHERESHTR. BB TS IER,
AU T A FR AR RGN, WMERIGES FF A ES RF RS, BER
FRMWIES) . &FRERMEENESEREENXE.

P71 (Electroglottograph Model) tFRMELAY, FEATFSERET RS =iERKEM
REBHEFRSRT . HRE R — Xt i RN 2 BB S e AR SRS, RE
W—PEEMBERIE S NN TFEN AR, BB NS, YEEsosm, UE]
sEEXRHN, BEHEERD; LEHFHIT, BEMNTTSLFEN, EFAREn (WE3FR) .

EGGESEERFEEM. JFi. B, EEHINESH, BHEEnT.

1) FEH (Pitch) = /A (A) ;

2) FF® (Open Quotient, fEFROQ) = FF4H (C) /A (A) x100%;

3) A7 (Contact Quotient, fEFRCQ) = A (B) /AE] (A) x100%:;

4) HER (Speed Quotient, fEF#RSQ) = FF/EAH (E) /A (D) x100%.

i i

|

#1488

1

% 1} 4aD| ;
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L IS

i i
[ : |

E3 EGGE 54t A

R AT, FFRIAEARRE & — 4 S, BT FHEMmAMENALEY, ~EEE
RINAB+C=A, #MTH0Q+CQ=1 (ME3) . B, XFRFRAERBFHHUTIE, FTERL
AR EANCFHRE (RESTHRS) , HPNSIRKESHRFLRENAT THEB].
LASBE BTG A B, BUal /il /o, 1o/lUANTEE, R2AHTERESSH.
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SHKRAE | a e B 0

Hm 53.7 | 389 [35.0 52.0

WA |206.0 (2142 [212.0 | 216.1

4. AR

EPG( electropalatography)& —F7E & &R T I & & 15 8fil BB AR - EPGREE SE [ BRIE
hE SR A TR, FTUMGTEHENEREGER. BREEANOERIRESE TR
BB (AE6296MREM) , RF\RXENELSERSEMNEREE, FENEMALEESR
EEBRHER QOBMAHRI00KEBEME ) , SFRE UMK RE. EHEET,
$£EXAC. PC. VC. Ant. Pos. CA. CP. CCHEZH.

TC (FHEEAE RN A EALR AR L) =Hefl i Bk (n) & Bk E(62)

AC IS ERIX B TEIAR ) =0 &R DX 4 £ B AR B0 (n)/ 16 R X FEAR B #0(22)

PC (FEREX EAdmAR) =HE A DX Hefil it B AR E (n)/ AR X A 2 50 (24)

VC CREZX BRI =%RA% X Hef (¥ AR (n)/ S X AR S £ (16)

Ant (RTRSHEEARTIRN) =RURS X EAd Y AR S (n)/ AT RS X AR S £2(30)

Pos (JEfSEfTEAR) =/l X &l AR (n)/ /515 X AR B 2(32)

FERTHETEE (CAD

CA=(log(1*(R(8)/8)+9*(R(7)/8)+81*(R(6)/8)+729*(R(5)/8)+6567*(R(4)/8)+59049*(R(3)/8)+5
31441*(R(2)/8)+ 3587227*(R(1)/6)+1))/(log(4185105))

FEEtEE (CP)

CP=(log(1*(R(1)/6)+1)+9*(R(2)/8)+81*(R(3)/8)+729*(R(4)/8)+656T*(R(5)/8)+59049*(R(6)/8
)+531441*(R(7)/8)+ 3587227*(R(8)/8))/(log(4185105))

Frh EfE s (CO)

CC=(log(1*((C(1)+C(8))/14)+17*((C(2)+C(7))/16)+289*((C(3)+C(6))/16)+4913*((C(4)+C(5)
)/16)+1))/(log(5220+1))

UBGER G A, BEEFREuE /AR IE200, KhEEA¥TE, FLE
BIMERT, /K /kh/ WESEMEE, BHEPGRETER, FIUXUNEAERAAZY. KL
16N T /th/s /s/s 2/~ IS/ ISh/s /s/~ Its/~ /tsh/s /z/s I6/~ /el fteh/s /s /s /ny~ /e/33E
FH ISl A A S P A, ERGE IS R A B Rl A AR — iV E 4 H Axit CnfE4pT )
tha | sa | za | tsa | tsha | sa | tsa | tsha

T TR THT e ﬁ.:ﬁ‘{}i "
L MENEEARE EEE.E.ER Hﬂﬂlﬁﬂﬂ! ml g

ca tca tcha
RN LN e
IO e lﬁﬁﬁﬂ‘iﬂ '==* %:‘ ‘:ﬁﬁ&{:

BN IBREN
niﬁﬂﬁﬁﬁ

sy FEmw
N R OO

B4 B RIS B TS A A
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FEE R EFEIER, EiEXARESHER &M, FiTitR, KEnTeEEaT
HdER. HEEEARTEMR—RE RS EETEMBERD. FERFNERE
FRPRRS, ARMATLML, BEMERK ., X REREMERA, FErtt, Bt &
JEVEEEAR GG o BRI H I R R BLAT 55 2 P2, & M IE AR ECAR N B R EHT
FTiZLRE, THRMBRRE, FEME. AP IER AR

3 E BTG A A SRR

TC | AC | PC | VC | Ant | Pos | CA | CP | CC

I PN i - R R R R

WO RS | - | - T=1-1-1-1-
ik ST N A VI O VO B

B S T o T O I o

B | A | | e [ R [ e | e [ e | e

#: 80-100K++, 60-80 4+, 40-60H+-, 40— FA-

5. BIBFPRETR

IR AT 5 (KRS AE I PowerLab = WM SRR IR LR, BIE16GEEHIRER 2HRIFR A
IR 3%, R Chart7. IR 7 % B A% AT LA & PP IR 3 250 1 AR R4 3 5k i) B2 4k
KRR RS RERT AN, H—RAERXETARER, fEBARRERN T
RENFRATCERRL, NTREH S EENFRTEES.

— BRI FE, FRZ AP AR (Breath circle) , —IFH FEE RS
(Inspiration Phrase)f1—ANFE“S #H(Expiration Phrase). HFPIR{E 5 Mgk EFA-ARSIRE, —K
MM TFEEESHHETR; F9 TRERPREE, —BNNTEEFETHIETR. MR
SHLES, TSR REE R, BIR ARG SHIEE, EFIDARSAHERNK, PAIEE,
EDAFFSAHRT G, VARE.

1
Pl
%,
i, P3
o [ P % P4
i LR i 4 &
- A 5;%\\(\ 4 i M\xj‘«,w N
£ oplo N e i A0y NA
< WV N VAN j
" f 3 LN T ¥3 L% | H
o / ¥i N x,f;& /
© .05+ Fto 0 L L e N
R (B PR (B2 WP 8 T (B3 BT B R
v2 (78
‘1 H % 3 3 i
0.5 1 1.5 2 25 3 s
RHA x 10

Es TR SRR
BUH B 40 W BRI (P1L P2, P3. P4) FIBMEAHI (V1. V2. V3. V4) HI5E
BB, LEITLE, WEN LRERSAES LTHEEERKEIE TR (E6HTR
) o FMPIREETTH AR A PR ER LT RE SHIRA, HSWmRHRITE. &
AR SFIFS B HEEME (K. EK) FEE (B WS, BEiridtaiet
SR, SRMETHRS]
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PEI6 T RIRINP AL 5 7 I L P BEH7 PRI IR A 5 AR M A

6. WA

MHATHRIRIRRE, &5 EEOIR EEEDEE MO FNA, B R EREE,
Hi&. &i&. DUBFARIEMN, MAFSMESHSAESTEENGN O BREESHT4
TREOPREIXE LA R ARV HATHII . AR AIREREAR, NBHESNAERTHIESEER
BE5L, o LAR REBGE R BRI B B RUK PRI e (S BB R T RS KT, SsGE
EESHAK. FERERG. BEH¥ 5%, EUILEMESIE. BUEES T EE
WEH KN AR

BAERE, EEERTAEZERN TN EENERE RHOR T WM, BT
BAREARNBE. METABARKARNIEE, AT LURET ) #E3EE 4 R fAk,
AW KIFFE PHRAISMNE . Bk, BADEFLLEMEIE S EEUBRHNE, § RS
RLFERE, CAHSRFBIBATR S E~EMERARA, (RERRBFENORBMGES, HME
R EEFFE N AR KR,

s

AICAHEFHRESERNE (FTEAEFES R OEGET SERE L T ERE
FHEEIRAF LY (10&ZD125)FEFK RZ2012ERF IR E (BB E S £ EARFL FETIT) 1
MrEHRRz —.
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Abstract. Using types of advanced phonetic speech instruments, this paper from the speech
physiological multi-model perspective has collected the speech signals, the voice gignals and the
respiratory signals from the Mongolian long-tune folk songs. With the speech signal, this paper has
extracted the length, pitch, intensity, quality and other parameters; with the voice signal, it has
dtudied the Long-tune’s own special phonation types; with the respiratory signal, this paper has
studied the breathing mechanism of chest and belly while performing. With the qualitative research
methods of computer technology, it has explained the inner mechanism including the acoustic and
physiological phonation ways in order to build some foundations for the more scientific standards
of the digitalized protection for oral cultures,
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1. 5|8

HERMEE AR, BEAMRFNER, XERMNOIXMWESE. Bhenfk
XU —BEHRAREFHPCRAMER. TEXF BE. BBROIRBEEAERE AR AEX
WHCEFMEA, BEIIANEZEE, AEMOENER, WERER. FHHRETR. W
TR BEOER. AMOEEFRFE, REXHAREE SIS L 0L AN
BRM, bR KFEAL PR EREH TR DA SHEEHR. XE—EFRE
W5, WRTAXRZEPRESE. BEF. HEFAEFENBARZTNESEES, 55
EEEMEERE.

K, REERSHEE?, EXNABEK. HEAZ. TETFE. BETENRES
W — R gARIER. S RK ARy BRSO R B E RS T FERGH,
SR [ PR ASUB U A RE B BT T 5 RSO A O EAR ST R R, 20054, FERKHE R
I F D TR B K. REKIREERNBE. AR U&7 IR HLEZ,
EERARPFOEHEA TR, PlmEHEKERKEPRESEEM, FHEKAR
K AEEMFHLRD) B,

AT RIEHMTAKAREENE, EERENRAFESERE: THES. IES.
BEBRTREALES. BTAEIES. WABRESHHETRTERFS, REHRBRELE
BB FE R AR A TR . BRAMTBERMNESRL. RERKFERBER T X =ATJ7
THE.

2. BEFEHA

FEEISRNMEINEREENES, HEAXBRITEEMNNGES, BHICRTFRST,
RSB A Z MR fEATTH.
21 EREE

BEFESHXERE —REFE: SREICRAER. HEE. SEFFNEDAEM.
Z BB SRR LR, SBTEE LB, FIfE S REME —MR h48kHz, ENE
FEA16bit, FERKNIIREELGRIPCMIRFLE) “ wav 3XfF. RARGIRBEENFEERFS,
AuditionB3 FoAh B R F A AT LA, 4347 B AT BASE A Praat B & Multispeech#K /4

2.2 BHKARME

FHKIFA—HU “FOBEK” ATERIES. IHEREDENRSERK. FKEA
TR E, ATLMREUEE NS — A FHNE BN EKE, TEARYTEERFE LK
FH, —BRUBG)EREZW (ms) WA L (EEMMILKRT)Y HF], HRBEKIBAIGRK S
BRIV, BEKIALXGIBOANFER. BEFERNKKA, T ABA, 8/ KEFM21
MEE, HPKEEAWATTHANRRERES. KEFHYRKAN4.5s, EEFHKO0.6s,
KEREENIEZ.

2.3 EHUEE

PEN BRI K AN ESESNETEANEN, — B KANERK L, mHEkEF
MEMR, FEEENEFSETRIANERLS, XHiEAEEEKETINEERRIE K
fIThEe. KA RIEESTEE M200HZzE550Hz, B A RIESSAIEE B, 7£200-500Hz2
8], SEFEEARL F350Hz, L0 75 HIFEAT 43 A v R AR X 58, #E200-600Hz, 3344 4410Hz.
LR ESLE B A E60Hz, HE FEREETErE LB /NMO0HZ A A .

nERKAFEREN ZH—MERFR, EHEEN, SRathBMEE, SHEY
ZHR RS, BEIASRBIZIBE. B HEREE RS HERELE.
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215
210

3 P Y
o A4 P H LY
) P E £k I 1
‘Z{}S I 5 i % I E " S F i
i Y i % £ 3 H 5
: H i 3 i t

200

185 it

i § 4 B i W i
180 dehyplo o : fed
: W 3 !
185

150 .19 [ 195 {201 ) 198me © 203ms | 197ms |

E1 EEEAA A

FF RS E R 28R AR BTN BIEES FIRME A210Hz, T PR{E A 187Hz,
BkR200msEHH —IREE, BN AU PSR E AT SET. —/ BESET
214200ms, BLIREELI20HzAE A . B (T34 LL200HZT 5, IRk 2 1t A5 w1 3R 2 A 17
H5ms. MALE—NEFEITH, FHARS T 400 E#I(200ms/5ms), 54N B4 A5 £
H1Hz, WU, LR AR 80 alE b 250 Ims. X R T ARSI
(D8l
2.4 FHIRFIE

FRMNEURFRIRANEZR R — M M EGRBRA NN EBEEHEEE
BRI AR . —RORUL, B ORA AT B R, BWTRIS . B EGRE RIS, e
ok 55, BREEIRSS . hRFEEINES. DEENRETN ALY, E2F kR
—BREENIETEOVE, TEABEH =B LR ER L.

B2 EiEReERLE

BiF LRE, BENGERENFZHRN, FHERAMIENL, SHEOEMEU. &
HE, EENE AR N A P 7E190ms-200ms Z (8], H [A] ] 758 8 ik (E 2
HERMBERWL A4dB, LR IR EWE & AL B 7E200ms A (I RE B IF 34 H4dB. IE(EIE
BERAMEHN60dB, B RELIH70dB, R V7R B (e 4 5 1 8 0 HAg 10dB AR Tt

25 PHEST

PSSR, SUSTERIRR AP RREENEE, SRIEEATHEERNTE,
CRMAMBEEEEN. WX, FEEES. REVIIIORNLE B HE KB IR
Bk, HTE2400-3200HT A I — /- BB REROERIK , 20 IR I AR LB Bl
R KBRS E, KR TR, WEHR.
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0 -
B
20 s o 2P
A\
PRRTAS
1,2 p
# “'J‘K‘\ =
-€0 %z&»f&m\
LAl ‘m&%
-80 ‘\mﬁwk‘wﬂﬂ‘
‘mMM*’wm;;
-100
E =R T B - R A= o
T YETRREISILEER
- N MM S W WS S

B3 Kt F o

AUFE L, S00HZLA IR EL, BOBM & EHELA—F, 800Hz-8000HAEE,
OB 0 B R A T . 7E3500HZ-5000HZ 7 PR 4 VB B2 Hex 1 520D, 1K 0 A
It LRFEAEEN. W, MENEEREY .

3. BERARH

OBk, HTESAFLENAR, BRERAHESEE, EOEUREEERN
EREY S WNEBEFEFREBSNAE, BEN0ASEUMEENZLT BHA RS F
FIAEB S YOk BHEAE &I, AR E IR FHTES MEARTIGE.

3.1 SERRE

BT 5[ 71% (Electroglottograph Model) HFHELAY, FEAFEERET LS FIEREM
ERRIEB AN . R IR X TR A A E S RS R R, KE
A EEMUSSEIE E NN TN R, AN EZ. YFE T, AT
se4 AR, PFEHERD: HUEHATF, AT FRE, AR, RIES T
E2, MHFETRRESRITE S, WEHEFAEAIEERESE (Fabrel957) .

32 BRESH

EGG(Z S R E4REUEM. T, B, EERHNA s, AEEZEDT:

(1) #H (Pitch) = VAR (A) ;

(2) FFF (Open Quotient, fEfFROQ) = FFH (C) /A (A) x100%:;

(3) J%EER (Speed Quotient, HFRSQ) = JFfaAH (E) /<M (D) x100%.

HATE S, FFE AR R —EA S, BT AERAENRC R, BENER
BALRACRTUT PEERE (BB SRS WMRIEES MRS R AR R L0,

33 BREFHRAE

R REIEE RS, T RAEHRIOEARMR, BEFEN. ERNRELF T
P s AL A DUF LRSS, L4

{—"\ ’,»«\ '(,w-.,\ ;"N\\ {.\' f”\-x / \ ;f‘\\\
JARNIVARN E RNV VNIV VANV AN
- B S— - o ~

K4 RERAH

MEA JLFEGGE Bk, REMBNRILE AN, My X2 IRFEEEN R
RASLAT IS, BB, ARENHEME, BTN, AiE
FFAR. E2 SR, ([EFFAER. BB IR AILLEL I, SRR 2R
Eig. E4gnE, BRERENITHE. BsEITITRMLEESR, LikER, BAREITT
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. FIMELERREIE A ERRM ARSI, 7 XA H BT E IR
W5t

4. FEREN IS

RO BN R B VR R AE RSP RV AI X FLAOE 0L TR Ak . O T Re R BRA
[RIVENE XURS ERTIR b 2= ek, FRATTSIN T PR SHe SE A AR SR PP IR ) 324«

4.1 LR

MRS 5 1 R 4R 4 fPowerLabE#I (B SR ELE RS, W16 EFIRES. 2/
MLT11320F 0 5 {5 /3% 8%, REBAE A Chart7. PRI % EEE AT LA & ARk S 200 i BE Sk
G IR, KRR R B R R T AN, A—RAERZIANEL, HER
8 AL & R H A 3 I PR K BE AR, AT SRS N EIE PR T E(E S .

42 WRSHHRIT

MR SR, FEREARAOTEIITEN. —NTEOFRSRE, R AFRA
# (Breath circle) , —f&1&EH T EFE MRS A (Inspiration Phrase)Hl —MFESAH(Expiration
Phrase). MPEIR(E S Higk LI ARSI, —BINTEEESHRETR: F95 FERRIT
SR, N TFESESHETE. MrrRSHOLES, BT R KA B e RIEH
ERNTA .
1

i
Py gm
0.5 5O
S AN 2
/ \.ﬂw\ 7 4
N 1NN oo
PIRLE T
7 AV N
IS s
7 Vi :
0.5 b DYt £
-1

Bs IPRESHRERE

DX RS AN KPR IEE(E; EDAMSHNKVASE, BRKBIQARSHMNBEELE
EE EEZE, RRABBRASREN KD WBKEEQAMSAMEEMB A EMREE,
FNHIER I ST E, SIS EBQREMER AT SAEE, MHEREERKNER
t, HEME. NEAERS SIS BORNBEE, ML ERK, SRR,
4.3 IPIREHE

BN R 3 T o 4 AN R VR e Rk i RS B R, BN HREREZESRERRS
EERMNEER THITH. £ EHMREA, MR A E RS T DU B0 b s .
W ZZ K1 I B R I AN S PO 56 R AT LA B, FEA BRI MfE . B E Ui E R = A
R, WE6HTR.
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AN A N Y | YR TN Y
[NSNNY I v

[ i L

Eof, EXEAMMWERES, FTREMTRES, RIEMEZ FKRAH =FrpRiE,

(1) FapE=

HgnPaR (5 S FEITRE S REER, EREAEF . BRANMERNY K, #HRE
T, 528 L, HERKERERYSE F52B TR REFEBEMEGESHETK
FHE, AMENASEE 5k, WMIEARTSSENFFETRE (LE6AL) .

(2) BER

IRIEET EEDURREN A B, BEEHAEARN. BEEBEEY K, F5ER L, MBET
B, REETEETHY 5K BRIEHT RO EUE YL, 55 2B T, MESERARFAT (LE6H) .

(3) EER

MIERT EEDIUERER Y T, BEERES R iEE, BEE LA TREFELE LR, BFER
EES B RIZ (LE6L) .

FELPRHKIAIRIES, EEATMLRENEEE WS EBEEUFINARIZES), KEZW
IR A5 5 AR S 5 B R il S B I B SE b &2 — MR ERAH R HRE .

5. &iE

AN RS B D AR ST B P AR B IR T BT T8Ik . BT, &
TRRAORRI B, EARRTEESARER . B B TR TTE ERFEZTT
EFRATR . NEM ERE, B%¥. AEAOEEENRE, ESmMdRHHROM%L
AR AR OEERBHEAER EEREMN, EHMATLRM R —MRE
RRMATHR —HIREMEHE . EREETTAEORIAWED, AT AR R R TR
WAL, AW KT HIARFISNE.

st
AAHEFEREEEATE (FTEEFES R OE LR SERMEF U TERE
FEEE S IESTY (10&ZD125) IR ER ERR R 2 —.
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W AT
EpE L

RE  ASCH IR TIRE DUl 6 5 R R A 2 R AT I
T SR AR TR U TT R I S R AN R LR, it —2D
WRBRREE ., SOEMIT OSSR, TR E . ERET
HH RSB ER . LEASREY, REENEITHEFAR &
Doy B R oo AR B R oG RO DI RE, TR 58 B AT X R R S RE . 58
B F SR LAy R sk SIS PN Br B, B A E AR R 12 3R
Ko LREI B BRI AR R, A SRR N AMNE 5 Z A
fiE, HIHARFROR BRI IE shiy shasid B . 208 A a5 & i 1R
A BIE s A — @ R TE, (HEEA BB REIR SR — & ARIEIT &
FLAR P oG A JR S 1 B AR X — A

KR DGHEEETE BE OREE O JRITOE O JRRE RRE

il

1 3]

s i B A R — D EAES, ESMEFSE
HRTLAILE, (HAFNIRIFAG —, A SR S i L5 4 1
T AR BT B R iz s AR i e i o o

TR, £72%# (Chomsky, Halle 1968; Ladefoged 1975)
W RSAVE R —FP X RIVERAE, T X & 260, B a e ss
RNHITCHE EFFEHHAATE . S & B s e m oo, X
AR TN J TR S e e iR ST I SR IE 25 A . S Ak,
HABRREEAE TSRS, EEFRAE B M R k& it
( Hardcastle, Hewlett 1999 ), — Bt H OCHE Rl It & A3k B s oo

* AAGFNEFZHRIL ST KT H (13&2ZD132), FESE HRFRE R4 L
WiH (61073085). EF4LRIHFAFRETH (12CYY031 ) FEE w4t Al & 475t
AWiH (12YJC740082) fH%H),
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Z A P TR B B A8 AL A
(CEETE T AW ) (P HhE . £ 2002) LT RBITH B E
SO MR ERSURAIE, AREICE SR E R, MU SR
FFARRE” GBS ¥ 2HR) (A&, EHLFE 1992) hig i W
BRI ZER O, BIEARMEAREICE” s i CRDUE)
(Aeme R SCRBDUEZATZE 2009 ) Hr R SO “”ﬁ?ﬁj‘ﬁﬁﬁ
fifr, 2EE, ZRIEICE". RiAELEANE T RIS i,
[, RS, HEERIEARWARE, .EKZIKIU\jﬂEﬂ:/'{j(_tEE
ML IR T X Rs o & MEAERE Tl . 1Ak, iR
WIHfAE IR R e e L FEFIER SRR BE, (HERERA #E—
AU [ SR 4 1Y) A2 6 s A48 B ik 2 N A B S R . (EAS T
&, BRTTE CIRDGE) thig RS cE A S S RISNMEMXEZ
Ab, T3 LRV B AR LA TR TR A5 2 [FUE AT A HI W B S ot v
HIbsiE, E—SifiF i, JRREEAT UAEN RIS CE 1 X BIRHE, b
4N Lindau ( Lindau 1978 ) Fil Ladefoged % A\ ( Ladefoged, Maddieson
1990 ) 2 i i F 3 E 24§ (vertical lip compression ) Fil 7K - fix
J& (horizontal lip protrusion ) K X 43 B $L 15 (1) [ J§ oC % . #H J7
(2007 ) $2H AT LUE /K5 (‘horizontal protrusion ) I3 HiRk/K
(vertical protrusion ) X4 T )7 & B HT & B S oo Ly ] M
[ v ] Chomsky &5 A (1968) 7 (eifif ) —H4ih, L5 7 —5i
KT RNERAE . REFEHERE, s 3 s s e
W, AEBEENAS  Ladefoged (1975) MYXHIEFRE RGP L ELHE T
B Jes Ak ik — 4 Ak, {EAth FH PRI AR 7K 58 BE AR B0k & RIS TR EE .
Chomsky Fl Ladefoged % X B[S HR1F 09 X 76 F, A& HBIEN
RS, AW HRIE M S . Abry %\ (1986 ) TEHT
gER I, IrATE S T X BIS o AR RS oo & 1 S AU R 58
B2, BN AR K SE R, BT OC T M IR R B2 Y S AU L .
T ARIBFR NAS N L0 &, WA A, W2
B AR, BRI, JREE . RICEMBEIT O EEA NG/, Hitk
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98 HEwFIEA (R TH)

HF BRI 2 LARFEAR—2L,

CEEIRIBEF AR ) (RI2U . MOl 1989) i, PR ER X
THAHRNBE S, WEREE . BAEMBEEE, 45H8%E
Y= Tve =i P M5 N ) =g =t 2 S O S = 3 B i BT =
RIETCHENRICHBRKFRBICE. 750, EEANNBEREREXT
FRATCE BUREAANK, HhF S0 4440, JokiemiE) &
HITHE RS2k, FEREMNBIESERE AR Z SRR M A
IR . AR, FRATTAT AR AT A B B EERG 3 i 1 SR P
SR, AR BTE SEUR BN Mk gt — 2 an Ak b 21

YT R E SO T g4, & RFEAE— N E 2 S A
B, A5 T SRR E SORTR A 2R AT LU B A 1, [
J& R — M, 7 AR R AT & BRI RS 1) 28 A Xt e i 1) 7 2
FROEA 20, B e AR X BIPERAE . 5858 F IR I B 2 HoAth 245
KB SOFAEE, FILEA BRI IRRSEE ST, 2. 28
ARFBR I A BRI, TR R 24, SIS 8L
KBRS, O R T A A

— NNy, RRIEICER, BIEERERRE, mEAER s T
W Fk, ACEEBEECE LIERE G EREAE, BEE
B, TN, S 84 & A DUE - 1 R S oo i AR
B EHFEAMBILSH 5T, DRAE e S5, A
BRI S SO T RIS HRHE

2.1 SEIGHf#

AT BAE AR U, KB e 2 205 05
Wi, PEESE TR BT, Jo/. Ja/ Fll o/ EASBERA L, — A
WEME S AT, HECA AR &SSO HER, XL eE i
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FEIE R ETE 99

WL AR, BIooE BIEZ 205 & & aiErsgm, B
HHEBR . /i/ (AR /R SRS MRS S A BE R, H
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REMIBEFH VAT # R

ZE k=x ZEH

#i E VAT (Vocal Attack Time) RIGHHF I 15 B 5h B A HF 5 A0 01, B A07 B 252 18 30 10 4%
fE, J2i@id SP M EGG W5 B EZEHE . AXERT VAT 5HIERLBENES Z MM L.
BENBHER, WRAKBLREM, BAXNEFFRBEIMAEHEMILERRNG., BEH
VAT Z¥R5H, BHERK, XRHERTOERWEHAE DN RNHE, B, WFH—B
S VAT 5BRRES, IS THRASETR T 2SN — L,

XER BRE, REAM, VAT, W5, £F

VAT Measurement of Amdo Tibetan Plosives.

Sangta, Yao Yun,Lan Zhengqun,Phonetics Lab, Peking University, Beijing, China, 100871

Abstract Vocal attack time(VAT) is the time lag between the growth of the sound pressure signal and the
development of the physical contact of vocal folds at the vocal initiation, which can be calculated with the
sound pressure(SP) and electroglottograph(EGG) parameters. By measuring the relation between VAT and
Amdo Tibetan plosives,the study reveals that most voiceless aspirated sounds have positive values,as vocal
folds start vibrating at the same time of their physical contact. While voiced sounds have negative and large
values, indicating the long closure of vocal folds at the beginning of the voice. In the meantime, part VAT of
the voiced sound is overlapped with the voiceless aspirated token, which could be a physiological trigger of
devoicing in certain languages or dialects.

Key'\words Voice, phonation, VAT, Tibetan, plosives
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Acoustic and Perceptual Studies on the Four Tones

of Yuzhou Dialect, Henan Province
ZHANG Ruifeng & KONG Jiangping

Abstract Based on acoustic and perceptual studies, this paper determines the four tone values
in Yuzhou Zhongyuan Mandarin, and finds out that both FO contours and phonation contribute
to the perception of tones. The FO contours play the leading role while the phonation
compensates. When the pitch contours are less distinctive, phonation will increase its effect on
tone perception, while in cases where FO patterns are sufficiently distinct from each other, the
contribution of phonation will be reduced even to zero.

Key words tone, categorical perception, creaky voice, phonation, fundamental frequency,
open quotient,speed quotient
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Abstract. The voiceless consonant [h] can be collocated with the voiceless plosives, voiceless
affricates, voiceless fricatives, nasals, laterals, etc. This paper makes a study on different collocations
with duration and spectrum, with the result , it is can be seen that, the differences are greater among
the acoustic characteristics of [h]as initial consonant and prepositional consonant, and that present the
different ways of pronunciation.

Introduction

In Tibetan the Initial Consonant Clusters is a unit in a syllable, which is constituted by initial
consonant and basic consonant. Initial consonant clusters always related with the tone’s
classification, the new pronunciation’s happening, the devocalization in sonant, and the
monophthong tuning into diphthong etc [1]. There are two types of the studies on consonant clusters
in Tibetan, based on the research method and aim. The one is according to the different Tibetan
dialects, analyzing the consonant clusters® characters, structures, and types: making a description of
the consonant clusters in different Tibetan dialects, and doing comparison between the Tibetan
dialects and fthe Written Tibetan, in which the changes of consonant clusters can be found [2, 3]. The
other is to study the consonant clusters’ acoustics characters which based on the method of
experimental phonetics [4, 5].

The typical language of Anduo pastoral area is Xiahe Tibetan, and which contains too many initial
con-sonant clusters. In general, the combination between prepositional consonant and basic
consonant will be affected themselves. It is like that, when both the prepo-sitional consonant is
voiceless, the basic consonant also is voiceless; when the prepositional consonant is voiced, the basic
consonant also is voiced. The consonant [h] always can be the prepositional consonant and combine
with different basic consonants.

Study method

Types. In Xiahe Tibetan, it is very often that the consonant clusters’ prepositional consonant be as [h].
The prepositional consonant [h] come from the pro-posed word like *7°, ¢ R >, * °, and the head
word like *= * A <X iy Tibetan, with such kind combination the original forms of consonant
clusters can be more simple. The voiceless consonant [h] can be collocated with the voiceless
plosives, voiceless affricates, voiceless fricatives, nasals, laterals and semivowels.

Sample collection. The experimental equipment, for the hardware, it contains neck-style
microphone, mixing console, external sound card and electronic larynx diagnostic apparatus; for the
software, it contains Auditionl.5, Praat, and some written programs. The speaker is a Tibetan teacher.
The samples’ frequency is 22050 Hz, precision is 16bits, and the file format is.wav.

Analysis of consonant [h]

[h]comes from the Tibetan initial consonant * 9", in pronouncing, the air flows over the glottis, and a
little skin friction drag is created. Meanwhile, the shape of the mouth changed as the vowel which is
after the initial consonant. /h/ is voiceless consonant, the vocal cords do not vibrate. Table 1 is about
the example words with [h] of Xiahe Tibetan. The duration is the initial consonant [h]’s duration.
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Take ‘2’ as an example, to describe the initial consonant [h]’s acoustic characteristics. In
pronouncing, first, the vocal cords is opening, and the opening of the mouth is large; then from [h] to

g : Table 1.The example words with initial consonant
g [h] of Xiahe Tibetan
&l . International ;
g i3
g Tibetan "ansLli‘:“'r':“ion Chinese  Phonetic D‘(‘:;')""
z A AT SR O - Alphabet
l 2ime 5 hwa ﬁ”& ha 100
Fig.1 Acoustic spectrum of Q7 Al
i . 53 hin ey han 90
5 hur AR har 70
52 heu 3] hi 80

Frequency (Hz)
Fig2 Spectrum of consonant [h]

The figure 1 is an acoustic spectrum of ‘2 the upper half of it is the speech waveform; the lower of
it is 3-D spectrogram, and its frequency is 1Hz-5500Hz. In the figure, the initial consonant [h]’s
duration is marked, and part A is for initial consonant [h], part B is for final [a]. Figure 2 is the
spectrum, which is of the middle point of the consonant [h]’s duration. From Figure 1 and Figure 2, it
is can be got as the following:(1) The initial consonant [h]’s duration is 100ms, and the final [a]’s is
200ms. (2) As [h] is the voiceless glottal stops, its speech signal is irregular and no periodicity, and
shows obvious noise in the sonogram.(3) The spectrum energy of [h] is concentrated at the lower
frequency region, especially the SPL is 27dB with the frequency is 1000Hz. As the frequency’s
growing, the energy attenuation is quick, from 1000Hz to 5000Hz, the energy attenuation is about
40dB.

Analysis of consonant [h] + plosives

Prepositional consonant [h] can combine with the voiceless plosives ([t], [k]) or voiceless affricates
([ts], [te], [ts]) to be a consonant cluster, as table 2. The Du-ration 1 is of the prepositional consonant
[h], and the Duration 2 is of the mute segment.

From Figure 3, 4, 5, it is can be got as the following:(1) In pronouncing, the vocal cords is opening,
the shape of the mouth is small, and the airflow is blocked in the closing position of the basic
consonants, so it is can be seen that the power has grown at the end of the prepositional consonant
[h]’s duration, meanwhile, the spike shows in the sonogram. (2) The prepositional consonant [h]’s
duration is 80ms. The mute segment’s duration is 120ms, and it is also the on-glide duration of the
basic consonants, so it is easy to be heard of the mute segment between the prepositional consonant
and basic consonants. The part C’s duration is 18ms. (3) The spectrum energy of prepositional
consonant [h] is concentrated 1500Hz, 3500Hz, 5000Hz, 7000Hz and other regions. SPL is 0-10dB.

Table 2. The example words of basic Consonant as plosives and affricates
International

Basic . Latin . s Durationl Duration2
Tibetan . . Chinese Phonetic
consonant transliteration (ms) (ms)
Alphabet
t ? Ite it hte 70 110
k g rka K3 hka 60 130
ts 3 rtswa i hisa 70 125
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Fig.3 Acoustic spectrum of A Fig.4Spectrum of prepositional Fig.5 Spectrum of basic
consonant [h] consonant affricates [ts]

There is not an obvious energy attenuation from low frequency to high frequency.(4) Comparing
Figure 4 and Figure 5, the spectrum energy of ‘Y’*s affricates is distribution uniformity, under 7000Hz,
the power is from 10 dB to 20 dB, which is more than the prepositional consonant [h]’s.

Analysis of consonant [h] + nasals

Prepositional consonant [h] can combine with the nasals, [m]. [n], [n], [n] as table 3.
Table3. The example words of basic Consonant as nasals

Basic oy Latin . International Phonetic Duration
I'ibetan : . Chinese
consonant transliteration Alphabet (ms)
n 2 Inga H hna 100
n E mo ot hno 120
m £ rmo Ak hmo 115
n B rmya [t hna 130

Take ‘3" as an example, to describe the prepositional consonant [h]’s acoustic characteristics.
Figure 6 is an acoustic spectrum of *5”, part A is for prepositional consonant [h]. Part B is for the basic
consonant [n]’s duration. Part C is for final [a]. Figure 7 is the spectrum, which is of the middle point
of the prepositional consonant [h]’s duration.

X
A v B C ,
-~ i 10 |
| SRR T TR AR
L ! ; % o
a,' 10 ]s
mqo- """‘:;.,'.:. /
i
¢ % 1056 7600 3500 05 500 06 7000 85 40 0+
Turs i Frequency (Hx)
Fig.6 Acoustic spectrum of 3 Fig.7 Spectrum of prepositional consonant segment[h]

From Figure6 and 7, it is can be got as the following :( 1) In pronouncing, the airflow in the mouth
has disappeared gradually at the end of part a, but the airflow in the nose has grown from zero, so it
can be seen that there is a transition before the basic consonants, and which is different from the mute
segment of plosives. Sometimes such a mute segment after part A is not obvious as the speech rate is
faster.(2) The prepositional consonant [h]’s duration is shorter, it is 130ms, but part B’s duration is
300ms and part C’s duration is 250ms.(3) The spectrum energy of prepositional consonant [h] is
stronger under 3000Hz, and above 3000Hz, it is weaker.

. 6Analysis of consonant [h] + fricatives

Prepositional consonant [h] can combine with the fricatives [e]. [s]: but for the combination with
[s]. [h] is always to be the loss of sound. Table 4 is about the ex-ample words with consonant [h] +
fricatives.
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Table4. The example words of basic Consonant as fricatives

International

Basic . Latin . : Duration
Tibetan ; : Chinese Phonetic
consonant transliteration (ms)
Alphabet
gshags /37N heay 40
gsag Fat hsay 45
. ———— — 7 30 — —
3 P :
2 g | A
] P2 :
g Ll B Bl i v
S ' ‘: B! t : 3 ,‘;!.
i : l _ |y 1
s i owni i it i ;
£ % v 20 3300 &3 5650 800 600 8D 9000 1660 © "% 3305 255 3500 438 5005 i 550 85 850 s -
Frequency (Hz) Freouencv (E2)
Fig8. ,‘5\coq}s_ﬂtv‘|-c‘T Fig.9 Spectrum of Fig.10 Spectrum of
spectrum of <~ =" prepositional consonant [h] basic consonant fricatives [c]

From Figure8, 9 and 10, it is can be got as the following:(1) As both of the prepositional consonant
[h] and basic consonant are fricatives, the transition between them is continuous and natural.(2) The
prepositional consonant [h]’s duration is shorter, it is 40ms, but part B’s duration is 170ms and part
C’s duration is 110ms.(3) The spectrum energy of prepositional consonant [h] is stronger as a whole,
and the main focus in 4000Hz-8000Hz.

Conclusion

This paper focus on the prepositional consonant [h]’s acoustic characteristics of Xiahe Tibetan, the
results are as the following:(1) There is an obvious mute segment between the prepositional
consonant and basic consonant in Consonant [h] + plosives, which is 100-130ms; by contrast, the
duration be-tween the prepositional consonant and basic consonant is closer. (2) The collocation of
[h] + fric-atives is the shortest, about 40ms; collocation of [h] + plosives is 60-80ms; as initial
consonant, [h]’s duration is 70-100ms; col-location of [h] + nasals is the longest, which is
100-130ms.(3) Viewed from spectrum energy, [h]> [h] + nasals > [h] + plosives > [h] + fricatives.
With the above results, it is can be seen that, the differences are greater among the acoustic

characteristics of [h]as initial consonant and prepositional consonant, and that present the different
ways of pronunciation.
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Abstract. This paper focuses on the FO in Mongolia folk long song’s vibrato, with the basic voice
parameters, it is found that the three styles of the vibrato: symmetrical style, right-side style, left-side
style. On the one hand, this paper explains the acoustic characters of the Mongolia folk long song’s
vibrato, and on the other hand, the results of this paper can be the references for establishing the
standards of the oral cultures’ digital protections.

Introduction

The Mongolia folk long song has more than 2000 year’s history, it is not the representation of the
Mongolia culture, but it is also regarded as a world class art. In 2005, Mongolia folk long song has
been selected into the world non-material cultural heritage list. The melody of long song is slow and
leisure, and contains many different typical singings, among of them, “Nugula” is the most
representative singing [1, 2]. “Nugula” is the most important expression skill in the long song’s
singing, and which can produce a kind artificial vibrato.in the long song’s singing, vibrato is the most
widespread expression skill, which best represent the Mongolia music, most of the characters in long
song, cannot be lack of “Nugula™ [3-5].

Now, the existing research about the vibrato in Mongolia folk long song are not deep enough, most
of them just have divided the vibrato’s different singing styles, which are based on the physiological
angle.Though all of the existing research results are significant to the teaching practice and the art
theories study, but if the study methods of modern speech acoustics could be used in the study of
vibrato, for one hand, it is could have come true that, take an acoustic study on the Mongolia Folk
Long Song’s with the quantitative analysis of computer; for other hand, researching results could
have been the foundation for establishing the standards of the oral cultures’ digital protections. This
paper using the methods of experimental phonetics, expecting do some research about the FO in
Mongolia folk long song’s vibrato, and the results could support some foundational data for the
teaching practice and protection in Mongolia folk long song.

The Research Procedures

Using the study methods of experimental phonetics, the research procedures contains collecting
signals, defining parameters, and analyzing parameters.

Experimental Equipment. The experimental equipment contains neck-style microphone, mixing
console, external sound card and a laptop. All the samples signals have been collected in a
professional recording studio, and which contains speech and voice. The samples’ frequency is 40
kHz, and the file format is.wav.

Speech Sample. The speaker is a male professional singer for Mongolia folk long song in
Alashang Zuoqi. All the study samples come from 10 collected songs which are different in styles but
all are very popular. From the fig.1, we can see the vibrato’s speech signals and energy signals are
both waveforms.
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Defining Parameters. Pitch is the subjective sensation of the human auditory. Generally, pitch
depends on the frequency’s range and the loudness of sound’ range. Low frequency can bring a kind
of deep, thick and wild feeling; and the high frequency can bring a kind of shining, bright and
shrieking feeling.

1

160
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bE ¥
. e w— et ¢ 993 606 OCS 022 £35S 0553 821 93¢
Fig.1 Vibrato’s speech waveform and spectrum Fig.2 Defining parameters

The fundamental frequency is the number of vibrations in per unit time, the unit is Hz. In general,
when the vocal cord is tensed, the sound is high, and it is loosened, the sound is low. that is the
human’s feeling about the changes of melody. In general, female’s vocal cord is thinner than male’s,
so their fundamental frequency is higher than male’s.

Vibrato is also called trill. When the breathing current passes the vocal cord, and the singer make it
vibrating conscious, Vibrato will be produced. The vibrato characters are the numbers of frequency
of vocal cord in physiology, but are the changes of fundamental frequency in acoustics.

In this paper, after collecting the fundamental frequency data from the vibrato samples, the
parameters have to been defined. All the parameters are as the following: the vibration period (VP),
the up period (TU) , the down period (TD); the sound range(R), the up sound range (RU) , the down
sound period (RD), the average sound range (RA); The up numbers of vibration (VU), the down
numbers of vibration (VD), and the average numbers of vibration (VA). With fig. 2, it is can be shown:

VC (ms) =L2_time- L1_time=TU+TD (1)
TU (ms) = HI1_time- L1_time (2)

TD (ms) =L2_time- H1 _time 3)

RU (Hz) =H1_f0- L1_f0 4)

RD (Hz) =H1_f0- L2_f0 (5)

RA (Hz) = (R1+ R2)/2 (6)

VU (times) = (L1_fO*TU+ H1_f0*TU)/2 (7)
VD (times) = (H1_fO*TD+ L2_f0*TD)/2 (8)

The Analysis of Vibrato’s F0

F0’s vibration period. There are 50 vibrato samples have been collected from 10 songs. All of their
vibration period as the table.1.With the table.1, it is can be seen that the range of VP is120-220ms, and
when the VC is 120-150ms, the vibrato waveform is left-side style; when the VC is longer than
before, the vibrato waveform is symmetrical style.

TU is the time when the vibrato’s fundamental frequency from the lowest point to the highest point
in one cycle. TD is the time when the vibrato’s fundamental frequency from the highest point to the
lowest point in one cycle.

From the fig.3, it is can be seen that in one cycle TUSTD and TU<TD both exist in the vibrato’s
fundamental frequency, with it, it is can be assumed that the diversity of the changing for vibrato’s
fundamental frequency has the close relationship with the Mongolia folk long song’s artistic features.

Tablel VC’s range : ’

No. Cycle (ms) No. Cycle(ms) No. Cycle (ms) No. Cycle (ms)

1 200 14 180 27 180 40 150
2 200 15 220 28 190 41 180
3 200 16 180 29 200 42 140
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4 170 17 190 30 190 43 120
5 200 18 190 31 150 44 190
6 220 19 170 32 140 45 180
7 190 20 180 33 200 46 160
8 220 21 180 34 190 47 150
9 190 22 170 35 190 48 210
10 200 23 170 36 180 49 190
11 190 24 180 37 160 50 170
12 170 25 200 38 170 51 210
13 190 26 180 39 170

F0’s ranges. As the physiological difference between male and female's in vocal organ, the FO’s
ranges are different be male and female. In general, for the male, it is 50-250 Hz: for the female, it is
120-500 Hz; [4]. In this paper, the male’s upper limit is 385Hz, and the lower limit is 130Hz.
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R is the difference between the highest FO and the lowest FO. From fig.4, it is can be seen that with
the comparable lower R, the vibrato can exist in both high range frequency (100-200Hz) and the low
range frequency (250-350Hz). According the further observation, it is can be seen that when the
vibrato’s FO is under200Hz, R is 15-40Hz, and it is the symmetrical style; when the vibrato’s FO is in
a high range, R is larger than before, the largest is 70Hz, and it is the left-side style.

RU is the difference between the highest FO and the lowest FOQ in TU. RD is the difference between
the highest FO and the lowest FO in TD. From fig.5, it is can be seen that there are not too much
differences between RU and RD, and in general, difference is under 3Hz.

F0’s vibration rate. The vibration rate is the numbers of vibration in one cycle. In this paper, we
use VU, VD and other parameters in one vibrato’s cycle.

With the fig.6, it is can be seen that the largest number of vibration is 47, and the smallest number
of vibration is 5; the VU’s range is 9-38 while the VD's range is 9-27, in most situation it is VU>VD,
but when situation like VD>VU, it is the left-side style.

The Styles of the Vibrato

With the study, it is can be defined that, for the male singer, there are three vibrato styles of the
Mongolia folk long songs: symmetrical style (fig.7), right-side style (fig.8), left-side style (fig.9).

(1) Itis can be seen that the vibrato of symmetrical style exist both in high range frequency and low
range frequency, and the numbers of vibration is 30-20.
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(2) It is can be seen that the vibrato of right-side style exist both in high range frequency and low
range frequency, and the largest number of vibration appears in high range frequency, and the
numbers of vibration in the low range frequency is less than 20.

(3) It is can be seen that the range of the vibration frequency of left-side style is often higher than
260Hz, and it is very often as TU>TD. The numbers of vibration is 30-10, and VU<VD.
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Fig.7 Symmetrical style Fig.8 Right-side style
Conments

Vibrato is the most stylish and the most typical sound production phenomenon in Mongolia folk long
songs. In this paper, there are 40 vibrato samples which have been collected from 10 popular
Mongolia folk long songs. Base on the acoustic study, we get three styles of the vibrato: symmetrical
style, right-side style, left-side style. On the one hand, this paper explains the acoustic characters of
the Mongolia folk long song’s vibrato, and on the other hand, the results of this paper can be the
references for establishing the standards of the oral cultures’ di gital protections.
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