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VAT OF THE LEXICAL TONES IN MANDARIN CHINESE
Kong Jiangping Zhang Ruifeng
Peking University

ABSTRACT

The purpose of this research was to investigate the association of vocal
attack time (VAT) and tones in speakers of Mandarin Chinese, and to
explore how tones initiated at different pitch levels affected VAT. SP and
EGG signals were synchronously recorded from 72 young undergraduates
or postgraduates (42 females and 30 males) while they were reading aloud
a wordlist of 50 disyllabic words at their most comfortable pitch, loudness
and rate. VAT measures revealed three findings. (1) Vocal attack time
shows no significant difference between the common yangping and the
yangping derived from shangsheng. This, from a physiological perspective,
supports the argument that the tone sequence 3-3 in Mandarin is indeed
converted into 2-3, nothing else. (2) The tones of Mandarin Chinese that
start from low pitch levels (35, 21) tend to present significantly different
VAT values from those that start from high pitch levels (55, 51), with mean
VATs of the former being much longer than those of the latter. This
embodies the nonlinear contra-variant relationship between VAT and FO at
vowel onsets. (3) There are deviations or individual differences: a small
number of people do not follow this pattern.
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1. INTRODUCTION
1.1 Vocal Attack Time

Vocal attack time (VAT) is a concept proposed by Baken and
Orlikoff (1998, 1999) based on the time delay between the rise of the
sound pressure (SP) and the appearance of an evident electroglottographic
(EGQ) signal, when SP and EGG signals are recorded simultaneously. In
the presence of a trans-glottal airflow, the vocal folds oscillate with small
amplitudes before they arrive at the midline of the glottis. On their
arriving at the glottal midline with periodic contact achieved and
stabilized, the amplitude of their oscillations grows very quickly.
Therefore, the SP signal begins its growth to large magnitude well before
the vocal-fold contact occurs. However, the EGG signal, as a record of
vocal-fold contact area, has nearly no amplitude until the vocal-fold
contact is achieved, and only after that does its amplitude grow rapidly.
The EGG and SP signals are thus offset with respect to each other, and
VAT is taken to be the time lag between the rise of them measured at the
onset of phonation. Positive VAT values indicate that the initiation of SP
signals leads that of EGG signals while negative ones signify the latter
preceding the former. When the two sorts of signals rise at the same point
of time, VAT equals zero. So VAT provides a potentially useful measure
that varies with vocal attack characteristics. Orlikoff et al. (2009) for
example, have reported negative VATs for all attempts of their subjects to
produce a hard glottal attack. A computer program was developed to
automatically extract VAT measures from the EGG and SP signals
simultaneously recorded, and the wvalidity of this measurement was
experimentally demonstrated by Orlikoff et al. (2009). In 2012, Roark
Watson, and Baken proposed a figure of merit (FOM) for VAT
measurement , which was actually Pearson’s correlation coefficient
determined from the amplitude features of SP and EGG. VAT
measurement has been used for nonlinguistic research by Roark, Watson,
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Baken, Brown, and Thomas (2012) to acquire normative data of VAT in
healthy young adults. In 2012, VAT was also measured for linguistically
constrained voice onsets during the production of the six Cantonese tones
(MA et al. 2012).

1.2 Lexical Tones in Mandarin Chinese

As a well-known tone language in Asia, Mandarin Chinese has
four distinctive lexical tones: The first one, named yinping, is a high level
tone with pitch sustained high on pitch level 5; the second, named
vangping, is a mid-rise with pitch climbing from level 3 up to level 5; the
third, shangsheng, is a fall-rise that dips first from levels 2 to 1 and then
rises to level 4; the last one, qusheng, is a full fall that starts from level 5
and glides all the way down to level 1; the values of these tones are
consequently recorded as yinping(55), vangping(35), shangsheng(214),
qusheng(51). Because these lexical tones distinguish meanings in
Mandarin Chinese, the same morpheme may have different meanings
when adopting different pitch contours, for example, /mi/ with a fall-rise
(214) signifies ‘rice’ in English, but means ‘honey’ when its pitch contour
is altered to a full fall (51).

Unlike in English where phonemic variation occurs frequently, in
Mandarin Chinese there are often occurrences of Tone Sandhi. The fall-rise
pitch contour of shangsheng (214) mentioned above is only seen on
syllables before pauses or in citation form. However, when two such
contours are juxtaposed in speech flow, the first of them is always
definitely altered into a mid-rise (35), the pitch contour that yangping
always adopts. And furthermore, in flowing speech, the fall-rise of
shangsheng preceding yinping, yangping or qusheng is nearly
unexceptionally modified into a low-fall (21), with pitch dipping slightly
from level 2 to 1. All these have made the original contour of Tone 3 (214)
very seldom heard in connected speech. There are also occasions when
Tone Sandhi is optional. The original tone of yi —, a Chinese word that
means “one” in English, is 55, a high level pitch pattern, when it is in
citation form or at the end of a sentence. But in flowing speech, this pattern
can be modified into 35, when it precedes morphemes of qusheng (e.g.,
yiyang —#Ff 55+51—35+51), or into 51, when it goes before yinping,
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yangping or shangsheng (e.g., yiban — M 55+55—51+55, yizhi — H
55+35—51435, yigi —i2 55+214—51+214). But not all Mandarin speakers
follow suit, and there are people who still pronounce yiban —f% as 55+55.

1.3 Purpose

The aforementioned linguistic features of Mandarin tones have
rendered the most frequent contours of tones in flowing speech as four
types: yinping (55), yangping (35), shangsheng (21) and qusheng (51). By
comparing the pitch levels from which they start, it is possible to
distinguish the four types as two categories: The first and fourth tones
both start with the highest pitch and go to one category, while the second
and third tones that start from low levels 3 and 2 go to the other. As is
well-known, pitch is a very important perceptual correlate of FO, which is
associated with the rate of vocal-fold oscillations. Since the tones with a
high-pitch onset have a higher rate of vocal-fold oscillation than those
with a low-pitch onset during the initial stage of phonation, they may
adopt different mechanisms of laryngeal adjustment, and present
dissimilar characteristics of vocal attack. The purpose of the present
investigation is to examine the association of VAT and tone in speakers of
Mandarin Chinese, and to explore how tones initiated at different pitch
levels affect vocal attack time. This is an attempt to measure VAT for
linguistically constrained voice onsets.

2 METHOD
2.1 Wordlist

Three considerations decided which disyllabic words to choose for
the present study. (1) The first syllable of the word should start with a
head vowel (Chao 1970, 18-25), namely, no initial consonant or
semivowel medial should stand at the beginning, because the computer
program designed for VAT extraction only works efficiently on syllables
beginning with vowels, and a large part of a Chinese tone contour is
spread on the head vowel of a syllable. (2) The three vertex vowels of
Mandarin Chinese (/a/ /i/ /u/) should be chosen as the head vowels of the
first syllables of words, because they occupy the utmost points on the
vowel chart and represent the entire scope of tongue movement during
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speech. (3) Each final of the first syllable should adopt four distinctive
tone patterns (yinping, yangping, shangsheng and qusheng), with each
pattern being further followed by yinping, yangping, shangsheng and
qusheng respectively as the second syllables of words. Since VAT
measurement would only be taken for the voice onset of the first syllables,
there was no requirement on the composition of the second syllables. All
these resulted in a wordlist of 50 double-syllable words with /ai/ /an/ /ay/
/au/ /i/ /u/ chosen to be the finals of the first syllables, as is seen Table 1.

Table 1 50 disyllabic words used in the present study

vowel of tone vowel of fone vowel of Tone vowel of tone vowel of tone

syllablel | combmation | syllablel combmation | syllablel | combination | syllablel | combination | syllablel combination
aige ai xiao WU ji wu cha ¥i dian
Rk 5555 B 2144214 E¥ 55+214 IRE 51+35 B a5+214
ai giu ai gi WU gou wu shi ¥ han
R 55+35 B, 214451 5 55+51 %5z 51435 #8 35+51
aiku faif ai xi wu bian fuy wu chan ¥ijing
R 554214 il 51455 Hil 85+55 P 514214 e 214455
ai dao ai ging wu chang wu bi i wei
8 55+51 FfE 51435 FEHW 35+35 Ei 51451 Elh 214435
aipL ai sht wu chi yiban ¥ mian
#Hiilk 35+55 HE 51451 faf | FEHE 354214 —ft 55+55 | /1 Bl 2144214
aiai fan/ an pai wu gu vicong ¥i hou
IZ0E 35+35 4 55435 EHL 35+51 kM 55+35 Bl 214451
ai zai Jan/ ang zang Wu can vifa ¥i xiang
¥ 351214 BilE 55+55 TR 214155 i fikik 55+214 R % 51+55
ai zheng Jau/ a0 ban wu chi yidao ¥ chang
FEAE 35+51 MR 55+214 #it 214435 il 55+51 F 51435
ai xing wu gui wu dao Vi xin i zhi
B 214455 fu/ B 55455 BiE 2144214 BEL» 35+55 BHE 514214
ai ran Wu po wu bi vi chuan vilun
W8 214435 RL¥E 5535 % 214451 s 35435 ik 51451

2.2 Subjects and Instrumentation

Recordings of the wordlist were obtained from 42 females (mean
age = 24.0 years, standard deviation (SD) = 2.1) and 30 males (mean age
= 22.7 years, SD = 1.9), all of whom were undergraduates or
postgraduates in universities. They were able to speak standard Mandarin
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Chinese and use it freely for daily communication. None of them had any
voice or hearing problems, and they were all in sound health at the time of
testing. The process of recording was accomplished in the sound-treated
booth at the Language Lab of the Chinese Department, Beijing University,
where the background noise was below 25 dBA. While recording, the
Adobe Audition 1.5 was set at the double-channel interface with a
sampling rate of 44100 Hz and a resolution of 16 bits for each channel.
The electroglottograph (Model 6103) used for collecting EGG signals and
the microphone and sound card (Creative Labs Model No.sb1095) used to
gain SP signals were synchronously connected to the personal computer
through a sound console (Behringer XENYX502). With their lips about
10 cm away from the microphone, the subjects were asked to read aloud
the disyllabic words using their most comfortable pitch, loudness and rate.
Each subject read the wordlist twice, and the one reading with better
quality was chosen for the present study.

Not counting the 13 bad-quality culls, the total number of speech
samples eventually acquired was 3587 with 2095 from females and 1492
from males. Among the 3587 first syllables of words, 1036 were spoken
with yinping (55), 1075 were spoken with yangping (35), 640 with
shangsheng (21) and 836 with qusheng (51). The original tone contour 214
was absent from the database and the number of shangsheng tokens was
smaller than others because of the Tone Sandhi described above:
214+55/35/51-21+55/35/51, 214+214—35+214. Moreover, some subjects
produced the first syllable of “yiban —f% (55+55)” as 51, while others did it as 55.

2.3 Parameter Extraction and Data Preprocessing

VAT measures were extracted largely automatically from the EGG
and SP signals using the computer program developed by Roark, Watson,
Baken, Brown, and Thomas (2012), the process of which consisted of four
components. The second component was to automatically identify a
600-millisecond segment of the SP and EGG signals that was centered at
the approximate time of vocal onset of the first syllable of the disyllabic
word. This was based on two criteria that had to be simultaneously
satisfied for the band pass-filtered EGG signal: Local energy had to be
greater than 15% of the maximum energy and local cycle length must
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have shown less than 15% variation. However, observation had shown
that, for 107 speech samples from our database, the 600-millisecond
segments thus identified were not centered at the voice onset of the first
syllables, but somewhere else, for example at the onset of the second
syllables, suggesting that inadequate EGG signal quality of these samples
failed the two criteria above. VAT measures of these samples were marked
“WS” (wrongly segmented) in the comments column of excel sheets.
From the 3587 VAT values obtained, the 107 “WS” measures were
first taken away, and the remaining 3480 were divided into two groups: 2025
measures for females, and 1455 measures for males. Each group was then
processed separately in the same way: Because of the large number of
outliers among VAT values, measures that were beyond +2 standard
deviations from the mean VAT were cut out. Eventually, another 100
measures were deleted from the database, and among the 3380 that remained
(skewness =-0.32, kurtosis =3.397), VAT ranged from -40.4 ms to 37.1 ms,
the average and standard deviation of it being -0.32 ms and 7.16 ms
respectively. SPSS 13.0 (SPSS. Inc. USA) was used for all the analyses below.

3 RESULTS

Among the preprocessed database, there are 1000 speech samples,
whose first syllables carry mid-rise pitch contours of yangping (35), and
of these contours, 195 are derived from shangsheng (214) by this pattern
of Tone Sandhi: 214+214—35+214. A one-sample 7 test showed that the
VAT values of these 195 derived yangping contours are not significantly
different from those of the common yangping contours (¢ (194) =1.486, p =
0.139 > 0.05). Similarly, there were 43 subjects, who pronounced the first
syllable of “yiban —M% (55+55)” as 51, a full fall, and according to
another one-sample ¢ test, the VAT values of these 43 derived qusheng
pitch contours (51) are not significantly different from those of the
common qusheng contours either (¢ 42 = 0.822, p = 0.416 > 0.05). It is
therefore reasonable to regard these derived pitch patterns of 35 and 51 as
belonging to common yangping and qusheng categories respectively.

Since the final data corpus is composed of 1961 VAT measures for
females, 1419 for males, 992 for yingping (55), 1000 for yangping (35)
(including 195 derived ones), 599 for shangsheng (21) and 789 for

The Journal of Chinese Linguistics vol.45, no.2 (June 2017): 275-289
©2017 by The Journal of Chinese Linguistics. All rights reserved.
0091-3723/2017/4502-01: VAT of the lexical tones in Mandarin Chinese



282 JOURNAL OF CHINESE LINGUISTICS VOL.45,NO.2 (2017)

qusheng (51) (including 43 derived ones), a two-way analysis of variance
with mixed measures on two factors was done with speaker gender
(female vs. male) as the between-subject factor and tone (the 4 tones) as
the within-subject factor. Results revealed a significant main effect of
tone (F(2.444) = 33.59, p < 0.05, R? = 0.324), a non-significant main effect
of gender (Fg79 = 0.179, p = 0.673 > 0.05, R? = 0.003), and a
non-significant tone by gender interaction effect (F 444y = 0.262, p =
0.813 > 0.05, R*= 0.004). Means and SDs of VAT calculated among the
72 subjects are listed in Table 2 and plotted in Figure 1.

Table 2 Means and SDs of VAT of different tones and genders among all the 72 subjects

Sex Mean Std. Deviation N
yinping(55) female -1.602 5.406 42
male -1.710 4.235 30
Total -1.647 4.920 72
yangping(35) female 1.573 3.878 42
male 2.176 3.675 30
Total 1.824 3.781 72
shangsheng(21) female .903 4.826 42
male 1.612 4.812 30
Total 1.198 4.799 72
qusheng(51) female -2.462 6.595 42
male -2.017 3.576 30
Total -2.276 5.512 72
u female Emale
3
w2
£
= 1
g o
I 0 1
2
B
= -2
-3
Tone.l  Tone.2 Tone.3 Toned

Figure 1 Means of VAT as a function of tone and gender (72 subjects)
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Figure 1 indicates that the average VATs for three of the four tones
are all smaller for females than for males, but those for tonel are not,
suggesting the necessity for analyses of simple effect. Thus a
paired-samples ¢ test has further shown that, for both males and females,
VATs between yinping (55) and yangping (35), shangsheng (21) and
qusheng (51) are significantly different from each other (For males: 55
vs.35:t=-5.421, p = 0.00<0.05 ; 21 vs. 51: t =4.479, p = 0.00 < 0.05. For
females: 55 vs.35: ¢t =-4.526, p = 0.00<0.05; 21 vs. 51: t=4.291, p=0.00
< 0.05), while those between yangping (35) and shangsheng (21), yinping
(55) and qusheng (51) are not (For males: 35 vs. 21: ¢ = 1.007, p =
0.322 > 0.05; 55 vs. 51: t = 0.702, p = 0.488 > 0.05; For females: 35 vs.
21: t=1.222, p =0.229 >0.05 ; 55 vs. 51: t = 1.34, p = 0.188 > 0.05 ).
Namely, the means of VAT are much longer for yangping and shangsheng
than for yingping and qusheng in both genders. This is why a cluster
analysis has put yinping and qusheng into one category, but yangping and
shangsheng into another depending on the VAT measures of their voice
onsets (see Figure 2).

Errs*H|IERARCHICAL CLUSTER ANALYS|S**#®#=#*
Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
+ + +

Label Num + + +
Tone.1 1

Toned 4 _

Tone2 2

Toned 3 2

Figure 2 Result of a hierarchical cluster analysis

However, a close inspection on the mean VATs of the four tones
(55, 35, 21, and 51) of each subject can also divide the 72 subjects
(including males and females) into two groups: 46 of them (63.89%) have
mean VATs of both yangping and shangsheng longer than those of
yinping and qusheng (see Figure 3), but 26 of them (36.11%) display
various patterns other than this (see Figure 4).
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'
=
o

Means of VAT {ms)
o

S
o

Tone.1l Tone.2 Tone.3 Tone.4

Figure 3 46 of the 72 subjects displayed mean VATs of four tones in
the same pattern. Each line indicates the average VATs of one person.

Means of VAT {ms)

Tone.l Tone.2 Tone.3 Tone.4

Figure 4 26 of the 72 subjects displayed mean VATs of four tones in
miscellaneous patterns. Each line indicates the average VATSs of one person.

A two-way analysis of variance with mixed measures on two factors
test done on the 46 still presents a significant main effect of tone (F3) =
87.644, P < 0.05, R? = 0.666), a non-significant main effect of gender
(F144=2.163, p=0.149>0.05, R”=0.047) and a non-significant tone
by gender interaction effect (F(3) = 0.632, P = 0.595 > 0.05, R? = 0.014).
In Table 3 and Figure 5 are indicated the means and SDs of VAT of the 46
subjects as a function of tone and gender. The exception in Figure 1 no
longer shows up in Figure 5, suggesting that individual differences may
slightly affect the result of the whole population.
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Table 3 Means and SDs of VAT of different tones and genders among the 46 subjects

Sex Mean Std. Deviation I
yinping(55) female -3.847 4.641 26
male -2.992 3.746 20
Tatal -3.475 4.251 46
yangping(35) female 1.199 4193 26
male 2751 3.147 20
Tatal 1.874 3815 46
shangsheng(21) female 807 4781 26
male 2778 3.630 20
Total 1.664 4 386 46
qushena(s1) female -4.839 4621 26
male -2.811 3713 20
Tatal -32.957 4.326 46
mfemale M male
4
£ AJ
|_
z @ B =
@
w S
| =
]
2 -4
-6
Tone.1l Tone.2 Tone.3 Tone.4

Figure 5 Means of VAT as a function of tone and gender (46 subjects)

4. DISCUSSION
4.1 Tone Sandhi

One debate concerning tone sandhi in Mandarin Chinese had been
whether the tone sequence 3-3 is homophonous with the sequence 2-3.
The issue was eventually settled by Wang and Li (1967), Wang and Peng
2006, 120-121) with a perception experiment. The 130 pairs of test items
used in his research were thus designed: The two members of each pair
shared the same phonological features except that of pitch contour: In
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other words, one member carried the tone sequence 2—3 while the other
carried 3-3. These items were recorded in random order and then
presented randomly for native speakers of Mandarin to listen to and
identify whether they were sequences 3-3 or 2-3. None of the listeners
were able to present a rate of accuracy over 55%, and even the person
from whom the test items had been recorded couldn’t correctly identify
over 60% of them, suggesting that the yangping pitch contour (35)
derived from shangsheng (214) was perceptually no different from that of
the common yangping (35). The result of the first one-sample ¢ test done
in the present study supports this argument from the perspective of
physiology: VAT values of the second tone derived from the third tone
are not significantly different from those of the common second tone,
suggesting that all the yangping contours, whether original or derived,
share similar laryngeal adjustments at their voice onsets, and therefore
display approximate features of vocal attack. In a word, both perception
and physiology point to one conclusion: The pitch contour 214 before
another 214 is indeed phonemically the same as yangping. The result of
the second one-sample ¢ test leads to a similar judgment: The onsets of
phonation of all the qusheng contours, whether the original 51 or the ones
derived from 55, are physiologically alike, and the two kinds should be
perceptually no different.

4.2 VAT and Lexical Tones

The second finding from the analyses above can be summarized as
follows: In a large group of Mandarin speakers, the two lexical tones with
high-pitch onsets, yinping (55) and qusheng (51), display smaller VAT
values, but the other two with low-pitch onsets, yangping (35) and
shangsheng (21), present much larger ones (see tables 2 and 3 and figures
1, 2, 3 and 5); In other words, a higher rate of vocal-fold oscillation tends
to be associated with a shorter VAT value, and vice versa. This negative
VAT-FO correlation at the linguistically constrained voice onset is also
seen in the three level tones of Cantonese (Ma et al., 2012): In females,
mean VATs of high, mid and low level tones are respectively 0.72 ms,
1.70 ms, 1.78 ms; In males, mean VATs of high, mid, low level tones,
although longer than those in females, are also thus lined up, 3.99ms,
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4.64ms, 4.69ms. However, Tables 2 and 3 also indicate counterexamples:
For both males and females, mean VATs of shangsheng (21) should
always be larger than those of yangping (35), because the former has a
lower initial pitch than the latter; but this is actually not the case. These
conform to the finding of the VAT study on 5 linguistically unconstrained
pitch levels in Mandarin (Zhang et al. 2015). In a large group of people,
as pitch levels shift from one to five, there is a linear increase of pitch, but
a nonlinear decrease of VAT: from Levels Two to Five, each mean value
of VAT is not always larger than the one that follows; But, the average
VAT at Level One is always the largest among the five pitch levels, and is
much larger than that of all the others. Therefore, for both linguistically
constrained and unconstrained vocal onsets, VAT and pitch tend to present
a nonlinear contra-variant relationship in most mandarin speakers.

4.3 Individual Differences

46 of the 72 subjects produced the low-pitch onsets of the second
and third tones (35, 21) with longer VAT means than they did the
high-pitch onsets of the first and fourth tones (55, 51), while 26 of them
showed inconsistent patterns of VAT means in pronouncing the four. This
seems to support the findings by Zhang et al. (2015) that as pitch means
increase linearly from Levels One to Five, mean VATs decrease
nonlinearly in a large group of people but increase nonlinearly in a small
group of them, and that different people incline to use different strategies
in increasing pitch height. However, among the 26 subjects observed in
the present study, mean VATs of four tones are ordered as yangping (35)
1.736 ms > yinping (55) 1.586ms > qusheng (51) 0.697 ms > shangsheng
(21) 0.375 ms, and a positive VAT-FO correlation is not seen at the
phonation onsets of the four tones. What caused the individual differences
needs to be further investigated.

5. CONCLUSION

Firstly, vocal attack time, as a measure of phonatory function of
the vocal folds, shows no significant difference between the common
yangping and the yangping derived from shangsheng, and between the
common qusheng and the qusheng derived from yinping. This is
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physiologically in support of the argument that the tone sequence 3-3 in
Mandarin is indeed converted into 2-3, nothing else. Secondly, the tones
of Mandarin Chinese that start from low pitch levels (35, 21) tend to
present significantly different VAT values from those that start from high
pitch levels (55, 51), with mean VATs of the former being much longer
than those of the Ilatter. This is with the nonlinear contra-variant
relationship between VAT and FO at the vowel onsets. Thirdly, there are
deviations or individual differences: a small number of people do not
follow this pattern.
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Abstract; The tongue tip motion in Standard Chinese was modeled
based on articulatory data from magnetic resonance imaging (MRD
images. An MRI articulatory database was developed for Standard
Chinese, including 9 vowels and 75 consonant variants. Principle
component analysis (PCA) of the tongue shape was then used to find
articulatory factors. The results show that the tongue should be
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more precise results. The tongue tip motion is modeled with two
articulatory parameters for tongue tip protrude and tongue tip raise
which represent the protruding/advancing and raising/retroflexing

movements of the tongue tip.

Key words: magnetic resonance imaging (MRD ; Standard Chinese;

tongue tip; articulatory model

57

2
No. 2

100871)

[1-2]

N

’

: 2016-06-23

(1970

)

’

8/18
158-163
300072;
b
b
[3-4
b
PR
b
b
b
b o
b
[7]
N ) 2
[8-9]
b
(SKXJS2014020) ;
(16 YJC740065)

. E-mail; wgw(@bnu. edu. cn



[7]
o b
b
o b
b A}
[10-11]
b o
b
[12]
b
) (parallel
factor analysis, PFA)M | ( principal
component analysis, PCA)! | (lin-

ear component analysis, LCA)M

b o
[13-14]
b
’
° o
b
’ b
b ’
1
( magnetic resonance imaging,
MRD ,
) Y ’
[15-16]
’
MRI o
MRI Shimadzu-Marconi

ECLIPSE 1.5 T PowerDrive 250 Scanner,
256 mm X 256 mm,

256 X256 , 1 mm?’,
9 , a,
o.e.i,u ;75 , b(a). b(i),
b(w . b(o), d(a), d(D), d(w . d(e) (
Do

o b(a),

2.

1

2 MRI

14

MRI

14

10

“on

a

2b

28

“,_»
a

MRI

o

MRI

2a

10

MRI

2b



160 2017,57(2)
. (123, 200) 123 +
2001, 14
14 . :
61 36%, 25 98%, 6.97%, 3 20%, 1 01%,
0.47%, 0.32%. 0.23%, 0.14%, 0.10%.,
0. 08%, 0. 07%, 0. 04% ., 0. 03%; :
61. 36%, 87. 34%, 94 31%., 97. 51%, 98 52%,
98 99%, 99. 31%, 99. 54%, 99. 68%, 99. 78%,
99. 86%, 99. 93% ., 99. 97% . 100. 00%, 1
\ . 4 97. 51%
s 1. O mm, 6
98 99% ,
0. 6 mm, s
1 mm( 1 ),
4 .
3 4 o 3a , b(i) p, z(a)
s R s sCa)
1 0 . 2.2
1 5 s 5mm (+5 mm
— 5 mm) ,
10mm (+10mm —10 mm) , (
1 o )
’ 2 N N ~
. 3 .
, 4 . i i
3 ’ ’
. 4 .
7 ’ )
p(i), tle), ,
2. r(w) , : 78.59%, 90.40%, 95.87%,
, 98.55%, 99.21%, 99.55%, 99.72%, 99.86%,
, 4 99.94%, 100.00%, . 3
o . 6 1.2 mm, R



161

, zh sh
: 92 66%, 98 84%, 99 69%, 100. 00%, 2 .
2 )
0.3 mm, 5 s
)
1 ,
H 2
4
3
5 2 , 9 .
, 3 : D ,
,
o 6 o 2) 6 ,
( ) ) 3 .2
Zy ’
Ss z . 3) 1
/% /mm /% /mm /% /mm
1 61. 36 .1 1 78.59 .8 1 92.66 )
2 87.34 .3 2 90. 40 .8 2 98. 84 .3
3 94. 31 .o 3 95. 87 .2 3 99. 69 .0
4 97.51 .0 4 98. 55 L7 4 100. 00 .0
5 98.52 .8 5 99. 21 .o 5 100. 00 .0
6 98.99 .6 6 99. 55 .4
7 99. 31 .5 7 99.72 .3
8 99. 54 .4 8 99. 86 .2
9 99. 68 .4 9 99. 94 .1
10 99.78 .3 10 100. 00 .0
11 99. 86 .2
12 99.93 .2
13 99.97 .1
14 100. 00 .0




162 ( ) 2017,57(2)

3
20 mm s
[10]
( 1 2),
( )
a, b,
(x/a)* + (y/b)* =1,
—a<x<<0, —b<y<hbh. (@)
b ’ 8,\/
20 mm, 6~12 mm,
a=10mm, b=5mm,
, (@D
) Tta[) -
7 X 10 mm X 5mm = 50x mm?.
7 , s
1) X 1)
y o
TTP (tongue tip protrude), ,
TTR (tongue tip 7 ( ) .
raise) , s s 0
( ),
4
o , ( ) 6 5 ( 3
X 2 D) 2 )a
+
(“+TTP) 0. 6 mm 0.3 mm, ,
~ TTP fﬁb-TTP 2 ,
Y4+ TTP' 4+ TTP
= 1. (2)
ab °
a+ TTP , ,

,—a— TTP<<a<<O, ,



163

(1]

(2]

(3]

(6]

[7]

[8]

MRI

(References)

Fant G. Acoustic Theory of Speech Production [M] . 2nd
Ed. Hague: Mouton, 1970 328.

Hardcastle W ], The Handbook
Sciences [ M] . Oxford: Blackwell Publishing, 1999.

Story B H. A parametric model of the vocal tract area

Laver J. of Phonetic

function for vowel and consonant simulation [J] . J Acoust
Soc Am, 2005, 117(5) . 3231-3254.

Flanagan J. Speech Analysis Synthesis and Perception [ M] .
New York: Spinger, 1972.

Wilhelms-Tricarico R. A biomechanical and physiologically-
based vocal tract model and its control [J] . J Phonetics,
1996, 24(1) . 23-38.
Dang ] W, Honda K.
physiological articulatory model [J] .
2004, 115(2) . 853-870.

Iskarous K. Patterns of tongue movement [J] . J Phonetics .
2005, 33(4): 363-381.

Badin P, Bailly G, Reveret L, et al. Three-dimensional linear

and control of a

J Acoust Soc Am,

Construction

articulatory modeling of tongue, lips and face, based on MRI
and video images [J] . J Phonetics, 2002, 30(3): 533-553.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Engwall O. Combining MRI, EMA and EPG measurements
in a three-dimensional tongue model [J] .
2003, 41(2/3): 303-329.

Mermelstein P. Articulatory model for the study of speech
production [J]. J Acoust Soc Am ., 1973, 53(4); 1070-1082.
Coker C H. A model of articulatory dynamics and control
[J]. Proceedings of the IEEE, 1976, 64(4) . 452-460.

Lindblom B, Sundberg J. Acoustical consequences of lip,

Speech Comm ,

tongue, jaw, and larynx movement [ J] . J Acoust Soc Am ,
1971, 50(4) . 1166-1179.

Harshman R, Ladefoged P, Goldstein L. Factor analysis of
tongue shapes [J] J Acoust Soc Am, 1977, 62(3):
693-707.

Beautemps D, Badin P, Bailly G. Linear degrees of freedom
in speech production: Analysis of cineradio- and labio-film
data and articulatory-acoustic modeling [J] . J Acoust Soc
Am, 2001, 109(5). 2165-2180.

Wang G, Kitamura T, Lu X G, et al. MRI-based study of
morphological and acoustical properties of Mandarin sustained
steady vowels []] 2008, 12(4):
311-314.

Wang Y, Wang H, Gao J, et al.

of mandarin

J Signal Process,

Detailed morphological
Lcly/

Language

analysis sustained steady vowels

International Symposium on Chinese Spoken

Processing (ISCSLP). Hong Kong, 2012 413-416.



ISSN 1000-0054 ( ) 2017

6

CN 11-2223/N ] Tsinghua Univ (Sci & Technol), 2017, Vol. 57, No. 6

(1. s 518060; 2.

. HO17; J825 A
: 1000-0054(2017)06-0625-06
DOI:10. 16511/;. enki. ghdxxb. 2017. 26. 030

Phonatory characteristics of the vibrato
voice in Young woman roles in Kunqu Opera

DONG Li' . KONG Jiangping®

(1. School of Humanities, Shenzhen University,
Shenzhen 518060, China;
2. Department of Chinese Language and Literature,
Peking University, Beijing 100871, China)

Abstract: The vibrato characteristics of two professional Kunqu
Opera singers playing Young woman roles were measured using three
EGG parameters for the fundamental frequency (F0), contact
quotient (CQ) and speed quotient (SQ). The FO0 in the Young
woman role’s singing showed a slow vibrato rate and a low vibrato
amplitude as with their gentle voice. CQ and SQ changed periodically
during vibrato singing. For most vibrato periods, the CQ and SQ
vibrato rates were equal to the FO vibrato rate. The vibrato phases
of the three parameters showed no differences or a 180°difference,
depending on the phonation type. The singers vibrate their larynx to
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Abstract: Analyses of the vocal tract resonant characteristics need
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. 36
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2 36
: cm

la]l Lol [v] [l [ul [yl [e]
1 0.90 0.70 0.85 0.85 0.25 0.20 0.80
2 1.05 0.60 0.80 0.65 0.25 0.20 0.65
3 0.80 0.80 0.70 1.05 0.45 0.45 1.00
1 1.40 1.45 1.60 0.90 0.90 0.90 0.80
5 1.25 1.65 1.50 0.45 1.35 0.75 0.70
6 1.30 1.90 1.40 0.35 2.05 0.55 0.45
7 1.55 1.80 1.70 0.30 1.75 0.35 0.40
8 1.75 2.15 1.80 0.35 1.65 0.30 0.40
9 1.90 2.25 1.85 0.35 1.65 0.30 0.55
10 1.60 1.65 1.55 0.30 1.60 0.35 0.30
11 1.80 1.50 1.10 0.20 1.10 0.20 0.25
12 1.95 1.50 1.50 0.30 0.85 0.40 0.40
13 1.45 1.50 1.40 0.25 0.80 0.45 0.40
14 1.00 1.90 0.85 0.25 0.8 0.35 0.25
15 0.85 1.10 0.75 0.40 0.45 0.50 0.30
16 0.85 1.00 0.50 0.55 0.40 0.55 0.55
17 0.70 0.80 0.50 0.90 0.30 0.50 0.75
18 0.75 0.55 0.40 1.30 0.30 1.05 1.15
19 0.70 0.50 0.35 1.45 0.20 2.25 1.40
20 0.55 0.50 0.55 2.15 0.55 2.60 1.70
21 0.55 0.40 0.70 2.85 0.85 2.75 2.00
22 0.45 0.30 0.60 2.55 0.75 2.65 1.80
23 0.50 0.75 1.05 2.75 0.95 2.75 1.95
24 0.80 0.80 1.15 2.70 1.40 2.75 1.95
25 1.10 0.65 1.10 2.65 1.10 2.70 1.75
26 1.15 0.80 1.20 2.65 1.25 2.55 1.65
27 1.20 0.90 1.50 2.75 1.45 2.55 1.80
28 1.20 1.15 1.30 2.75 1.90 2.65 1.90
29 1.00 0.90 1.15 2.95 2.35 2.80 1.30
30 1.50 1.25 1.60 2.20 1.55 1.80 1.40
31 0.95 1.45 2.00 2.05 1.60 1.85 0.75
32 0.65 1.05 0.65 0.90 2.00 0.65 0.55
33 0.65 0.50 0.40 0.70 0.35 0.50 0.70
34 1.05 0.60 0.75 1.00 0.45 0.75 1.15
35 1.00 0.55 1.25 1.45 1.20 1.15 1.05
36 0.80 0.90 0.65 1.50 0.70 0.70 0.80
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[teiu] | %t B 7] 56| 1T Rk A +
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ATHRFE—ABERFINR, BATEIR T [KHAER, Wl 1 s,

ikl z

W1 B2[ki] 486G (NEZEA: TI—>T8)

B 1 Bon 7 EEE/ AN ERESES . RS KERE, T1. T2. T4, T5. T6
IFESE SR, 3 HENRESE S AT HENARKERAT L. T2 MR E RS, H
WA TS, FHRSE T1. T4, FESTE AR T6. Wik L, T6 1 i 97775 B & (1) U8 & (breathy
voice) o T3 Al T7 ANFHH, (ERXFFHEAFTDOE @G AR, DUEEIE R
R BT, TOHEEIER T3 M T7 A2 “EAEF” P thih, XA FHRREE
A KBAE, AR LS, T3 &5 K3AEANER . T8 AFH, BT ZhE
RN, LA EmE R P IRAE 5 R

T ULEMER, T SCRATEL R 250474 A4h H B € S 5 M AN Lotk B i ) B AR =X
K, HiRweHEERE. 2BRREREREFTT:

B35, WEES IR TEPES (BEGG B M SMA& S, AT EEHE b FE

HA W8, TEEFFEARNE S s, RATFM B MATLAB R 7 it 5 H B4
M2k, Reit il bl RIHRIEAHESH. R EGG BV E LT hRE AR, &
WA RIS A . B TR RERIEE I M.

B, R, FABHAIRE 20 4N FO (5D [EMBKEEE, KA
(IBHREAT Y, ARG R — R T AT BT AT, 0 R — A i s AN [ 7 i e
KEATIH—1LAb B, H RN T 8 FO FIBFRIARXT N2, RAASEHNEK 5.

xS HEREERTFRESINNKSH

TI T2 3 T4 TS T6 7 T8
U] % 5 g4 % % % % 5 & % X 5 ks 5 x
195 | 253 | 248 | 303 | 169 | 220 | 176 | 231 | 222 | 278 | 140 | 193 | 163 | 212 | 226 | 266

198 | 252 | 254 [ 305 | 173 | 220 | 176 | 229 | 226 | 279 | 138 | 190 | 168 | 213 | 231 | 266

199 | 251 | 257 [ 306 [ 179 | 223 176 | 227 | 228 | 278 | 138 | 188 171 | 215 | 234 | 265

200 | 250 | 259 | 306 | 189 | 229 | 176 | 226 | 230 | 278 139 | 188 | 175 | 219 | 234 | 261

200 | 249 | 260 | 306 | 198 | 236 | 176 | 226 | 231 | 277 | 141 189 | 180 | 225 | 233 | 257

200 | 248 | 261 305 | 206 | 242 176 | 225 | 231 | 276 141 190 | 184 | 231 | 231 254

200 | 247 | 261 305 | 213 | 247 176 | 224 | 232 | 276 143 191 189 | 236 | 229 | 249

200 | 246 | 262 | 305 | 219 | 252 | 175 | 223 | 232 | 277 | 145 | 192 193 | 240 | 226 | 245

O |0 ([ N[ |wvn | & | W || -~

200 | 246 | 262 | 305 | 223 | 255 | 175 | 223 | 232 | 277 | 147 | 192 | 196 | 242 | 222 | 241

15



R TR ORI SR T

10 199 | 246 | 262 | 305 | 225 | 259 | 175 | 223 | 233 [ 277 | 148 | 193 | 199 | 244 | 218 | 237

11 199 [ 245 | 262 | 305 | 227 | 261 175 | 222 | 233 | 277 | 149 | 193 | 200 | 246 | 213 | 232

12 199 | 245 | 262 | 304 | 228 | 263 | 175 | 222 | 232 | 277 | 149 | 192 | 202 | 247 | 207 | 228

13 199 | 245 | 262 | 304 | 228 | 264 | 175 | 221 | 232 [ 276 | 150 | 192 | 203 | 248 | 200 | 222

14 198 | 244 | 262 | 303 | 229 | 266 | 174 | 221 | 231 | 276 | 150 | 192 | 203 | 250 | 191 | 216

15 197 | 243 | 262 | 303 | 229 | 267 | 174 | 221 | 231 | 275 | 149 | 191 | 203 | 252 | 181 | 209

16 197 | 242 | 262 | 302 | 229 | 267 | 173 | 220 | 230 [ 275 | 149 | 191 | 203 | 252 | 172 | 202

17 197 | 241 | 261 | 301 | 229 | 267 | 173 | 219 | 229 | 274 | 148 | 191 | 203 | 251 | 161 195

18 197 | 239 | 260 | 301 | 229 | 267 | 172 | 217 | 229 | 273 | 147 | 190 | 203 | 249 | 150 | 189

19 198 | 238 | 260 | 300 [ 229 | 264 | 172 | 215 | 229 | 271 145 | 189 | 203 | 246 | 140 | 182

20 197 | 236 | 259 | 300 | 229 | 260 | 172 [ 214 | 228 | 268 | 143 | 188 | 202 | 243 | 131 176

I | 043 | 058 | 038 | 051 | 037 | 053 | 039 | 0.61 | 039 | 054 | 039 | 058 | 038 | 0.55 | 0.21 | 043
F: RAFWECRME (H2) , HEHELED )

FB=0, (EE. R LE—BRRK0EEE, B X HE etE, Y #a5E R Fo 1, 24
B REHPNLE, EENHLNSHEES, T HEERNEIEESE AR, “%
FH FOFHonYE, WE2 fE 3. (XIE 1924; FLITF 2015)

” 28 3 S
DDDDDDDGDUDDDUUDEGBU

259 oM

= *++,§*~‘*« 08 00 050808 Oy Op O R LR 0D -7 —v‘ XX XXX XXX HK K XXy a-n
B & %x‘ X1 = 3 Aﬁb“A ~°”°3f" %
32 238 sk
R xxx X ’ﬁﬁ OO OOERRR SR ek o m % & o s °‘QA° °+Q+Mv+z>*o+ :—: R 1
i DQ’\ G- T d 3 Ay(;\‘t‘ R X1
. & Gt g A e 3
;: 66§ aﬁ BSA A AR e ;2"A0A”"”("Xx*\xvxs¢> N o
148 o At X S e =
‘00 0000006000“00@000 = 155 R 3 X 0
N T S S S
- 0000 0000 '°‘,°‘.°\°\°‘\°-Ao-o 00 0.0
] 05 1 OB b2 BB 83 0 M4 68 175 ° S
wi: # 0 01 02 03 04 05 08 07
BB )
ERFRLE FEREEETRAYE
2 HFEGERFELEE (B A3 EREFRAFEE (X

M 5 FE 2. B3 HaTEH, BRBHEER LM, FEEES/\ANBREE, 1A
i (Tl T2 T4, T5. T6) , —ANB&A (T8) , BAHEFMFFEA (3. T7) . BHEfL
PERTRIL RIS R E B e 2 —, FIAFRE —FHESENSHGEE . RS
ANRIEFUEES —NMAK LK T B, BEEAEEE, BRITTUERI: LlRZT AN
BAE 18-27 M EBZIE, a9 M, W BMAZ AKESRIEEE 13-25 AN k&2,
¢mmm1zﬁ¥%oE%%ﬁﬁ%AﬁﬂAﬁ%mﬁﬁgﬁﬁﬁ¢?tﬁK%A,@Eﬁ%
m CEE) UERTLHREZAN.

WRIELBVETEEEE, XA “HERIEE” (Chao 1930) , BAI1T——ib R FF A IER I\
MRK.

O A T A S R S, L R A AR, [k 2 R 2 R M S I R
ERRFR. MAh, HETEFR LA RSO R ERA RS, (FLLF 2015:64-65)
16



CREEECY 2017 FEF 2 8

FERHAME, “HER7 RE—MEIES, BITRAERERNT XEEF A2
FEIRMER AR ELRES, RATRAXE (1924) B5%E, 8, St HLEg s KEash
H2ZRMZEE, RERH—EZREEE/LNEE. ATETERE, BPRITGES R AME A
A/ MEASRAE— R, RTa, NEERmE, SHREZEMEE 2.8 NMEE, Wik
HZE 2.1 ANEE,

T1: TR BHEE L, T1 FLTIHRAFEMLE, F—HidA 33. 7B, HETE8
M, W T1 B FETE, EEXIFAMMEHEER Z BRI FHE. BB
[FIRE S ERAE AT T2, T4 A0 TS. XBRUEA, FRMMAZIHI S TE, ARREHIE—E
LN, BHEHBIAIERETNT

T2: JRE—AFE, BHEEBNERNEA, oTLWREN 55, BHE 25 MESER,
THIE 2T AN EEELA. NEENS, KENRIGM BT, KRR S AE®HYIERES &
HAMET AR ISR - ‘

T3 M T7: ZHWREAHESE 2 EN, IAEKLE EANEREEKE /D, T3 WL SRE
HEEAEN, T T7T ANARSELEE I EN. 75 REHME, T3 M 177 AELSHIGTE
BESE L&, MELEFRER, XSBRITEEHNIMFEERNE, B EE
PUE R EA T RAEY, Flm, PUEEEEMNE S (35 ) . MHEEIEN T3 A1 T7
WWERT “HA” MRS—MEX, BiAEY X—aA5RBEEERRAFSHNEREIEN
FEERAEE. (S0, e 2016) KTk, A0z e X8 “HFiR” , BES R0
244 (T3) #1233 (TD) .

T4: TWBMELLE L, T4 —R—PMHEFE, bRidk 22.

T5: LB R LM, TS B2—MNPE¥iE, widh 4.

T6: Btk To WA HE = LEE s, (HHBAEEER —FEN. i, To W7EN
B EHFEPHREHRBREE (breathy)  BIAFARYE, BRI RBIZEM, @95 &EF
R BRI KEREK. (Yang 2015) T6 i &= LR AU BI R 1% B4k R A KRB
ES 8

T8: R—NEMEE, FHE—MF2E, aTlisidh 41.

BEKmE, BAEZE—MAK, aRFlKERTBEE, JE, BEKNKE
B PR A R B 5

HAr, — A HERTERIEE A ESIEN LN PRERHEE SR P o mE .
Maddieson (1978) BiTEEESHIR, FMHEHR ERAEBSHEMNFREMIEIES, B,
ANFRAREMESEASANBRATFREE. HE2 R 3 T4, FEEEREALREL
HEEN, FEHENELRHEL M RESESRPRBRERI SIS HIRE. KTHE
HiE AP RERASLE, TO15 0GR,

Bt Eseath, BITRARXAEFERZSHEE ISR RAL, WFE 6 fir.

K6 FETERFRHX R
. HE
B3 5 % IR
T1 33 33 415

17



H IR B TR B A SR A

T2 55 55 B
T3 244 244 =i
T4 22 22 HEF
T5 44 44 R
T6 11 11 fieF
T7 233 233 f&F+F
T8 41 41 f 3

B 5 FR 6 A%, BRI EREIELX EFEMEEHERE L, ERIFAEnE
— SR A RIS A7 o

= WFEASER

R R F AR E SIS RAE, FIESHENNFEAER I 4 FEad ek, &
SEERAIR? T ICRATUARE AL B E ISR 6, I o X I e A X X — 1 R
BEATRAIE .

3.1 W RESME

RNT EINER S ERFESHENTRANERASER, NN THA AR RS,
—RETFRFE—MAR, FFESB/\ANTREAZ; —REFRFE—MAE, dreaE/ D
AERRIE. WL SESNZTTEN 20 N, EREENRKREE, 8, FTXWERER
B, BAR AR, YRREEHE.

B4 (&) ARF 16 O ), EFEA/\NAEFEFHER. 11 FERFN, E57E
134%E FTiRE), 5RFAMCEREEER. iIFSETHEER/ \MARRK#ER, ’E
PR EINE .

B4 ) REF RSN, HEMRFRE. DA 11 EEFERER. EXFHE
o, IMNEARETIRISR . FERANE, AR08 TR 55 (T2) i, EETIEEE —
MBI LA, XREEETMRRISREEEE S BAMES T R AR .

u-x %1

i«
: LI B o
= R v 1L = sl
B T e 1
i i
v {14 - dd
16 S 1
e RS t - 4
- 334033 « R Y - et i1}
Y ekt Euggpsr iyt dney ey
N 2 -1 ——
¥ R 3 i ! -

ARNNCE V2 O T O I G S T I G L S AR T S B

a4 HEGERTERELTE (K +x, A x+11D)

22 W (T4 EMERTFHE F R A AW, BAMREH -, E&K4K 171
Y&, WE S Frn. 22 PHERT MG FEER D FLEARN: F—, 22 BEwTr, HE#
B 11 AR E L B, A R TR RTERE: 22 RERETR, 11 AREEEMIET R
TR EEERNE, 2 BETFEFAERR, X5 11 RZEREEEEARR, 22 FEF

18
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B, 11 18F0 22 2 BRI EIEESE/N; T 22 MR R, 11 P81 22 Bz R fER A
W8, H¥EFEKRT 22 ERT PR AR, REABRERE L EEE AR, B8
WA RIEE C(BF, 113880 55 WZ A E 26 FFAZ, flin, 22 #@fksiee, &
AR EEAE 1323 MNEFE; 22 (a7, TN SEA 12-22 ME5E, B
U, 22 WEREFERET, SEMAERN) IMARNBASRERE 10 MEE, £, 22
VERIEET, 44 U8 (T5) 155 W2 EEE 587 l—3G 2 BEETH, _#BXX,
X5 11 EEEMBHAER, MEETERMAMERSHESES BREFRIEEITS.
F=, RALRIENEEREGY, SHAGHEMRE 41 (TR WRRGSENFHESTEME 3D
Fig, REHE SR BAREREER . B0, 22 WIERT TR KIS BB ER/N TR G 20 1ME.

2% i

P52 3 pRB R LB BYDNNBY R RIS VI C B O I I N N B O

BS FELEXFELTE (K. 224x, H: x+22)

E 6 A 33 EMERT M B, NESTT R, TREETFELE FHRELR, &
ARBFIE -, KK 19 MFEF. 3338 (T EHFEREFZEEFUTLARN: $—,
33 AERTAT, FHEEER 11 FESME L B 33 REETN, HEEN 11 Bk, L
11 EREFHE G [, HMARR PR . B2, 33 BERTEN, HEEN 5585 4 HERS
MERX; 33 EfEE7E, “HEEXX . X—WES5 11 /A 22 BREBEAARE, EI&%E
1k J& it B 44 1RFD 55 PSR RE X, T 33 EIIZEVERT i BN S PR B BT
XK. 5=, 33 FERTFR, 2448 (T3) A1233 3 (T7) KRR SR 7E—2; 33 HE
JEFR, 244 A 233 WHEGARR “FE7 A BT BIHEIE R RAEREE, ([ERXHEAELLHE
BPe A T —ANETRGIEZE, X R AR E FRE A R AP X AR X MThsE. $0Y, 33
WERTF 0 5 = R shia BN TR 5 2 A

KER:¢ X33

[ SR T B R I S O B A I B U - 1) HIE SN R A A LV O S I S S S N Y

6 ¥MEWEXFHFTHE (E: 33+x, H: x+33)
M4 REENFRETNRETHE, BA58 708, ERRAN2 MEE. 4 E
HEREFEEAUTILERM: F—, 44 FERTFN SR8 BN TEE 7 AE.
£, 44T, BEEN 41 ANESESES 4 B8 4 AEEFRN, KN
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B FER M AT A R SR BT

41 AR EEEMES 33 WAHR, BAERLE 7. £, 4 BLSETELEET, 44 F 55
AR 5 T R AR R BB U .

44X X+dd
B gl e
a2 e 2344
R e 330
- o gind
o 44 T
g ea e
" N A,
AR G L SRR RS i taer® e 2 YT SN 245

1] @ e

WM W E B BB L O O O I N CR L O ST

B7 HFEGEXFELEFE (E: M4x, H: x+44)
B 8y 55 WMIEM. 55 WA FMEEREEESTH, EARR YA, SHE
24 ANFE ETFERSN. 55 BERTEREFEEFTILERI: $£—, 55 BETe, 25
B 1 ARBET, 1 R TREHTIIETHISTEAR, SHRETEWHAEG
55 WfER R, HATEN 11 WS EhRES AT, FHEELARETRIS. £, 55
ERTEE, HEENEMRR N KERSTERE, B8R S5 HE; 55 R, 8

85240

SAMES BBy RS gy W

K8 ¥FEGERFREEFE (K: 55+, H: x+55)

233 RTEEMERTERE FR AR A LW, BAFEZE N, SREKLE 16~20 MEY
5o 233 WEMTFAEZEERUTILERM: F—, 233 EEN, RSl rR T8
FROAFR, HTRIGEFNEWE, TaliREAAE; 233 AR, HEH5Hn
TR, VIATERL. B, 233 WfERTAR, HEEN 1 ERAE S T, R H A%
slg1FavEns, 233 HERFERN, 11 ARSESMRTRER 8. A, TERANLE,
11 A 22 W BB/ EETE 233 WERT ARG 2R BERAR, 2233 EfEsiset, 11 38m
22 B BREIBEZE /DN 2 233 ESE AT, 11 VAR 22 A AR IR BE S 8wl — 2, (EHEAE K
T 233 AVERTEI @ EBE. thah, 233 EMERTZET, HEEERT 44 M 55 @2 AR BE KT
233 PEE AT BB L. 45& 11 AT 22 8. 44 A0 55 S M, TTCARIL, REANHIER
) B Z A e, (RN EEARN TRIEE (B 11 R0 55 2 MIAEEE) (RIFEAES,
F=, 233 PMERT N, HEBNERE 40 BRGERS, SBTRMAER; 233 BfEE 7,
BUBEH 41 HREGES 33 WHIE. $£0, 233 BEM RS SR EEE/NF1EE i
B. WK 9,

20
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i

Py oEoroe ity Py ssy FANG IR 1) - EAE TR T R IS N L B N O B3}

WMo HEGERFHXFE (E: 233+, H: x+233)

244 BTEMERT MG TR AR, BEAMEFE—8, FTRALAME 1722 EFE,
244 PERTEMEFZTEA T ILERN: B, 244 FENFH 0% & R A e 57t
SuriAtf- PRAREES. £, 244 AT, HEEN 11 ARSIER8E LT, 244
WEEFE, 11 ANSESERRETE. $£=, 244 FEERTEN, LSRN 41 0L
B, BT 558; 244 RIERZE, FEN 41 ARRGBES 44 FMHE. $00, 244
VERTEBY, 44 F1 55 B2 [AMEERS 58l —3 244 BIE/S R, 44 /%0 55 WHRANE
FRAREAFER XIS, X5 11 @M 22 EEEFRIEEHER. BH, 244 HEERTFH
HERESVEEN TSR E. LA 10.

H-X X4

e 24
i 244644

g e it s

e I

4R

Py i s nEn sy A RY B AR E g A PP T3 NSRS ANEERREBED L

10 FEHEXFTHEFLTE (K. 244+x, H: x+244)

41 BEERNERE R ERERHE, BRAMAZE -8, SHEKAOM 22 MESHED
13 2EF, 41 PRI G FEEF LT JLERI: B, 41 FEaTEr, 44880 55 @2
EEER SR 41 IEBEM, 44 H 55 BB S P AN SSEELLAE XY,
Ah, BB A AL S EERN, BREEE TR IHMARXSTF. =, 41
WEN LRI ZERET, SHASN 41 AREREATEMNHESEE 3) R, RER
HOKBMRERER. £=, 41 AR OETEREENTFER RN EE. E 11 B
ZNo

—a- 4131 .

¥ el

41435 ~ 4

o LG -t w454 |

it £ S PN

s —g 453 . s LT

3 DU & ok ey i 5 ww R

Ciy . S o .~ §1H] — ]
(S T N VA U S P B I S 1 [N N U L I S AT, B - T L Y

Bl HFHEFERXTFEETE E: 4l+x, H: x+4D
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RGP R A TR R LR TR

MAETHEEI ST AR L, TR f— N IR PP R F LR, #RBEA HI
HERSWMBEANIER, RV, FEHENTHILE 64 MERHEHEL, HaER, I
FEHBMRTREASAFELRAR. R7HHTETRIMHMERNRTHERAGHESX, A
KPP UE NS -MASHRAAARATHEAS.

R ETXHRERXFERE &S

BF | T1 (33 T2 (55) T3 (244) T4 (22) TS (44) Té6 (11) T7 (233) T8 (41)
WF
Tl (33) | PP+ | hPEmTE | PP +E A | P TARE | PP R | PPHETE | PR | PErER
F i i i
T2 (55) | ®P+PF | BE+ET | BF+EA | mF+PE | RFP+PE | BPHEFE | REHET | BEEE
5 F 5 3
T3 (244) | BIP+h | BFPHE ) A P+E | ®AF+P | BmIAFE+ | RAFHR | BIA PR | BFRE
3¢ S Fp &P R ¥ P 3
T4 (22 | REF+F | PEP+E | PEFE+H | PEFP+P | FEFP+F | FEPHE | FEFEHE | PERFERE
5 F HF f&F R4 S FP 53
T5 (44) | B@P+d | hEP+E | PRYAE | PR+ | PEF+H | PEEHE | PREHER | PEER
i F THE & i F FF P
Te (11) | & P+hF | BF+EF | ME+EH | RP+HE | R P+ | EPHEE | KPHEA | KPrER
F F ¥ S
T7 (233) | &F-F+ep | AP+ | A F+5 | A TF+F | KA P+ | EAFHE | R A F+E | EFAP+R
¥ 5 P &7 =T 3 AR 3
T8 (41> | ME+PT | MEET | BR+EH | BR+PR  ARP R | RRHRT | BRART | BReER
3 5 5 F

3.2 XUFRFEAE AR

e EXHIa, WRFAE & I EEAIE SR T DL 45 H DUR LA

(D FHEGENFHEEEREETTRIIS, B, WFHAPREAEHRE,
B R RA REFES I,

(2 FA—MAR, EEETFEEARARN N ERESITEE /N HEE SR
. HEEwR, F—MAE, EREMTFEERRREER, K88 Z~THE
JEFRIEEA B VAKET B .

(3) &% 41 TR FE 2 BT, HAENZAPNRGE S EHEA R R ERN T
i, BRERmE RS 33 .

(4) 1118, 2218, 244 A 41 WEF/EFR, HATE8EME T 4 f1 55 EFSERL
TEER X (X MEARIERT e, HEBNE R 44 f1 55 WAL XIEF .

(5) ¥R 233 Fi1 244 fEfERTFET, HESHELNA-ERBERECHRRFPRRE. B
ARV, THERTEERTFR, FHREREB RGO R AN TR R A T 2.

(6) 11 RERTFIN ) & i 2R B TR 5 et 0L, BAR 11 JRF0 22 AR AS
(B G EAERT Z R G 2 A AR, EREMNMEIRRENRBESRFAZEZ, AL, NFHR

HE PRI F RIS B T B AR R — B
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CRBRIESCY 2017 5 2 i
gi b, FEEENFRAET, AN TFHENS, BRI FRKE I ER.

m o

WREEF/\NMEL, HEESANRFE. NRENNSENAES, BRBRAANFEN
AERHEHE T E R — A, AN TATFRAGREERESH .

(ERBMEIE) MO8, W EHREENERERE, BRI SRAEERZHE, )IBEY
FEERRIEFERR. (EH 1985:107) W% &, X=K77E AN E S 4TI,
RERFITGHR. AT AREBFEELT SREREZRMEE? Bk, (FE) MEEFER
S, B, JERTT B PRME IR & iR A BRI R . (EHtt. 5K 1995:10)
WRMOTA AN EEST TS, REEBHEMNE, ERLRTENIMXBEEERMNE
LB, XE5BELTENAAXBES. BEAL, WX EE, RERNEETGRE
BEPAERTNEE. B2, TP (1992) MR SRR T SHEZEHEN AR,
HAAFRARE TP AL E BE s, 306 25 PRETIEAL, kA REERZIENR
o

FRUENNFARA A SR P EEZZFNAAL, REAFERTREAHTRSE
EFARTRES BT S PASH MR RAURE, ERENFFRAENZESERTREN
IR . ASONKBERAELS T —MNFERREZTRMES GREE , BE, B
THAHAIR, BITEAREREEALRE SO XTRESEHHE, —HTH&EES
RELSHIEEMRANESE, B0, EHFENER. OB, FENTERES A EEITR
ANHH T

AICHARY, FMBEEHER/N\MEFH: LAPRE. BNPRE A EREE, bR
i 11 AR E BRI ERERTE EAIUA B R NEE - MAR EREN BT
WHATHMEREAN, BEREMEREHANT HERT A INF R ARY, HEEEE
AT R EEERA, WXNFAIL o4 MAERAGHEK. A5, EFREHBONFHA
&4, HXTHENE, BErREETRATREEEE .

BE R

P (EZEEATERENSERBAHAY , BTEHERESHR. FERKES®SH (RKEXW
AIFR) , TNREHRA, 1992 6.

TP (LRETREMEAR) . KM, 2015 4.

X H: (PUESERSRY , B, 1924 4.

X 3. FBiEE.  (ERIEERTIEAKBRENSERRY . GESERN F 54 8, HEHRYE,
2016 4,

Fatt: (WiBHEHRD . B TIEES ORI ET, 1994 4.

Tt BRR: (BRIEHENHD . PERSRZEHRME, 1995 %,

Tt (HEEE) . RELRLE, 19854,

ik IB: (EOEESENE) , (IERESHATEN F 164, 1947 F.

PR SRR, SRR ASCRIERE:  (CPEESHMEE) , FWUSER) ARAT, 1987 4.
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44(4): 541-628.

Chao, Y. R. 1930. A system of tone letters. Le maitre phonétique. 45: 24-27.
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[Abstract] Xinzhai Miao belongs to Qiandong dialect of the Miao language. Based on our
fieldwork, this paper makes use of FO and Duration to analyze the pitch patterns of tones in
monosyllabic and disyllabic words. It turns out that Xinzhai Miao has eight tones for monosyllabic
words: five level tones, two rising-level tones and one high-falling tone. The distinctive feature of
this dialect is that it has five level tones. In spite of this, it is very interesting to note that there is no
tone sandhi in disyllabic words, which is also peculiar for a language with five level tones. Building
on the analysis, we establish a set of distinctive features in order to describe the pitch patterns of
tones in monosyllabic and disyllabic words in Xinzhai Miao. Finally, in connection with other
dialects of Miao, we attempt to interpret the lack of tone sandhi in this speech.

[Keywords] Xinzhai Miao monosyllabic words disyllabic words FO Duration distinctive
features

GEAZsat: %) X 100871 #F AFRFETEETXFE
MEE 100081 AF  FREARFVHRAET LT A
FirF 100871 dw AFRFPTEETLFZR)

(AxX35th HkEl
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R B T AR R AR R A
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Falling Tone of Yuliang Miao
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Abstract: According to Zhu et al. (2012) , the mechanisms involved
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in the perception of low-level and low-falling tones remain understud-
ied. We therefore undertake an acoustic study on tonal categories and
phonation of Yuliang Miao, investigating three parameters, i.e., pitch,
open quotient, and speech quotient. The result shows that this language
has seven tones: four level tones, two falling tones and one rising-lev-
el tone. In order to investigate whether it is true that native speakers
cannot differentiate pitch patterns ( level, rising or falling ) at very
low pitch, we undertake a perceptual experiment on the low-level and
low-falling tones. The results suggest that while phonation types serve
as the primary cues for the perception of these tones, pitch still plays a
not so significant but indispensable role in it.

Keywords: Yuliang Miao, low level tone, low falling tone, perceptual

experiment

(XI3C: dbgr, deatREP EE S CE R liuwen3214@163.com;
. B S, RIS RAEINEE B ruifeng 72@163.com )




ISSN 1000-0054 ( ) 2017
CN 11-2223/N

(1. ,

/n#C2/ V1#C2V2

: Hol7 LA
: 1000-0054(2017)09-0963-07
DOI. 10.16511/j. cnki. qhdxxb. 2017. 26. 048

Effects of speech rate on segment
production in Standard Chinese
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Abstract; The phonetic realization of speech segments and the timing
relation of the articulations of contiguous segments vary for different
speech rates. How the speech rate affects the segmental articulations
in Standard Chinese is still not very understood. This paper studies
the effect of the speech rate on the segment production in Standard
Chinese using electropalatography to focus on the articulatory timing
relation in heterorganic consonant clusters /n# C2/ and segment
articulations in V1#C2V2. The results show that the absolute
latency and the gestural overlap of the consonant clusters increases
with faster speech rates. Significant linear relations were found
between the articulatory or acoustic length for the segments. Effect
of the speech rate on the consonantal displacement depended on the
place and manner of the articulation. Gestural weakening of vowels
was found accompanied by acoustic centralization. The results

indicate that the articulatory mechanisms for the speech rate control
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are associated with the timing relation of contiguous gestures and the
temporal-spatial properties of the segments. The articulatory
attributes of consonants and individual strategies also affect the

segment production for different speech rates.

Key words: speech rate; segment production; electropalatography;
Standard Chinese
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Multi Viewpoints on the Origin of Tibetan Tones

Kong Jiangping*®
Department of Chinese Language and Literature, Research Center for Chinese Linguistics,
Joint Center for Language and Human Complexity, Peking University

ABSTRACT

The production and origin of Tibetan tones were studied from the multi viewpoints. The
following results and conclusion were obtained: 1) homophone is the internal impetus of
the production and the origin of Tibetan tones but the origin of Tibetan tones was
restricted by the phoneme structure; 2) the distributions of homophone in all the Tibetan
dialects are close to exponential curve, which is the basic nature of Tibetan; 3) from the
viewpoint of phoneme evolution, the phoneme load could transfer among the initials,
finals and tones. The increase of initial loads lead to that the pitch patterns transferred to
the tone patterns; 4) according this study, the concept of ‘quasi-phoneme’ was proposed; 5)
from the viewpoint of structure diffusion in the lexicon, the structure diffusion were
caused by the decrease of initials and finals; 6) in the production and origin of Tibetan

* Kong Jiangping, Department of Chinese Language and Literature, Research Center for Chinese
Linguistics, Joint Center for Language and Human Complexity, Peking University. Address: Dept. of
Chinese Language and Literature, No. 5, Yiheyuan road, Haidian district, Beijing, China. Post
code:100871. jpkong@pku.edu.cn,
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tones, the formation of tones were restricted by the phonations and perception
physiologically and psychologically. The devocalization of the initial is the basis of the
origin of tones.

SUBJECT KEYWORDS

Origin of tones Homophone rate Phoneme load Lexical diffusion  Speech
perception
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