BERBEHAARSE

Status Report of Phonetic and Music Research
2010

ERXEPXREEFLEE
Linguistics Lab
Department of Chinese Language and Literature
Peking University



WM

AV SRR AL UK TP SO 5 7 SR S A FEWF TR A R 28 = 3], WAoo 1 S0 = 2010 4R AR AN
ARKFHIWI 1T fF. 2010 4, ASLE = FEIFRE 17U MiEa):

. Rtk

SEIG S I S LU LA JEREBS ATk Wl 5 AR BE L IORTE

DB RS AAE, PR SRR

U
TN AR

SIS VP2 RN RUR L A T 2 A EC R, W1 Berkeley. JAIST. CNRS. &
R RE . FHSRE. BT SCORE VHACRGERE TV REESE, FEEIRVI M 2% [, SE5
FEIF BB SRR, B2 T 25 M B R 1 25 A e it el 5 0y

2010 4F, B RAEFGEE S U T . FH IR AR R AT BT A 0 i B B
Ao AATERINN R 2ZE S AR I . B SO L 8% £ Eoose A e R N K2 e &
SR I E I B SRS SOV R HAR . TTREIE S TSI 0 . T KPR O B ke
AT AR TR 2

SR ERRE NS T 2010 4 10 JIAEIbRTZEATI “ VU )18 A st v [l Bt it 2% 7

=, WP

2010 £ 6 J1, LI FHIR S BRORIE B S LUK A% Sl TG T 5 SO ST LR = F KA 7%
Syt AL S 7 2% B 1l 20 AR S5

JER R CRE T # =

Linguistics Lab, Department of Chinese Language and Literature, Peking University
Tel: 86-10-62753016

Email: ell@pku.edu.cn

Website: http://www.phonetics.ac.cn/index.htm

S % N I 1 % 7 20

LI B jpkong@pku.edu.cn

B RIS 0 lid@pku.edu.cn

Ji 3 TR | ell@pku.edu.cn

T 04 i 14 wanggaowu@pku.edu.cn/wanggaowu@gmail.com
ARG SN lyhweiwei@126.com
Rl 05 i+t | yoonrealjdm@gmail.com
AR 05 4+t | i_yoshinaga@hotmail.com
gk 07 ZiH+4 | leeyoungho@pku.edu.cn
Hlbe s 07 g+t | itol_xs@pku.edu.cn
SRR 07 Zi#H 4 | hanna.pku@gmail.com
Ml 08 Z% i+t | yangzihuai@163.com

O 09 & Hi%4= | dongli_pku@yahoo.com.cn
HLAK 09 ZfHi+/E | caohonglin2009@163.com
T 10 =4 | mauriceyg@hotmail.com
AT 08 Zifi+4 | yuerr@163.com

CH 78 fELIK, S s LEIRA 9042 30 44, it 20 4, Mt 10 £4.0)
AWIHAT i B




H>x

A Study on the Origin of Tibetan Tones by Homonym Rate

................................................................. 1
An Exploration on the Measurement of Psycho Distance across Mandarin Phonemes
................................................................. 8
Effect of Speech Rate on Inter-segmental Coarticulation in Standard Chinese
................................................................ 14
Effects of Prosodic Boudnaties on Segment Articulation in Standard Chinese
................................................................ 21
The Relation between Larynx Height and FO during the Four Tones of Mandarin in X-ray Movie
................................................................ 25
Time Series Analysis of Jitter in Sustain Vowels
................................................................ 29
e DO BT —— R DA XU A R R DR
................................................................ 33
TRBETE &
................................................................ 42
i ] 2 ) 2 DT IR e N g 3K
................................................................ 68
DU 3 15 X015 (CL)VIH#C2V2 3574 8] 35 BE W [F) R 5 WE 5T
................................................................ 77
W U/ BN A& A S IR A P 2 o A
................................................................ 83
1 T R AT BB A R I R A b
................................................................ 89
Wl UL T S 2 SRS 2 A AT
................................................................ 95
e A
................................................................ 100
FrP R IEALS BRI
................................................................ 105
LM o 15 XU 5 7 i 4% [A) AR
................................................................ 123

FHE 1) 5E 3



A Study on the Origin of Tibetan Tones by Homonym Rate

Kong Jiangping
Center for Chinese Linguistics;
Department of Chinese Language and Literature
Peking University, P.R. China

1. Introduction

The languages in Sino-Tibetan language family most
are tonal languages, so the origin of tones is very
significant in the study of Sino-Tibetan language.
However, the present living languages in this family
are already tonal languages and only few with
non-tonal and tonal dialects. For lack of written
language materials, the study on origin of
Sino-Tibetan tones is very difficult. In Sino-Tibetan
language family, there are 3 languages with old
traditional writing systems. They are Chinese,
Tibetan and Burmese among which only written
Tibetan reflects a non-tonal ancient speech sound
system (2%, 2003). So we say that Tibetan is a
very important language in the research of the
Sino-Tibetan language family, especially in the
research of the origin of tone. The reasons are: 1) it
has large scale of native speakers; 2) the
geographical environment is very special, because
most of Tibetan speakers live at high altitudes; 3) the
humanity environment is that Tibetan lives relatively
isolated and use the same language; 4) it has a
traditional writing system with large quantity of
writing materials; 5) it has many dialects which show
the different phases of Tibetan evolution, especially
the evolution from non-tonal to tonal.

The written Tibetan system was established in 7™
century and the earliest written Tibetan materials
now we can have are those between 8™ century and
o" century (E 3%, 1982, %= Jy kE %%, 1987,
Richaydson, 1985). At present, most of scholars
think it reflects the ancient Tibetan sound system.
The earliest written According to our database' of

! The Tibetan database includes 6 Tibetan-Chinese dictionaries
and Tibetan many textbooks. They are: (I KLY, (%%
FEA Y (B i) KR LS BEgy . (Hrdm

written Tibetan dictionary, there are more than
90,000 words, among which there are about 5649
single syllable words and more than 43000
di-syllable words. From the viewpoint of historical
linguistics, the evolution of Tibetan tones has close
relationship with the decrease of Tibetan initials and
finals. Usually people think that there are 213 initials
and 77 finals or 220 initials and 98 finals (% 3% %
4%, 1991, 2002, 2004). According to our database,
there are 220 initials, among which there are 30
single consonants initials, 118 initials with two
consonant, 66 initials with three consonants and 6
initials with four consonants and 100 finals among
which there are 5 single vowel finals, 15 diphthong
finals, 45 finals with consonant ending and 35 finals
with double consonant ending (fLYLf+, 2010).

From the written Tibetan and dialects, we know that
decrease of initial has relationship with the increase
of homonym and the homonym leads to the origin of
Tibetan tones. So the Tibetan dialects can reflect the
different stages and information of the origin of
Tibetan tones. Tibetan dialects divided by scholars: a)
5 dialects by Roerich GN. in 30s last century
(Roerich, 1931); b) 4 dialects by Uray G. in 50s and 5
dialects in 60s (Uray, 1949); c¢) 4 dialects by Shafer R.
(Shafer, 1955); d) 2 dialects by Miller R.A. (Miller,
1955). e) 3 dialects by Qu Aitang (¥2% 3%, 1963); 5
dialects by P4 H J&/fE(Nishida Tatsuo) in 70s (V4 H
Ju i, 1970); f) 3 dialects by Li Fanggui (Li Fanggui,
1973); g) 2 dialects by Encyclopedia Britannica in
70s (Encyclopedia Britannica, 1974). In 80s, 3 dialects
and many sub-dialects are divided by Qu Aitang (£
T 4%, 1981): 1) Weizang (central) dialects with 4
sub-dialects; 2) Kang dialect with 6 sub-dialects and
3) Amdo dialects with 4 sub-dialects. See figure 1.
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Since it is very difficult to identify the sound systems
which is developing tone system from pitch pattern
to tone pattern, there are some problems in the
principle of dialect division.

Weizang.. .*

Figure 1: the map of Tibetan dialects.

Briefly speaking, the dialects which have tones and
do not have voiced stop, voiced affricate and voice
fricative are regarded as Weizang dialect, the dialects
which do not have tones and have voiced stop,
voiced affricate and voiced fricative are regarded as
Amdo dialect and the rest dialects are regarded as
Kang (" [l A1 25 B 27 e AR R AE N SCRE 27 Bt
1987).

2. Pitch and tone patterns

In the phonetic study, the basis of historical sound
change is very important. According to the linguistic
study, the evolution of tone has at least three periods.
The first one is the period of pitch pattern in which
the pitch pattern of single syllable mainly is “high
falling pitch”, and the pitch pattern of di-syllable is
usually “middle level + high falling”. Most of Amdo
dialects are in this period. The second one is the
period of tone development in which the pitch or
tone patterns of single syllable mainly are “high
falling pitch” and “high level pitch”, such as the

2 The figure is copied from “Atlas of Chinese

Languages” (1 [EE S HUEIAR) |, T EFESREER
HECRINE N SCREE e 2%, Longman, Hong Kong,
1987.

dialects in Yushu prefecture. The pitch or tone
patterns of disyllables usually “middle level + high
falling” and “middle level + high level”. The third
one is the period of developed tone system in which
there are usually 4 or 6 tone patterns of single
syllables and about 10 tone pattern of disyllables.
Some words in Xiahe, Yushu and Lasa are listed in
table 1. See table 1.

Table 1. Examples of single syllable words in 3

dialects.
Tibeta| transcirpti |Meanin|t .
P yp xiahe | yushu |Lasa
n on g e
] ra horse |QD|hta’'/*"' | ta’'/*! | ta>?
N sa place |QD|sha®'/>"|sha®'/*! |sha>?
grand :51/51 «51/51 55
& au C| '/ ai>'/>' [fau
N mother Q
5
qya | gsum | three [QC|som®'/*'|sap®'/?! Suzn
. sentenc| _ _|tshok®'/|tshe?%/|tshk®
B | tshig ) Qs| ; s
A5
83 | heib ride |QSl|tgop’'/*!|tee?>3/> t(;13p
E ri mountaIZD o231 13515t | i3
n
= nga I ZD IJa251/51 1]3353/353 1:lal3
nda2251/ nda5351/
%RAR | mdav | arrow |ZC| 5 |t
g zan |cassock|ZC [zan?®'/3"|z&333/3%3| se!?
=y 9
d 2251/d 3153/tu 13
RZRN| brdungs | beat |ZS 01351 01351 123
91(2251/5 ?13
qRA~|  gzigs | look zs[’ . 282‘25/‘5832

In table 1, the first column is written Tibetan, the
second is the Latin transcription of Tibetan, the third
is the word meaning, the fourth is syllable type in
which ‘Q’ stands for voiceless initial, ‘D’ stands for
short final, ‘C’ stands for long final and ‘S’ stands for
final with stop ending, the fifth column to seventh
column are the words of Xiahe, Yushu and Lasa in



IPA. The numbers before /°
fundamental frequency by 5 letters tone system and
the numbers after ‘/* is obtained by the perception of
linguists.

reflect the actual

From the table 1, we can find that the FO contours of
some voiced initials, especially those with voiced

stops, can’t be perceived as pitch pattern. So there is
only one pitch pattern in Xiahe, though the syllable
types are different. There are two pitch patterns in
Yushu, though the syllable types are different. There
are 5 tone patterns in Lasa, which have close
relationship with the syllable types.

Table 2. Pitch pattern or tone pattern of single syllable words in 3 dialects.

Xiahe Yushu Lasa
QC 51/51 51/51 55
QD 51/51 51/51 53
QS 51/51 55/55 53
ZC 2251/51, 251/51, 251/25 5351/51, 351/351, 353/353 | 15
ZD 2251/51, 251/51 251/51, 351/51, 353/353 13
ZS 2251/51, 251/51 3151/51, 55/55, 2125/15 132

In Table 2, the first column stands for the syllable
type and the others display the pitch or tone patterns
of the three dialects from more examples in our
database. The pitch patterns in Xiahe dialect are
displayed in the second column, the pitch or tone
patterns in Yushu are displayed in the third column
and some tone patterns of Lasa are displayed in the
4™ column. From table 2, we can find that the pitch
patterns are not very fixed which can be easily
affected by initials and finals.

From what we talked above, we can find that there
is great difference between FO contour and the
perceptual pitch pattern in Xiahe and Yushu which
are usually regarded as non-tonal dialects and the
tone developing dialects. The difference of FO
contour and perceptual pitch pattern is small in Lasa
dialect which is usually regarded as tonal dialect.
From this analysis, we can find that the difference
between FO contour and perceptual pitch pattern can
be used to define tonal or non-tonal dialect or
language, because the sound system does not depend
on FO contour but perceptual system of our brain.
No matter how long and how complex a FO contour
is, a syllable only can be perceived as one single
pattern. That is to say the physiological restriction
and psychological perception play a very important
role in the evolution of tone in Tibetan. That is the
reason why it is very difficult to identify the pitch or

tone systems in the tone developing dialects.
3. Homonym rate of initial and final

As is well known, there are 3 speeches which should
be recorded when people investigate a Tibetan
dialects. They are local speech of ordinary people
used in daily life, local speech for reading written
Tibetan and speech used by Lama which is more
close to ancient Tibetan. Here we use local speech of
ordinary people to explain the pitch and tone
patterns, and local speech for reading written
Tibetan to calculate the homonym rates. The reason
is that different word corpuses have to be used, if the
local speeches of daily life in different dialects are
used.

Since the numbers of initials and finals in the
dialects of Tibetan decrease gradually from 7"
century, the result is that the homonyms increase
gradually and finally may affect the normal
communication. In this study, written Tibetan and 6
dialects are selected for explaining the relationship
between the evolution of tones and the homonyms.
The words used in this calculation are all single
syllable words. The total number is 5649. In this
paper, HR1 stands for homonym rate of initials and
finals, also called homonym rate 1. TN stands for
the total number of all single syllable words. NIF
stands for the number of syllables with different
initials and finals.



Method for calculating homonym rate 1:
HR1=TN/NIF -1

For example: The homonym rate 1 of written
Tibetan.

HR1 (written Tibetan) = 5649/5649 — 1= 0

The results of homonym rate 1 of written Tibetan
and the dialects of Xiahe, Zeku, Batang, Dege,
Rikaze and Lasa are listed in Table 3. See Table 3.

Table 3. Homonym rate calculated through initials

and finals
Dialect TN NS HR1
Tibetan 5649 5649 0
Xiahe 5649 1942 1.9089
Zeku 5649 1579 2.5776
Batang 5649 1398 3.0408
Dege 5649 1336 3.2283
Rikaze 5649 1086 4.2017
Lasa 5649 1052 4.3698

Table 3 shows the homonym rate 1 of written
Tibetan and 6 Tibetan dialects, in which the first
column is the dialect name, the second column is the
total number of single words, the third column is the
number of syllables with different initials and finals
and the fourth column is the homonym rate 1. In
order to see the result clearly and directly, the
homonym rates are displayed in Figure 1.

homonym rate of initial and final

homonym rate

Figure 2. The homonym rate 1 of written Tibetan
and 6 dialects are sorted and displayed in an
increasing order.

From Figure 2, it can be clearly seen that the
homonym rates increase gradually and the
homonym rate 1 of written Tibetan is O that means
there is no homonym in 5649 single syllable words,
the homonym rate 1 of Xiahe is 1.9088, the
homonym rate 1 of Zeku is 2.5775, the homonym
rate 1 of Batang is 3.0407, the homonym rate 1 of
Dege is 3.2282, the homonym rate 1 of Rikaze is
4.2014 and the homonym rate 1 of Lasa is 4.3697.
As is well known, the written Tibetan, Xiahe dialect
and Zeku dialect are usually regarded as non-tonal
dialects in Tibetan and the others are regarded as
tonal dialects according to the data now used. From
the results, we can find that the homonym rate 1 ‘3’
which is close to the homonym rate 1 of Batang is
very important, because it is the watershed for tonal
and on tonal.

If the procedure of evolution starts at one point and
diffuses gradually from the centre and the evolution
speeds of all dialects are as same as that in Lasa, the
development of homonym rate in Xiahe is only in
524 of the 1200 years (from the beginning of 9"
century to the end of 20" century), Zeku is in 707,
Batang is in 835, Dege is in 886 and Rikaze is 1154.
From these results, we may also get to know the
stages of Tibetan dialects and the distance between
among the written Tibetan and dialects. See Figure
4.
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Figure 3. The evolution of dialects and the distances among dialects. The upper scale is defined as 100 years
and the lower scale is the century (AD).

From figure 3, we can see that the evolution stages
of different Tibetan dialects, for example, the the
dialect which develops fastest is Lasa and the dialect
which develops slowest is Xiahe, and the distances
among written Tibetan and Tiebtan dialects, for
example, there is only 46 (years) between Lasa and
Rikaze and 676 (years) between Lasa and Xiahe.

4. Homonym rate of syllable

In the last section, we have discussed the homonym
of initial and final, because some of the dialects are
non-tonal. In this section, the homonym of syllable
are calculated and discussed. HR2 stands for
homonym rate of syllables, also called homonym
rate 2. NS stands for the number of different
syllables.

Method for calculating homonym rate 1:
HR2=TN/NS -1

For example: The homonym rate 2 of Lasa.
HR2 (Lasa) = TN/NS — 1=1.7263

The words used in this calculation are all single
syllable words. The total number is 5649. The
results of homonym rate 2 of written Tibetan and the
dialects of Xiahe, Zeku, Batang, Dege, Rikaze and
Lasa are listed in Table 4. See Table 4.

Table 4. Homonym rate calculated through syllables

tibetan 5649 5649 0
xiahe 5649 1942 1.9088
zeku 5649 1579 2.5775

batang 5649 1760 2.2096
dege 5649 1891 1.9873
rikaze 5649 2130 1.6521

lasa 5649 2072 1.7263

Dialect TN syllable num. homonym rate

Table 4 shows the homonym rate 2 of written
Tibetan and 6 Tibetan dialects, in which the first
column is the dialect name, the second column is the
total number of single words, the third column is the
number of syllables with different initials, finals and
tones, and the fourth column is the homonym rate 2.
In order to see the result clearly and directly, the
homonym rates are displayed in Figure 5.

From table 4, we can see that the homonym rate of
written Tibetan is 0, the homonym rate of Xiahe is
1.9088, the homonym of Zeku is 2.5775, the
homonym rate of Batang is 2.2096, the homonym
rate of Dege is 1.9873, the homonym rate of Rikaze
is 1.6521 and the homonym rate of Lasa is 1.7263.
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Figure 4. The homonym rate 1 calculated from
initials and finals and the homonym rate 2 calculated

from syllables in written Tibetan and 6 dialects.

In figure 4, the HR 1 and HR2 are displayed in an
increasing order of HR1. We can see that the turning
point of HR2 is at 2.5775 which is the dialect of
Zeku. The homonym rate 2 of dialect which is
around 2.5 may indicate that the dialect begins to
develop its tone system. According to this, the stages
of tone development in these dialects can be
predicted by HR1 and HR2, though the systems in
these dialects cannot be investigated exactly. In
addition, we can see that the time of Zeku is around
14

Distribution of homonym by
initial & final
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Figure 5: There are two plots in this figure. The left and right display HR1 and HR2 distributions of the 6
dialects in increasing orders respectively.

From figure 5, the distribution contours of HR1
show the procedure of HR1 development, from
which we can find that the differences are in
numbers of HR1 and syllable, and the same nature
which look like ‘exponential function’ in all the 6
dialects. That means that HR1 develops and
increases fast only in few syllables which may

50
20 normal ized distribution

25 of homonym by initial &

final in 3 dialects

homonym

become tonal first the dialects. The contours of HR2
show the procedure of HR2 development, from
which we can find that the differences are only in
number, and the same nature which also look like
‘exponential function’ in all 6 dialects. That means
that the highest numbers of HR2 are very close to
each other in the 6 dialects.

25

25 | normalized distribution
30 of homonym by syllables
in 3 dialects




Figure 6: There are two plots in this figure. The left and right display the normalized HR1 and HR2
distributions of the 6 dialects in increasing orders respectively.

When these contours have been normalized by
numbers of syllable HR1 or HR2, the nature of them
can be clearly seen. They really have the same
nature which tells us that the homonyms appear
easily in some of the syllables and the others are not,
that is to say, from the syllables which have more
homonym will develop the tone first.

5. Conclusions and discussion

According to the analysis, the following conclusions
can be drawn: 1) the increase of homonym rate 1 in
Tibetan leads to the development of tone system; 2)
Homonym rate 1 can be used to study the distances
of Tibetan dialects; 3) The homonym rate 1 and 2
which is around 2.5 indicate that the dialect begins
to develop its tone system; 4) the syllable with high
homonym rate may become tonal; 5) The
distributions of homonym rate 1 and 2 in each
dialect have the same nature and the distribution
contours is like an exponential function.

In historical linguistic viewpoint, the origin of
Tibetan tones is usually studied through voiced and
voiceless initials and the stop endings. The main
problem in Tibetan dialects is that the pitch patterns
and tone patterns are very difficult to investigate in
the dialects which are developing their tone systems.
To solve this problems needs the further studies on
phonation types and the perception of pitch and tone
patterns. However, the study in this paper opens up a
new way to study the origin of Tibetan tones
through the homonym rate. From a phonetician
viewpoint, more and more attention has been paid
not only to the study on evolution of tones
linguistically, but also to the study on the
information system, physiological mechanism and
psychological event.
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Abstract

This study investigated the measurements of correct rate (CR)
and reaction time (RT) under priming paradigm on language
specified perception of similarity (termed “psycho distance”)
across phonemes carried by syllables. Mandarin speakers
participated in two experiments and take speeded same-different
determination tasks and shadowing tasks in both experiments, to
see the psycho measurements’ consistence with articulatory
similarity (feature co-existence). Tasks and different feature
co-existence conditions of stimuli pairs were manipulated to see
their effect on CR and RT. It is proved that manipulating
articulatory feature co-existence conditions would cause
different correct rate as well as different reaction time for
speeded same-different determination tasks. Sharing either an
articulatory feature of place of articulation or aspiration would
result in longer reaction time, and with both these features
different the reaction time would be the shortest. Moreover,
stimulus pairs different in place of articulation but only sharing
the value of aspiration would result in significantly longer

reaction time and lower correct rate than pairs in the other way..

1. INTRODUCTION

Many linguistic theories and hypothesis involve the belief of
“similarity” across phonetic or phonological units. How
“similar” two units sound alike? As for phones or phonemes,
researchers have explored two main approaches. One is feature
theory[1] [2] [3], which attribute similarity to sharing same
features. The other is acoustic[4] [5] [6], which “quantifies”
similarity by acoustic parameters. The two approaches do
integrate, as what Stevens find [5]. However, do we have other
ways to measure human concept of similarity directly? Can we
measure “similarity” following this approach?

As for an objective and reliable measurement, psychological
measurements of reaction time (RT) and correct rate (CR) of

phonetic priming is worth trying. Perceptual identification of

spoken words in noise is less accurate when the target are
preceded by spoken phonetically related primes[7]. And the
reaction times of shadowing tasks are also under the
interference by similar priming [8]. These effects are attributed
to competition between similar units. However, most the former
studies were carried out based on similarity no lower than
phonotactic level[9] [10],, and except Radeu’s work not much
concern was put on the differences caused by different degrees
of similarity.

The overall goal in the present investigation is to test these
measurements on the perceived “similarity” across Mandarin
phonemes. It is reasonable to assume that perceived “similarity”
is closely related to articulatory “similarity”. This makes a more
specific goal to investigate if the differences of feature
co-existence result in significantly difference in the variables of
CR and RT. That is to test the difference of priming effect
across pairs of phonemes (carried by syllables) with different
conditions of feature co-existence. “Psycho distance” is used in
present study to term the language specified perception of
similarity across phonemes. The more similar two units in the
perception by speakers in a language, the smaller the psycho
distance between the two units are in that language. If the
difference of priming effect exists in this experiment, the
operational definition of “psycho distance” can be set to the
correct rate or reaction time in phonetic priming.

However, to use the priming paradigm and the two variables,
some covariance factors should be considered. RT of phonetic
priming is influenced by phonotactic probabilities of segments
and sequences[11] [12].. Task and design also take their place
[15] [16], auditory naming task may bias processing toward the
sublexical level (facilitation), while the lexical decision task and
naming task appear to bias processing toward the lexical level
(interference). On the other way, using non-word stimuli or
testing word stimuli in non-word environment increase the

processing toward the sub-lexical level. As for Chinese, Zhou et



al. found Compound words sharing segmental templates but
differing in lexical tone did not prime each other significantly in
visual-visual lexical decision tasks but in auditory-visual
priming lexical decision task[13]. Another variance comes from
interval  (ISI).
significantly longer for target words preceded by phonetically

inter-stimulus Shadowing latencies were
related primes, but only when the prime-target inter-stimulus
interval was short (50 vs. 500 msec) in another experiment by

Luce et.al[10]. Zhou also found the influence of SOA.
2. EXPERIMENT 1

2.1. Method

Subjects. Seventeen undergraduate or graduate students in
Peking University participated in this experiment (6 Male, 11
Female). All subjects are paid.

Stimuli. Prime and targets were Mandarin syllables. Four groups
of stimuli pairs were used. The prime and target shared the same
rhyme (/a/ or /uf) in each pair of every group and the difference
only lies in initials. (Table 1) Another 24 pairs for fillers and 12
pairs for practice were produced. Stimuli and fillers were
spoken by a female speaker in a format of 16 bit, 44100 Hz, 2ch,
and then manipulated with PSOLA synthesizer in Praat program
to a duration of 700ms and a level pitch of 290-285Hz.

Design. Two variables were examined by within group design:
(1) feature co-existence of phonemes in primes and targets
(same vs. different in PLA, identical in ASP vs. different in ASP
identical in PLA vs. different in); (2) task (shadowing task vs.
speeded same-different decision task). Reaction times of both
tasks and correct of same-different decision tasks were
examined. Word frequency type was also considered as a
covariance measured but not manipulated.

In shadowing task, items were assigned to 12 groups, each
group with 4 pairs of stimuli and 1 filler. Across groups
interaction of PLA of prime initials with condition of feature
co-existence was balanced out by Latin square. Pseudorandom
(n=4) was applied to balance out order effect. In speeded
same-different decision tasks, similar balance was made, except
that the fillers were pairs of identical syllables to balance the
number of same pairs and different pairs in the experiment. 7
subjects took shadowing task before same different task, 10 took
same different task before shadowing task, eliminating the
influence across tasks. In same-different decision tasks, 9
subjects used right hands to response to same pairs, left hand to

different pairs and 8 used left hands to response to same pairs,

right hands to different pairs, eliminating the influence of
dominant hand.

Same ASP Different ASP
Same Differen | Same Differen
PLA tPLA PLA t PLA
1] 11 21 12 22

pa-pa pa-ta pa-pha pa-kha
pha-pha | pha-kha | pha-pa pha-ta
ta-ta ta-ka ta-tha ta-pha
tha-tha tha-pha | tha-ta tha-ka
ka-ka ka-pa ka-kha ka-tha
kha-kha | kha-tha | kha-ka kha-pa
pu-pu pu-tu pu-phu pu-khu
phu-phu | phu-khu | phu-pu phu-tu
tu-tu tu-ku tu-thu tu-phu
thu-thu thu-phu | thu-tu thu-ku
ku-ku ku-pu ku-khu ku-thu
khu-khu | khu-thu | khu-ku khu-pu

Table 1

Table 1: prime-target pairs. Each prime and target shared a same

rhyme.

Procedure

The subjects were tested individually in a booth equipped with a
voice response key interfaced to a minicomputer that controlled
stimulus presentation and response collection. The experimental
procedure was controlled by DMDX program [21].

The procedure of shadowing task is as follows. The subjects
were instructed to repeat back the second word of the pair as
quickly and as accurately as possible into a microphone attached
to the headphones. RTs were recorded from the onset of the
target word to the onset of the shadowing response.

silence (500ms)-mark sound (500ms)| -prime (700ms)-
[(50ms)HRT clock on| -target (700ms)|

The procedure of speeded same different task was the same as

the shadowing task, except that the voice key was replaced by
keyboard. The subjects were instructed to decide if the pairs are
the same as quickly and as accurately as possible. RTs were
recorded from the onset of the target word to the onset of the
button press response.

2.2. Results and discussion

T Same ASP Different ASP

Qo

Same PLA Different Same PLA Different

PLA PLA




MS MS MS MS MS MS MS MS
D D D D D D D D
D 8 1 9 8 1 7 7 19 7 1 9
e 06 5135619 3 709 48
- 59 1 7 0 5 8 9 8 1 6 4
s 8$1--91--81--81 - -
8 9 0 7 79 8 7
- 9 0 1 8 8 4 8 1

Table2: Reaction Time (RT, in Milliseconds), Correct Rate (CR,
in Percentage), and Standard Deviation for Determination Task
(De-); Reaction Time (RT, in Milliseconds) and Standard
Deviation for Shadowing Task (Sh-) in the 700ms
Stimulus-Duration Condition

(1) Correct Rate of Speeded Same-Different Task (700ms)
One-way repeated ANOVA were conducted for correct rate and
reaction time for decision tasks by participants with the two
factors PLA (2 levels) and ASP (2 levels) integrated as four
levels of one factor of feature co-existence. Effect of feature
co-existence conditions on correct rate for decision tasks was
significant by participants, F (3, 48)=16.805, p<0.05, LSD test
showed significant difference between conll and con2l
M=0.181, p<0.05, con12 and con21 M=0.206, p<0.05, con 21
and con22 M=0.216, p<0.05, but no significant difference is
between conl1l and con12 M=-0.025, p>0.05, con1l and con22
M=-0.034, p>0.05, con12 and con22 M=-0.010, p>0.05. These
indicate that, with inter-participant difference controlled, pairs
with different PLA but same ASP tended to have lowest correct
rate, however differences between other conditions were not
higher than opportunity-level. The results on correct rate were
negatively consistent with results on reaction time. Effect of
feature co-existence on reaction time for decision tasks was
insignificant by participants, F (3, 48) = 1.766, p<.05, which
indicates that in this experiment the measurements were still not
strong enough to stand out from inter-participant difference.
Two-way repeated ANOVA were conducted for correct rate and
reaction time for determination tasks by participants.

For correct rate, main effect of both PLA co-existence, F (1, 16)
=10.206, p<0.05, ASP co-existence, F (1, 16) = 29.829, p<0.05,

and their interaction, F (1, 16) = 14.318, p<0.05, was significant.

For reaction time, main effect of neither PLA co-existence, F (1,
16) = 0.577, p>.05, nor ASP co-existence, F (1, 16) = 3.678,
p>.05, was significant, nor was the interaction between the two
factors, F (1,16) = 1.631, p>.05. This indicates that sharing ASP

value in a pair caused significantly lower correct rate; with
different ASP value, sharing PLA value also caused lower
correct rate. In spite of the existence of interaction in statistics,
the fact that identical pairs required a different button-press
reaction from the other three conditions could explain the high
correct rate under this condition.

(2) Shadowing Task (700ms)

One-way repeated ANOVA were conducted for reaction time
for shadowing tasks by participants with the two factors PLA
and ASP integrated as four levels of feature co-existence. Effect
of feature co-existence on reaction time for shadowing tasks
was insignificant by participants. F (3, 48) = 1.292, p<.05,
which indicates that in this experiment by this measurement
feature co-existence conditions didn’t cause significant enough
effect.

Two-way repeated ANOVA were conducted for reaction time
for shadowing tasks by participants. Main effect of either PLA
co-existence, F (1, 16) = 1.673, p>.05, and ASP co-existence, F
(1, 16) = 1.289, p>.05, was insignificant, nor was the interaction
between the two factors, F (1,16) = 0.017, p>.05.

The results of Experiment 1 proved the existence of effects from
feature co-existence. However, more concrete effects across
conditions seemed to be submerged by effects of some extra
factors, and some participants suggested that the tasks were too
easy that they hardly made any hesitation or mistake. This
ceiling effect was proved by the lack of significance of
difference across other feature co-existence conditions - only
different PLA-same ASP condition was significantly different
from other feature co-existence conditions. To access significant
differences across all conditions, we designed Experiment 2.

3. Experiment 2

3.1. Method

Subjects: Thirty-two undergraduate or graduate students
participated in this experiment (14 Male, 18 Female). All
subjects are paid.

Stimuli: Stimuli were similar in Experimentl except that the
duration of each prime or target was adjusted to 400ms instead
of 700ms.

Design: Like Experimentl, two variables were examined by
group  design: (1)

phonemes,(2)task. Reaction times of both tasks and correct rates

within feature  co-existence of

of same-different decision tasks were examined.
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Procedure: The procedure was close to Experimentl, except that
the duration of each stimulus was 400ms.

3.2. Results and Discussion

T Same ASP Different ASP

a Same PLA Different Same PLA Different

S PLA PLA

k RT CR RT CR RT CR RT CR
MS MS MS MS MS MS MS MS

D D D D D D D D

D 6 1 9 7 1 7 6 1 9 6 1 9

e 6 2 501 3 315 26040 80

- 9 3 7 6 2 5 8 2 7 3 7 3

s 71 - - 71--61-- 71 - -
0 3 2 1 9 1 0 1

-9 2 0 3 6 1 8 8

Table 3: Reaction Time (RT, in Milliseconds), Correct Rate (CR,
in Percentage), and Standard Deviation for Determination Task
(De-); Reaction Time (RT, in Milliseconds) and Standard
Shadowing Task (Sh-) in the 400ms
Stimulus-Duration Condition

Deviation for

Desrne T e
Sty ek v s sy

i RN | BT

Figure 1 Reaction time (left) and correct rate (middle) under
different feature co-existence conditions (identical condition
excluded) for determination tasks and reaction time (right) for
shadowing tasks in the 400ms stimulus-duration condition.

(1) Speeded Same-Different Task (400ms)

One-way repeated ANOVA were conducted for correct rate and
reaction time by participants with the two factors PLA (2 levels)
and ASP (2 levels) integrated as four levels of one factor of
feature co-existence. Effect of feature co-existence conditions
on correct rate for decision tasks was significant by participants,
F (3, 93)=51.303, p<0.05, LSD test showed significant
difference between conll and con21 M=0.219, p<0.05, conll
and con22 M=-0.34, p<0.05, con12 and con21 M=0.224, p<0.05,
conl2 and con22 M=-0.29,and p<0.05, con 21 and con22
M=-0.253, p<0.05, but no significant difference is between
conll and conl2 M=-0.05, p>0.05. These indicate that, with

inter-participant difference controlled, pairs with different PLA

but same ASP tended to have lowest correct rate, followed by
pairs with different ASP but same PLA and pairs with different
PLA and same ASP had the highest correct rate (Fig. 1) Effect
of feature co-existence on reaction time for decision tasks was
significant by participants, F (3, 93)=12.62, p<.05, LSD test
showed significant difference between conll and con2l,
M=-46.969, p<.05, conll and con22, M=25.906, p<.05, con12
and con21, M=-57.656, p<.05, con 21 and con22, M=72.875,
p<.05, but no significant difference is between conll and con12
M=10.688, p=>.05, nor between conl2 and con22, M=15.219,
p=>.05. Two-way repeated ANOVA were conducted for correct
rate and reaction time for determination tasks by participants.
For correct rate, main effect of both PLA co-existence, F (1, 31)
=32.577, p<0.05, ASP co-existence, F (1, 31) = 59.827, p<0.05,
and their interaction, F (1, 31) = 62.926, p<0.05, was significant.
For reaction time, main effect of either PLA co-existence, F (1,
31) = 4.473, p<.05, and ASP co-existence, F (1, 31) = 20.223,
p<.05, was significant, so was the interaction between the two
factors, F (1,31) = 10.486, p<.05. This indicates that sharing
ASP value in a pair caused significantly lower correct rate and
longer reaction time; with different ASP value, sharing PLA
value also caused lower correct rate and longer reaction time. In
spite of the existence of interaction in statistics, the fact that
identical pairs required a different button-press reaction from
the other three conditions could explain the high correct rate
under this condition.

(2) Shadowing Task (400ms)

Two-way repeated ANOVA were conducted for reaction time
for shadowing tasks by participants with PLA and ASP as two
factors. Main effect of either PLA co-existence, F (1, 31) =
0.803, p>.05, and ASP co-existence, F (1, 31) = 1.286, p>.05,
was insignificant, nor was the interaction between the two
factors, F (1, 31) = 0.003, p>.05.

For shadowing tasks, effect of feature co-existence on reaction
time was insignificant by participants, F (3, 93) = 0.691, p>. 05,
which indicated that in this experiment by this measurement
feature co-existence conditions didn’t cause significant enough
effect.

By adding difficulty to the tasks (stimulus-duration shorten),
Experiment2 successfully elicited more difference across
different feature co-existence conditions. Sharing either feature
in pairs would cause lower correct rates and longer reaction time.
Nevertheless, effect of sharing place of articulation (PLA)

seemed to have larger effect. Pairs sharing aspiration (ASP)
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value but by different place of articulation (PLA) (e.g. pa-ta),
with lowest correct rate and longest reaction time, were most
difficult to discriminate and caused largest priming interference
effect, thus had smallest psycho-distance; pairs sharing place of
articulation but by different aspiration value (e.g. pa-pha) were
the second difficult to discriminate, thus had the second small
psycho-distance; pairs with different place of articulation and
aspiration value (e.g. pa-tha) were most easy to discriminate,
thus had the largest psycho-distance. Identical syllables
(repetition condition), like what Radeau [8] noted, were
exceptions, and showed facilitation effects in his experiment.
According to our results, no difference in articulatory feature
didn’t mean most difficult to “discriminate” or largest priming
interference effect.

However, data of shadowing task still failed to be significant in
this experiment. According to former studies, shadowing tasks
tended to have smaller effects than determination tasks [16].
Perhaps differences of similarity on feature level were too subtle
to elicit significant difference for this task.

4, Conclusion and General Discussion

Back to our goal of present experiments, the hypothesis that
priming effects across pairs of phonemes (carried by syllables)
vary under different feature co-existence conditions was proved
by the experiment results. The results supported the existence of
measurable psycho distances across phonemes in Mandarin, and
proved their correlation with feature co-existence conditions —
phoneme pairs with more features shared had smaller psycho
distances than pairs with less features shared, and different
values of aspiration contribute more to increase psycho
distances than different places of articulation in Mandarin.

However, besides the effect of feature co-existence conditions,
the measured psycho distances varied by tasks and
measurements too. The effects on reaction time were
significantly larger and more stable for speeded same-different
tasks than shadowing tasks, in consistent with Vitevitch and
Luce’s reports[15] [16]. Effects of correct rates were significant,
and more stable. However, the problem of correct rate lies on
the ceiling effect — when tasks were easy, the subjects just
barely made any error, and then the correct rates tended to be
near 1.00. Though word frequency factors were mentioned a lot
in literatures, they were not so significant in the present two
experiments and only significant in interaction effect of

Experiment2. Main effect of feature co-existence tended to be
smaller primed by low frequency syllables.

In addition, we found besides the ISI and pronouncing problems
by longer word in literature[16], duration of stimuli also
mattered. The paradigm was based on hesitation and errors.
When stimulus duration was 700ms, participants didn’t make
lots hesitation or errors. Only the most similar pairs were
significantly different and the ceiling effect on correct rate was
strong, since some participants just barely made any error. With
durations of stimuli adjusted to 400ms in Experiment2, more
subtle effects appeared - differences between other conditions
turned significant, and even those best started making some
error, eliminating the ceiling effect.
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Effect of Speech Rate on Inter-segmental
Coarticulation 1n Standard Chinese
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Abstract—Coarticulatory variations of consonant clusters
spanning morpheme boundary and transconsonantal vocalic
articulatory transition in Standard Chinese as a function of
speech rates were investigated. Eight /V1C1#C2V2/ and
eight /V1#pV2/ disyllable sequences were uttered by a
female speaker at slow, normal, and fast speech rate.
Electropalatographic, electroglottographic, and acoustic
data were recorded and the Kkinematic properties of
segments and the inter-segmental temporal coarticulation
were analyzed. Results showed articulatory duration
shortening and increased temporal coarticulation were the

two major motor control mechanisms involved in fast speech.

Consonant production manner, coupling effect of tongue
body movement in consonant production, and prosodic
affiliation of vowels were found to affect kinematic
properties of segments and inter-segmental coarticulation
when speech rate is increased. In the acoustic domain, the
F2 trajectory was found to be sensitive to the increased
gestural overlapping in fast speech. However, the
correlation between the linguapalatal contact in mid-portion
of vowels and the relative same-time F2 values was vague. It
was also found that inter-segmental coarticulation was
independent of the suprasegmental tier, which tends to
speak against the tenets of the time structure model.

Keywords-speech rate; inter-segmental coarticulation;
Standard Chinese; electropalatography

1. INTRODUCTION

One of the principal objectives in studying speech rate
effect is to find out speech motor control mechanism and
its relevance to the linguistically based invariance.
Previous studies have found that several articulatory
mechanisms are responsible for articulatory variations in
fast speech. Segment shortening and increased temporal
coarticulation are claimed as the main articulatory
adjustment in fast speech [1], [2]. Segment shortening in
fast speech tends to result in phonetic target undershoot, or
spatial reduction of articulatory target [3], which leads to
reduced articulatory displacement toward the phonetic
goal and slower peak velocity of participating articulators
[4]. Speaker-specific articulatory strategies are also an
important factor in explaining the articulatory variations

(4], [5].

The variation of articulatory dynamics induced by
varying speech rates has been dealt with in different

Supported by National Project of Scientific and Technical

Supporting Programs Funded by Ministry of Science & Technology of
China (NO. 2009BAH41B00)

speech production models. Linear models consider the
duration of articulatory movements are compressed or
contracted proportionally by a constant factor [6].
Nonlinear models contend that timing of successive
speech movements is restructured and the inter-segmental
phasing relations are shifted with varying speech rate [1],
[7], and target undershooting is not a necessary result of
increased speech rate. The articulatory constraint model
adds that inter-segmental coarticulation is conditioned by
the articulatory constraints of segment in question [8]. In
recent speech recognition model, the coarticulation is
modeled through bidirectional temporal filtering,
assuming that the rate-induced vocalic formant deviation
from target value is the result of duration-dependent
articulatory target reduction [9].

The coarticulatory processes in the Standard Chinese
exist in tonal and segmental tiers. According to the time
structure model [10], the unit for the speech temporal
organization is syllable with its boundaries being aligned
with tonal target. Coarticulation can only occur between
initial consonant and the following vowel in the syllable
domain. Though the time structure model is the first of its
kind to elucidate that the coarticulation is constrained
within the tonal domain, no serious articulatory study has
been done to examine the coarticulatory effect in
segmental tier and articulatory adjustment as a function of
speech rate in the Standard Chinese.

Electropalatographic ~ (EPG), electroglottographic
(EGQG), and acoustic data are used to examine rate-induced
inter-segmental coarticulation in this paper. Two
experiments are addressed: first, the relative timing
relation of C1#C2 (# indicates a morpheme boundary) and
kinematic characteristics of individual consonants as a
function of speech rate are investigated. The articulatory
and acoustic properties for flanking vowels are also
examined, as they might be affected with the increased
consonantal  gestural  overlapping.  Second, the
transconsonantal vocalic anticipatory effect is studied
through measuring the dynamic properties of vocalic
articulatory transitions. The articulatory and acoustic
properties of vowels, either static or dynamic, are also
investigated.

The aim of the experiments is threefold: first, the
articulatory mechanism controlling the speech rate is
explored for comparison of the similar study for American
English [2]. Second, the acoustic consequences of altered
kinematic properties of segments and temporal
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coarticulation are examined to show the acoustic
manifestation of articulatory adjustment. Third, the inter-
segmental coarticulatory pattern in the Standard Chinese is
tentatively put forth with small set of speech samples to
challenge the tenets of [10].

II. METHOD

A. Stimuli

The stimuli were drawn from a large EPG speech
corpus for the Standard Chinese currently under
construction. The stimuli for the first experiment were
eight nonsense disyllables /V1CI1#C2V2/. C1 was velar
nasal consonant /G/ and the C2 was either unaspirated
alveolar stop /t/ or alveolar fricative /s/. Two vowels
contrasting in height were selected to enrich phonetic
context. The only high vowel that can appear after /s/ is
/i1/(The apical vowel appears after /s/) instead of /i/. The
monotonous rising or falling tones were applied because it
was expected that the FO contour movement was
independent of the coarticulatory process in the segmental
tier.

. In the second experiment six nonsense disyllables
/V1#pV2/ were constructed with the vowels differing in
tongue body specification in each disyllable. They were
/pi#pal, /pa#pi/, /sil#pa/, /Si2#pa/(S stands for retroflex
fricative, and 12 for apical vowels appearing after retroflex
fricative), /sil#pi/, and /Si2#pi/. The intervocalic
unaspirated stop was assumed to minimally interfere with
the transconsonantal articulatory transition. /2/ and // are
traditionally called apical vowels, and can only appear
after alveolar and retroflex consonants. Symmetrical
disyllables /pi#pi/ and /pa#pa/ were also included for
comparing the vocalic coarticulatory pattern.

Disyllables are imbedded in the carrier sentence
“wo0214 shuo55  zhe51 ge51 ci35.” (“I say _ this
word”). Additional four filler utterances with the same
pattern as the test utterance were placed in between the
test utterances. All utterances were randomly grouped into
four blocks with each block started and ended with a
dummy utterance.
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Figure 1. The marking protocols for /V1CI1#C2V2/ sequences. (The
five EPG frames at the bottom row respectively indicate maximum

contact for C1 (E1), onset frame for C2 (E2), alveolar closure frame for
C2 (E3), maximum contact for C2(E4), and last closure frame for C2
(ES). The pitch contour was shown in the spectrogram)
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Figure 2. The marking protocols for /V1#pV2/ sequences. (The four
EPG frames at the bottom row respectively indicate maximum contact
for V1 (E1), onset frame for the articulatory transition (E2), offset frame
for the transition (E3), and charateristic contact frame for /a/)

B. Procedure

One 27-year-old female speaker pronounced the
utterances. A 62-electron artificial pseudo-palate was
custom-made to place on the speaker’s palate. The
WinEPG system was used to acquire the linguapalatal
contact signal every 10ms. The Kay EEG and the SONY
ECM-44B microphone were connected to the WinEPG’s
serial port interface, and the laryngeal and acoustic signals
were synchronized internally with the linguapalatal
contact signal and sampled at 22050Hz. The recording
was conducted in a sound-attenuated room.

The speaker was required to wear the pseudo-palate
and practice for 15 minutes before recording. During
recording the speaker was instructed to use self-directed
speaking rate to read the sentence block for three times
respectively at slow, normal, and fast rate consecutively.
By doing so, it was observed that the speaker adopted a
consistent rhythmic pattern after several trials.

The EPG, EGG and acoustic signal of the test
disyllables were excerpted from the carrier sentences in
the Matlab-based EPG analysis platform developed at the
Phonetics Lab of Peking University. In total, 144 tokens
were selected for further analysis.

C. Marking and measurement

The articulatory landmarks were determined by
linguapalatal contact in specific contact area (CA) that was
characteristic for consonantal place of articulation. The
contact region for velar nasal was defined as the contact in
the mid four columns of the last two rows, following [2].
The onset was the first frame when there were activated
electrons in this region, and the offset the frame after the
last frame with contacted electron on in this area. For velar
nasal following tautosyllabic /a/, the acoustic landmarks
served as articulatory onset and offset because no
electrons were activated in the velar region
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TABLE L.

LINEAR REGRESSION R? VALUES ( SLOP VALUES FOR A LINEAR FIT) FOR LATENCY AND KINEMATIC PROPERTIES
IN VICI#C2V2 SEQUENCES AS A FUNCTION OF SPEECH RATE (SIGNIFICANCE LEVEL WAS SET RESPECTIVELY AT P<0.05(*),
P<0.01(**), P<0.001(***), AND MARGINAL SIGNIFICANCE P<0.1 (3%). THE SHADED AREA REFERS TO DATA NOT AVAILABLE.)

Measure [iG#ta] [iG#ti] [iG#sa] [iG#sil] [aG#ta] [aG#ti] [aG#sa] [aGitsil]
AONSETS 0.806%** 0.701** 0.835%*%* 0.766** n.a. n.a. n.a. n.a.
(0.56) (0.66) (0.83) (0.69)
APEAKS 0.84%** 0.3 0.466* 0.525%* n.a. n.a. n.a. n.a.
0.71) 0.21) (0.72) (0.53)
C1 OLP 0.61* 0.849%#* 0.24 0.4793% 0.16 0.17 0.27 0.24
(-117.23) (-134.71) (-150.35) (-104.96) (-132.66) (-95.74) (-62.64) (-194.68)
C1 DIS 0.14 0.27 0.24 0.27 n.a. n.a. n.a. n.a.
(8.23) (-4.52) (24.74) (18.72)
C1 DUR 0.73%* 0.513* 0.591%* 0.651%* n.a n.a n.a n.a
(0.6) 0.72) (0.90) (0.81)
C1 MaxC 0.14 0.27 0.24 0.27 n.a n.a n.a n.a
(8.23) (-4.52) (24.74) (18.72)
Cl VEL 0.05 0.545* 0.19 0.01 na. n.a. n.a. n.a.
0.11) (-0.75) (0.87) (0.18)
C2DIS 0.886%** 0.03 0.14 0.14 0.07 0.64* 0.13 0.16
(51.77) (2.82) (14.54) (14.67) (10.15) (24.12) (-8.92) (-15.93)
C2 DUR 0.746%* 0.795%#* 0.554* 0.859%#* 0.58* 0.77%* 0.9%%* 0.76%*
(0.48) (0.34) (0.6) (0.6) (0.39) (0.52) (0.58) (1.01)
C2 MaxC 0.759%* 0.007 0 0.16 0.07 0.64* 0.13 0.16
(45.84) (1.2) (0.51) (-14.6) (10.15) (24.12) (-8.92) (-15.93)
C2 VEL 0.001 0.38 0.007 0.25 0.19 0.2 0.29 0.26
(0.06) (0.54) (0.21) (1.34) (-1.07) (-2.06) (-0.1) (1.57)

The first three rows were defined as the alveolar region.

The onset frame was determined in the same fashion as for
velar nasal, but the offset frame was judged differently
depending on following vowels. When /a/ was followed,
the offset was the first frame with no activated electron in
alveolar region. If /i/ or /il/ was followed, the offset was
defined as the first frame of the following vowel portion.
The marking protocols for /V1C1#C2V2/ sequences were
shown in Figure 1.

The marking protocols for vocalic transition in
/V1#pV2/ were exemplified by Figure 2. The onset was
the last frame in the plateau of the total contact profile for
V1, and the offset the first frame reaching the phonetic
target for V2. The transition from apical vowels to /i/
involved two articulatory processes: the loosening of the
alveolar constriction and alveolo-palatal linguapalatal
contact change. In this case, the onset frame was the last
frame before considerable contact change, and the offset
frame was the first frame that approach stabilized
linguapalatal contact for /i/, normally one or two electrons
less than the maximum contact for /i/.

The acoustic landmarks were marked manually for
vowel onset and offset as well as velar nasal onset. The
vowel onset and offset in a syllable was marked by the
first and last detectable peaks in the first derivative of
EGG signal. The nasal onset was determined through the
observation of spectrogram and the formant trajectory. In
/V1#pV2/ sequences, the F2 and F3 formant trajectories of
Vlwere truncated toward the end of V1 due to lip closure
gesture of the intervocalic consonant. Thus additional
mark was made to delimit the end point for formant
trajectories.

In the first experiment, the articulatory parameters
included latency, overlap, duration, displacement and
average velocity. The latency was defined following [2],
AONSETS was the temporal interval between C1 and C2
onset frames, and Apgaks between C1 and C2 maximum
contact frames. C1 overlap (OLP) was the percentage of
the C1 interval during which C2 contact also appeared.
Duration (DUR) was the time interval of segment onset
and offset. Displacement (DIS) was the difference
between maximum contact frame (MaxC) and the onset
frame. Average velocity (VEL), which was an indirect
measure to reflect dynamic characteristics of articulators,
was defined as the ratio of the displacement against the
time interval between the onset of consonant gesture and
offset of maximum contact.

In the second experiment, displacement, duration,
average velocity, shift of the vocalic transition, and
maximum contact for vowels were measured. The
displacement was the absolute margin of the contact
between the onset and offset frames. Duration and average
velocity were defined in similar fashion as in experiment 1.
The shift was the percentage of the V1 period during
which transition toward V2 was initiated. The
linguapalatal contact for vowels in the middle portion of
vowels (MidC) was also measure for correlating with F2
value in the same portion.

The speech rate measure was taken as the average of
acoustic length of the two syllables in the test disyllable.
The formant trajectories were obtained by using Burg
method in Praat (20-ms window length, 5-ms time step, 5
maximum number of formants, 6000Hz maximum
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formant), and fed into the Matlab-based EPG analysis

platform for manually adjust-

TABLE IL LINEAR REGRESSION R* VALUES ( SLOP VALUES FOR A LINEAR FIT) FOR TONGUE KINEMATIC AND ACOUSTIC
PROPERTIES IN V1#PV2 SEQUENCES AS A FUNCTION OF SPEECH RATE
Measure [i#pal [a#pi] [i#pi] [il#pa] [i1#pi] [i2#pa] [i2#pi]
DIS 079%*%* 0.003 n.a. 0.01 0.07 0.31% 0.62*
(78.1) (-3.25) (1.28) (18.42) (22.81) (42.24)
DUR 0.65%* 0.65 ** n.a. 0.38% 0.58% 054%* 0.76%*
(0.26) (0.87) (0.13) (0.62) (0.4) (0.99)
VEL 0.03 0.79%%* n.a. 0.433% 0.20 0.49* 0.09
(-0.07) (-0.917) (-0.55) (-0.55) (-0.91) (-0.04)
Shift 0.87%*** 0.77%%* n.a 0.51* 0.13 0.66** 0.57*
(-263.47) (-149.62) (-173.07) (-87.26) (-324.21) (-277.1)
V1 MaxC 0.53* 0.08 0.03 0.59* 0.01 0.69** 0.373%
(60.19) (-20.28) (-9.91) (34.91) (-3.06) (53.18) (30.1)
V2 MaxC 0.27 0.02 0.18 0.2 0.29 0 0.63*
(-14.58) (-7.9) (-25.64) (-5.69) (40.22) (0.28) (45.53)
V1 MidC 0.01 0.6%* 0.06 0.85%** 0.21 0.53* 0.493%
(3.34) (-17.65) (-9.65) (35.39) (24.21) (45.1) (22.62)
V1 MidF2 0.343% 0.17 0.84%** 0.3 0.07 0.76%** 0.49*
(803.76) (489.39) (2051.12) (915.94) (-316.8) (3456.15) (1858.74)
V2 MidC 0.52* 0.001 0.24 0.2 0.423% 0.04 0.67**
(-16.58) (2.0) (22.94) (-7.86) (60.0) (-2.45) (42.09)
V2 MidF2 0.17 0.54* 0.483% 0.32 0.28 0.10 0.86%**
(467.01) (1424.87) (1576.76) (-436.53) (754.84) (-253.49) (1007.2)

ment with reference to the cepstral spectrum. The F2
trajectory for V1 was averaged respectively for three
speech rates and then normalized. The mid-time F2 value
(MidF2) was the F2 value in the original F2 trajectory
nearest to the mid-time point.

III.  RESULTS

All articulatory and MidF2 were regressed against
speech rate. Systematic changes as a function of speech
rate were evidenced in both experiments. It was also found
that the highest or lowest point of pitch contour aligned
well with the syllable ending, thus leaving the questions
only in the segmental tier.

A. Experiment 1

Table I shows the results of the significant regression
(r% and goodness of a linear fit (slope value in the
parenthesis) for the eight consonant sequences cross
morpheme boundary.

Speaking rate has a significant effect on the absolute
latency for the four sequences. Both AoNSETS and ApEAKS
shorten proportionally as a function of rate. Although no
significant correlation is achieved for Apgaks in /irfti/,
the interval between the two peak contact frames tends to
increase as speech rate is reduced.

A linear increase of temporal coarticulation is
evidenced for three sequences in faster speech, which
shows increased overlapping between the tongue body and
tongue tip gestures. The gestural overlapping tends to be
constrained by the consonant production manner and the
lingual specification for flanking vowels. /s/ versus /t/ is
more resistant to overlap with the preceding nasal
consonant, indicative of the aerodynamic requirement for

high-pressure buildup to produce an intelligible fricative.
In /aG#tV2/ sequences a consistent larger gestural
overlapping is observed across three speech rates, thus no
significant increase of temporal coarticulation is found.

The acoustic consequences as a result of the combined
articulatory constraints are reflected in the F2 trajectory of
V1. The F2 trajectories in /aG#ta/ and /aG#ti/ are found to
be sensitive to the increased gestural overlapping. As
speech rate is increased, the direction of F2 trajectory
approaches the loci value of the /t/. The anticipatory effect
from V2 may also affect the V1’°s F2 trajectory direction,
as is shown in Figure 3 (b). The F2 trajectories of V1 for
other sequences tend to show a consistent pattern, which
supports the resistance of gestural overlapping for /i/
before velar nasal and /s/ after velar nasal.

1800 ‘ 3000
(a)agtta
1600 b e ] 2800
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1800 " 3000
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1600 :-_.-._-uuua-..--_-:-....___; 2800 pe B ma e -—
1400 s r o
~< 2600 (fig#ti -
1200 : : :
1800 3000
(c)ag#sa ==
1600 | " e | 2800 =
<~“ - oLl
1400 . .
s 2600 (9)ig#sa
1200 : : :
1800 . 3000
(d)agttsi
1600 /"“:.""’N 2800 /mw
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1200 . . . .
10 20 30 10 20 30

Figure 3. Normalized F2 trajectory of V1 averaged respectively for
three speech rates. The solid stands for fast speed, dotted line for normal
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speed,
and dashed line for slow speed.

The articulatory duration for individual consonants
shortens proportionally as a function of speech rate. The
displacement and maximum contact for Cl1 have no
significant difference across speech rate, which may be
attributed to the ceiling effect because the electrons in this
area show relative full contact in the four sequences.
Linear spatial reduction as a function of rate is only found
for displacement and maximum contact for /t/ in the
context of flanking vowels with contrasting tongue body
height. This may be attributed to the small set of speech
samples. Alveolar fricative tends to be resistant to the
effect of speech rate or phonetic contexts, which is in
conformity with [2].

Average velocity is an indirect measure reflecting the
dynamic feature for participating articulators. Significant
linear correlation is only found for velar nasal tongue body
gesture in /iG#ti/. No significant linear relation is found
for average velocity for C2 as a function of speech rate.
The different average velocity is suggestive of the
dynamical features for tongue body and tongue tip/blade.
While tongue tip/blade movement normally involves
precise and fast movement in consonant production, the
movement for tongue body is relatively slower, which in
most cases involves in vowel production [12].

The results of the first experiment show that strategies
in producing consonant clusters across morpheme
boundary are similar to that discovered in English [2].
Articulatory  shortening and increased temporal
coarticulation are the two speech motor control
mechanisms in faster speech. Spatial reduction for
consonantal gestures as a function of speech rate depends
on consonant identity and phonetic context, and is not a
necessary result when speech rate is increased. The tongue
body movement velocity tends to become faster in fast
speech, whereas tongue tip/blade movement velocity tends
to constant across different speech rates. In the acoustic
domain, the F2 trajectory for V1 is sensitive to the
increased gestural overlapping, but the V1 and C2 identity
constrains such sensitivity.

B. Experiment 2

Table II shows the regression results for the kinematic
properties of transconsonantal articulatory transition
against speech rates. The regression results for vocalic
mid-portion linguapalatal contact and same-time F2 values
are also included.

Significant displacement is obtained for three out of
six /V1#C2V2/ sequences. While the increased maximum
linguapalatal contact for V1 in /i#fpa/, /i2#fpa/ may be ready
to explain the observed larger tongue body movement
excursion in slow speech, the transconsonantal transition
from /i2/ to /i/ is hard to explain because the maximum
contact for both vowels is significantly increased in slower
speech. A possible explanation is that the near-target
realization of /i2/ in slower speech distorts the gestural
phase relation of the following syllable, leading to the
delayed tongue body gesture against lip closure gesture.
This is supported by the larger linguapalatal contact for

the first frame of V2 in faster speech compared with that
in slower speech.
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Figure 4. Normalized F2 trajectory of V1 averaged respectively for
three speech rates. The solid stands for fast speed, dotted line for normal
speed,
and dashed line for slow speed.

The articulatory transition duration is significantly
reduced as speech rate is increased. But the shorter vocalic
transition does not guarantee the faster articulatory
velocity, which in part supports [11]. The significant
regression values are inevitable result of transitional
duration when the displacement is held relatively constant,
as the shorter of the transition is, the faster the articulatory
velocity becomes.

The articulatory adjustment toward V2 is initiated
earlier in faster speech. The only exception occurs for
/il#pi/, for which the tongue blade gesture of the apical
vowel tends to be preserved toward the end of the vowel.
This may reflects the differential coarticulatory resistance
for /it/ depending on the tongue height of the
transconsonantal vowels. While the channeled tongue
body shape is easy to go downward, it is relatively
sluggish to respond to the tongue body front rising gesture.
The acoustic consequence of earlier initiation of tongue
body gesture adjustment toward V2 as speech rate is
increased is reflected in the F2 trajectory movement in the
left column of Figure 4 (a-d). The F2 trajectory of the pair-
wise comparison sequences are also provided in the right
column of Figure 4 (e-h). The prime example is /a#pi/ in
three speech rates. In Figure 4(a) both the starting point
for F2 trajectory upward movement and the time F2
trajectory reaching the peak value are earlier in faster
speech than in normal or slow speech. However, the rate-
induced increased temporal coarticulation is hard to be
observed in other sequences with the flanking vowels
associated with differing tongue body gestures.

Articulatory undershooting is more frequent in V1
position as compared with V2 position. The linear
relationship between maximum linguapalatal contact and
speech rate is found in V1 for /i#tpa/, /il#pa/, /i2#pa/, and
/i2#tpi/. This can be attributed to the increased anticipatory
vocalic effect of the transconsonantal V2. As speech rate
is increased, the articulatory reconfiguration toward V2
starts earlier, resulting in undershooting of the V1 target.
The maximum contact for /a/ in all sequences is not a
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meaningful measure in describing the associated tongue
body gesture and thus is not discussed here. Spatial
reduction for V2 in fast speech is only found for /i/ in
/i2#pi/, while /i/ in V2 position of other sequences tends to
achieve the phonetic target in question. Since tongue body
gesture is highly constrained for both /i2/ and /i/, it is
expected that both targets would be reduced as speech rate
is increased.

No simple correlation is found between the MidC and
MidF?2 for individual vowels. This may be attributed to the
coarse correlation between the linguapalatal contact index
and the acoustic properties of vowels on the one hand and
the small capacity of speech samples on the other.

IV. SUMMARY AND CONCLUSION

The results in the first experiment confirm the finding
in [2]. As speech rate is increased, the kinematic
properties associated with consonant clusters are
proportionally changed. First, not only does the latency
between the two gestures in consonant clusters become
closer, a linear increase of temporal coarticulation is
evidenced. But the gestural overlapping tends to be
constrained by the consonant production manner and the
lingual specification for flanking vowels. Second, the
articulatory duration for consonants is significantly shorter
in fast speech, whereas the spatial reduction as a function
of speech rate is only found for alveolar stop in the context
of flanking vowels with contrasting height. The consistent
linguapalatal contact for /t/ followed by /i/ may be the
result of the coupling effect of tongue dorsum raising
gesture toward the following vowel during the closure
interval, which compensates the latent spatial reduction for
the preceding /t/. The aerodynamic requirement for the
production of alveolar fricative is assumed to be the
reason for the stable linguapalatal contact for /s/ across
speech rates, which is additionally supported by the
relative consistent gestural overlap with CI1. The
consistent linguapalatal contact for velar nasal is the result
of ceiling effect, for full or near full contact in the velar
region is achieved. The displacement tends to be strongly
correlated with the maximum contact of the consonant in
question. The average velocity of linguapalatal contact
change for tongue body gesture and tongue tip/blade
gesture is different, which may be attributed to the fine
articulatory gesture associated with tongue tip/blade [12].

The results in the second experiment shows the similar
motor control mechanisms in fast speech: the vocalic
articulatory transition shortens in duration and initiates
earlier in the V1 interval as speech rate increased. The
articulatory displacement is dependent on the maximum
linguapalatal contact for V1 whereas the average velocity
for tongue body movement tends to be correlated with
either articulatory duration or displacement. Phonetic
target undershooting is more frequent in V1 position than
in V2 position, indicating that the target in the
prosodically stronger position tends to resist spatial
reduction. Coarse relationship is found between the
vocalic mid-point linguapalatal contact and F2 values,
which may be attributed to the insufficient vocal tract
information as reflected by linguapalatal contact.

The combined results of the two experiments show
that articulatory gestural shortening and linear increase of
temporal coarticulation are the two motor control
mechanisms involved in fast speech. Besides, it is found
the transconsonantal vocalic anticipatory effect becomes
stronger as speech rate is increased. Spatial reduction is
not a necessary result for consonants as speech rate is
increased, whereas the tongue body gestural reduction
associated with vowels tends to be constrained by
prosodic position.

The acoustic consequence of the increased gestural
overlapping is shown in the F2 trajectory excursion in the
V1 position in both experiments. However, the correlation
between the altered linguapalatal contact near the mid-
portion of vowel and the same-time F2 values is hard to
explain. More speakers and speech samples have to be
collected.

In both experiment, the increased gestural overlapping
and transconsonantal anticipatory effect are shown to be
independent of the suprasegmental tier, which speaks
against the tenets of the time structure model. In terms of
coarticulatory pattern, the anticipatory effect is shown to
be dominated in both articulatory and acoustic domain.
Anticipatory coarticulation occurs between neighboring
segments as well as transconsonantal vowels. In fastest
speech, the gesture associated with V2 shows anticipatory
effect on V1 by crossing two intervocalic consonants,
which is not manifested in slow speech.
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ABSTRACT

This study investigates the effect of prosodic
boundary on the articulation and the acoustic
properties of consonant and vowel segments, and
vowel-to-vowel coarticulation across five prosodic
boundaries in the Standard Chinese. The
articulatory measures are obtained by electro-
palatography. The result shows that the domain-
initial consonant /t/ is strengthened in a
hierarchical fashion for prosodic boundaries above
Foot; however, no difference is found between
Syllable and Foot domain. For /i/, differential
influences are found for the left boundary of the
syllable where the vowel is in and the right
boundary immediately after the vowel. The last
result shows that the vocalic anticipatory effect is
constrained both by prosodic factor and
articulatory constraint of vocalic gesture, but the
vocalic carryover effect is more likely conditioned
by Foot constraint.

Keywords: electroplatographic; prosodic structure;
Standard Chinese; V-to-V coarticulation

1. INTRODUCTION

Increasing articulatory studies have shown that
prosodic structure modulates segment articulation
in a hierarchical fashion in various languages [1,3,
6]. The two prime prosodic effects on segment
articulation ~ are  domain-initial ~ consonant
strengthening, which might spread to the whole
syllable [2], and domain-final lengthening.
Prosodic structure also constrains the inter-
segmental coarticulation [7].

In the Standard Chinese, the pitch contour and
pause are the main apparatus for marking the
higher prosodic boundaries, but the foot boundary
rely less on the two acoustic cues [10]. In [10] it is
conjectured that the articulatory and acoustic
correlates for marking foot boundary may be
related to the consonantality of the domain-initial
consonant in that it is more consonant-like at the
foot-initial position than within-foot syllable-initial

kongjp@gmail.com

position. It is also hypothesized that the normal
bisyllabic foot in the Standard Chinese is
phonetically characterized by the closeness of
segmental and suprasegmental articulation within
the foot. While the suprasegmental pattern for foot
is stacked with a large literature, the articulatory
evidence at the segmental tier has been rare.

The paper aims at finding out the prosodic
signatures in articulation and acoustic properties of
segment and inter-segmental coarticulation in the
standard Chinese. Specifically, two issues are to be
addressed: firstly, does the prosodic structure
modulate the segment production in the
hierarchical fashion? Secondly, is the vowel-to-
vowel coarticulation constrained by prosodic
domains?

2. METHODOLOGY

2.1. Prosodic structure

A five-level prosodic hierarchy [5] is adopted in
this study and is shown in Figure 1. While
utterance and intonational phrase are unanimously
agreed upon, the intermediate phrase is hard to
distinguish from foot boundary phonetically. In
[10] the intermediate phrase is encoded as a
smaller pause whereas the foot boundary a
potential pause. The foot domain, normally
comprised of two syllables, is described as tightly
combined phonological unit, for lexical tones is not
a prominent feature in foot domain in the Standard
Chinese. Besides the tone sandhi group is not a
prosodic domain in the Standard Chinese [8].

Figure 1: A five-level prosodic hierarchy for Standard
Chinese.

Utterance /U\
Intonational Phrase I|P IP
Intermediate Phrase ip ip/ ip
/N /\
Foot F F F F

Syllable s s
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2.2. Speech material

The test segments were unaspirated /t/ and high
front vowel /i/, for both have considerable
linguapalatal contact. The low vowel /a/ was used
to investigate vowel-to-vowel coarticulation. The
four bisyllable sequences, /ta#ti/, /ta#ta/, [ti#ta/,
and /ti#ti/, were constructed where # stands for five
prosodic boundaries. When the sequences were
separated by a Syllable boundary, higher
boundaries were placed before the first syllable. A
total of 32 sentences were designed. The last
syllable before the test bisyllable sequences was
always low vowel /a/ and the first syllable after the
sequences was not strictly controlled. The tonal
specification of the test bisyllable sequences was
not controlled.

2.3. Recording

The recording was taken in a sound-attenuated
booth at the Phonetic Laboratory of Shanghai
Normal University. The sentences were repeated
for three times and divided into six sentence blocks
in random, with two dummy sentences appeared in
the first and last position in each block. One female
speaker was presented with six blocks of sentences
and was instructed to read the sentences in normal
speed. The electropalatographic signal was
recorded with a sampling rate of 100 Hz, and the
speech signal 22050 Hz.

2.4. Measurements

The WInEPG electropalatography was used in the
study. The maximum linguapalatal contact of the
mid-portion three frames of the alveolar closure
was measured (MaxC). The alveolar seal duration
was defined as the interval from the first to last
frame that showed alveolar closure (ASD). The
acoustic silent duration was the interval from the
last pitch pulse to the energy burst for stop (AD).
The maximum contact for /i/ was the maximum
linguapalatal contact of the frames between the one
third and one half of the interval into the vowel
(MaxV). The center of gravity (CoG) of the
linguapalatal contact is defined following [8]. The
vocalic duration and mid-portion F1 and F2 were
also measured.

For vocalic anticipatory effect, the linguapalatal
contact of the last four rows of electrons in the
final frame was measured for V1 (POS_E), and the
V1-end F2 (F2_E) was first derived from LPC with
an order of 20, and later manually adjusted. For

vocalic carryover effect, the V2 start time frame
linguapalatal contact (POS_I) and the corres-
ponding F2 for V2 was measured (F2_1).

3. RESULTS

3.1. Domain-initial consonant strengthening

Figure 2 shows the maximum linguapalatal contact
for alveolar consonant /t/ at five prosodic domain-
initial positions when the contextual vowel was
controlled.

Figure 2: Maximum contact of /t/ at five prosodic

domain-initial positions. Error bar refers to one
standard error.
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The overall contact data shows that the prosodic
domains are generally distinguished by the speaker
in both vocalic contexts (p<0.001), except that the
ip-initial has more contact than IP-initial in /a_a/
context. In the symmetrical /a/ context the MaxC is
increased in the order of S, F<ip, IP<U (p<0.05,
Turkey HSD), and in the symmetrical /i/ context in
the order of S<F<ip, IP<U (p<0.05, Turkey HSD).
The mean seal duration, as shown in Figure 3, is
increased progressively in  higher prosodic
boundary in the order of S, F<ip<IP<U in both
vocalic contexts (p<0.05, Turkey HSD). The AD
shows the similar hierarchical pattern.

The prosodic domains above Foot are dis-
tinguished consistently by ASD and AD, indicating
the pausing is the prominent cues for marking
prosodic boundaries in higher prosodic domains.
However, the distinction between Syllable and
Foot is not consistent. The only distinction appears
in the symmetrical /i/ context, which might be
attributed to the high rising tongue body gesture
interfering with tongue tip closure gesture in a
short interval of time, which does not appear in
symmetrical /a/ context.
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Figure 3: Alveolar seal duration of /t/ at five domain-
initial positions.
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3.2.  Articulatory and acoustic properties of /i/

As is shown in Figure 4, the linguapalatal contact
for /i/ varies differentially with the left boundaries
immediately before the syllable /ti/ and the right
prosodic boundaries immediately after the vowel.
The strengthened domain-initial consonant tends to
lead to reduced vocalic gesture with lesser
linguapalatal contact in higher prosodic domains,
though no significant difference is found for MaxV
and CoG. The duration tends to be longer in higher
prosodic domains, but there is no significant
difference, which might be attributed to the
intrinsic  vowel duration. The F1 differs
significantly across five prosodic domains (p=0.05),
with the mid-point F1 for Syllable and Foot
domains significantly lower than higher prosodic
domains (p<0.1), which is indicative of larger
supra-laryngeal opening.

The linguapalatal contact tends to be increased
progressively with ascending right prosodic
boundaries, but still no significant difference
props up. Neither does the mid-frame CoG have
the significant difference. The acoustic properties
show significant difference in vowel duration
(p=0.001) and mid-portion F1 (p=0.001). The
vowel duration in Syllable and Foot domains is
significantly shorter than in higher prosodic
domains, indicating that final-lengthening is a
prominent cue for marking higher prosodic
boundaries. The mid-point F1 is increased in the
order of S, F<IP, U (p<0.05), and S<ip<IP, U
(p<0.05). This result indicates that the oral cavity
might have a larger opening in higher prosodic
boundaries.

Figure 4: The maximum contact for /i/ at five left and
right boundaries.
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3.3.  Vowel-to-vowel coarticulation

Because the lexical tone plays no meaningful role
in the Standard Chinese, it is hypothesized that the
segments within the lower prosodic domains show
more gestural overlap. To this ends, the vowel-to-
vowel coarticulation is investigated by comparing
the non-symmetrical and symmetrical /V1#tV2/
sequences, where # denotes five prosodic
boundaries.
Figure 5: The mean POS_E and F2_E for V1/a/ in

sequences /a#ta/ and /a#ti/ across five prosodic
boundaries. (* for p<0.05)
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Figure 5 shows the comparison of POS_E and
F2_E for V1/a/ between the /a#ti/ and /a#tal. The
one-way ANOVA for the posterior contact area of
the last frame for V1 /a/ and the final F2 shows
significant difference between the sequences of
[a#ttal and /a#ti/ below ip boundary, indicative of
significant  vocalic anticipatory effect. The
unexpected significant difference at Utterance
boundary is not the result of the transconsonantal
high front vowel, for the large time interval
between the V1 and second syllable make the
transconsonantal effect impossible to happen.

Figure 6 shows the comparison of POS_E and
F2_E for V1/i/ between the /i#ta/ and /i#ti/. The
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results of one-way ANOVA indicate that
transconsonantal V2 effect only occurs at Syllable
boundary articulatorily and acoustically, which is
reflective of the strong articulatory constraints for
high front vowel [9].

Figure 6 The mean POS_E and F2_E for V1/i/ in
sequences /i#ta/ and /i#ti/ across five prosodic
boundaries. (** for p<0.01, and *** for p<0.001)
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In Figure 7-8 the transconsonantal V1 carryover

effect is investigated articulatorily and acoustically.

A series of one-way ANOVA results indicates that
the domain for carryover effect is within the Foot
domain. The only exception is that the effect of V1
/il on the posterior contact for the first frame of V2
/al is hard to measure, however, the significant
difference on initial F2 between /a#ta/ and /i#ta/ is
reminiscent of tongue body lowering gesture
initiated from the achievement of the tongue body
high raising gesture.

4. SUMMARY AND CONCLUSION

The first result of the paper is that the domain-
initial consonant strengthening does distinguish the
higher prosodic boundaries from lower ones.
However, the consonant production at the initial
position of Syllable and Foot does not differ in
strength, which goes against the hypothesis in [10].
The second result finds that the prosodic boundary
at the left of the consonant preceding the vowel in
question and the right boundary immediately after
the vowel affect the vocalic gesture in differential
manners. The higher degree of the left boundary,
the more reduced for the vocalic gesture compared
with hierarchically strengthened consonantal
gesture; however, the vocalic gesture tends to
progressively reinforced as the right prosodic
boundary goes up. The third result is that vocalic
anticipatory effect is constrained by prosodic factor
and the articulatory constraints for the vocalic
gesture in question. However, the vocalic
carryover effect is more likely to be constrained by
the prosodic factor.

Figure 7 The mean F2_I for VV2/a/ in sequences /a#ta/
and /i#ta/ across five prosodic boundaries.

W

KoKk []a#ta
B i+

MeanF2 I (kHz)

[y

S F ip IP U

Figure 8 The mean POS_| and F2_I for V2/i/ in
sequences /af#ti/ and /i#ti/ across five prosodic
boundaries. (3« for p=0.09)
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The Relation between Larynx Height and FO
during the Four Tones of Mandarin in X-ray
Movie
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Abstract— The relation between vertical larynx movement
and vocal frequency (FO) change has attracted the attention
of many researchers. This paper studies the vertical
laryngeal position (larynx height) during the four tones of
Mandarin, based on the X-ray movie data from one female
speaker, with 36 monosyllables in tones. The location and
movement of the larynx have been measured, and compared
with the variation of the FO during the four tones. Results
show that, during the first tone, the larynx height is weakly
correlative with FO, while during the other three tones the
larynx height is positively correlative with FO. This suggests
that the upward movement of larynx is partially (in tone 1)
independent of FO, while the downward movement is
accompanied by decreasing FO. And the quantitive
mechanism of larynx height and FO during the four tones
can be integrated into articulatory model of vocal tract in
Mandarin for better speech synthesis.

Keywords- laryngeal position; tones; Mandarin; X-ray

. INTRODUCTION

It is well-founded that the vertical laryngeal position
(larynx height) is related to the wvoice fundamental
frequency (F0), which roughly means that the larynx
moves up and down as FO rises and falls[1]. This suggests
that vertical movement of the larynx is a critical
component of FO control mechanisms, and therefore the
relation between vertical larynx movement and FO change
has attracted the attention of many researchers [1-7].

On the other side, in articulatory model during FO
fluctuation, especially for those tonal languages, should the
larynx height be adjusted accordingly, which will lead to
the change of the vocal tract length? In other words, when
the FO of the synthesized speech rises and falls, should we
adjust the larynx height? This will change the length of
vocal tract, and accordingly influence the acoustic
characteristics of synthesized speech. Specifically, what
kind of quantitive mechanism of larynx height and FO

However, the empirical observation is difficult because
the larynx hides in human body. Previous measurements of
larynx position have employed various techniques using
optical instruments[2, 4], mechanical facilities[5], X-ray
devices[6, 11]), and Magnetic Resonance Imaging
(MRDJ[1,7,12]. Although MRI can give full volume vocal
tract images, it is limited to a static, sustainable
configuration. The X-ray permits real time tracking, so the
full sagittal view of vocal tract including larynx during
running speech provided by X-ray movie (cineradiography)
remains unsurpassed, although the poor contrast of the
cartilages in lateral cineradiography makes it a little
technically difficult in measuring laryngeal movements

In the literature, there is scarce data of laryngeal
movement in Mandarin, a tonal language with four tones:
yin ping, yang ping, shang, qu. Therefore, in this study, the
vertical laryngeal movement during the four tones of
Mandarin has been observed and investigated, to explore
the relation between the vertical movement and the FO
during Mandarin tones.

Il.  METHOD

A. X-ray movie

An X-ray movie database has been established from
the original PAL videotape, which is the only
cineradiography video of Mandarin available at present.
Both sagittal cineradiography and speech sound are given
simultaneously. A female speaker, who is a national
broadcaster of Mandarin, pronounced 9 sets of
monosyllables with different consonants and vowels in the
4 tones, totally 36 monosyllables in their corresponding
characters. The speaker was required to articulate each
syllable clearly and rest sufficiently between every two
syllables, to avoid the interference of articulatory
movements. The monosyllables and their corresponding
characters in Mandarin are listed in table 1.

should be integrated into articulatory model for

syn_thesmng tonal spee_ch? _ThIS quantltl\/_e mechanism TABLE I. THE MONOSYLLALES AND THEIR CORRESPONDING

during the four tones will bring more precise vocal tract CHARACTERS IN FOUR TONES OF MANDARIN

length when synthesizing tonal speech in Mandarin. From ] — — —

engineering point of view, all these also require us to yir?r;)?ng yan(;”;ing sﬁgﬁg Oq”j

explore the relation between larynx height and FO [8-10]. ba F bal 7% ba2 T ba3 = bad
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This video has been transferred to avi files at 25 frames
per second (fps), which is the same as original videotape.
Next, the avi files are adjusted to make sure that the PAR
(Pixel Aspect Ratio) equals 1, which means each pixel in
the image is square, to avoid vertical or horizontal
distortion. Thereafter, the avi files are cropped with a
window of 400*400 pixels, to focus on the movements of
articulators and to alleviate the processing burden. Finally,
the avi files are segmented to single syllable.

The original speech sound is recorded simultaneously
in the X-ray device room, where there exists some kind of
noise. However, this will bring little influence to the
detection of FO. The audio format is as follows: 44.1 kHz
sampling rate, 16bits quantization, 1 channel, PCM wav
file.

B. X-ray movie processing

A platform “VocalMarker’ in Matlab is programmed to
trace the mid-sagittal articulatory movements, including
the preprocessing of the images, the semi-automatic
tracing of the articulatory movements, and the speech
sound processing. Figure 1 is the demo of the
“VocalMarker’, in which a syllable sample /biaol/ is being
processed. The upper window shows the marking of
articulatory movement, in which there are several lines
with key points to mark the edges of articulators. The
shape of larynx is marked by two lines ‘larynx front wall’
and ‘larynx back wall’. The articulators are marked in each
frame of the X-ray movie, so finally the movement of the
larynx can be obtained. The lower window shows the
processing of synchronous speech sound, where the
waveform and spectrogram of current syllable are shown.
At the same time the acoustic parameters including
formant frequency and FO are calculated.
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Figure 1. The demo of ‘VocalMarker’

C. Larynx height measuring

Due to the poor contrast of the cartilages in lateral X-
ray movie, we adjust the contrast of the movie, trying to
make a precisely positioning of the larynx. Figure 2 shows
the measuring of the larynx height. In the X-ray movie, the
images of the cartilages are blurry, so the whole shape of
the cartilages are not clearly shown. However, we can
position the vocal fold as the maximum curvature along
the larynx front wall, where is also the most protrudent
place of the cricoid cartilage.

The original larynx height is defined as the vertical
distance between the vocal fold (the third key point along
the larynx front wall) and the lowest place of trachea in
this video (the forth point along the larynx front wall). We
set the original larynx height during speechless rest as the
base larynx height. And finally the larynx height is
defined as original larynx height minus the base larynx
height. The higher value of larynx height indicates the
higher position of vocal fold, and accordingly the shorter
length of the wvocal tract when other articulatory
configurations remain the same. If the value of larynx
height is minus, it means that the position of vocal fold is
lower than its position during speechless rest.
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Figure 2. The measuring of the larynx height

Il. RESULTS

The results are observed and discussed in two ways:
the movement of the vertical laryngeal position and the
relation between larynx height and FO.

A. The movement of the vertical laryngeal position

Figure 3 shows the movement of the vertical laryngeal
position and fluctuation of the FO during the four tones of
the 9 sets of syllables. The x-axis is time in frames, and 1
frame is equivalent to 40 ms, since the fps is 25. The y-axis
is FO in Hz and larynx height in 0.1 mm at the same time
for showing them both in the same figure. The red stars are
FO data, which show that the fluctuant FO curves during
the four tones: tone 1 (yin ping), tone 2 (yang ping), tone 3
(shang), tone 4 (qu), from left to right along the time axis.
The starts and ends of every syllable are marked by eight
vertical dashed lines. The blue points are larynx height
data, which shows the rises and falls of the larynx during
the four tones with 9 sets of syllables.

As shown in this figure, there usually is a lowering
movement of larynx before each syllable with the
decreasing larynx height. Moreover, some of the values of
larynx height are minus, which means that the larynx goes
lower than its position during speechless rest. This
indicates the preparing action before the speaker
pronounces each syllable. As we can notice, the 9 sets of
syllables have different larynx height because of their
different vowels, where the vowel /i/ has the maximum
larynx height and the /u/ has the minimum one. However,
for the moment, the intrinsic FO and larynx height of
different vowels are not considered.

As we can see that, during the tone 1, the larynx moves
up while the FO already starts at a high level around 250Hz
and maintains flat, which means the speaker can produce a
high tone without lifting up the larynx to a certain height
necessarily. During the other 3 tones, basically, the larynx
height moves up and down as FO rises and falls.
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Figure 3. The fluctuant curves of larynx height and FO during the four
tones

B. The realtion between the larynx height and FO

Having observed the fluctuation of larynx height and
FO in the time domain, we may explore whether it exists a
quantitive correlation between them during the tone 2, 3,
and 4, and what kind of mechanism between the larynx
height and FO we can adopt into the articulatory model in
Mandarin.

Figure 4 shows the result. There are four sub-windows
in which the results during four tones are shown
respectively. The x-axis is FO, ranging from 100 to 300Hz,
as a typical female speaker’s voice. The y-axis is larynx
height, ranging from -6 mm to 6 mm. The different colors
and symbols of the points represent the 9 sets of syllables
with different consonants and vowels. Still the same, we
do not consider the intrinsic FO of vowels, so we just study
the relation between the larynx height and FO.

In the first sub-window (from the left), during tone 1,
when the FO maintains at the same level around 250Hz, the
larynx moves up. The correlation analysis result shows that
the correlation factor between FO and larynx height is
0.0274, which indicates they are weakly relevant, or nearly
irrelevant.

During tone 2, when FO rises, the larynx moves up, as
indicated by the red line arrow. And the correlation factor
between them is 0.5876. Therefore we use linear
regression analysis to get the relation between larynx
height (LH) and FO: LH = 0.6071*F0 - 135.9667.

During tone 4, when the FO falls, the larynx moves
down, as indicated by the red line arrow. And the
correlation factor between them is 0.4639. Therefore we
use linear regression analysis to get the relation between
them: LH = 0.3055*F0 - 44.2634.

During tone 3, the relation is complicated. At first, the
FO falls from 200Hz to 150Hz, while larynx moves down,
and we can use the equation during tone 2 to describe it.
And then, the FO remains low, but the larynx still moves
down or up. Here the relation between the larynx height
and FO is still unclear since the phonation type of vocal
fold may be different from modal voice. Finally, the FO
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rises from around 150Hz to 250Hz, while the larynx
moves up, and we can use the equation during tone 2 to
describe it.

The changing FO will bring a fluctuant range from -6
mm to +6 mm to larynx height, which would lead to the
varying vocal tract length. The typical length of the whole
vocal tract is about 150mm for an adult female speaker, so
in articulatory model this will bring an 8% range of vocal
tract adjustment during tonal speech synthesizing, thus
may be beneficial to Mandarin TTS (Text to Speech).
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Figure 4. The relation between larynx height and FO during the four
tones

IV. CONCLUSION

As to the movement of the vertical laryngeal position
and the relation between larynx and FO during the four
tones in Mandarin, there are mainly two different kinds of
results: During tone 1, the vertical position of larynx is not
correlative with FO. The FO stays at a high level while the
larynx moves up from its rest position, which means the
speaker can produce a high tone without lifting up the
larynx to a certain height necessarily. During the other 3
tones, the larynx position is positively correlative with FO,
which roughly means that the larynx moves up and down
as FO rises and falls. Two equations can describe how the
larynx height changes when FO changing, and the larynx
height changes at different ratio to FO when moving up or
down.

The results suggest that the upward movement of
larynx is partially (in tone 1) independent of the FO, while

the downward movement is accompanied by decreasing FO.

This may be explained by the mechanism of the larynx
structure, which still needs clarifying unfortunately. One
drawback of the study is that the data size is scarce due to
the radioactive harm of X-ray. Only a single speaker’s
database containing 36 isolated syllables is used. This may
need more empirical data and further study to explore the
underlying mechanism controlling the movement of larynx
and the change of FO. However, from the viewpoints of
engineering, the quantitive mechanism of larynx height
and FO during the four tones can be integrated into

articulatory model of vocal tract in Mandarin, which will
bring more precise vocal tract length when synthesizing
tonal speech in Mandarin.
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TIME SERIES ANALYSIS OF JITTER IN SUSTAIN VOWELS

Li Dong

ABSTRACT

This paper proposes a new equation to show the
time domain features of jitter: Jitter = (Ti+-Ti)/T.
The subjects are tonal language speakers. Jitter is
extracted from EGG signals. The results show that:
(1) jitter does not obey Gaussian distribution but
multimodal distribution; (2) the first peak position
near zero of the jitter distribution curve increases
with the pitch; (3) each peak position is an integral
multiple of the first peak position; (4) jitter values
are around 0, and in most cases, adjacent values
have opposite algebraic sign; (5) the zero value
percentage and zero-crossing rate of jitter increase
with the pitch; (6) the variance of pitch keeps in the
allowance of just noticeable difference, which can
be attributed to the effect of audible feedback, and it
affects the variance of jitter further.

Keywords: jitter, time domain features, distribution

1. INTRODUCTION

Jitter involves small fluctuations of the glottal cycle
lengths. Lieberman was the first to compare the
small cycle-to-cycle fluctuations in the fundamental
periods of healthy and diseased larynxes [3]. From
then on, most studies of jitter focus on using jitter
value to distinguish between healthy voice and
pathological voice. Another function of jitter is to
make the synthesized voice much livelier. Previous
studies of jitter can be divided into two categories,
mean analysis and time series analysis. Studies
using time series analysis method have a small
number. Because in time domain, each pitch value
is around the mean value, most studies use
Gaussian distribution to simulate the distribution of
jitter [2]. In [3, 4], jitter value was broken down
into predictable and random components.

This article focuses on the time domain features
of jitter, and a new equation is proposed to show
them. The subjects are native Chinese speakers, for

previous studies chose non-tone languages speakers
whose jitter may be different from tone languages
speakers. In this article, the distribution of jitter is
discussed, and jitter values are broken down into
predictable and random components.

Previous studies used different equations to
calculate jitter. Some couldn’t reflect time domain
features; some were affected by the pitch; some
used the mean value on the local scale. Therefore, a
new equation was proposed to show the time
domain features of jitter.

. Ti1—T;
(1) Jitter = %
i

This equation is free from the pitch effect and
can show the local fluctuations exactly.

2. METHODS

Two male subjects and two female subjects
participated the recording. They are all college
students and the average age is 25. The recordings
were made in a sound-proof room. The sample rate
is 44.1 kHz and the resolution is 16 bit. The left
channel is speech signal and the right channel is
EGG signal. Jitter is very small, so that the sample
rate is very important. In [2], the average jitter
extracted in 40 kHz is close to that extracted in 80
kHz. So the jitter value in this article is reliable.

Some recorded sounds were played back to the
subjects and they pronounced with the same pitch.
The target frequencies are 95Hz, 113Hz, 131Hz,
149Hz and 167Hz for male subjects and 180Hz,
210Hz, 240Hz, 270Hz and 300Hz for female
subjects. Before the test, the subjects’ lowest and
highest sounds were recorded, and then each step’s
value was calculated. Each subject pronounced /a/,
fil, lul in each frequency twice.

Jitter was extracted from EGG signals. EGG
signals are more pure than speech signals, for
speech signals contain more information such as
formant information. The differentials of the EGG
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signals were calculated and each peak of the
differentials was marked as the initial point of each
cycle. Then jitter sequences were calculated.

3. RESULTS

3.1. Thedistribution of jitter

Jitter does not obey Gaussian distribution but
multimodal distribution. The peaks of the
multimodal distribution are the foundation of
producing jitter. Figure 1 is a typical distribution of
jitter. It is /a/ in 270Hz pronounced by a female
subject, and it is multimodal distribution. The
distribution is symmetrical and the occurrence
number peaks when jitter value is equal to zero.

Figure 1: The distribution of jitter.
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Jitter is related to pitch. The number of the peaks
is irrelevant to pitch, but the first peak position near
zero is positively correlated with pitch. That is to
say, the first peak position near zero increases with
the pitch. So jitter calculated through equation 1 is
relative that the positive correlation is not simply
caused by the increase of the minuend and
subtrahend. Figure 2 shows the first peak positions
near zero of /a/, /i/, lul in five frequencies of four
subjects. Because the distributions are symmetrical,
the average absolute value of the left and right first
peak positions near zero was used to plot Figure 2.
Figure 2 shows that the first peak position near zero
is positively correlated with the pitch, and it is not
affected by vowels and subjects.

Figure 2: The first peak position near zero of the

distribution of jitter
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Another result is that each peak position is an
integral multiple of the first peak position. Table 1
shows each peak’s position and the occurrence
number in the jitter distribution of /a/ in 270Hz
pronounced by a female subject. The second peak
position is twice the first peak position and the third
peak position is three times it. Though the left and
right fourth peak positions are not equal, they are
all at integer multiples of the first peak position.

Table 1: The jitter distribution of /a/ in 270Hz

Jitter value The occurrence number
-0.307 1
-0.093 1
-0.077 1
-0.018 2
-0.012 14
-0.011 1
-0.006 74

0 88
0.006 73
0.012 10
0.018 1
0.019 1
0.036 1
0.103 1

3.2.  The time domain features of jitter

Figure 3 shows the time domain features of jitter of
fal in 300Hz pronounced by a female subject and
Figure 4 is the features of /a/ in 95Hz pronounced
by a male subject. The ordinate represents jitter
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value and the abscissa represents the ordinal of the
cycles. In these two Figures, all jitter values are
around 0, and in most cases, adjacent values have
opposite algebraic sign. In Figure 3, most jitter
values are near 0.0068; in some cycles, the jitter
values jumped to about 0.0137 in random. In Figure
4, the jitter values are irregular compare to Figure 3.
But, adjacent values still have opposite algebraic
sign in most cases. By observing all the data, the
pitch instead of gender is the key factor that made
the curves change.

Figure 3: The time domain features of jitter of /a/ in
300Hz
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Figure 4: The time domain features of jitter of /a/ in
95Hz
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Two parameters are introduced to show the
trends of jitter varying with the pitch. The zero
value percentage is the percentage of zero of all the
jitter values. The zero-crossing rate of jitter is the
proportion of the number that adjacent values have
opposite algebraic sign of all the cycles. Figure 5
and 6 show that the zero value percentage and
zero-crossing rate of jitter increase with the pitch (A
few exceptions on the local scale). The range of
zero value percentage is from 10% to 50% and the
range of zero-crossing rate of jitter is from 0.6 to 1.

Figure 5: The zero value percentage

» 60%
(=)
8 50%
3
S 40%
o
o 30%
=
)
S 10%
N
0%
90 140 190 240 290
Frequency (Hz)
== M1_a e M2_a ] 3
== F2_a ML_i e M2_i
F1_i — F)_j e M1_U
=l M2_u Fl_u F2_u

e fitting result

Figure 6: The zero-crossing rate of jitter
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3.3.  Jitter and audible feedback

The pitch changes with the jitter, and the jitter’s
change is limited by the pitch. Figure 7 is the FO of
fif pronounced by male subject and Figure 8 is the
FO of /i/ pronounced by female subject. These two
FO curves seem to be limited by two boundaries.
When the FO increases to the upper bound, the FO
starts to decrease. When it decreases near the lower
bound, it starts to increase. It can be attributed to
the effect of audible feedback. A simple example is
that if one can’t hear his own voice when he sings,
he will be off key. Similarly, when one speaks,
there are target tones in one’s brain. So when the
pitch drifts too far from the target value, the speaker
will adjust the jitter value. It can explain why the
synthetic voice is unnatural, even if synthetic jitter
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is small, but the voice is natural, even if the natural

jitter is large in some cycle. Just noticeable
difference (JND) is a complex variation. Klatt [1]
indicated that the subjects could detect a change of
0.3 Hz in a constant FO contour when FO = 120 Hz,

but the JND is an order of magnitude larger (2.0 Hz)
when the FO contour is a linear descending ramp
(32 Hz/sec). So JND varies with pitches. JND is
also different between tone language speakers and
non-tone language speakers; because as Wang [5]
showed that, for the previous, the perception of tone
is category perception that their IND may be larger.

Figure 7: FO of /i/ pronounced by male subject
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Figure 8: FO of /i/ pronounced by female subject
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4. CONCLUSION

Jitter value can be broke down into predictable and
random components. The predictable components
are that: all jitter values are around 0 and in most
cases, adjacent values have opposite algebraic sign;
the zero value percentage and zero-crossing rate of
jitter increase with the pitch; the first peak position
of the distribution of jitter increases with the pitch;
each peak position is an integral multiple of the first
peak position; the variance of pitch keeps in the
allowance of just noticeable difference and it affects
the wvariance of jitter further. The random

components are that: the zero value position; the
number of the peaks of the multimodal distribution;
the position that jitter value jumped suddenly.
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HRERTA LGRS

—REE TR SR8 T LA

When English Consonants Come Across Chinese Syllables:

Matching of English Inter-Syllable Bi-Consonants in Mandarin

A

PREL: ARSI GO T 1Y IAD QU 2 5 20 1 o g UC G 17
Dlo S TLEFAM N a, HEEE “(C)aClC2aC” (C1.
C27#min/ng) F BMCAAET I 1E TP AIULAC . PNl S A
HBLEI, XA G B S PO S T A BRG], NG Ab
AN BE AR UEIC o SEIG B Vi 57 s 2 (1R ] T P A PR30S
i R VLIS 5 H CsyD i SR VLTI AT R 2 (m) Je
E LG REC () X EASHOERGEM . I
FUTERE RN, SEREE TSNS, JHUNSHE. %
e RoR, S RAHRIN, 5 A (1 4 o 5 DTG AT &R
o (m) B, MTLACELE TE (syD FEAG: RIS B
R TR D) R AT — S UL, T AT E R T A S R

TN AR A TR B NS RO R R
Sty TS B =AM R WA G SRR T AN
J5 B RRARNX =AM, LI D A 4 o B kAT
SRR, BB T VR EAAR FUCER A S B S
SERCE TR S RS s ARSI B AT IR Y,
ISR S HORR R T — LB 24 4l 3 o P61 428 )
TR AR R — AN ST BORC A (UL RO 45 R o
W B AR ZE S, 2 2R DT THC A D0 g 28 3 55 1) s 6 U {6 o)

PEI RS EE A H Y

Abstract: In this experiment we examine how the bi-consonant
string ”C1C2” (C1. C2#m/n/ng) in English bi-syllable “(C)a C1
C2 a C” matches into Mandarin. Using pseudo words of English,
three parameters are extracted: the number of Mandarin
syllables each “C1C2” string matches to (syl), the reflection
from “C1C2” on the former matched syllable (m), and the

reflection from “C1C2” on the latter matched syllable (n). Two
variants are considered: specific consonants in “C1C2” and the
stress of the English pseudo words (“initial stress” and “final
stress”). Subjects are asked to write down English pseudo-words
in Chinese characters. Then the characters are transcribed into
parameters. Paired T-test indicates that (1) The reflection of
“C1C2” on the former Mandarin syllable (m) is significantly
greater for final stress bi-syllables than initial stress bi-syllables;
(2) initial stress bi-syllables tend to match the same “C1C2” to
syllables more than final stress bi-syllables, causing epithesis; (3)
the reflection of “C1C2” on the latter Mandarin syllable is not
significantly influenced by stress condition. Hierarchical
clustering yields five clusters of “C1C2” with different
matching properties: type 1 which tends to cause epithesis and
hardly reflects itself on the former or latter matched syllables,
type 2 which also tends to cause peithesis but shows some more
reflection on the latter matched syllable, type 3 which has little
tendency of epithesis and has little reflection on the former or
latter matched syllable, and type 4 which also has little tendency
of epithesis but often reflects itself on the former syllable.
Linguistic interpretations are offered for the clustering result.
Considering the obvious personal variabilities in our data, we
propose that phonological matching rules function by
influencing the strength of specific matching tendencies instead
of as clear-cut criteria.

Ky . IBRC. E. BOE
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1. 88§
1.1, SEL )R

AHfm, BAIVUHL. AL, DAL, 43k
fI14E “McDonald’s” Wik 1“2 4557 ”, “sardine”
Wrpl “¥b T 47, 0 “Beetles” Wrik “Hk+” I,
BAHEARAT 27 FAT I ATV LV 2 XA ) ik 1
WL, W AE. AR HE” AR AN EAA
BRAEVER AT IR I A 56, ASCH R EA T4
FLARTE ) e G2 ) TR U4 % A 57 20 0 v o ey
VCRC 2

1.2. FIRE R

AN M8 1 TR0 o R 2 5 BEPE A PR
) R Y DAL AR R AR UG R 2R 11 5 10 1 T f
WA

121, FEEFWHXUHEF RIS HE

ST B 1) R A A B RS — M2 U
), T R XU (VCCV) s e —Fpg i,
TG AT I 2 A8 T iy, AR
JE T A T, 2 NAZ S & TR E PN .
B, “whisky” 3X N 12 N 1K 73 R “whigsky 7,
AL “whis#tky”, I “whisk#y 7. T EIE L
IRy, WERENIEE T — RA R WFT 4,
N FRATTRE — T X LT S A R AU U i)
S i ) IVASE S

B T EI” (Law of Initials) 1“2+
JE )7 (Law of Finals), RJI—ANJeis B i) i o 35 1 2
W, ERE S DI RN BRI E ) (LoD,
BRI BE 8 LRI K ) (LOF) (Hoard
1971; Kahn 1976). #iit “whis#tky” I “whisk#y”
AN SOX A RN, 1T “whidsky 7 33 I TR R TR,
BRI Ay D8 VAT LA LT 45 R 1P B

FHUOE “HmRNEHE %" (Maximize Onset),
R A & AKI E # (Kahn 1976; Blevins and
Goldsmith 1995) . F it v H It 75 % W i% 1 $F
“whittsky” XISy, H XA R FIA RS

JELOUS, B L R S A Ay % 0 A
FIHTEE, WINAZIERE “whistky 7.

FROOR B K B 15 77 %8 7 (Maximize Stressed
syllable), RS HAE4H &AL & (stress) B
% (Hoard 1971; Bailey 1978; Wells 1990; Hammond
1999).“whisky " Hif H 1], #f H W.AZ 1% £ whisk#ty 7

e ALk e i “ S 7 ( Weight-Stress
Principle) 44 FH A 2 9 7 5% 715 1) &1l 4 (Prince and
Smolensky 1993; Duanmu 2008), B[ & 3% (1K) 35 15

(stressed syllable) MWiZ /2] Cheavy), RIEJEEN
VC 8k VV, AN B 151, W% (light),
BIERER V, EARGIANT “CVX Bk ”, 4
HESTHHEARETLZ, Wy R
“whis#ky”,

WU I 38 25 AT A 256 MK REVE 5 % 8 1
R E S . — A2 3 IR 2 1 R AR
(Giegerich 1992), Hlil-BEiFE2# 54 s v )81,
f “after” - “af-af-ter-ter”, #it, HiERHEENH
B S FE “whis#ky ”, 1M “whigsky ” 8 AT L2 1,
AKBEBZ I “whiskty”. RIS, Nk
TEH WIS e R IIALEE, ST 1] OO 2 1R
TR AR AT Z R RT ek, e N
()5 M ] 25

AHLGZ T, 38 0 1R 1 R 5338 A2 A
WSS NS BEME EMHEEAE F—1
WS, Aantt, WREeHERE LA S AL E
WAL A 5 i LE A R O R AN T AR LA
F JEREAE P

T2y 28 (AR 3 S DT 1 25 A B o
I, WU C1C2 M (X VT AL &5 40 1A T4
REMAWE ? T A R ST DL RS E, e ax)
R EPYE REp iR SERT O INIRAE S eyis-A LT

122 FHBECH PR & FHT A _EF R &5 L
SRHIE W

VB TS Bl 52 V8 55 PN RN A R 2 L R R
Mo ASBFFE O e N R 22 AE ) 72, R
AT T P DR 2R A 5 AR VTG 1R ) g XA g 22 [
JAgi o

FLAE 60 44X, Weinreich gidi 1798 5 T
HUHIFI 45 K5 K (Mechanisms and Structural Causes
of Interference), W\ AHEMLAUTT IHITE 5 G i € T K
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A TFHRC I fietE (Weinreich 1961). 90 4FA%, FfH
AV S A I R 4 g “DRES” R IRl A
Bries 8 “ULiEe” BrBe, DA BARUh 44, BEE
HRRZEES AEREE) ISR HRCTE S (B
W) BIE, AR T B BRREE AR REE KR
WA 2 CE = (AR 1996). [A]INF, Best 25 AF)
P& TE RN B VLRGS0, 0 RE E T 5 A AR BEE
() BOFIRE L R EIE T 8¢, $8H T B Rl 5
1 (PAM, Perceptual Assimilation Model) (Best 1995;
Best, McRoberts et al. 2001); iZH ANy, fFE—D
DLAE 38 Bl 1) S K& &2 27 A] (native phonological
space) (Liberman, Cooper et al. 1967), JFREE 3B
S S I BT BUR SPRAIE IR 5 [R) RBe%n, - AEBE
VBB BOFIBRE - BOL SRR 1) 2 /b AL SRR A 2%
R ZR 25 8] TP 1R LB Y A AR BEE B BL oS i AN
[FAC IS BEE S L, Wk T AEREEXT LX) 2
FRIHMES) o o BOARRAVEAE A — AN B 2L P 5 DA 3245 3
Tz

) UAE T, PR S UUHC A e e T B
(AR, 1T R M UCC ) N R R AR T3k, FRATTIA
h B IEAT AN DR 2556 D T 45 SR i R

Ho—, FRAECHIN . A0 R IRDOE T
FERECAFRE R 2553 ) 52 P 2 i S BEDC L, 1X %%
FIPETE P R FE R BRI (R R E. 1996) 0 X 4
AN UEDGE T AR A R, H2, XIETIR
AbFHER T B, 2 REVE 1) B A R 2 3 S I
126 FH BEE WA o1 B BC A1 AT R BEVE & B e 41 UL BT 52
Bt AR FE S, AR X HEAT
TPV 1 ) XU i e 5 1% 2 B A7) B ol 1)
RO, AR 1 TR)SUR B (1) (B 2 0) DG T 1) & 2R ok
SR o

Ho, BWRLEE RS ZRhSA e 5
VERCERATHT AL o Bk NDOE 1) 77 208 — A3
VLR VU IC A LA, BRI IRATTIA R, il 2
VB R UC C A 5535 1R & 1] 3P0 A A ISR, b
UL, DEPCIR BT S P RS 5 1 A B AR £ (F
HH 2008), & R0 LIS 2N ST, TR
B ANE . TEE R R B A1 R 52 3 ] 4
Ly, ASZEA . AR HL: BT
BRI 4y B BOEC A1) AN 52 B A I 2 T AR 00 2
(11E4 1994) (EHLHE 2008). M4, Muil %357y
(10025 8 V) R PR IR B A - AT DG PR I
TEGETEE 2 i) TR A I 1A EE 3 S 20 B R AR
WE ? AHIFFE 183X B FRAN T V8 0 1) T 6
RE RS Rewd STRTAS N RERE AT

1.3. LB E X

Y TR A SOV R R A S AN, W
AFVFE T E AL M (e lie). B
I, AR B BORCA AR DOE ot AN e B IR EC I«

V1C1C2V2 (Cl#n/ng)

I FIXAE M BOEC A R e, AR S T
PATC & WO, AEb P, X ANECA1 Y
BRI A =R g

(1) V1#C1C2V2(Cl#min/ng)

(2) V1C1#C2V2(Cl#m/n/ng)

(3) V1C1C2#V2(Cl#m/in/ng)

el B A B 2257, Tl i e R
ALY, BRI G ifu B n/ng?,
(D M (3) HIE P ERZILEA TR, 1 (2) #
DA C1 AR5 30 475 0] 38 2 R S SR T AN BE J T
I, FERXFEDLT, POE s N2 C1C2 ik
ITACER, DU —S8Ab B i T3 (R 1, k2, K 3):

(1) ¥ C1 5 C1C2 VLHEC A —/Mlar & 17, i

Kaplan-~ = ka#pu#lan (C1C2=pD).

= 1.
Ka p lan
+~ %? =
ka #pu# | lan

(2) ¥ C1LAHIEE A HT 5 T &R B R .
il Albert- $AA%S aittbottte (C1C2=lb) ¥4 |
AHAC AL B — S AR R .

%2
Al ber |t
|- (EEES
ai # bo te

X, orlon-#25 ao#lun (C1C2=rl) ¥ r FH{LLIT
BCAT—& AR o ([ul)s

*3
or - lun
L3 - Ein
ao # lun

(3) ¥ C1C2 Hfit— A EFBILI K G
Bk BE
%140 Adrian-#2 ia#zhi (C1C2=dr) ¥f dr —jk2 L
Be oA J5— & T Ak A B zh,
* 4.

2 |-

— N

| drian ‘
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b3 - Z
ia # zhi

W C2 #B4 UL R f5— & WIS BE. T REMIS
SUEFER C1C2 43 UL A — 5T, K ClC2
H IR 55 o

a T T R S BERE ) ORI BE, 4 VL
V2 Nk bE a AR, QIR E S & N le/(H
i} hlal)s AEEE 4 N Wl RN T ()il (AR 1A eil
TESZI AN B, LAAA il G AT 52 210 1385 08 5 BT
FUBRS, XAEREA T SEE A A LG, BRATT I S5 7]
EARAE R«

315 (C)a C1 C2 a C XU 1w 1) C1C2 £ il i
R ILEL (C1. C27#m/ning).

AW GV U 1 AR W — i A 2 52 1) C1C2
T ) L I P A IR 2R R

h TN ) ST AT, FRAT1 0 T “ ULAC
SR EEE . “ULRERES R FREiE C1C2 1Rl
VCRC 45 SR b i N sy . BRHE C1C2 Z AN DEiE:
= LN IRE RS Gk R ) 4 S LN TS R SE G
5o M CULHCZE SR AT T LA =gt B i .

(1) VSHEEA5% (syD: C1C2 VUHELE B 15 1K)
(3) VLEC AT R E (m): C1C2 VLHEL &k AR
—ANE T TP 4 R ) B

(3) VLA Ji5 &% (n): C1C2 VUL et NG —

%

il

2. B

2.1, ik

25%. WASTRIEESH gl AES
T sRE, BT s ] TR P
BB HiE(C)la C1 C2 a C X% 1 15 il
(pseudowords) %+ (C= b/d/g/p/t/k), 153X2 4>,
a7 28 5 2 R BRE A 26 0T
(e NAERR & =5, 4% 20 22050 Hz, 16 bit.
AT (1 G e 0 B DA R R
(1) it C1C2 AL X
(2) i H 9B ] G C1C2 B4l (153 4N,
DL B A e . (K22 iRk E 2005) (f31]
W3 5)
(3D BN )3 iy TR i o () B A, R AR
i b/diglpit/k {E C i e L3504, (B W3&
6)

BT VLR R B
F 5. “-7 FORIAETTRAH) C1C2 LA, “1” FRon AEXE 5 Z 10 tHILHIRC A .
o1 /b/ /p/ /t/ /v/ /d/ /t/ /1/ /g/
/b/ - - - -
/p/ - -
/t/ - -
e - - - / -
/d/ - -
6. LR RS (C2=d), “/I” AR ErE i, N7 5 A ]

/b/ gabdap//abdap

Ip/ bapdab//apdab

il dafdat//afdat

vl /

fd/

S MBS T ADEE P i e, R

RAER,
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Wt SERCTRAA BT, AR AR B PIAN KA
AN, ANAEEA CLC2 WAL, K& M
T A AE AR A 2 DAL, ORUE A AR
ALY CL AT C2 AL EHA P A DL HakBEL > A
M, ol 272 DIitke X, — 7R ALPOAA
SR T FT C1C2 BeF, iy HAE P Al 35 4545 T
SRl T BRI CL AN €25 by — U7 TR 4 1K A
S W B P A B A A, B0 SO W B X
Jerp—ANE S A BRI BT R i
TS50 R 16T, T G — AR ] AH EL 22 1A 4 5

R 6. Lt

(2) VCIC A M ET 2% mo C1C2 VTR 4, 5 5 iy
f) “#” ZHiEBECh m, m= N(segment before #y).
(3) VCELIM G 2% n. C1C2 VLRL4E b B fim
2 Ja 3 BB n, n= N(segment before #ay)
B . EiEAR R “asdad” VCHCVNEE “ai#zi#dan”,
WFEE “sd” xFNITE “#zitd”, 5 A~ “#”, C1C2
DLl 15 4ch 1. (R
x7.

a sd a d

a i#zi#d a n

[[IED Jri
i) 1 40 Bl 141 Wik 2 A
i) 2 20 ek 2 41 el 1 4

SR PREERT e (03 B
e WEHE I 1) (15 80 ) [WALBENLIRIL .

BAE: C1C2. il i s,

HARE:

(1) C1C2 VLt &5 % (syD). C1C2 ULHL &4k
A C1C2 UL Rrbp H 1 b s (“#7) MANEoR 2%
1, syl=N(#")-1.

HARTHA R R T e B 08 A 7 o0 3 R
TG VLEL TG &0 55, J0 78 VLG b 20 R O LA
WS S IGE TS 55 . SRBCH G B AL G
Z RISy, VER CLC2 X [ By o (AN SO B4
SERARER <117 brid, B REEPES SOGEPEE).

WL LR s SRR a X N POE B RE T a.
ev 0o G Ouif A — AN 1Y UC L 1) 1 30 15 255 19 R B
1 aila/an/aoleler 55, AP —H TR R
#ok F C1C2 HIVLHL; feel A 5 5t ml REDLHC Ay /ail,
BT AF=HS oK al BT | A e 4k H C1C2 1
VLFC: er Mlo/ B RAAE BT R IR, PR r A
REVLE— AL, T —AMRHIE, (A er LG a,
LA BT B C1C2 (RULHD, AbEE N —A
BBV AN T

e

HH “asdad” - “ai#zi#tdan” 7331 “sd” - “i#zi#d”,
syl=1, m=1, n=1;

t “balshag” - “bao#shan” 7531 “Ish” - “o#sh”,
syl=0, m=1, n=1;

HH “tadshab” - “ta#tsa” #3421 “dsh” - “#s”, syl=0,
m=0,n=1,

2.2. FWAEEGHHER

W1 R AE 1) 45 BUE 1 DCE 36 5 O DOESRE
H“#7 b5 it 4. SRS CLC2 X IR B,
TSR B UCAC S 5 CsyD Fgi Bf MO &
o(m) KRB (n). 23 XX = RAR R SR
AR T U 2 R BB — R
Pl 11 T L 55 s A2 W S () AR 22 R 1, AT S
A6 1) - FH A8/ 1 5 1 DG 93 3], A e gtk )
A6 ) A RS BEUE I — AN 1o AR BT
AN PR D HC )35 5 B0 W T HE S, 44 U
A AR BRI Y. (3K 8), nTLAfS 3417 5
BAFRMESE, BARE A — 4 AT
T BB 0.3 ANETY, R TR R AR
PR 2RI A 10, DR S mT DA il R o
TE 53 21 EAS ] TRORE ) 22 S 0 S8 v 1R 52 1

% 8. gkl
1 42
A | gakdn i P UL RS AR Bk | AP UL RO AR
1 2 2.917722 3 2.592357
2 1 2.936709 6 2.719745
3 5 2.936709 10 2.923567
4 3 3.037975 3.031847
5 9 3.101266 3.038217
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6 3.126582 8 3.140127

7 3.348101 1 3.146497

8 3.35443 5 3.375796

9 10 3.392405 9 3.414013

10 8 3.683544 7 3.547771
9. FH ST UCHCSE R TR E S IR G RE m EBA e,
HEHCPIC | CPETR | PN E R | syl IRz, MHTFREL n o6 H IS IO U
meoE W A | # (MmD # (Mn) PRk, TRATIRE i i BURC A0S DL T 25 SR 1)
(MsyD) S o

" | 0.7667 0.4706 1.0634 H Ward 7775 L& XM E S L my ny syl 1)

Cil BIEN A s AT 20 )RR R GRS 3-9), 450

J& | 0.6993 0.5176 1.0654 To M4 KIS, FTUARRILIT 4 2K (] D).

Eil %128 bd . bt . bl . bch, bw . pd . pt .

DA B3] i H AN S O BN AR 5, DA R UL
Be 54 GsyD MRTHRE (m) MG REL ()
Sy AR R, AT T R (ANVEE 9 Nl
X5 I S EL BT (1) 1 LA ) o WL FL T A DT i 45
R (R 9,

T MET R % (m), t(152)=-2.192, sig<0.05,
YR T S R B SR R AL (m) BEEA
), L] R AT SRR 2 K TR ] . aX
CLERMR Ay, [RIRE (R 4 o 0 J5 B P ] v Bl A iy i
i) o2 B i LR AR B LA TR PR S b T4
UL S 8L (syD), t(152)=2.567, sig<0.05,
W BH 1 i T 5 S O I (1 4 AR LT 2 15 £ Csy D
S EEANIR], A ()l R D A KT
o A X R DLERAE R, IR R AR A R
r] o B A 5 ] v B G T R DOTE ) 15

Biltn, KER AR “Ip” i | IR AT —
TR, B3 ufp, XERIEE, (AT
H ) dalpad, A/ SAE | LRAC A BBk )
—AENEMAET —F B RE, MmN T EER
alpad, WA HOIXSXFEM . [FEE, KT R E )
batlag £ /b A BT — A S 15 ULACY bai, K2 Ehl
RS t DL —AN 1T X T /5 E R atlag,
A —& WUCHCA ai MR BRI B 2, 4t UL
R AR D

ST MR R (n), t(152)=-0.210, sig>0.05, it
WS AT E S R EX NG R (n) B BEA
[

[F) 5 A (] BT 1) PR A A PP A X AR
R EAOG, n AHK R %L Cn (152) =0.483, sig
<0.001, m [¥AHCFR % Cm (152)=0.755, sig<0.001,
syl F{AH % & % Csyl (152)=0.581, sig<0.001. W] WAk

pl « pg - pk . ps . psh. pch. pdg. pw . fb .
fo .fd.ft.fl,fg.fk.fh.fs., fsh, vt .
viovk vvw . dl dw (tfF L tv Lt L tw L gb
op ~of gt .gl.gz.gw. kb . Kkp . Kkf.
kd . kt . kI . ks . ksh. sb . sp .sf.sv.zd .
st v sl . sg.sk.sth,sch.sw .zb . zf . zd .
zt «zl . zg ~ zk . zh | zdg. zw . tht. thl, thk.
thw. shf. shl. shr.shw.rz (Mm=0.4574, Mn=1.0259,
Msyl=0.9407, N=81)

22 bdg. br .« opr. fr o fw .ovr . odr.
tr .gr -kch.kr .kw .sdg.sr .zr .thr(Mm=0.4531,
Mn=1.4344, Msyl=0.8719, N=16),

%325 bv . bh . pb . pf . fth. db . dp .
df . dv .dt . dk . dh . ds . dth, dsh. tp . tp -
td . tg . tk . tth, Ih . gd . kg . kh | sh . ssh.
thforb vrporforvord ot ol org . rk s
rh rs . rw(Mm=0.4125, Mn=1.0050, Msyl=0.4963,
N=40).

FA4K: b lp Ifv.ldoIt.lg Ik
Is . Iz . Ith, Ish, Ich, Idg. Ir | lw, (Mm=0.9250,
Mn=1.0375, Msyl=0.1344, N=16),

K1 )RR = e i &
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J7 75381 (ANOVA) K o, MHTRE (m),
F(3)=39.45, sig<0; MJii %% (n) F(3)=105.385,
sig<0; VLML 1% F(3)=242.171, sig<0. XiiWisy
H R = AN AR R b 22 el 2 a1, i
# 10: HliE AR UCHCRE R

UE T o A B

ML RS HUE, syl {E = U 25 2 )
VORC & 134, B RS m fE s A
RS RMH—AE T, BN RIS n {H s e
BRI JG—AE, I L7, Nk, AR
P SHUENRE X VUKl 4 Parses 198, A
JE R A, AR, TR . R
PRI AL, P T BN S s R (1, 2)
BONHE, WA, XU R AL S
PR TP R AT s TR P R AR AN Y S 3
BT, ST AR A R IC R S I N
B, A ETEE S AR AR AT — K,
XM CL AR “17, “1” BEUCE AT 5
. XHE C2 R Z BHAFHBUC I A 5 — & 5 I RE,
SUBZR IS A 75 BRI (3R 10D,

MHT R A BIE Mm, M5 R A IR Mn, DRSS 155020 I Msyl.

SR KA R /ME 3 3 AR max RT min R0

et Mm Mn Msyl i
1 Hh ST R 0.4574, 1.0259 0.9407 " bashlag — batshi#lai
taglap—tai#ge#la
MR A 0.4531 1.4344 ™ 0.8719 apjap— a#butjia
o A 0.4125™" 1.0050 ™" 0.4963 cabhad—kat#pa
NI E|= iR 0.9250™ 1.0375 0.1344™" balshag— bao#shai
-

A I OO IX = AN FRE g, mT DA I
C1 AT ST CEIP~ 4 143% epithesis) HIAE T L
BOK, C2 XA RBAREER . 558, M
Cl kG, KZH CL Wi T4y, @i ps f. v,
9. kv s\ shy z; Sy —SEIME R T C2 B IFAEAN G
— AR, dy oo D AEME IR, fE
C1 A7 FRUCHS bt —e, S DR A i —
R SRR AW S TR CL A E BT RES
e, Wog. ke s. tv zo Hk, M C2
KA, C2Hr. dgv wif, C2 RV fE—& 17
8, 1 C2 Sk bk, h g T UC RS R S T
ARy, v AR E S CL &9, R R Ao
VERCh Jo— & 15 R, Rl e C2 A & b T
VERCh JG— & I S B

3. Wi E4®

3.1 WEEMETEH

WFFTRIN, WA R0 15 DG P 0 7 25531 ) U4
By, R B HR A S SRR o AR A
TS 5y s T 19, 6 H ] o B AE S L]
THEE 2R Sy DU IE A IO ()5, T B 3 4 Ak il e
SR SLRFAIE S WA J5 — AN 1 i B B

SEPRNER T H TSR E SRR, “H
)7 (Weight-Stress Principle) 1 CVX #ibk 737,
THEME SR, WE SRS (stressed
syllable) #5458 (C)VX (FE, heavy); i
T 251 Cunstressed syllable), %75 454 4 (C)V (5%,
light) (Prince and Smolensky 1993). XMk & M fig
g AT 25 R RRE . iR (Duanmu) Ak
UG I R R AN EL ) Cheavy syllable),
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T A T 12 15 42 T () (Duanmu 2008) . 43¢
B E S WA E SR, Ea T EANDOE S
CVX Z b F—A% 7, A CL i BIEASRE T
AREVE, M ALECAIAS SRV %, CL O DTHC A A
UK BE MOETE M S I, 1
DOEE & T CVX g5, CL & Biia s ik,
B — AN, BN C2 S5 A ULk G — 5 T s
B, TLiBERE, C2 BB AMEDE A DGE 55— A5,
JIT AT 35 4 A0 R R0 n ISR KR (BT
j VT JE 5 A BRI ) . X ARRE T AT
TR R4 255 R 0 I T B 3] Hp e R F T e
Sy SRR T 255 49, 6 B A 3A] i B A S A R
25y VCC R POE I 1T .

S 48 A T o SN (R s T s R T —
ANEYG . [, AFFCUE T BAUE AN, 5
DA R0t 2 M U A 5 SR B 28, s g 3
BT AR AR LA Sk DTG SR (1 B

3.2. MEZERILECYIR K2 FEYEA R

B FUUE S T 1) F 5 4 R BUC A, AL
VLR PER, XA EIRA X L 2 9 n) LAE R
CHEUBEP AR T R A A . S R I T
B A ZE S, TN DT HE R P A S X )
TP A 1 7 R Y, AT LS A ) fei ) 1
FIBR ANV HC ) 5 B, TN [RRE IR 15 B 8,
et [ ()4 P SR U P 1 B 22 S e ik 21 1 A4S
B AWFFUR I AR B8 2 B R A Mk
Zr PG R, et Thd, ] E A AR
S b A2 3 Jod 47 ) S 2 [T T g P R i 55 6 4
o

TXHR PR AT H B L N IR 2 A i
YERE 5 3

H “HriEvEAIR” (Neogrammar) LU 3145 pli 2%
IRk 1857 (General Grammar), &5 %5 ATk
NG TR WA G AN, DB ML — e 2
REME W ARARE IR, B TE 5 22K “BIA T, A
Sy BIANA T, AT (REREL. T 5.

A, EFNE MLy, RIS R
R AT B, XS IAE —NE
B RE o IR ALEE S AR AR, Rl —AMEE AR
W BEE 2 e fub 20 [R] — AN R BEE RS B AETE I
SR Z AT, AT XA B L L s — B —FF
2 SRR R Gk, W0 G Y A R —

ANBE AR B A I VCRC S5 R AR, BT, HAE
P BA—3, NS, AR E AR
Fin 2009). A ULPTIHE “ &R 8 R 7 (Weinreich 1961)
ARG FEA BRI L — P2 R, i SRR VT e 25 R 1)
ot i I AR . e hgih i, DA RO A AR UL
P R 0) e — b g P T R, e LR T “ A7
FEXANGAE FULEC A “AL” (TTREMER K, DL
“A2” [T REER 2, DEECH “An” ] RebER S
N, HURRETI “A” fEIXAEAF —x LA ILE
h“A”.

W, Hfta—Ash KA G —A 8B
e 2 FL AT — 5 T A (A i s S ) v [
FEZ “CNFE7) NREBATAERNE? X ERA
WM R B TGN ? A&, KW St
IR RAERIERM . w5, ABERCHURE 48
FEA R 22 Fho] Be kA BSE e it T4, AT
LA g 2 1| B 1= WS 3 35 el LT W
ok, KW 5 B 5 B2 ik (Thomason  and
Kaufman 1990) 4241 T KT8 S0 RE, At B AU )
LA AR, — BRI ST, AL, RIS
S JEOR ) A= Fs P VG T 25 SR AN PR A A5 AR AR ),
UL 2 e SN AR S R FEAE XN R TR &
RAMFEL T DI VS BRI ;BRI R
T B IE L SCRREEA TV, 3 MR T T 2K 52 315
FAS NG ) FOSC 24 BRI (R s Z % s Je i, IR
ARy AR 19 DG P T 2 00 52 1) 5 I () A 4
o AEIXLLAHMIR RN, HALRT &5 5 N
SAFBRBIM AR “BET” T o 5B ] 1ok it :
“Viagra” W ANDOES PRI “J3 307 F1 “ g,
EATHRICH “Viagra” (IRER LA B =AM TR
A, KRNI EAEER w3
A7 AR T ISR, AR AR R R, X
RSN R T o AT B R B0k W 21 (1) 9535
BARHBCEE TR, HEBR T LA AP 2 FiE )
HIZy, A1 NS R R EHA RN .

33. &it

B AWPFER TAMBR R ER], WS
A2 2% IR WG PE A A rh 42 i 1 98 A 1 AR 4 LA
PG, R T 8 SRR LA B R S s
Ve RV ZZR,  SCU0 45 R S AT 535 10 4
R IR o WFFTERIS TR EERI R R E RT3, A
7 7% D TR D) 1 3 e i 25 2 DU I T 1) 1 1) 5 559
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YRR, BB AT R LR & Sk —5, A
AR, AT P oA

VA SIS BT 2 5N S R i 2
Wi, LSRR A ki N SUE R, sk s 5 A
M R 2 R RS [R 2, LR B IEAT S50 A 2
SR TR [7) 2 2 7N o (1Y S o
T Cinterference) WG4 =16 LS TAEAT—
PGSBS G, SR THINS . (p.L) “THL”
BERAE T AMR o HENTE T RS0 51 ) 45 7 5
Mo —BPRAN THRIE S CETHESE)
O JE T REE R 4, A T R
JCEH A, FEIXHL “FRE” SRI AT AH S D
VIS n AR JE AT I R AR, TTLVAE K m,
TCE B BREEAN I 4 ISR B Rt A il
RABICK, TMEMNAIL .

S CER

R R AL (2005). A RS S A L AR
S hcr, PR R 1682.

FUtH (2008). PUEARLME & R

TR (1994). " 57 FIDUE AL G tHFDGE
e 2.

A (2009). KUl 0 5 BE 1 VLA /> A —
—AFLLUC . (o AR

WRORIE (1996). 101K & el 515 S WCH, 15 ST AL,
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PR B

(1£) Michael Jessen

BE: ASOWEREE5 AT TIPS R, TN A T %%
FHOZOAR: BIEANSE. EEBRIARET, MR KBIL%E
N HAARAR I T A A v I, mT LA P e 8 N {5/t 1%
NIPREAR . FFBATIRIR ) 7 ISR F L, W) BLiESZH A
ANENIEAT BT NBIWr S A o BARBIHAE A PiAh: X
NS B A ANHEA, 705 B A2 AHHAIN AT LUR H &
HONI BT o R 5 AREASTE S A5 25 A, 1%
BEVE 3 AT % S0 ] LUORE 38 EAT LTS8 17 HRTE 7 LE
XS M S B 1) B0 A = 5T DU 7 3 R e 4 2
AVEVR LTS SER IR I RN A ARAR AT 0 L A A1
BAg . VRREUIEA A VUM B A R R 25 A N A

[ Abstract] An overview of forensic phonetics is
presented, focusing on speaker identification as its
core task. Speaker profiling/speaker classification is
applied when the offender has been recorded, but no
suspect has been found. Auditory speaker
identification by victims and witnesses becomes
relevant when no speech recording of the offender is
available. It can take the form of familiar-speaker
identification or unfamiliar-speaker identification,
and in the latter case a voice line-up/voice parade
can be carried out. When recordings of both the
offender and a suspect are available, a voice
comparison is done by an expert in forensic speech
analysis. Current issues and domains in voice
comparison analysis include the Bayesian approach
to forensic reasoning and the Likelihood Ratio, the
use of formant frequency  measurements,
non-analytic perception and Exemplar Theory,
forensic automatic speaker identification, and the
interaction between different methods.

R A (WA B W (B R B
AWFBE S 5E s SR N BP0 FEIELE, BURLE; Jtfikig

[ Key words] forensic voice comparison (speaker
comparison); voice profiling (speaker profiling);
auditory speaker identification; automatic speaker
recognition; exemplar theory; likelihood ratio;

HAR EER PE
formant frequency; fundamental frequency.

Michael Jessen, 1& FEIATIFAIE s (BKA) o HHK, E
PR BOE I E SR S CPEBEERY) 5 JERUR
Fo EIH, JTREARNRITFEREERAR DO RICTIHETE
Language and Linguistics Compass, 2008 (2/4): 671-711. A&
SCIVER P D43 2 ¥ S Wiley-Blackwell H FRAL R4 RL . &
WG TR 2 SR ey e R b [ R B 8 B AR ST
R XA 7 AP R SR .

1. BE

VERETE 2 (forensic phonetics) J&—[ iz %
WIE AR B S E, HET AR %
PEALTS B ak A v B SR AR 1 N F 25k, R AT
IO IR A e 5L REE S A O AR B S 7
TREETTTHI R AR DL o TR BE VRS 22 (PIAZ 00 P 232 U
1 N4 5 (speaker identification) , 14 AFRZ A4 “ i
1 AR (speaker recognition) 7 (A SCH B
TS, R EATE R E R R AR} 22 A sl
AIRES A AR EM S 0 o BN NTE S
BUEME T N, XSRS A TR R
FEAL AR, A AR A G
Wil g M 1R B C disputed  utterance
analysis/examination) . VEREVE 52 VF 2 A
AR BRI R, PlaniEssR. 5
TORE L MW R AR, Bl 3 A 3 Caudio
enhancement) #LEE N FH & ROE RN EIAR, A he
PR S AT o S A ) S A 56
(audio authentication) , WIJZESR$E H Bl A S5 (1) v]
B2 MR AR TR S AT I G . M. SR AL .
BT, REE A A 3R EEAR (automatic speaker
identification) 115, B EHABRRIEFHES, M@
TAREERE R E Y, ARG E T RINA K
NI ] LIS S S S5 AT 0 i, BRI, A I
AT R IBIE 20— LR E S I IS, BAG
P RLE B I R B Y 5 A s
FLSCPERT IO AR L, BR T IRSEARAE X L B A
FIW O] DU S DL LA, X R ZE S TR A%
2R AR . ARSCRJEIF TRV RE T &
Yl NS e LLAMW AR N 2, B AR T i A
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PR ELSPERIS AEARE S IR T SRR 2
7%, 157 Hollien (1990) . Broeders (2001, 2004)
Al Bijhold  (2007) %524 [ /ERISCHE . French
(1990) LA} French 5 Harrison (2006) )3
AT — SO0 GO T AT IR 2 48

CYRBETE AT IEAARTELS 2B 7 A ] 1 [R]
/DR LGEW 2 1991 4 ¢ [H PRikpE i e e
(IAFP, th2x Wbk http://www.iafpa.net) G372 I,
ISR RSy, VFZ A iR
B (ERFiET. 85 5EFRE)
( http://www.equinoxjournals.com/ojs/index.php/I1JSL
L) ERFE, Prfy iR S8im sl #on V2 e v 5 2 1 R et
7B TR, IEUNZZE R IHTIA O Gkl
T %%) Forensic Linguistics) BT HIIALKE, ZAE
AR REE 7 K W TR, [H] I A 2
I EPRREE SR KRS S R
504 (Lb#E Shuy 2007) . 2004 4, |AFP &/
ZFPIMNT AR ], BT A AT
PrikpEiEd S psetha”  (IAFPA) o LR R
SR T S E S A AU A Al T S DTk ) A
PRGN HEERARL R, WYy “REEEY
AT UL IE AT R BEE S S S I M
(Forensic Speech and Audio Analysis) 7 XA E .
RUE S P X A ARTE A E AR R, (Hl T )5
BARAE R ZANFIRIL, B
M5 oA L8, RIS B O VF 2 AR i SN 4
BEIR S I BUR A LT bk . RS B H NN EVLE
B EMATETIT, DN T 2K
WBE YR, RMIFAEITA E AN R 2 # A
AATT AT BEIA R Ui 1 N\ 18 A A SG I TAE VY i B
ARATIR A FNs, TREITRI S 52 1 Segrgiff
A BRI JE ] AEAR IR I TAE T o AR
Xf AN N ) VR RE T 20 BT (R DA 2 1R
TR, AR/ AR, s Il 2%
RN T FZHAIEE S K. 2007 SERKEFETT4R, J5H
250 KB Ip 13— 5 AR S O A 27437
“Ck R il ow R oy BB ml £ 7
( http://www.york.ac.uk/depts/lang/postgrad/forensic.
htm) .

AT HE BTG NS TN 2. G
WA A 1T LS 2 Nolan (1983) . Hollien (2002) .
Rose (2002) . Kinzel (1987, f#if, 44 ijifh
RS %52 . Baldwin 5 French (1990) DL A

Hollien (1990) {2 1 rh A4 i A A L8 T3
— [T LR S T T A . 2
IR TEREE S 2 (USRS L 2Rl T 1
XEEBARLE, % Nolan (1994, 1997, 2001) . French
(1994) . Kinzel (1995, 2004) . Meuwly (2000) .
Broeders (2001. 2004. 2006) . Gfroerer (2003)
L} French 5 Harrison (2006) #({ff4—i%.

2. EREUIENLEERRE

YL AN SE BRI () RN
WZE, EIE AT L ANAE S =N 48: 15 e (voice
comparison) . E % (voice profiling) 1523 A

EiE NZEAT R U s N %52 (speaker identification by
victims and witnesses) .

2.1, BHHXT

iRFE R AR AN S S SRR PN g YR
o MRS KRG R T, ARGIRE N R LB &
FTRRBVE RS . IR IR s (BT AT
IARVEAS 5 LS — S R sl (K S 4 o O
o A (BT LR BBE N OREATE 2, 5
AR TE S BEAT EES o AR A AR R, A2
FIVEREATE T I A R ABE N ANE 15 B ) APk s 2
T2 BT FREA, A I R O (R 35 LA
ST B T 2 R IR SR T I xR T LA Dy e 4 A8
o RMIEFT A S (IS B2 M
HFEATEE 00 AT, M L5 nr Lk
AT T o AEREXA I, AR — ol el 2 Aol
ANTF I TTERS P 2 BT R AR AT 20 Hr e 20
Zin, BELRSMPMRMIE T S AR S Z 5
T A — NBRAS R S 4518 « SR AN R E 5K 2 1],
T A S =R, EEdiielRe AR

VY TUAME B . “IESFER” A ARE
R “iEr (voice) 7 [AVE, JEAESRHI LA AAR
M 77 KR 5187745 (speech production) 2
WIEN BT A . XU T AR
TR SRR S —— A R BRI, AT
X BB (RS , B, DUAE
T~ ST T 5 A A, ARG N B R 0 5%
ML A B (layperson) it “FRWF L IRAS 35
(P, A TR IR B e BE A S Wit 1f A A
PERF BRI 22 T35 25 R 5 2R E o o TV Lt
B IEG SEARTER, 0A —Se A AL vk,
BiE A LLXS (speaker comparison) « iiif A Hif%
(speaker profiling) 4.
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AR (22 W, French 55 Harrison 2007 4F & % [ ¢ T
WEIG R ERR A ) L 2

VR LT R] AR O S S (0 P T B
AN S EE TR, (B Ol H LR DL
HASI R A R, A e fEvkbE A .
EFRAHER A, RIEAFERREER B
o5 SR DA R 2 A AN TR R K, A7 A X
o X 2 EOR A E L B, L L IR S AT
FURARRERIBIE o A SCHS =50 Fo0) B ) AT 1
2138

2.2, BEEBGMUIENTR

TE T AR B B, o0 R AR IXFE R L
RE IR F A TR A Bl EE N, R
BIFEATERS, WOMICMEEXT o BRI, 2055 5 i
T E VB 3 2 GO AV 5 X AR 5 4 AR 4 BT
o SR NS FAE S T IATR
BT, MRS &% Z VR T R mT LS
Bl AT 45 /8ot e v P 4 e R e N o AR A
MBS KR AT E e BRIz, 1
Bek 2 BT DL R H DS A e FE B AR
PR OGRS T 5t BRE (b 4 E
P E D) DL A RS I R S5 103 46 5 THI (1)
BAE R WN—AIMT NG, KM ik ny
REf s T RLE R “ATH 7 BIE . B,
Wi TE N AT BT A o YR 3 B U AR ) PR S
Mo HSIEAIEYL, AT I I E AR A AR L — i A
BT E 5 BOE S = B ARTE, AEZEIEAT M
SRS (EFEREFENE O o FRELT,
N TR 7, Enf CLE B, | kM
2 RO ETT . Jessen (2007b) B % 155 M 14
AT ISR LR, (EF VA T & 5 n] LA
e B B

B it 27l (R A 2 0 TER U R A R X
1o TEANIA BT HE, o R SRR A E S
ARile, RO ST Y A B 32 2T ok A ke ik
BEN o T BEEE N7 2RI PR A FEREAT 38 LH
B A I 5 A A R e
WWANRIRER RN, QIR YRR AR B AR
BERE R (PRI 252 0L MUler 2007 [H1E) o 1
R YL IR S WA X

2HT BT 75 W B HCA A DA SR AT A2 A Y
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HEES S-S IEP Y R ATIPAN Ui X Wi A (SN T i R Ry
TRUEIE AARLE AT (Ui R R REAT 24T (1
WA, LEan i, W R A BUARAR 7> 7l A v AR AL
RESA B THRBIABEN, ERXR A A 73 Ik
HLBCH 2 K. AR AR H I IFA A T
R EGR, [ AT RAA - EO sl A
sty (WAEHERAI 23.2) .

YEUE 70 AR H MO 3 E L S ST . ZJAR
— ARG H RSB S P 5 S AR T, X
SEFEF BN B E R T AR
R, JLFEANATRER . A E B TEL. W
RAESL PRI p R, AT RKEATER VTN
ST, iy LR B 5 S0k A v M 12
ATE R HBEA T 1 T SERE 5 SR R AN T )i
HIE, St 25518 TR CXEHaB I 24773
BT 7o AARSBEAT U A2 2RI H K T REAT
W IR LEXT R s, 20 5 R LR A1
(R ERA 2 S oo ARG 5 i R R TR
K Q=P R AR N PPN P S SNINE E Y G 9
FCRARI 3T o

T % 5B 1% (psychological profiling)
HAAH [, =592 FIAFPAZE 3 19 3k (149 MM 4% = U
(www.iafpa.net/code.htm) H gt #7245 R Bk
AP BRGS0 BRI B YR T 55 IS M 25 R4 T
M REF R, O A FAE AR, WiDouglas
Olshaker (1995) . A TXf O (FZLREAEILIEIG
RO UEHE 40T, O BRI %5 58 ) LA
RO I ERR A IR . PR ERE . AR, 1A
B A AU AL, HEIE ] LAk D HEN LR 4
TR WA TR, BOEAT N
A TSR K bl VA IRV R S U TH AR R
C PR AL A AR, B
FEIXEG /2R, S0 I3 R I T A2 R 25 2T
RO AT A RHEIATID o — A Bk sy
T A2 T AN B R 15 N4 30 —— R HR 5
IAPSE AR 7RI NE LUt A N EST L (2 A aata o
(g ——i £ 1), AEJR X b 85 R U —
WA REE NG, T U BRI IR S
b SCER B IR ER 43 1R 1 1R 2 I R R

S IAFPA JEHEAE K AN BV BT A R s il B,
FEIEN B H 0 IR AR IS AR 5 (L
% Hollien 1990 2% 13 %%; Eriksson 5 Lacerda 2007
RTINS«
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EH LA BRI W B, e LU
A MIER, SHERIEE AR A # B, o H.,
AT R T TR AR A A . e, AESE
AR, SIARTT AL, JEAE AR LI
Hro VB TR RS O PR AR JU SR 21 AT 23
K CPERIAEEES ) DL BT i) B R LB AT B
HZAL, B FE A e, SR I S
AR T o i R g (B i 6 SR /0 5% I AL R IR
Y, EWREZALINGRE T 2R E S 2K, b
ATTRENSE X 5 AR HEAT 20 W HE T 15 B B 1R
Woo HEHEWTILAR 73 1 I S L BRI, L o
AR 77 A ARSI BUAE, AL A B AT G
SCHRBERE (2 WDarby1981 fEH I 1 ]I,
EEES SR — LT RE ) RO B 5K, RS P9 2 5 K Bl
2T L KA YRR ) o

EA R RNE S, EEHEGED T REEN
YER] (Ellis1994. French % 2006) . 1975 & 1980
RN, FEUCIEARIZE . A b AR nA T HE R
SR e R A 13 MBI AT . 1978 4F
21979 F, 4R AT A S R I B R
fF, i B — Rk Al BAE AR b i
A Ccaller) #BHARNTIXLLH ARG T, B HE
AREEAE S B 7R N T S AR 5 2F 5K Stanley Ellis
FRFEB, U SRAN S A BEAT 4 B A i1
NI EARALE . Ellis SEAE 22 4 1 SEHUTF R 56
A TR S I E AR, A VO
ANB TR LT CALR TR T BT — AN D
T HL R R PR B AR TT B8 Aty v 1 158 0 N AE 3 et 1
J7 o J5oK Ellis X A4 22 g T T sib vy, JF4ER
TN RIS M HOAE AT, RIS T 12 b DX AN (]
JAET HT E SR, Sk dr, Ellis fa
75 HH 2510 AR A 4 U AT T R U N\ TR S AR
7825 T () T I AR R Bt X AR . SR
B, BN A S AR T AR A T R A — Ntk
J7s BB Ellis Frid iy UG K4y 1 e lig. %+
I G T AR AR A, IR RG A (G T
YEIE AN BR T HA SR e sh, HoAbh oy e A A
PR AR b BAA b TR, FR B AT
T, ARMEOLIEAWIR, 25 7E 38 A Gse At
fik, U7 —NEFEMEENE D, BT H b
AL 5 Wy i B uenE N B AR R D B AT
WS IN BT o 7 — B, AMEEA R E]
BRBEN, USRS 7 R HRIER T . Ellis Fb
7] = Jack Windsor Lewis (% 45406471 204D

T A6 PR 5E A ¢ Hh Hh BIL AR o A0S A 7T e 2 3 8 A
Jall, AR T RRIE TAITRIBERE, s AR SR
A E AR A, TR B e E 2 BT A T
AR rh b o oy o RO AN BAE AT, HE T Al
A AED IR T F 22K, WHE
FEA RIS N (AR RGBS A R
SEREASGAR RIS, IFARAR IR AL,
SRIMVETT B T —xie 3T 24, H3 1981
B, HIEMXTA &% M, FFpoh bl A k.
R, ARZAEI, AT AR R 5 AL 23 7K TH
HREFAL, HE] 2005 4F, 7@ SR AG AT
DNA A IS 7l diitl, ZFes 1k TikEE
EE AR S R RE N, PRSI
French 4% (2006) MI3CEE . ARG L T & Dk
ALERETIBCAA R, JFAELL 8 EIEAR . R TARZEH
ISR 737 eI F PR 4R A 2, 7T LA 23 UL Biilton
(2003) [3CHE .

2.3. ZHEAFENRTHIPIENLEE

CLESE 2 P A 5 DUEE A D23k AT T Rh ik
T N HEAT . AR, AT SO, BRI
A E R HAIEA (RN R 2N fe b
XPALAR > RN DL, BB AT s A R
HRHENCLERE I Forb, AR DL LR L,
—AORUE A AR 7 5 U O L, 5 — A
FEANREIIE DL — Bk, BATRE NS ER,
B — A 0 L — Al 0 S A 1

231 XRNBTHIUIEANLERE

LSRRI OUT, BT IE AR T IA R
R, Dk, GEANREBHRAHILIE 1, HEIL
REVE 24 o FEVERE b, X PR (115 % € (voice
identification) &4 5] LARE Ak LI IE NIE S, [+
FE S0 B ST A7 (Sporer 25 1996) . 4R, 1E—
LR, RAE S e R I T SE A BN K
e, sEmsEWTIE ANRIA  (earwitness statements)
AR R ARG AR A GEERS T B
WA GEND S0

FIERRBIAEZ GO, B ih A A
ZIRVPR AR, OGS A [ A 5 M 5 R A s
AR, H AR TEF RIS S A B, IR E
Al O, Pl F b 5 A o i e P P e 1
PN WG N A ARG, SRR, T35
R ORI AR B 0 0 A R ad Ik e T
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b A AR AR 431 i LR 22 4 i 45 2 BA )
O o BTN, U ARG N B A )
THOUAHEE, FE S I (5 4 T v 0 ik
AT b6 FL 138 53 AT (1) V8 6 A SR ] Sk
SAR—EE CR] DL S M 35
http://www.mml.cam.ac.uk/ling/research/voice_similar
ity.html 243 S AU IE AR AT 1) — T 5T R
D o GITERE SR, AN AR 22 A HERT )
R, REAI A IR 18 £740 (channel mismatch) I .
Eetnid, R N AEAR G A5 T8 44 W 21 2 A et
NS, HELRAEARZE B 4 S W 20 R 4
T GX— i 550 2 B AR T S AT % e
G DL A OG) o SSLMRHETC il A0 45 35 1 X
R ZE S Canmk s SRR, IAEFRATHR 1R

XA )

Y1 A PR 3R AU AR 43 100 AR R () 0 14 7 =X
WO B UL N AR AR Bl O T AT 16 A AR
HoN A A (WIFE—E W), AR
A P AR AR e 1R U1 7 AT O 3, LAl
R (falsetto voice) . fH[R] it A 5 2 JELh
BORE TP A MBS B S 4B S e T R M A,
WIMBCRZS T U6TE GEA B A 1 2 1 U 11
R A AE D X Mg oL, Blatchford &
Foulkes (2006) it — AN Z ] 75—
R ES T, WNABER R, a1
NHARZ THe, (ARG e i 1o JER 4>
TAEIEEEAR I, nYukiE “JEAh (get him) 7,
AR IX A, XA HEANRYIAE T — 20
o7, i HIE UL T AT, BT & ik
T/ PR, Prbhidid f54th . Blatchford 15 Foulkes
ST RE T — TSI I, BEFE0 B AN A I
W T, L o R A B AR
PSS T IE— “IEAL (get himd 7, F—H)
A 12 ANE AT KT, Mk AR
T 5 R N AR AR 1) T e A T R S P A
R IR BEAE VS AR I B KA R, AR R AR
M 81%F% 2 T 52%, X i I 75 L5 K AH BLAE
(o BRI Bk, WA e S RIAT I, (HION U
N6 NBRAEH . XA A5 T Biid A
o — AR IR AN 38 H A [FFE I
FEERME; S Uiih AL Sy A —28 N B L7 %552 . Rose
L5 Duncan (1995) DA} Foulkes 55 Barron (2000)
I8 H5 HAE X BN HEAT AU U NS e TP AFAE DR A
(PP, AES H 1 AT e PR AR AN A ] - Rose

5 Duncan (1995) W\2&, MUl AR S RILH K
IR, BT REAR S e T (AL
3.1.3) , [RhFLr (R o AR Ak FLA U 45 A W b
A A AEAE—E RS X o T Foulkes 5 Barron  (2000)
A A9 VUM AR A S I S5 TR S R L D O R,
EAFAETT 5 R AR TS DL R o

BATFEE — Nk AE 2. Blatchford 4
Foulkes (2006) . Foulkes 5 Barron (2000) DL At
27 3 AT B AH ORISR B i th— A, B RS
W ih AN AR 2% BEAR AP HENE S I RE ST . ML, At
73 H S5 10 Ul AT 0 0 S W IR N 7 2 e ) AT
M. SR ANRE ) AT W] fe 5 DR R 2 i) R Bl 458 7K
PG, M WHCFRR RN Wil AR I
WA A 5 T S A ORI WT ) 7 TR e I, g
AT )20 Caudiological testing) o Wrif A
oAt Ty — R &, BB EFid2 ) Cvocal
memory) , 5 T SCEEHS 6 AE BN AT 1 U0 S
N%5¢ Cunfamiliar-speaker identification) 2 [7] () 5k
AU Y8R, EICPR IR B SR RN EAT I
TN E A K AR HAR PR 2R [ RE 50 AR 2 AT (1)
PIE NS EWARR) o KT W@ ik N7
i TE AT 8 RILH = 0 BARRET, TS %
Hammersley 55 Read (1996) . Hollien (2002) #lI
Rose (2002) 13L& FIZAE,

2.3.2. XHHERABATHIRIEANE R AETHHA

WHRAE AR R AAPIEIES T, BAamis
I 52 3 N RIE AR 3818 N HEAT 365 58 1 55 — R i
Blo MGAAREN T GREEN, wn] LR — @ 1A 75
A/ 1 7 HEAT RN o R FE 5 R BE A
(visual line-up/eyewitness parade) MIFEFIML,
S UREE AT — A5 R RIN (BRI AGD
BTN . XEMFHA RIS, 11 H
X 5T N FH B Aok N 3 PR DA AN 2 [R] IR A T 17 2 M
T & #EA (voice line-ups/voice parade) ,
BIREAS [R]85 HEAT (W o B . e Bl
WA LGS W B DA K U S HE T R M S . Ormerod
(2001) G AE— s I W) ARITAT IR S PR H
RLBE N BB Ao N 53T DL A 2850 IR 2ok Btk
(ERORF RS N TE= T R op D0 | L SN b e 5 0y
BTSRRI OZ R TR GBS FE0E S %
K HHT. IRZ L5 HHG BN & HHA R TR
RISt A0 SR O — 248 3 7 8t (Hammersley 5
Read 1996; Ormerod 2001) , {H f5 H A1) 4L
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Broeders 5 van Amelsvoort (1999) 1) 3 % Fp i 3]
MT, AT B FR 0T S B T RN 2k R
BhFSEIG S AT, i LI S S IG5 0 2 RR YNV i
BTN TAELL CENFSD R0 . A SCAUNTHZ
J7 DA R LA ) — 2645 3 7 Sl TR 22/ 41

PR 2 HE AR BRI 03212 208
BRI SR A SRR (5 R
UFERTE Y TR S IOUE A TR T LSBT,
AT T 25 IS 8 TS KA S 93 71
PRSI 60 (5 P LA B 56 3 4R 05
N RIS FAT S T B
Rkt BRI, TR, RkH
EHRAL AU AT

FEVEFERF 224 P 5 DR T 251012 T i R G300
FURZ s b — 3 A S E: 1932 45 kAT I
Charles Lindbergh )22 LB HIERINE T (=
J Fisher 2000) . Condon féi1-/& Lindbergh 1 4f A,
TEARZ T, MG T — IR G 9RRE 45 1 A8 )
T4, HuSAEAT AT — AN 2. Lindbergh
W)L LM, FHHUR T ERER A . SPHE
Yi: “fEXiE L, IXil, X7 (Fisher 2000 5 81
5O o LIS, ZTPE—41Y Bruno Richard
Hauptmann F#15%E A, 24 Lindbergh W7 23X A A f# 75
AU BB SR BRI BI A (Fisher
2000 %5 249 ) . Hauptmann iz 245 14 58 H-4h,
ATHEIR, AR B BILAEAR OGSO ¢ T Hauptmann
B A R R I AE Gk 2 (HH K F i 2 WL Fisher
1999) , L, BRI R MR 2 S,
R BH 2k A 1R 22 B AL AR UE B iE B Hauptmann 7
AT AR, ¢

D% 58 McGehee (1937) Wi it — /M o
FIWFFT S . SR TP sT N e ik —AN ki ANAESS

S TRV M AL R YRIE B IAE Hauptmann JUA T
RAAT, FEWEZ AR 1A = AL SRR o
. Ho—, 7& Hauptmann K245 BRI T ek e
4y, FFHABEAE R, =, 2AEBE SN
TE MR E A4 LB R 2 Hauptmann 51,
=, N 7% Lindbergh X132 )| 498 58¢% 1, 4%
HE S T —ANBh 1, TR BT AR S
Hauptmann Z ¥ (& #47 5¢ & (Fisher 2000, 52 L.
55385 1) o FAKUL, MARKIZEIR T HIR R,
I 1st S Bk~ B — U5 Hauptmann S5+ (&4
Hub bR AR AE W& (1 W, Fisher 1999
%125 1) .

) P — e — B S 7, RN 3 1) 55— g J LA
WA HEATIF 25, RS AR 280 2 18] — A e
B IT. ARG TAFRRZ )G, XAkl kg AR
FHMUAN R EN e i, s AE
HAPTAEN SR THFR SN, B
SRIK B PR AE 2 AR IR LA P35 A A2 A
TbAT T S I B A AS N1 75 25 o 8 3 5256, McGehee
RI, —RZJG, 83%MBHRAEW AT UER PN,
FESE— RS TA) A TE A R0 R AR G R A A
AL, BARE] 69%, {H AN Z )5 BRI H]
HUNA 13% . f il A AL I 7 45 SR (Hammersley
L Read1996 MIWFFLLiik, LR b Sci I Ah S
=) . MM E L, Lindbergh 1E & SEWrE A HIE & %
INELENA o Bif S TR IE S 02 1) R 1R
B A AN R AR — 2% T S J5U, AH SR s R 35
RZ o ILr— AN BRI AR BB I 52,
IR R T IZ 32 IR R ER o 1t T Lindbergh Wr 21 (1) HE
(R A LA B, R R R R 5 e 25
MATTAT g2 %) Lindbergh 7= A XA PR 5E , RIAt 26
HE P & L2 BeA e R THLS K. i — AR
PR 252 B Lindbergh A&7 —AN F 4TIz (1 1 7 (AHER
24 200 5 ] Wr B 26 HE 11 755 (1) (Fisher 2000 £ 250
T o {EAS—$EMSE, RIE Lindbergh (¥ WTE i) JF
AT, AR AR, AH s i A S e
AR, WA RIXFEAR A T A S )
SRATLASE T, (R IE VIR 1) 48 58 45 18 T LATEVZ:
JBE LA A UE A R N o Bl S IF 9T I8 R IR
AR N R EEAT 0 IE S % € (nawe voice
identification) ', & FAEFEIFA— & wh S RA mifE
W (Perfect %5 2002) . f%Jr, 7 Lindbergh [1)%
T, EIFRRIFAE—AL, BT RMEEE I
ZAb, AT L) AU R I REE IR S
MAS W S HHAR 5%, MR, ENRRE
NIz a0y, A EA S ARAE S “2” .

FATRIE T 15 5 N AR 2R SRR e R et
17, ARHEAS I RE A e v RIS e 7 S fae
B, IR ENAEPE SE B A S BT
WRE T, B T8N A, EHE LA B2
(RIBEAT N Be B A N 3 — 2 5 S N AT AR IR (14
PR NI RErE (HAASC2.2) o 28417, Wi
BB N UG T URARARS, Mo BT B Ak A B P 8 v
AR = IR AT A 2K . RGN AL,
e N AN BEA FLALRF R 10 35 WS e AESR B IE
IR DA R N 2 WO X (e X e =
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(ES T PN S SR AT IV EL A DO Sy
SR e=o e R EI IR ol A S PN i
FERARRAS LA AR (R 38, A2 5207 11
) S S ARARL, B AT DL A AT 52 2y )
) I e N IRIERE R A A0, PO i 2 ok
R IR T AT, HASES TAEAR L A
TREEMINEAT, KRB 22, ik
PRI AAE R 7 T RIS, At B J B e A
S, HBEPEAEREE AR, AN
I B LA AT SR I I i A Be 4 o) (DAL, R
FERAE N I 3L 2 3k — 28, DUELEHBR A A%
MNETG, N RECRA R R R o 8ANER T
YEMsEZ )5, ST AP IR T FLEMEFHA T . 5 R
IR AR T, BORIE PR VR GREE A 1) AU
BN, BN BT /R, R —
ANFE R L ) T N XAS AR AR T IR
o JBOE I W] A2 IR SRR BCEA (AR
JRCZ HT A 75 . XA H AR Tk
HEN T RN (075 & Pk th — A~ 53R 5E 5
T S UL S (AR % E  closed-set
identification) , T & ikiE A BESE X AR A A ACH]
W7, DT B AT AN I A/ b E U SR RS W B 1) S
CJF4EMfA open-set verification) o & T 5 ™% Hifh,
ATIXLECF ], 3k n] AT — A& e N NS
8o BEA PN FEARN IZ AT S5 03 e it
) 37 W B B UEAT LS o IR SRR 2 — 2 E A
TEWT BGREE NS & QARG AT AR AE S 5
AR — 2R F R RN, (] B ISR ZL R
RN, B BT ISR . S —A
Ji DR 2 A DA T B T A B0 e R v A 0 Uk AR
AT ENE, W2 B R BB NI & . fRikRE
by AR RN T B A HAL R s, 3
MHRNTE S TCEE R R, A TR UE A ]2
B SR T AR F A —IRHBANE S, AR
KUK FE. °

BRIV X 6 5 A R T Rl AN S i TR AR
[l N 265 1% 2 P D 3 —— 3 B A 40 o At

S B R G IE S A SR SR N R 5 B b
A HEF Y Broeders 5 van Amelsvoort  (1999)
(ST, ARIMIX L FE T R U I 3E #0 HE gt K S i
Bz, R A A A T — L W W A
FVE SR 5 S e A T — AN 1 ik
o ednik, SPEORELRIE AR BRSO G AR
W T R LA — AN F A TE (AT LR
Nolan2003 i i1t — 2 g FIHE)

TR E PRI AT. i, W REM A
ORI T, AR SRR AT 2EAE 715
TR TR BR R, R L SO AP B 0 1 B R Nt
1T RIAE R —F AR IR B, TSR
P70 1 B3 BT 1R A RESR U, A 5 A
Fe AR AR o

3. EEHXT
3.1 3/
311 X

A T AR S A R A (s, AT
BEAT R & LR T o BRLON AR iR B & i
FITTHAT. REL R ELLE TS, OB
o BB R RER CHRMAREES
oy PUNAEAT S KB e — T TSI 2R 22
ARINGRITE R FK, JIHNEEFHEZ — L
ALEs & NURE AEaE SR [ S = RV A S L P A
WL R A B SRER A, RENS AL B SRR I Z AT
Rk, ELIOESIRE . AR LRSS (AL
L2 i Hollien 200213 11 “ L 5”7 —E AR
RINE) o ARHEALEAE B A SR B
TR RN R K T LA & 5K AR T 2
HNBGE AT B NS ol “ARLl A it
ITHVEE NS E” (WAT23) H, HTEXRN
24, T RS AR L KT U
NEE” B “HORMEMUIE ASE” - 3R, A
MEF N R ESEN RS, gL
X 52 NS UE N T B A E 1 vHR . St g
HUREOUFAEGEERNSS.

3.1.2.  DUHREE
B R, P I,

H—, PNE S ERATH R A E S 4 AT
BURRIMRREE A 2K, i s N % e vh A7
(similarity ) i) @il c PR TE S BBl (AR H4)
£ S = SIS (WY & i i R VAN U W NS
FEFRATTAE 315 N\ %5 DA R e Rl 2 I At 43 32 24 R
WIRM, AR 7E— R, RIAH H2f e Py
FEXTHORE GEEADRD B BRI AT, ) B
BTGB ILAS, 3 = RVR 4518, 1EWIRose
(2006a) FrHif, FATFESE E AR LRI
) (CSD MIHAR ALY H b 25 0 2056 A A AE
H X BT XA BRI R S0 45 5. X
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DT R = - Sl £ 1 V7 M T ol ol
X E BT T E AT AR, AEBLA VA RE R
FSLER, A REA ISR (0 keie
) ORRBEE, MARENIRIRIER CDOEIE K
BRAN) o SEUEWIRXARL NS EO A B, 2GR
WA AR AN [P B 2 ] AR DL PO SR A M — AT LR
1o —HE LR, $R8U ot A BB AT . 281,
AL IR B AE R — L 8, A2 TAH Al
HEARGLEER AN 1% (MAHZXAEHD IR E
HORFRE . XA R 1) AR C 4 AEDNAZ BT 43
LC AR T AL LY VARSI PG ILE /S WE I
KR

55, W Zagt (typicality) [ . %%
FAE NI R AE & I Al ] — 2818 5
fiE, IXSCRFAELE DA A B UGS Rr AU AT g LA L,
WA R LE T W, o X ad A, S LR BAIE
Wyt AR SRS —HFED o AL 3.2.2 R4
BEATUNS IR B0 v AR e 1) 1 A T P
I3HT.

EU R AFARA: 5 08 2 P R N R 2 vt K
KRV L -Hr 77742 o W7V (R DR & SR AR L
(Likelihood Ratio, f&ii5 ALR) , BMAARXE (&
JLRose 2002 55871)

P (E|H,)
LR
P (E | Hg)

o, M FE#E (prosecution hypothesis)
IEAI CRPPRPICRE [RIED 2 PR 3R L nis
HUEE E BIMEEE; 4 (defense hypothesis)
IEfRI CRIPRICREAN D 20 RER SR FIF:
TEFEMER . R LR AR T 1, SRR
Z WER SCREPI IR R, ez, s LR 14K
E/NT 1, B A B 22 PR S — AN
POy AR B ALY JZ 10T, 0 BEDUMAC 4 33 1 2

® %7 L 18 L B [ A A 5 R R N K 4
MOl B2 % Thomas Bayes {144 7 fir 4 ). Kaplan
Hj Kaplan (2006) )35 1E /& 5% DU 5 kA wl ik
RGN — ARRE ), (Ef— 1.

T HL T G S TS “ARRE 3 R e
i SEAN SRR A E 4518 PR RS B T “ 58
KME% Cprior odds) 7 K/, ML “SGIGMER
NESEpR A (hniir NRER, HIEAE

T, 0T P AR BORE R Ul G R AR LR L v
MW — 2 RIS A AT BEPE AR R, R ZTRHR
MU MR I, sk GXHARHITN) HR
FNHUCRE RIS T AT REPE B AR, ez, i
i PRGN, B T e S A LAAR A S (A S 18 T
REPE AR AN o

H M 20 4t 90 AFARLIK, DUty ik OV A
TRBERFE AU B2 AT, JETE DNA BRI
R JEVA RARATVEBE ) Sy i 4 R AR B3 T
BEH] (2 0L Robertson 15 Vignaux 1995 {3 &
PRI T D o FEIRBETE S AT, DUk
dpe B[R] Il 2 32 W H AR s N B 3R b
(Meuwly2000) , ZJ5AA, XA %% (Nolan2001
H1 Rose2002) B4 41t ik DU 3777 v by 75 27 MWy i -
BT TN SR I8 . A R 1T 71
HARNZTAGAE 3.2 SR AT AR

BB LERT B B R A OG5 R PRI
A 14571447 (population statistics ) 2%} LR+ ik
PEEAT EAL I RT3 . BEE A A SR SEAE
S Bl (PEWATL3.24) , HEIESES
FEPEADCIEARAD WL (PEWAC3.2.2) o BEAE—
SO XA N D GEvhEds ol 2, I A i) kTG
MR T, BRI L3530k BLUREAE g — At A AE 4
PR R T X e I A B SCRE T .
Rose (2002, 2005) 7 2 AEFN S 1 LLAR A [T Hb
AT DU 7 VAR B v 2 (R AR F

3.1.3. JRE/HEFRHIAHE R

FEAATE 3 1 DA B N 1 e o003 f o B o
AEART AR T LS SR B2 73 i ZE 1R 2
o, SRR iy R bR D A RS H
oL, XL DL R xBTS MR, RS R
AR RS W 5 #OZ TC T BRI o AR A SEBR S 1F
o AEOLETRAS RS ARHN R AR AR A
FAAETE 2 IR, XA 2 28 LOW 5V A3 TR 4548 1
P A SE IS o T HL S e P R B BR AR

RIS, SESoN LK. WEAKE
B (EFEBARMERN LT &a g RNER
TE 22 5 T I A R B B et (DA B A 45 18 TR
K, 0 LR RRME R TN E () 8w (4
R RAEYE MR ) J . PRR 3% B R 32 F LR (1) )
A, BT DURREAS LU B, TR N 257 L% Rose
(2002) [FE1E
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) R, R A PR R SR 4 S 0 3 2 A ol Y
AL, FAEE R s A R
LR Z . Prif “ W — 3l A EE N AR
(intra-speaker variation/within-speaker variation) ”
Sedia A — B ANAEAN )3 G AN R RS T 1 I
RN 25 (FEHRIE S T &R S50
XA WA, B — N ARSI, Atk
FE R et LA T B IS e DL S i B e
MIRTERYE, AR I N AR K1, B2
ERE RS T R — Ui AEN BTSSR, AU
SR, it LR AU P, Xain]
e FHERII 4 (false rejection) 42, X APl A
T NI TR AL ) L, £E DNA 23 HT RIS e
HOIEALFAE . AP S e M A A A U E A2
& (AEATE AT 204D ARG E R A

] — BEE NV AR AR T LA IR 2 3R 0 E
3, TP AR RS 5 R G UL S AN m Bk 1) o
P, — /N RS R i B 32 B8 2 A o
BRURAN e — BOANAZ 1Y, 11 A B 5 5 1 0 P 2 28 O
FUTE T RUD kAR . Fw, T E
REWHER, o8 I L HRUGS 26t 25 52 BIAH AR 1
(RS T R A2 A4k o IX B RS TV L FE v
AR S ST T 5 2 5 S FAR R 185 Bk
FTEXE, T HABS M RGBT R I, XA
REDRUFRI M SFEAE S T2 05 5 F M EARNZ .
SAFTE R R U N B E SR S R KR
PRI, A AKELUEHR . B bk, 51
AR R AT LU P26 RIE 5 EiS KU B,
Eb G5 NI A CL 22 3 B A U8 R R R R AR 75 105D
VR, A IR A A D R EE A 2 S EUX R AR 1
A, BERGIHERE R AR BIERNE R 3R
W7 ANE] L PR BRI AN [R] L 8 E A
HERE TR, sz, hF X s S ok
NS BRI ZE IR RE I, 2 BRI =2 . A,
RO TE rh ARJ0 B G N IS 25330, Bk 5 SRR,
T BT N BRI IR 75 SR, G BAR IR F-
Aab B ABL ) B T 1) R P D s T I R B 2
T B I 16 A7 B ) g /N AR K I T A BOEAT L
X, BE RIS s A, A R
A, MEEARBNES BT iR

T A — Ut 1l A VB P 0 1 AR A v g Al o (14 7 G
TR TS NHO= BT 17 27 192 (voice disguise ) 1115
BLT o ARENVLTE NN T B 5 0 Ph e 25 1 e e

NEVBEA P 1E 8 BLAm I, B SIS e K
B A LR W] RE AR A R I B (R A T
HRATRE, BN IER YR, R EREE A
(¥ AT B B ) SN 7 1 XA R
NG ER S o WARMOT RNES KA, B
POUE S P i), JESRA R, USRI
TR A I RS I DA S A R A
V2 %7 AL % 5 591 (vocal folds) 476
F e e R B g U B K . 20 AT 80 4REAR
K 90 AEARYY, HlEE AN — AR ANE T, L
T4k 4 Onkel Dagobert (75785 A 24 T3l
e sl ) “EER RO D R B
R REM, S AR SR, TRk
A BN G35 o JUAR 218 S ) R A I gk 2
fif Fl w35 A 75 Chigh-pitched falsetto voice) S0k
H O It phe y sOE A OB v s a4
S A TV A b PG 1 R R RS

I Oh et o HARBLAETE 5 2 210 L, Ee 7 yisiqs 4b
PN F 1 s [ s A I AME i aE . AT D3
FAAE, TR DL NI T AT IR B et A
IRAAT B N RES R 21— B Rl g sUEAT Bl e
o i H, AR RS, BT Sk, T EEL
WHIE ISR, BEE N H 3 ANRE— BRI ORIk
Ao BTG S SBOE ST K, L8
I3 1 R FCATE )R] R A e R, LB
PSR ECAT U H I, AR Sk N O 2R R g
bk

NIA R T AR RS SE (B4
J5 TAZAE B JR BRAN ), s e P AR 2 HR J2 T
R BRAN R R, tean, 75 LT BT A I Lo 4
h, T ERMIESEEEARESR DA AR
K FLTE SR I ). S TR AT, C iR AL
FH ] 58 IR S TFHL, 82 A IR ¥ i B
HI7E 200 Hz # 3500 Hz 2452 1), Xk, 7E
SERR IR, AT AT XA PR PR R A A A
REFII . IEHEOL T, TPEui s AN RS e 80
% 170Hz 2 0a] (KT 200Hz) , Aidifdl g A J2 1)
R, DRI A 7R HTE PR AT 0 B 9 AT 2 IR B PR
FRAE, T AT H5 R vy A S e 00 R [ £ B s T
oK. TUIER ) U oo & 88 = SR DL B SR
W DL S AR [S) I BB A 2, e AT Tt 25 52 B5%
Wi o AMIEFTIR AR REDE, 2 AT IR 28 S il 15 % N RE IR 1)
FRMRA R, AEERDRTEHIEAEH CYR
L LR 28 ] g K L R TR AT Y R, X
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SO R RN T o RS IS, WA
e 3 ¥ AR Vi R 78 S s /0 58 AT RE 2 0k — 20 O
e HI T AR R BORAN I R A 1A TR R AR A
B, A e B B R it — D A, BT
PRt B 7R T K R 24k, %
ST FIE ] BE 2038 B — S8 T AR 5 T A HE R SR
WAL P AR R ., oS go i EIL R, T
UG SAEE S [R5 S AR o v &
SEHR VT LU AR € . a4, AT
S B AN B, AR A SR A (R it
o PR T 8 il o S35 SR AR REA TR PR B e i f
(RISRAE 4 i R AT T ™ A B )

TAN BRI BUIEE AR — K 3
SRR, AATTRT LA B o) 3 e (10 15 b
SN RS, BT oosE. R,
T R T S B S U A N IS R ) AR
AR U A RN o I TR, SR bRl
S5 H PR U AL A T P B 5 R i P AR
RAEU N o WIS TAKRT, W] B S RAN HY 2 /b
VO ANAERFE T o RN, RSk s A7
FAT “otrtirfe” B, Lot 5 1 AR R Il
(K3 Fm], AT T S BB ORI . 42 Sk
RV RS MBI T) K E PR R 1 50T [ 5 PR
i, AH A AR TR T A>T 8 b, FEASTE
AT 16 B2l il bnft o (HIX I AHERR A LEHFAE
S RARH W R s S AR, AT 2 BBl r LAY
BT RE .

I B SO0 AV AR 1)1 22 B AR 1)
RGBT, AT LIPS 1. S—,
I LG S RN ) i B AR IR, A BRAT TR Y. %
O B h A0 e B R I BV S E o S T
Kby B R IR AN 5 e R 2R ()R AR
(Nolan 1983 #$1141471; Rose 2002, 51f) . bl
U, 7ESE BRI G b 2o AN n] ke b i 21 5 A LE TR )
A, AT DTS B — NI AR WY
Wi V5 LT V2 5 A5 LRI04 I 1 (1) 53 W 55
244 (ByrneLjFoulkes 2004) fifid i J5 10 KT 5%
SR W R R INEEAL, TR E R,
O LIRS AR AR B Z B A g, i —
PR ISR A ey B, BB RAFM
R AAVE 25 HR A7 AE 1 ey B ) 3k AT 440 1) 20 BT O
i, AR H AR RS B AR M. AEREIEAE B, EORE
KM S R & &0, mRA&AE&MN, M5

B WL iE2 ZH O R sG,  Jn PHE RE AT i
AR P 1) 36 0 R L o

3.2. BEE X PLEAKARTE

FER TN, AR E LR SR (]l
P RPN e ST N T e S R NEil b P i
%, RIPHIH T MR

1 EREEE AR TR 2

Wb BT
VPR EMRETRRTS  HEUE T
5
BEs RES e UEINEEI
sl

fift#fri Canalytical approach) J&iB 5% 4 &
T o TR Pl N E B o ey 4 s
g5, BB BERHE . RS, R)E
X853 A3 REAT 53 By BRI 70 e AT 2 T AR HL G R
A5 JF W3-l 4401 43 B 2% Caudiitory-perceptual approach)
I R] DU B i br L R Beis 3 2% 25 1999 JiOD %
W AT bR . R - TR Rk
(acoustic-phonetic approach) (i, Stevens1998)
SEEEN T B BEAT W - A a W 228, AE kA
T3 BT L S R e W 1) 75 22 3R I ol I 75 2
3N, BAVHE I, HEEZARE, ESEhR S
P b, T AR A S AR, s
BRI B /N o R SRR SEET 5, P -TE EE)
ML HAE T & mT DL AR e 2, e
X5 b, WESE - AN A BT e 4 AN BT o AR,
XFEAE UL BORE i,  %E Ss BHERA

TSR B 7 2 43 AT N A A FEAIE SIS LE RE RS B AN
[ U5 15 N 2 [V KA 22 S IRV R AR, RIS 26 A
% SO “ AR UL E N TR 7 TR 22 5 Cinter-speaker
variation/between-speaker variation) ” FI4FAE . 1M H.,
I AZ AT F A — LA - A B Bl CRERS
WA [R] i 16 N T 5 Z TR 22 5D IRRAE . 38
T - AN ) BRI (PR 2 ) #02 i ik
AN AR POER, T AR AT, B
WEREAS N2 s BRI S B A —FE . SR, [
BRI — Lefif - AR BEAF SR, (R
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AR, S —HiE S S ENE 5 #15
Wiy R AR AR . — T, X EETE T AE R R 2
EINIVR e A3 SRR PN M e LSS 1R =) SN (E7
— 7 A A A ok — e A B BRI, M I — L
A — Ui 1l A VE S N AR IS (L Braun 1995
Tl — Ukl N & A AR i S 5D

WU, iz R AR 1 (holistic
approach) I, JAREAE O HELHE R EHRTEE, I
SR I AN AR . N BT - I S AT
AR TR DA E A E MR A A
VLI, AN SS ) 2o 5. —J7i, BeIvk
A RT3 T I B0E NS, 55—
[0, XS AT AR S A AT, SR
AV N BTN B AR, R SO AT VAN
YT AER LB T, I A — POV EBR AT U 2,
B 32 Y 7 2 A 7 Y P ) 6T VR B A o b A
AT NE RV LS P 2 e ey P SN LIRS
8 BB “HEpR” M, BATLMER “4RE 7

S5 ANEAT iy ik, B R0 43 i (“voice print”
method) , FILLH] “HEARRLEL” HE RUORIES . %
J7VEFEA b T B ARM TE FIAE ARV 2 3 0 AH
[ TEE W I e 0l B AT ok, Do A it
FET 0P 3 75 1 AR AR RN 22 S s Bt AT ) “ H

W7o PR 7 B R A — SRR P AR b %
M) RIS X% BB — e il & A
TEHEE RN, LRI, ol B Lo A
& IR 8 527 3ok 38 4 PR N AR 1 75 205 5 22 T R
b, “HL” minECSeHREmLEe T, R’
£ 24 1% Nolan (1983) |, Hollien (2002) 5 Rose
(2002) HFEHZEAEP YR %I T 2R
K, ARZMEN N L HATRA 77T, ADikE
WAFERAG Z IV RS AT R
H—BONANA R 1Z . AR L2
B, BARIAIAH “Har” , (HARR LK
AR A4 (spectrographic analysis) % & A
AR ENNET o SRR, X PP B Sk
TEFRE )5 I T, X “ PR A ]
AN (PR SEAS AT (5 Foulkes #EAT 1T
NN «  GFHiE: BRXPTHL6Y “voice print”
method ( “BL” 5k ) AL B N F36 5
YA E F R RAETRR ., MAEZ T AR E At
¥, BN P EARET AR T she) B
H Tk, W —RFEELEN KT L T
“R” ABGEFRE A TAEA B FHIRA TR E P
MEAET B ATE N B SR AL AR AT RA 6 2%
ik (HARILE L FIRGIUA 7 EEM) . A
B OCBUERT Wik RS NI R AR AR

AR “A o HTEAE

%o

AEOS R, A8 A A AT AT U 1l N 2858 1)
IR T G, RO B Tk U, A
PR, PTG YOS 5L b, A2 F R,
HEAR Y BT 1 BE 05 1R 4 b N T U0 N % e S ik
(Alexander &5 2005) o AR M%7 5 FEAS BEI AL 75 &
LR MNEBE VR 2O S K, AT ER T —
L ] AR R AN BE R N B 5 I, L AN 2
VB AR R DA IS S A4, B0 B — Ny
SE VBB AE— 8 NAE i D0 B0 L R AR AR A 4 55 1)
8

FEZR 1 BRI 4 FhOTIrR, AR BT T3 VA%
ST SR P BE UG SR R ML D > BE AW ? XE 4 Nk,
XTREA A, AR B AT R G, BT
Bt AR ] — AT S AR Y, AR
FIREAL T PIRFASANGE  T0H., UL NS Rl gk
MM B, e ARG A Mk AT S e
ITANTER . A2 H TR E SRR, R A A
B T U N E SRR AN AL 3 R 1R
SRR S A 5 (BKAD A [ L dy b X ) 5
WU EEA AT 3 P OT IE AT 258 B2 KA 20 4E 1)
DSy o e Fed, 5525 far 2R B A 5 E 5K
PRI IR 73 S 06 S AN FA N ML 2 X e Al AR
WA B PUIAETL E R EEA 5 2] T Z 1A AT,
BT SRR ATTIE ST Bz LU RIS, 35 20K
ST VR N T T 5 s 6 A AT S A
H A 3R EREAT I 7 i AT ST TAE . R S0 U et
R LB 4 Bl BRI 4

321 VWERESFhEEWE

Yo WETE ¥ 2E bR B S S (categorical-phonetic
transcription and description) £ % 52 SZ ik o W FH i) —
AN B ] LA 4717 i = 9% 2 (linguistic
phonetics ) XA TE K MEFE (L% Ladefoged1971)
S AR IR AE T, T 3 5 2 R A

“ %ﬁiﬁl‘ 2 .

AT iR, (2R AIZHAR AR LA
HAE—TEIE, )

X R 5 T AR N T
PR IR A P AN BRI B A T TR bR i o X
FoRBEER e R, 8 AT LU [ bR b TR
(1o R AT AR OB 8 WA R o e
A RS 1 07 s ASE e 1S AR A, T A
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R BN I BORFE, I8 MR BORFIE, e A1k
A AN T B AT DO — P 5 A AN
Ji B AT XY o T )V SR AR S
TR RATEEAR T, B2 A8 W7 A [ 1
WO E AT E (WA LUK R R, AR L
WS AR — 2 A G D) FANE
(I o B SRAE SAT BT DA B B, LAl BT
AN GORBEX MR AR 3 Ui A AT Al 5 (s
=) W, AR EEBTES OFE) Wl
B, XABRZIERMB AR . AR, 5%
WFZ X NE S S5TE, ERARE S Z AR
AARAEDC 73, DAL SR8 BB I ik, 2860k
AL EFRIEREE T F R (BT ¥50 M.
AT 2.2 PEREIET, AR NEAT 2220 H
AR T VS AR, TR H AR A R
FEVE T BRI R PO i il N BEAT T 16) 35 35 2 AR
FOPRBEAEA M B, WERMA BTN RTT
B AT E BANE D E R AEA G, e RN A
FEER UL AT TSR oA Sy Ak . LU, R
W ANBE R YOI NP R S R S e H e (A
HMGE Y, e RS Ul N AR R A
ISORPIKEFAIE DN N R N 1< (e S Pt .
LEEIN S AT 2 R R BN DL, BH AP STt
R R IRRE AT 5 R, LR T AN GEE A
AT, EARTE ) SR — LeRii AT e
Iy 19, SRR AL & 20 2R A5 BT LUK 4 /Mt
A

FEX B NBEAT I ) 1 55 2 R V8 5 2 0 R
SRV FBAE WS- 1) 7, AR AN R T ax —
Fh 77k, Ladefoged 5 Maddieson (1996) % A-#it
AR 22 A 0 7] ¥ 5 2 R T 5 2 T A P P 2 i
LTI B IXFEIBFIE RS, 2
SHRTP A AR A DT 5% TS B
VB W N R AR A A TR B
(). Foulkes tj Docherty 2006, Lt #2540 4t
REEFPRNAD o HRTEERL, $MEFA
PP A M 2 A 2 e R — e R B T
T, T L e S — S8 AR Ry fURI GO (1) 1 35 40 15
(L Keating 1990 (1305 DL S A JE SR AE “ SEIG ¥
R JT AT

S AL BEAF O N 545 54 LB SRR A )k
HEFPHR R SRNS T EL, TR A eI
MBSO, T S LA T 25—k,

TRBETE 5 AR LU AR A 2 rh %
AW KO R VO R b S S TR
oW — Ak, B AR &2 i (voice quality) (1)
WETC e REAS NAE R P I R 3 A —FF, 7
i, FEEATTRER T (WEE “IEWT ) R
(neutral/modal voice) , % A% i T ek 2k
WY 28, 7= AR LA SRR 3, 2R +F (breathy
voice) . 1% 5 (creaky voice) . ¥HkEIE 3 (rough/harsh
voice) FI'%7% (pressed/tense voice) (B JLFPIE
TRMPARRA A S wiH, X1 A — R
T, RN RS R T RE AN, AR AR
TR 2 . BIH R, BAUTIE Ttk
7 A (PR R, AESE R b, SR
T SCE P I Y % B R I 7 A )
Eos i CRPEGVER 1) o Laver (1980, 1994) i
SXoF EEL B S8 A L IO R 3 7 A PR R 5 R ) ik A 43
FHAT A BS FISE B IT . Ji4b, i —A
ASONT MR 5 55 SO A 2K R T - S R 7 v AR B 2
Bl GRBAS i iFAlvdk (L, G ARZT i i
RSN ;. RARFMIREE; B AREALE: A
RETS (59O J&; S ARRERE, RIZELITHrk
) (Hirano 1981) . H4X GRBAS 74 vFtivk it
FEIR 7 e 2 (WFFUIR S B AT RN 5 T BEAS I B 22 24 RD
R SR I, EE B CAIF I 1% 7 VA % e AT Al
RA M. HAET, Laver /715 GRBAS 4 #iZ:
(Nawka 5 Anders 7F i [5] (115 2 < 2 5 TR T 18 2
(1996) ) BKA #{{Efi ] (KGster 15 Késter 2004) .
EIIREFCE R, RPN N 52 AR G 2t B4
—E IR, wn] DA R i B R )
YERA R FAN [ PG N Z (B V20 19— Cinter-rater
agreement, HIVAS [R] W36 A 2 1] PR 86 6 25 S AR GBS /N )
(Késte 25 2007) .

Nolan (2005) ¥4 X {EikEEiE & 2 his IR & &
JEOAT %552 1 R BR P S F VP . BN, i
- H T T T R i PR OB S PR e AR K
24 200 % 3500Hz 2 [1]) , 1R 2 A5 BAEIM 1 o Al g
T, MXELfE RICIRTE S b, b AL
MR LR BN B AR o GO0 U 5 )k
A, CESERPRERE b EAREE S b A IS B
RO T S PR AR U, B IR 5 — 1B A
AR O Z W e Ah, sk o g
I, ARSI A TP, IR TR
L] B AAAE, TS T TIR G S, e
GRS AR T -SRI 7 V2%, TRTAN A2 75 2 -1 2 1)
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Jiike fHAE, IE40 Nolan F5HI), S SCHEVE (K
Ay ERT CnR Sy AR TS0 sy HAb
TR BT, AR IR T R B PR
SRR « — TRV 41 52 A= 8 st ik
B, RIS B S AR WA 480 rE AL S N 1R 1
Mo 7 (Nolan 2005 % 396 1) o w72 ibi B A2,
X A A I LA AR, 0 S I 2
D)5 AT 5 55 O PR N R R AR S TR, L30T
B S E S S, WAT RN FVE 2 A (A1
BRSO (Kreiman 25 1992) . Nolan ik
— R, B T A T S 2 e R XA
A FTIE I o AETE S LU R T ST G A 22 7]
(22 S, A AE BN B A b4 Ik L ) R 2R 4
ko 705858 v o AR 5 T A AR 15 47
P IR G ) 5T AR IR0 AR

VB 2E AR 5 1S (0 7 V08 nT AN, F AE 1B L
XA Y, GO0 A (filled pauses )
Jr B M, TR A A, R 1 R
(4% “UE Cuh) 7 A< Cum) 7 Z 2145 (Clark
1 Fox Tree 2002) . AAMIAE I o &R AR H
R BE 2, BMEREIRB T, RKREE B
WAEHIAT o RO RE S AT IR Uit A1 T
USRS Tl Re bR AR TP RS R R A (i
PO OSEIL B, AR B OB Uy T )
S, AR TS BOE AR A R A
RIS, AT TS i 5 Al B, AW
IR T4 B A RRS A e S ¥ G 35 2 AT
A—FE, XEEIL A AT AT IR S 2 S . A,
WG A T S R —E M=k, W
5 I 1) ) o Y PRI I R 2 2 5, IR 24
1R 75 2 A5 S R LR R S TR

322 FEEIBE¥

X B VB A UK B, P A oA BT a4y AT
B E—L, FEARZ UG NS HEIM S50, &
SRR AL A PRI (fo) T o RS IR 2 ™
AR R A AR BRI A A R . AT
S w1 N TN N 1 - /W Rl =1 A |
Chigh-pitched) ” I “fX & i C(low-pitched) ” 2
B PRS0 FRL AT A o AR, 5 0] JEAUAN P 27 23 B 1)
YO AR EL, W e - BNy R B st 2 2 1. T HL,
EWARIER A EW “ -7 5 R 2
PURMERI AT RENE, JLSE, AEH CR-mT R 2
PR N A BRI ZE 5, AN A IRsl g i A

] CLL# Jessen 2007b SCH IR B RIA) o M
PN 2 MU FE A IS, AU BN
FEEEOY RS INUER, I — AN R R S Ak
R ATVEAS AR LG, AT EEAIA B A M. H AP
BIRAR OB AEAE— 2 N D5, Btz At
JT I ZE T BERIEAN L W o eV REE 5 22 (540
B, Kinzel (1987, 1995) &z 2t MFiX J7 THIWT
FUHI0, ARG 6 UE B 1K) 100 A7 53 1k 1 1% AR 50 f7
LR NAE RS R s S AT S Bl
Jessen & (2005) AH 5% Ui AETE (1) 5 M BhE A 2
BURITEST, 4595 Kinzel (1987) [ITF5T 45 21 .
A AN, Jessen &% (2005) A NFAN ] 5 15 7 2\
HHAT T IX A FIGe v, Rl 2 B & 5 AR R &
i FE 3 B 5 K R HE S 0 25 kAT T
WFFTGE T K VA I (1R 355 2 A I 7 W 3 S At S
% (Lombard experiment) "33 (SZH6 @R
HHLA BARRR S mABCR I D o i S0
SRR T LR ZE1E AT T B S0 %S s
AT LA AN [N G500 B B 1 5 55

B 1 PR P 73 S 6 45

35 120.00%

}/_/.,,—J b 100.00%
25
W // R
E 20

r 60.00%

40.00%

[ 20.00%

0- - .00%
80-80 90-100 100-110 110-120 120-130 130-140 140-150 150-160 160-170

RReE-SIEILT

Bl 10007 FPEBEIE N B E, A 1B & B U I 1Y
SFEIBA OCHD AT LR E R (el Y B &

% ) Kinzel (20000 {3055, VEEALgaR M T
Z AR e k7 AU UE,  FEAN 7 AT
T,

1 Jessen £ (2005) FIBIFST o T 140 B R
PRefEZE R IEA GO R Ul Al bR 22k R n AR
ZAE (BRHEZERBRCLPIED BUE, XM &
FEAY K. Rose (2002 %5 52 1) Wik, N T
B LR, ANRITE S 2502 18] AR D B i e ik
AN, BRI, ARSI SR (f variability) k3
IR A AT
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ANEL BERL CHIY D ZRR .

Bl 1GFHE: RXTHBETHALE (TR,
BT EPR TR, #FX P ey E T AT ML T
SPEED WIORIZBEATE AR K E RS A IE
U U I TS AR A A Dl % T LA R
fERE DL vk (LA 3.1.2) rha v Y RE A I
P (Lb%: Rose2002 55 306-310 71) . fElt, FRAME
WAMNET AL B, fEEM A RE3E N BT
WHAE 114Hz, WBE NP5 117HZ; &
fF B R FN UG N B IAEAUE 160HzZ, BiBEA T
PR 163Hz. ANE PRI AT &
FEM) A 3Hz (220, 76 ] P ) — Ui 1l A
F N AR OSBRI T . Kk, Bei
LR Ao Tt 2 AH R, it B LR m s 3%
TR 7o 1o (B2, WAETH
(1) “ a7 HHFA—AE, B4 A LR B RS
FEZAE A, BREREE N LA Al N S R S0 iE A
[F]—H Al RerkE A 0.31 (L 1 fhos, e il A
A 31% AN FEAE 110-120Hz 2 17], 1E 2
FAF A TR R RIEED A 1 FREL0.31, 153
FE AT LR 2 3.2, g AR S HFA T R EN 0TS
N5 WEE R — N3k (BB LR > 1), {Hi2
LR AR =, PRI, 2R 8 (KA W] A e 55— 44,
FEZAE B, BB N LA Al N 5 R S0 iE A
A — I ml ferk A 0.02, R PG 1 Bonigh 3,
100 A aiE N 1A 2 /N NP3 3805093 A 7E 160~
170Hz [l FATH 1 FRLL 0.02, 15 LR 42 50,
IR, 5% AR, ZEAEEE ANRILE, HiE
PEER] 2R 2 T .

Bl 2 WORMRA R S g A N850 A
PR 2= i L. thlnid, QiR AREIVOE &K
iih, e N EE ] I S UOUE R, A EEX:
THEPATHEBELR GEFREE, RENEW, =
AT A U I IR AR A D) o IX U B R —
NE IR I AR b 2 5 SO R AR 1R K 1 A2 4k
(). Braun1995 (1)L MMEHE T /%) o IXHfSE &
AR S 00 S 5 SN, FH P T I 1 2 ), Rt
REESR Y 8 B FACAT ISR e, WISV 2
TGS S A A R T 4518, &I, Hudson
& (2007) OKF 100 AN [l e B e v 1) 55 PR BT
NP FER A AT T N D H s 1 4e it

-
-
-

-

-\\\‘ -

AAANARRRRNRNNNNRNNSSNNN

7
a
7
2
v
7

NANNNN

L, W
II!/ﬂﬁ

80— 80— 100-110- 120— 130— 140— 150~ 160— 170— 180— 190— 200— 210—220—
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

SFEE A E[Hz2)

;
7
7

K2 1000 FPEBEIE N BARAE, 20 AE IEH BT R 3
WPTRCRZS T BAETE 1P IS At ol . e, SR
TR R IR IR R B, 4 BRI B R (R K B
(FEME AW RBP4 3D o

Jessen (2007a) ik B Xf 4G (0 & 2 E FE
(articulation rate ) [a] @A TIE N D EHR G0t . K
R HRRER IS TR ZUEA
AN Z il (speech tempo) EAL, ™K,
BB SE W E TR AR R TR A AR
TR AE W - EN O BERE BTG, T — Ban i
FRELIST ] (R S A0 5 B 22 T B AR TN 58
WS, “E T (syllable rate) 7 (4
UM “ 35353 % (speech rate) ” ) % 45wl ]
T SRR IR s, A
HEEETRR TP IOl WU, 5 “a TR A
te, 18 “REHEE” EANSHE, ANFEBEANZR
O 3l N (T R A = N = R S A SR N
Goldman Eisler 1968 LA & Kinzel 1997) . Plit, “k&
R SHAE e kTt A AL

A, HHRIESEFE (formant frequency ) 7 E
FE AR ST AT U N S I 2 A )
SR — o RAEIEA N 12 T ARG A ¢ N 4L
P B GE VI U ANGORT B AN i T e (R i SR
%, (HHATAA D2 X AT LI 5T,
ORI R R I H & E & (I
www.ling.cam.ac.uk/dyvis) o JLHE IS AALAE X
G3 ARV BRI T (AN CH), RN et 1R
Z Uil N5 (LL# Stevens 1998) . JLIRIEATIZ
BOZ AR CHPRGE 2IWE S BRI 52, 1X
AR PR — . AIEARK S R HUCE L RIE
BEAR, 3K IE 2 Lotk Baah N B SL R g A — i L B
PEUETE N IR e, AR [RIME 2 TR A e A
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7S (HUE Rose 2002) o P FLAIR IAHHI44 1) PR 3%
A FEIERE, [R5 A3 & 57 2 18] ) L A
KA KRR WIFCRBL, HREE AL, s
55 P R T S L G P T A AR L s G — 2
(Fitch 5 Giedd 1999) , XA W] fEsx AL RIPEARFH
PR AN T S

M ILIRIEI R W) ITIEA IR Z, Hhsohsa i
()3 2 W AN [7) 0 LR A P o3 AR 1) T 1
Rose (2002, 2006a,b A} Rose &5 2003) %X} il
7 V] A VTR P AT ) DL vl o A
A2, IE Rose R HI, BEO7VEIHME ST, [RIFER
SIS, 2T AR TG B B LR IB A 2 [A] BA
FASRI LRI 2 18] CHRp ) 28 RS = LR, fH
T EL U R B, At L A 0 A AN A A
HlZ N, A2 3Nmm kAN WRARH A
RO . At Az FE A SC R 2 Horp
— AT RER SR Rt T AT IS, Ay SCpTiA, i
Tl AT AR AN S A A A B R 1) 22
HXK, [FIIGE S EIESA I L2 K. it
FEIX AT R A OGP 75 42 F 21 52 2% (1) B0 8 v A
B, RGBS, B TR T 6 A [ e
MTCE ZEG i, 132V SR Le g it 1 L.

W SLIRIE ) ) — N T i e e sh A hE b
1175307 McDougall 5 Nolan XA 7 K& 1) TAE,
AR T — & MBS (McDougall 2004,
2006 DL & McDougall 5 Nolan 2007 ) . IF 40
McDougall (2006) & Hi#), FA M- A] DR 4n
fBeise: IEILARIE D) H AR I LR 1 o A
PRI LE X ) R KRR EGR T —il &
TR EWMER, HAATUE N &S s EAEATR H ks
EL AL (R B R — e W H B B . Bl AT
BN %S R R is g N R, X
IR AR B R R BETE NN PEREAE (— Mk it I
TEARAE R LIRS 1) 22 7 Y vl il NAE & (A PERE
fiE) o XEETIE CAMEINESL, LRI &R
TEDAMATT T S A IR S . i Tt
(1) B0 251 [R) B 3 52 3155 B AN AR S (R 5%, )
SELE F AR VLG N R INAF IR O (2, A7 25 T Qo] Ak 2
TG P A [ —Ph Ul N AEE AR A R SR U ) A T
L.

Nolan 5 Grigoras (2005) #&H T 25 =Fiil &L

PRUESIR ) 77k, WK I SE 4RI 40 A ) &9 (Long
Term Formant Distributions, 45k LTF) . i% )5k

A RIERE T BRI HbR e &, R — R B E
AR, AR ILAT R X Bk Rk AT LA
I E M gnts (LPC) AR L yRIE, JHREFS
FAT 0L H AT SR SR LG R . EIE S SR A
GFIITE DL R, 50 T LU T 8O 4 o &
T SRR A AR R, AN AL — 50 7
B SRIUE B o BETTVE R AU AT AR A I
EANEHE), EREEe TR ACHASUIES
HBREMS T (RAIZ TV C 0 TG R R Va b it
ATHEMNAY) 73, AT 22 B A IR 5 3 7 2 1 2
MEIRRIATD 5 SR, BT Eh TTA
TCEEE, SN oS, o g LT R
AAF IR . XS AR R oGS AT HE R AT, AR TT
RE 2% 200 — S AT A AN PERFAE 1 2 SR AN )
TG AT T, ARG RS DU 7 VR AT 4y
HT IS A1 0] BEAS B LURAE (S B CEQn B 3
] Rose fHEL) . Hilt, Grigoras &t T —FBiH
LTF $3%, w]LASEHR—MiE 5 IS FhR i T B
BV, TR IE AT DO AR TG IR 45 SR AT 4y
MBI BRI, T SRR RS, B
(R 25, BT LA A5 F— 8 A iE S ARk L,
ZHI T SE R A PR BE

Bk T WA 2 2 178 Ut 1 N S TR ) — & 51
PR S AN, SR AR, KKk
REAL 2R 22 B8 S Mol 1 NSRRI B 5 208 5 2 5
5, REESHATEE ST SIRE M. RHE,
ZAIOA T EE AT IR AN B R R R . RS
T 75 2 0 S A B R s — A ZE e, (HFS
B BETT WY T4 S, GBI BRI ANy
T2 HA W Epett, & DRk B HE ARSI
JR BRI Ul XUk 22 S DA S A R K I 1
ZRZ KM ARE T MZERZR T (HA
BLIFATHLIR) o BARTRATH W AeE A R4
FAFTEE . KE WA BB E RN RRIRE
A0S S5 AN R 33008 N 2 1) B 2 D0 1) 75 2R A1, H
FEIEA Nk, NSNS X SR P B £ /bR
AP E LMK (Nolan 1983 3 11 %= 14
T1; Rose 2002, 51f) , M ECH FLIEIGIHT . 7EAK
Z ik, WHEES . WS R A AL P
AR IER . TR R A
SIS, BIER 7 IBLEH T 5 5 &k L
AP P N AT IH— 4 b BE . Allen 55243
(2003) W24 X FEBE ], BT 0 B Ut 0 A AR IR
Bl LRI ) (FE R B2 5 He o0 R B 4f mi 1A
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ZEPIITRDD b fR 2 S AN AN BTG ANTE =R
VB T2 ) BN B P — S R RN 2 A AT SR 2
BT T IH— A AL B, R BUA ARG S T AT
RE A4 AN [7] 3 0% N 2 i) i AN M 22 5% o Pfitzinger
(2002) AT R RIN:  BIELER 5 185 %
ZEFRATIH— G, U AAEA RS B K2 )
WARAFAEN T 22 52

3.2.3. BUREFTRRA

IEWRTSCHTIA, — NS B AT — @ s & 1)
BeJ1, DM LIkt RETE S 2 ki 2
I BT IR, BT DA ATTE BN FE A |- 45 4
PR . RAEE S S u0E & 8 KRR G S AT
AT SR, AR AT S AP R A R 22 AT
Eegm, wRIEHIL (Gestalt theory) [ 3255 Jgi lij—
CHARK TN —— G TE S L E. 1M
HAWRE R, MR BB 22500 i ih ANk
AT ARSI BT I RE T L — NP (PR R 2011
Ve K 25230k, 7T LS Hollien 2002 % 37
239 WHINED -

Schiller 15 Késter (1998) w4l i sS40 E W] T 1%
T WE B ALK TT R RS SRR B
WR: 6 MR AMEENEE AEARET N 4
5 8 W ARZEITE S REAS 108 A, 17 fr i fsiE Hsk s
L E AR B R 10 A7 T (1
E LAY Bkl AE kR NiE, 5
SR AT A, BRI — A R S 56 v
TRV A A 5 AR T T B s S A R . g5 R R
BA B2 N G i g I IE e CYiE e —
o, [ 8 ) o 92%, RIRER (CHIEEA
—HU, M 2T ) 2%, ML T, B
SE L IER T 98%, M iRIREAAY 1%. 1]
W, T HE T RN E N N RRAIRE DR 3 TT TR
PRAF LT o BRI, 700 B0TE N R B 0 4 o 7 T
F A D% 5 0 2 2 R % e T O ] HL &
H— NSNS B R

P, ATV B o) LR £ A 22 (Exemplar
Theory) F13k2|—F ] GEMIER: (Johnson 1997) .
FEAG 310 R0 A 1R AR A BT A e (LA Pisoni
1997) 5 R ALop Ak FE LA — PN IE Bl (RA
TR g S ES AN thnit, f£4:
() VE 7 BN 23 BT B 08 N R AN S R A0k
— PG AL BRI R R . W N T S0 BT R

WEAT VAL, AR5 RIS B4 B a1 N7 —
AL ER, B Joks A RS IS B THE S 0. AR,
TEREBIER R R, BTSN FNTE & R0 2 R B 64T
MARIEFEATH . (et e, A 3E AW
B A DL R — BB A COVRR A D
YA BRIV TR o f At 7 7 1 R AR 0 B (1)
G BA BN, BRI RS, MBS S
PE 2 DAL 5 P E S 22 A5 B ) R T AT
FEI0 . 0% Johnson  (1997) fryisivk, iXFh “kEf)”
ST MAENT B R E—— AN AT R G W 4 R —
— 5EEAR S Z R I ORI G 20, X e Wb 2 ] LA
AT FH B A5 (5 S brad, SRR IE 5 2
SRS YOIE N BIERI S AE . b, Ui
NI EEFEA ARG AR AR R 1, AR B
NI, 2 PR X S A74f 1045 5. Rt b
SCI TR IRAT T LA, FEBIERR AN OUR HE 4
VIR NS, TR A 018 A2 R 1 2 A g A
PO T — R B T R bhtn, AWRSER S
T UE N AESEFPREBE L BEAE 0T Ui N AERS () L
Braun 1996) =5 5 4% 55 (Clopper 5 Pisoni 2005)
HATIX Sy

FEBIEES AR Z A0, thlnid, & nl DURRE
B UM 5 U N PR 2 R R AR AR e O
Nygaard 2005) , WfETELRIRAEME]. 55—
T, FEBIELG RIFER TG A A A7 52 PR 1)
7 (Johnson 1997) o A SCH LB 5T K W]
NEKI g Ar A L 2 iR IR 2, (HE
AEAE— R BRYE ], XS AR AE T 3605 A
USRI FFNES UM I EEAE B, T A A A 4k 3
J5 s LAl A g AT Ak B 7 AT LA BIE AN AR . b
W, HEX S KEE SRR, — AR A
AT 2 BIARE TN X 4, XA ] fe sy
PR S (T Henning Reetz AN \WiE) o [H
IR B R, WP s A BT N AT SR H I 1 e
(A B A 350 = B R S &5 2 & 2 AT
SIHTIIREST D FFEANIE XS KRB B A 5 1) —FhuE W]
sz, IXPREE ST I A S0 A B R R AT T e S AR AT
PER, SRS ERMNTALL, ERAELE VRS
AT A ORI AR — RS, BACh E R
VER] DU b SO 21 I 1 25 5 A S AR g

R T ARE & T X E R kT A BTN
(Il e, — Pl RERARRE S, 5 L SR AR

W R T AT T ROR AT AL B, 323 TR
FARAATT CGEEAT TR F 2 i B R 200D FORBE ST
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Wy, XA )Ll ST IR AR .

T, WU AR U R R BB
“JR)VEE G 2% ( “verbal overshadowing ” effect) ,
BB TE SRS a e, BRI
AU HTSE0) B bR 3T R IA, ] R A
TR F LTI S IR PG HUAR LG, Fr 1)l
B EAL (Perfect % 2002) . 7E AN UAIEA A
FEAEAEIX PP RN, IX RIS 7R T HE AR S BT A TR AE
AEPENLRI M. AR, w IR RONR
TR U UG N IR SRR SR, R ) R
PRAIHT: X RS AL, ERVAR AT BEXT H 52
HNHIE N FEAT U018 N S 11 ke Ui A 5 5 (1) 4
s B A SB[ 2 R I AN TG T L
XA, i, Perfect & (2002) 45 HFHeAT
()5 BRI AT 5 2400 52 NHAIE NI IR A6 1012 IR
15, AR AR RS b 258 B 500 T S AR ITREAT 1
PWron CERICAb BN IR R, B %
B FKAE S T R v nT AR 75 2R R AT AT — B
AT EE IR T, BT DAL AN A )

Nolan (2005) W #2MEF, 5 HAh %€ 5 —FF,
PR BN 5 A LTS DU ik 0 Js 0. At
NI Er e LN R T SN (R S U
STE ML () e 5, 17 2088 1 S 3 I 1 el A, I
IRFERI . b, W RyE A BIR 2 s A2
SIRMIFIM5E RIS (gestalt perception) [#1ifF, %
SE B GO T e B HAE” IS 9 (5 401 10D,
DA AT S A3, AT 5 S A mT LA A3 AT R AT e
PR R —— 35 5 5 I 7 5 g
TFRFAE, BTLL, M Nolan (WL, %E L]
B 23—z i Pl P LA R A ) 5 1 SN AR
BELEAH AL ) R

3.2.4. YiE A BENRAEAR

vt iE N A 30 iR 50 B R Cautomatic  speaker
identification, 4 A% ¥ i automatic speaker
recognition MINYVE) (FHiE: AR EEEEF
MERFHOFMFLTF, XTFLEL. RA KA
AT EXRBARS, WA REAMOA
“identification” .  “recognition” #= “verification”
¥, BASEELRGERSLA “identification
(%) ” —i8, mAae] Ak EilEAf 3R 5]
AR, L ZASARIE N ARIUA AMER, 42 B4R
SUST 6 M A I~ B, bt 4 “identification ” 5

“recognition” %t A “iR%|” , d “verification”
W % xf A AN . EH ARG BT
“speaker identification by victims and witnesses”
“speaker identification by experts” #= “automatic
speaker identification” 4 K& ¥ 3 K A “speaker
identification” —33 692 B 2, EHikAH EikiEiEE
XA A RIF R — AR — a8k 7Ly RiE
“speaker identification” , 2K /& B 4k3E “speaker
identification” #)£% . (L 5F5 5 F R AWM TR,
A RATH—F R 0. BRI E 2 K,
V& 3k 2 ARIE “speaker identification” £ A /4E4-#)
FREW LA CGEFI” . GEF B A X
FAFEARAT TS AL R, KL% 3340
BT BT 4 FE ik, RE EES et
5 & FAFGE A ATH HEALEF
“identification” #9433 To—H (FH 45 %
KRR ), A2 = 94 E AR - —AF e, BP AR
FEARREM, EEIANAEL LR -5, Bk,
A N JIFAE R — /A~ K& “speaker identification”,
TZ R ef4£ A “identification” . “recognition” #=
“verification” ZA~AR3&, B HARFERT fe 25| 42—
RS R B, RmAREEA F. TeEAL
HAREBNTOMER, REXEERRER (LR
SN ERTEESREFOIAZA) . £ TERA
T BRI AEF I, FP T
A% “automatic speaker identification” &% “iii%
ABBHER ) (EIREE UL N S8 7 N R
AAE] 10 4F R ], HLEVERE RSk CAAL, & (7
AR A Ui AN A3 %), general automatic
speaker identification )y — 1122 Rt L& AT 1R K (1]
T, Z/ETLUEWIE] 20 4D 60 AR, %R
MOEE S HHEAMY S, 1 H BT O g kRN 2
ZANR, BORURAE B et @  ai &
S R S VT R PR S AN AR I Y T
A —EMEM . S5k A B3R,
7N BB PR 2 07 AR R L, L
e, R AP AN 1 AR EE T AT
B, WA R B AR R B DU B il
WO, [ ANTEAEARASC 3.1.3 TR B — R AU
HHAC IR . S5 AMIX PR SR B AR TS A
JARTE . Eean iR AE ) X ih N H SR m T & H
TR AR T2 (IR AR A BRI AR A N
BB BECE S, PR T SERERR I N H 22 4,
TEVERERF R AT W S— 71, fEiERERE
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AU P B R A (R DU T (WA 3.1.2) 78 X
BTN H B O AN LR 6 75 11 o

WJLEER, T XUt A s U I RCR A T
. TR R, DI A e R R
A R N AT AR KD, R RERIE &S e T
K=ANTTHEEE, A BA R R U E A A 3R
ORI B2 BE T -5 5 023 A AU b ok o

EEEVOIE N B BRI R E B =N
SRR SHEEBOREE B, MM TR A
SRR AL BEL R =AML B AR — BT
SHERII RS, REa MNESE S A RIS
SR BT R A S HOMHE S TN K i B
Hal G VF2 AR . o, s S EoE 5
IR R B (MFCC) , iZ R = = A LR
JUAP s B Sl i 2 U AR AT BT 1 T R
% (power spectrum) , X R 2E R DL 4
Mgk R, FREBOE S — A3 AR PSR
Z01 P PRl 2 AL (R A, B AR TP U it
T Ao iy 5 SR S AR O B S 4 1R S B s B
A FH B R AR 54 A A0 D U R P T e e 5 i
TE, B A5 2N 1) = S H0R A R 8 CRE
Bimbot &5 2004 X B Z ML E) .

PATRH 20ms MK, $#H 20 A~ MFCC
., JHEH 10ms (RIF 50%H & HES) , iXFE
L RETF 2 U1 NAEREA S i R MFCC 143 A i
Blo T ENERIE, 1ZIT VR R E S I B R
Oy BRI 5 2 yams ,  Lhindl & . o s
WA, XWIEREE AR 1 PR UE A B3Ry
BRIy IR W TR R R 2 —

13— 22, MFCC 30— AN T8 2
B I5 f J S B 7 5 I 5 7 TR R (40 B . A
B, PR DRI P K (1 5 7 5 k)
VR 6 o B A AL A 1) DR - T 1 X
Silo WEFTUERH, 1S 22 0 2 s Y5 A S — ) 3
BURFIE—TY MFCC 425y 5, HUHIRSE BRI SRS
TEFFPEN MFCC 420 51016, S3Em A 3
PRI . R LR U4 2 S 7 T P I S5
XTI P R A 6 T 1 A PR ke B L e L
SR, AR, KEMNIZFE 2 MFCC 2 [1]4¢
AN 359G 1 B BB i QE WA S 2.2.2 4L
(1) o B SLPRIGIE BRI SV RN T SR
JLPRUE, UM TR T MBS P2 AR S BRI 2544 1

B
I
—=
JH
)

Fr LRI A ML, 3 S 5T IR 06 5 5 T
(IS, T 2 R SR I R T 00 L 28 LR Rl 2
T, TR PR T A T T 4 B St
PG A SRR TS, 15 22 K A Re i AT 1
N (IR, EEEFE AU T T8 o Mk
T, I MFCC UK A A, BT/
A5 5 H TS 1D 45 RE) R 15 TG BT T B R TR A 2
4. SR, M T MFCC #4321 (50 ARG Sk
WIS REZE S BIARE . MFCC 80 51835 7= 2L FiE
AN 2 B A SRR ARIER, AT Bk 4
ZHAD . VB SR N AZ I — N IXAN S, H
124 A bk i 24, A Mokhtari 25 (2007) 1%
M RAIFSY (AT LLEE#E Rose 2002 X H iR 16 L5 {3
AT Z AR DX A AT I 2R AL R o ()R
TR NS S LR, XA IE RS AR
1 Ui ad A A SN I 5 A B AR AT I 2R A
J5L 2,

T MFCC $eHuti X Joikfe il &2 19 2%
B, BIAE MFCC S &M A (5 S, et
ARULTE ALY, MR A5 B e LRI

I 5, BN E SN A T R
2, RUBR TR MFCC 45 “F22EME” LA, &
FIFH—LL <5249 4E Chigher-level features) ” SRt
ATV o RAE I 2 e R AR 17 5256 %5 6 3L Super-SID
WOH R e T R g7k CA L R
http://www.clsp.jhu.edu/
ws2002/groups/supersid/SuperSID_Closing_Talk_files
[frame.htm) . #¥T, Shriberg (2007) *fit “w& 2
FRAOE” AT TOIERER . Pl “ =200 B2
SER] DU 2 A 55 o BE AT AR B AL, EE
W BRI A BRI AR i A .
TN BN EAR AT LR S B s B, &
MBS A, RZ “wm 24 AR
Rt Tk TR DAEATE 20 E], (RIS R AT
DA & 2745 B RE IRRAAIE, 207 VN 55—
M IT IR AN SRRy BT B T . R, A
MFCC ZHU T AR, IRl ] AR AR ) 70
PR RS BN, B, ESfEl S S5y
KSR e Rl e AE A S o AR R
I H e B WA, 582 HKEE B3I RS
AT RE I T fake i) . i, B EAEE
HEWPUI RGN, R/DNIZA AT R ENZRG
oM DT — SR GINE . AT R Y
JERFAE O TV T RN D38 8 R N A2 A V2 o i
TN S AU A A AT R . SEH AT, %
TR EGAE) XUl A B3R A, A
FERBE BT B 3R] 4 .
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A TG IG5 i A AN R ARVE 2 o X 3G A
H R A RS, FiEaE B S AT S B
B IFR I — A T BT o R, R
A 5 — BB R R R IS DA LG, AR
SE ATV O FH S Bk PE . S2BLE R A B
BT, L — /NP AR MFCC 242
W AT RS B0 57— A0 B 100 259 (15 AH ok
(cepstral mean subtraction) , BIZE RS HEAN s 35
(A5 S A SRR 75 o) L OR A — BRI T3, BN
1 MFCC #5290 25 A 5% 8 S (1P 3 MFCC 15 2]
i

WESR MFCC S0 0 o & B AT S MR AR
MR, A AT I N [ A EL S R 5 5 i DA S
PRI 7 TS B, Ehan A S A AR TS, B2
T AR RIS A . AR AR A BREE A FI S
2 N#t (reference population) () BTG 118 A #0 1
FH FIFE (BB 5 R AR B 1 5, ISt A4 1)
B, AESERRNG YD ROX AT R B R Ik 28 2
HIEESBCH) ) . ok, BERCN BAE UG AN H 3R
SR GINT “HEHC A AME” HOR (Botti 55 2004)
EREHE DT OISR kT, T30
Mt — DR . SR FFE ] IR RO B L B 2 IR
TR A IO B AR TN AT Ry e TR aE

TAh, W E AN FAR SR ] BEH I AT OSSR
FEVEREVLTE N B BRI, AR S S % A
IR YN F SRR PN L TP NIt N e =)
REEANFR) (B — NS ZME TS H AN
B, XFMESIFAT L. JREATREE, ZifHS
B WoR, S AFENMECCHE MR N, —
HLECK, HIAh A, S S TRk A
B A v B iE A SR I 3 B A AR
AT R s, EUE N A3 iE S A
) G ST RS, R ) R U 5 [V R U
ML RiE S S MRE S E S AR, S5 SAH
[FIAH LG, OB (Przybocki%$2007).

IRAEFRAT IR BavE N B 8 U R 56 B B
AL, KRB B H 2 ) IR 4s MFCC 193 ATt
DUHEAT @A . BT RZ, (ERE F
AR SEA (GMM) T, LK 3 fias.

K3 mlnR SRR B R

BB R T Al — 2 my ek 20 (LI 55
Wi @2 ®) AMFCCH AT ARSI .
AL 2 ORRCMMIPBUE R . B Bd, X4
FRA A FIMECCHFE [0 SAH, YRR —BaB &
BEAE 5 7 DX Ta) A R BREAE 7] S PR OB R s
(R — IS oL, SEBR b 7 B R 2120 AIE
] B A 0 2 2 T ek . A R B R “ oy
it (component) 7, XL S HEIE N L ELZ —,
ATHEF PR, JF HoaT AR UEE A A 3R
FE LA AL B R4 T 22 Pl B . GMMASEZR ) d5 44 45
SR AU AR CHE— AN e Uil A B B
PR

FEAERE A BOE IR T . X HIK
NPT — T AR o RIS, el ) oK%
BRI, WL B . R APTR

41 OIEH
as) ORFIBVEIA LM
| @ — AR S

@

®
S

/////////////

B4 REEBEA BB R T AR BRI LA et
g L SO BN DRI BI 1o I3, ALEEA B (X
B e EUBLR BT U BN, (ER ARk L i S S
DFE (038 1068 B[] B0 A AN B i AT (B ARABURE 7
A UK BLAR EEARTER I -
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4 TP SR IR R A A I A e B A (B
C AT IR %, b — ROk R
% E k% (kernel density function) 2B , A
LR GMM FEIR T o A IG5 0 A1 I AR AE—
YOE O R P e N (BEE A ( BAY,
AL BB BRI GMM 5 A
(1 Z AN TE S FEAR RN 2 AR R/ 201 . 7R 2R
HAEOLR, ZUTE NRZAEA PR N UE. B
AU X il B AR 5 S5 FEA S GMM (1)
FHALFRRE o BESRG 5 431 il 2 i 25 (K v AR A0 2
] — Ui 1 AN UL, 54 T DU 8 IR X B2 A A
(AHABLRE AR R i, #efgi& e, @5 204 thekab o
Xl FAHAANE B i (A B E e 25 @5 4347 i
28 SRV S AR KN UTE N IS REA S BT 1 5 2%
NBERAE—AN R A GMM 22 18] (R A DL 75 3
1o XHEPLHSHABHRIE—4BE A, WA
5 30 AN N ERHE 2 o 0TI DU VA R T
BE N Z AN AT IRAT — S 18 AT BE B IR0 Ok R S i
TENKL, JERRXAER S AT R ZE . BE
SREATT T LUBCOMBR BEARAUETE N 5 225 AP (4T
AT TE A2, B2 n] LUA 2 14 42 52 B (1 AH B,
JEELG L] [l — B0 0H A s A, DR /AR B
YOI FAR S ST AR E . BR, ©5
A1 02 AR 1) 2 7] — TG NN AR, BT e
N5 H B ST L I i As B ARBME, 1@ 4
AT I 28 41 3R 1 S AN [ 58 135 TR PR ARBAE o e J i
TN B S RBIRE T 1 IEA M BOS A — AN E Y
A “UEE” (B>, WEh O BE TR, X
(1 U7 & M A U A RTE SRR S BRBE T
GMM  ZEAT LR 75 PR AR AU, HL A A A A S
3.1.2 1) LR A EA I et “ ik
S A — Ui E N A ki —364, B4 LR 114y
TR RIRAFIE “UEHE” ARURE SR (2 LK
R IR AE X Bl B EARRIED o R 4, O
2% 5 @) 5 o0 A1 I AR AUAL I AR EARAR (Lt
SRR Y B o W SRR IE AR A
YOk AR oA ki — 2y, B LR M4 BEgh s
AT AR AU RURTE, OS5 R& 5@
O AT R IIAHAS 5, AR IS b 57 (R BLAR A 2 v T I
—YIE NN A IR . 3B LA BEAR 2111
LR /N T 1. IE@E 4 R, LR /N 1 UFBH 4k
SENSGARFULTE AR R — N &N E 7 —11
B, O5 RGN ERSI AR, HAER—B
NSRRI DA TR A e NCIR AR PN ETE

Ay 2 AL

AR R AT R 2 A7 R Ul R N H B U R
Jr, R HEE = B R WA I, AT LS
Drygajlo (2007) MJAHE3C# . Gonzalez-Rodriguez
%5 (2006) 5 Maler  (2007) ¥ 5245k 1) fe B
% SRS TUEAT I I T 45K, Bijhold 2% (2007) L
MERAL T L 152 30k ZU0R g, KK
A ST R BT B R RARDE, AT LA G A My 4 4
JF—IR I “Speaker Odyssey” 2 IF &R A . H
iz W ELLE T Xl N AshnlseR, |
BETF 2B B N F 3 U Fe ARV B N H IR
&1L

4 G

ARILERRMIBT T H A RE T & 2 — R 51
HABAER T8, A5 AR PbR,  DUYIRFREYS
BB REREE & A R AR R . B
BAESF PR BN, REREE SRS L
A A, ARS8 T R R
PSS —— U N T N A AR DL NS5
AR, R 2> DA T IR 56 B JE AT B AL 1n) LA K
T EOR BN A . TR EOX AT S5 AR T B, RIS T
AP BIANRS S, AIBrEN 2R NIk AN
NV ) RN, (H B 2 S ke S IE A
S5 AT A R 1 LI ANRE A  RRE EAE
BEL N

BE A VL RE R 22 s DU VA R &, AR B
i, 1B O T AU ATAN ) 5 & BBk Ui 15
NAE B R 1) 57 [F) A AT LTI e, [ ek 2 5
T X TR B AR AR DG 1) 2 5 NBE IR0 WL R
5o G SRR AR ARk 1 v T R R AREAT
LRI, AR L2 v DAV H R . (H AL
R0 3K P 5 T ) T 0 B 22 R4 B e e ek Can
AW ST k) BT Canflf FH 38 RS 5 K
D MIRERE b, AR LU R L S DU 17 5 VA
VEBE UL N S8 58 SUAT SR B A AE A — T 3 SR
¥ (Rose 2002) .

IXLEAEARILAT — A2 LRI, BIUETE A%
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KTk e ASCRAH T IR TE (MR D .
fff H 2 M7 kAT A 5, ) DU A H () TR —
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TRATTEIATY SR AN %0 T8 T e e K PR 52 s F1) FH L e 0ee 2Ry
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Voice Quality Processing Strategy of Korean Speakers in Chinese

= B A

Oh Hanna

B o A SCNRE 5 TR A S & ORI & & AR, LAY
L A 2 R R DU R T PR 5 & SN &
IR RARE S5 SIS T, IR PRy
B B BRIEZE (SSRGS K, S i T RS S AN R R
HOETURAE, TR T T 56 [ 2% 2] 3 DU AR E #ok
PR AR 5 e WIFCRIL, I 27 20 i S ol 55 B1E
AR T ARAR DL AR 5 DURAE, JCHO A 5 ¥
AR BRI S o (B AV R 2 HR LGSR T R / SO0 57
AEHARLL, ik, ASCA & & BURFAE, N TR 75 & B
A5, B2k BEE CATIRFIERRS BT H bRt

Abstract : This paper investigates whether the Korean native
speakers in advanced level of Chinese product Chinese with
specific voice quality, and which voice quality parameters have
significant difference. The study includes comparative analysis
between Korean and Chinese vowel /a/ for Korean speakers, it
can make certain by measuring FO, OQ, SQ and H1-H2
parameters for phonation quality and formants parameters for
articulation quality by means of EGG.

The results showed that the Korean learners use specific
voice quality features for improving Chinese nativeness,
especially the phonation quality changes are obvious. In addition,
this study found that there are similarities between phonation
quality features of Korean/Chinese contrast and Korean lax/tense
contrast features. It suggests, in the target language processing,
phonetic features of mother tongue (L1) contribute “phonation
quality” perception and production of the second language (L2)
as well.

KR - B TIEFIEE, DUE, BEENL R/ BE, L2 5K
S

Key word : scond language, voice quality, Chinese, phonation,

lax/tense

055
B ARSI A HANER, R HbE
(R P55 R AIE 2

AR RS, A ) 5 AR R BTG AR “ A
Br”, TfaE 28 BT AR R H bR A AR B JE R
WA K. B, nTRe K2 ENH LD, Ui
TR BIWHE, O T T BB I RS LA O
SR T SORE ) . WEFUR B, RUEE B FNE
I, SRR R, 2o e AR B AN R (R
Jit (Stockmal et al.,2000) o WjfEAAER)ZE i
R E UL GBS, #LUE S R S
FUNWEF M EZ N Z, WL R ekt . W, Jo
R R RS AT VRAE (FLTTAT, 2001).

Esling and Wong (1983) 48, ZEATANEE G
) WTETE, BEVE AN B R AU A IR R R AR
FEFHRE . WOUT 25 n R AR S AR B AR SR 2 e
PMEE . B E I #t, Stockmal %%
(2004) FRE& H W BLIXFE IO, mT ABEE 510 “
T B RAAE G 8 AL 45 B N 2R A R . 1 2R
BRSO 3 BRI . ] DL, R R AR
iU PRI A T oy A S A .

“IRT T (Voice Quality)” W8 AAEULIE
I —EAE I ST . MEAC AP 1SRRI
(Esling, 2006), & LR FLILF,
2001):

1. KA (phonation quality) & X Nl
AR 75 e 7R P AR AN ) ot B PRE TR IR 5
s . A EFHERHEATH; 20 /Ty EF R
(articulation quality) & S kil i Hene af il =
AR, BE. & B CLRE Sk & S AN
IF] 5 # o

ASCHG UL & SO o S50, R
5 1R 252 5 2 Ul TR INF R R P 8 e A S i AN R
BE— 20 1 [ 2 2] 2 DUAT A e g n 205 Ak
PARIRDLE IR & 2 URFAIE o

1 SER
1.1 B&FA
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LI R IHR, FHEX E AT
W, APBHANTEZEHNN: L EHERES 5
ARG SCATS 50 G, B 7RARTEETR ) 2. 5 Ewd (A2
25-35 Xz [u)s 3. gsdibES (510, 4100 ;5 4.
FEHIAME AR = (BARFD0EHIRS N 4 4
PLEFEA DOEAKFH RS PR, BT 9 2 4
WA ANE D), DAY SAS IR S50 RV 2 o

M ) A A 45 R, ARSI H T 53 b
AR 10 44, 3L 20 4, Rl TLAEE. AT
B, FEA S 5 R A bR M i LN
B Fo

1.2 XEME

SKEMBL W E—FE, TS AN R R PR S A
B, —MORDGEM, 59— R 2ehiEa . DOE M
(1) “/a/” Sr5lh “Wi” R “ob”, H A HAK
WS, RN, BRI
POE: IXEDGE “W” 1R
Hig: O|A2 s=0] “of” w5 uch
1. 3 LR R & KA

AVR S5 BT A FH ) 32 B % R

1. Kay #4577 PENTAX Model 6103 Hi [ 75
P CHURRIBE A Y BGG) o 1A 28 = Sl e 1) 2 e
SKIE R R RH AR AL, BERAE R TTRRSUE 5, LRt
ST AR s 7 U

T TSR R AS T B A 0 H T RN
(electrodes) 73 il 7& 7E Mz 25 W32, W55 FER 4K/
RFENE,  —ANmEE 5 LR g M A — A
TR Rk, e — AN SRR RIS Ttk
WeT S TIBAPT ARt . 75 A e A, B T]5E
ORI, BAPUES D Ao, BIAET S
FEIR I, BHPUR I . M T ECH R 1 24k
AT DUAR I b FH R 5 AN G 5 1R 88, DR
M Fabre (1957) S LK, #ES 2R 2 H.

IR AN LA ) BGG (5 5 240 UREEIL
TP, 2008), EARM & LW F:

1 1
a b ¢ d
Tme

1. 1 BGG 15 533 uE LK

" Fabre,P., (1957) Un procédé électrique percutané
d’ inscription de 1’ accolement glottique au cours de
la phonation. Bull. Nat. Méd

Hrpad B, ac A, cd HFFAH, be AAETT]
IEAEFTIFAH, ab A T TIELE G AR
FHMW = 1/ (ad)
FER = FFAH (cd) /A3 (ad) X 100%
HEER = A EEST )/ A T]IE
££ 5141 A (ab) X 100%

2. Adobe Audition 1.5. IXJ&—#IhhE
SRS g A . e CHE 128 4. 2
RS BURE R 2 AP g 2, AT DUAR D7 {8 o) 5 43
AT S AT AR EN T s M
VI ThRe. 12 e B A [F) S 50 NOm E Y,
ALV iliE A E S S, AlIER EGG {5 5T
K PR AR GG T

3. Voicelab /7. Xigdtinl K SCRIEH
SRS E g 5 10— T Matlab 8151 GUT
( Graphic User Interface) Z# It HUE .
Voicelab F&5 842N BGG Fedil. JTri. HE RS
B, UbAh, AT SR R TR AT PR (7 AT P AR
(FFT) DL ST 2 % (LPC) H54%F. ©HTy
{22 AEAE T BE [R] I SEBLIE  Z 5O S LA S AR A7
Uifie. LA Excel SCPFAEZN, BIATELORAEZS M) J5idhG
B, [RINE AT AT S8R IH A AL BE

1. 4 FEMLRE L

S TR T AN R SR & IR
S MBI T . SIS, (] BGG AN v K AT
DL 5 N R VB 54 5 FIRE 3545 5 [ I SR 4 291 F i
I ARAL ER AT N o BEAN R RSB R A AR
N 22050Hz, TRA7A wav #6350, SEEMEMEA & A
B, ST AN K AT 43 ) R A B DE R
B a/BEAR, B 10 4, 1380 4. 80
MNEGEE S 0 A Audition T EEL R 1) 25 A0 Bk g
J&i, R Voicelab #AFRICHUL TR IZSH, S5
BFEEA . P AR LRI, IR, ¥
ZHAREE] Excel FAGT, SRIFXTEEA N BGE A
RSO TX LG, JEXE AL i, OB R
ZH VPRI A Excel MG hRg
X T R U 1) S AT R O 22 . R XURE AR 3
53 BT BAHIC R Ao BT, DT 2 55 5 [ 27 3 35 111
ERIERE S B ) AT B 5 U S HZ A
FHOGSE

2 ERER

T ORI (2001) & RnR - ks
o i ( Phonation Quality ) M il & & i
(Articulation Quality), XJ#ENEIRL T T
PR 5 [ 27 2] 1 I PGER &5 107 2
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X R E T ASCRHMTEZ: 1) I,
2) JFRI 3) MR AT 4) B — . AR ZE{E .
BT REE I, ASCR LRI S SO & 5 i
HNEEXRS

2.1 XFEEH (Phonation Quality)

CRFEE SR E AR AN AN R T .k
SCHTHE BV Z W FUR B, AN RVE 75 A T AL
AT R IRE) o AR U R R TV 2
FORE R R I8, R EGG (55 23R
AR ZEOE BT )T (FLIEF, 2001).,

s B R S A EGG AR AR EII
B LewhE 25 3 H R I PGE /a/ FEhiE/a/ ) EGG {55
WILE . IWERER A2 AT 2822 5, D5
WA, TFAH I TR e 0, 17 5 T 1R 2 AN JE S AT A
I [A] ALK . AN EGG BB R BLFRATTAT LR T il 2]
THWIX A, N SCETR R R A ) A
FFHIE

 ——— [CT —

| B | E

UMNKAAﬂIJU\KKJiP\J\J P\J

i i

SNVSN WUV SAUANUAN
(a) (b)

Kl 2.1 (a) LI EGG 55 3B (b) B7SM EGG (55
VA

Rk R 225 %, Hh s T
ZHA: 1D W FE0); 2) FFR (0Q); 3) HER
(SQ) A1 4) PPl 24 o

2. 1.1 ESHE

AR FRMEAA R iR, Hik,
FLH) R RS R DR S AR AE 0 — A2 i 18] 2. 2
&L IR POE ARSI S B LR, B N
M EARNG DL B A ERE 100 IR A
TEREIE . S TE R 1 B

300
250
200
150
100
50

0 o
f1 2| £f3|f4 | f5|f6 | £f7| £8| f9 |f10
®Chinese |293|236(266|212|230|222|264|253|273|257

Korean |204(198|231(208|204|212|255|221|257|200

K 2. 2 LIS B AL

FO (Hz)

— WL IE H B O 150-300Hz, M 11K 2.2
EORMA NEFE S, 1T LA [ 2% 3] 3 1 DUE A
R B ST AR 8 T 15 H 8

MHEANKHE K, T A N B P4
DUV AT A0 o T b s IO A . AR AT LS
BRI ZE BN o s, n, £4, £6 R £7, (H
FITA 27 (R pOE AR A 7 e — 8, e—Hilsh.

® 2.1 LEIRESHG

] Ay fk 2 BEKT
Wity | 251 14. 4 0. 004
W 219 % (p<0. 05)

LR (PGB IEATC 398 Ay 2511z, 1w P34 3t
BUE Ay 2190z, - ZE{H T340 31. 6Hz, HEHEER
INFEAARAL R 14%. LG HFEi s R R, &«
A AL S AR AR e 1 AT 2 0] 1 I 3 KA
0.004, RI, 352 [M 1) 22 S A SL 0 25 i AR,
R E 2 S E R DGE R, S R, &
B2 o TR I

180
150
120
90
60
30
0 NS s e .
ml |m2 | m3|m4|md|m6|m7|m8|m9 |mlO
®Chinese |127(122|137|145[130|115/132|122|169 109

Korean |115/118|128(107(118]109|112|109|162(108

FO (Hz)

K 2.3 B INS B AL

FR 2.3 45 IR 5 I PUE AN SIS
il o 55 IIE R R &l 100-200Hz, MEEANEUE S
FIRAE, Mo — e, B, SAE T IR 8 & 1
2

M NEHE R, BARWATDL I 2
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AN EEAE, n, m2 R0 m10, HETA B NGE
FEAIE B e T i ) A, Ak DOERM
BT RLAT -4 43 ) A 130. THz A1 118. 6Hz. Y-k
SR ZEAE A 12. 03Hz, F4 RS R EAR AR EL L A A
IR, ARG L5 () 3R A 7 X — 30 .

® 2.2 HEIEESHG

S35 Ak B2 IR
Wik 130. 7 10. 1 0. 006
T 118.6 %) (p<0. 05)

s B M S G g R R, B
FIKTh 0,006, /T 0.05. B, B R AOUE LA
LRI B S 2 MIAE AR 3 25 o

MBS I B L pl . RS B B 45 R
350, WhE 2 F RDOER, LY A L,
FEFEAT N 15 5 A0 S A AR g e A, AR
T2 B Aoy 5 14, 4483% , 10. 1439%, Ziih4 R E
N5 L A A B AR A

2. 1. 2 FFEASHE

T X R FEAHRE A2 Lt R R =JFAH/ F
WDo fE— MBS, FRTT R U LR (AL
I, 2001), M ESCIFES MM e Rk, BAiTnT
AR 1) TF B 43 A 156 05 1 T i 40fE . 7S 11
DB RERTE T i S 5L R B T

60
50
40
30
20
10

0 - . - - . _m = .-

f1 2| f3 | f4 |5 | f6 | £f7 | £8 | £f9 |f10
®Chiense |47. 643. 4440. 345. 653. 644. 642. 537. 7| 37 [35.7

Korean [55. 149. 545. 752. 556. 545. 246. 843. Y2. 5147. 7

K 2. 4 IR SR

0Q (%)

N T T

— Rk YE, AR EIFRIER 65%, IE RS IT
FIEN 50%, Mk 30%4547 (Laver, 1980; 4L
YL, 20010 (R)3h, 5 A% ) 3 R e R 2 508
TIEWRE, Dl SHEGE T8RS R M.
POEMSHRZ B )E T IEWR S, AN S 88
Sl RN USRI Y 2k Y

xR 2.3 LFEIFHSHG

F AR BEKT
W 48.5 (%) (p<0. 05)

FEG RS S KK, LN, ST
SR AR B T 2= 5 LR KT 0..0002,
BEMARR IR B, Wb AT DO I Dby s A
HE 75 1 TT R B ) 7 e () 8 n SR AR LU T
H/a/, 10 NP E—fA, WIE 2. 4,

% 2.3 WoR, H-PUBRA 12.5%, 5 L0
M i Lo PR AR AAR A 2 (14%) ELACHEIT . X R
FEAE AR =, TTREZARG, fF6 CAE Mg,
B, SEARITF R SR R IR ST TR
SRR BRI 7 2 AR DG B, mT LUAS 30000
-0. 67, #Hif 4-0. 62, MILTFAN, TCIRIUEIE & i,
WHBRNMKE, 2RWKER. 7Hoh, JFiKm
AR E T AT IS, WITR TS R E,
L [ 2 3 5 U D IR TT AR () AR R, B 2 U
RTRESR AN B2, 2 [ 2% 5 3 U DT I I
TN RN

60
50
40
30
20
10
0 mm_Sem Sem Som Son Sen Sen Sem Sen S
ml [m2 |m3 | m4 | mb|m6|m7|m8|m9 |mlO
®Chinese |41. 9/51. 1}47. 3[38. 9/37. 6/38. 5/44. 843. 7/49. 5/41. 6

Korean [43. 4/52. 7}47. 2/41. 6/38. 1}43. 945. 546. 1/46. 442. 7

Kl 2.5 WIS IR E

0Q (%)

gs I EDE B IR SR . —
Kb, BLTFREFIMEZENAKN, AR S5 R A
k.

MEBAE AT KT, Toie 2 DOE IR L5k, #E
T 1E B 5 B R e IR M, SURDUB A
IR TRk S S M o, (R ZE AR

A SCIRT BB g 2L, SRS T i A %
PER R i SR A 2 R 7 A8 fb e L
B8, 4y R0k 14%F0 12, 5%, 1S AR, SR
A E G FEE AT, 0 10%F1 4. 5%.
JCIRINE 2.9 FmrLiRsl. A g i 5 s F
RIS ANE R aT LUREL, A5 w3 F1 m9 ¥ 35 508
HIAR S o A ATT AR I R A ZE Ay Sl A 7. 444 F1 6. T,
FEIEFAEDUT , AT ST R 22 (A N AR A
IEAE, T m3 A1 m9 % 43 il & 0. 008 Fi -3. 18,



BIN AR e WIS 7T B A (1 AR R BOR U, AR
S DUV 2 R T IR 5 R AL B 5 1 )
JX AT LA A 2B Bei ok AR

* 2.4 BEIFESHGT

S AR BRI
POE | 42.3 4. 4526 0. 009847
i | 44,3 %) (p<0. 05)

MG T Rk, 5 A - A
4. 452642%, {555 75 [ DOE RN TE IT 7 2 B AR 2
FxS . SRR SIS NI S
Bz [HBA KT, 55 7 DO RN T JEAT - T 7 A
SeRE AR -0, 15, 0.22, 455K 00 B R LA TT 7
Z A BRI AR R

MR AR, BAR i 2P0 5 7
T RIZRALE N 4. 5% A7, SL AR 12. 5%
ML ERR 2, HERBRBE LR, wIFR%
2 M3H BE S AR’ B LH,
H LA 7] A 75 5 FORAR I DGE 1 K 75 3 . TG
XL PRI 5, BEA-TT RS 2 R AR AH OC R B
R IUA PR AR A

2. 1. 3EBFERSH R

HPE R E N TR ARSE M Z b GRIE =
FFIEAH/ A o P 1 2 — MR IR B4
DA — A AR R EY), 5 Jiie X
PRI T 5 e 2 TRl R 22 00 o T R RO 5 1 A AN I
W P ZERIR K, AR TE R 2 o (LY, 2001,
T SOR AR T R 7 S BRI ) AR R IR
B, AR SR R S B AT R R

250

f
200
150
100
50
£5 | £6 | £7

SQ (%)

0 — S — ST

f1|f2|f3]|f4 £8 | £9 [f10
®Chinese |145|158|149|213|163|178|155[78. 9195|148

Korean |175/202|153|250{165|236|17398.5198(203

Kl 2.6 Lol i S AR A

AR S, MBI e R—FF, PUEMR
JE T 0 ARG T 0 1 TR R U . B o Aok
F, W HRZEEESIE 100-250 2 [8], J&TIE
IR R R . 7R R R 20 b & R

TIRIS HUR R IV S BT, R T
o 2 ML B R4 SRAR A 8

® 2.5 WEHEEHSHLT

) AL B &K
DUk 169 13.5204 | 0.007182
i 195 (%) (p<0. 05)

SO TR I SR Y B 43 1k 2511z,
219Hz, JLARE Sy 14. 4%, 3 2.5 SR, HER
()R BE AT ) AR 0 R AR B FE0T o 25 RE AR T8 1 75 1)
SVARARA A, T DL e 7S ) R A A T s
RIS AR R LGt T as Bidon, &s
DU RS VB (1) 55 A TS A OG5 43 i) 0. 56 Al
-0.26, PRI R, FEDGEFEEM-HE
FE B AH DG v T b T (R AH DGR

 F RGBT s R R oR, LA
TEFEETE R 2 AP B . EE A,
S B AT I LIS B o R I 2 3 5
TR BV 3 TR ULDGE B, fhAT T AIEATE T
T v RIS FEE 1 BARG 1) o 7 R AR I8 (1 8 535

+- 4
JURFHIE o
400
350
300
250
150
100
50
0 = S S 8= S— 8
m2 | m3 | m4 | m5 | m6

SQ (%)
g

m7 | m8 | m9 | ml
0

®Chinese |331(252|331(340|394|371|296|342|236(345
Korean |381/252|307|363|397|401(337|344|258|318

Bl 2.7 5 R S R AR

ml

ML PS5 IR 5 7R i A N R, P
DU L RN TRl B, A s R —
o Ho m3 A1 m10 (KIDCTERDUR LA 55 75 2ot
DU B L BB K T bl (0, - DO .
ST ESCIEEIAT f 8 0 ARG, m3 ATREIE T
ANSNEFAE, A2 m3 PRI R ARt S B AT AR S
A feiadh. =T mlo FEEp s, WRTTRER
TUH S R e A AR 5 K . S5 4t
m2. m5 A m8 [EAEN . 2 AR ZEAKR, ZHEA
B 3%, A RATLLUH], AL, FACRA
FLPRGR T, 8 R AR A 7 AORAR B DL W 5
i, (HRELHLEMEIRME, PAZEREBRK. &
Wb, B R AR A S B — 2, H
R AT BT AN
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*® 2.6 HAEHEEESHL

1) AR B KF
DU 323.7 3. 55 017
i 335.7 %) (p<0. 05)

M3 2.6 BIECHR R S U5 7 DU K T
IR P B, SR TE R DOE A # 0 3.55%
Ao Y AR AR, IR R AR, A
5575 T R U T DL U ABL . ST S R R W,
DUH A 2 WA B 225 BT R
FERIAASRRE, 55 P B FEATURH 82 7 2 T S 45058 1) e
PR, RLITRMEE R IR 2.

N 2.8 JE I IT A ) Y 6 I A 2]
WD B s R A I, AR N TR, AR AR A T
PR o 75 5 R P P T DA LM Sk 7 ) R e TR
Z IRV 22 5 LR = 7 5 TR AN A o

0a 1}
70 60 50 40 30 M i i k) 4
‘ P 100 100
— .— 150 150
»
/ L 200 200
-~
‘7 250 w + 250
o =
@ =
300 P C 500
350 AL ) 350
- =~
400 0o
- as0 150
+ Chinese = Korean # Lhinese 0 Korcan
(@ (b

Kl 2.8 (a) g HaEEl, (b) Y hsa

BURRE, BLFERITE A ZRAKR, 15
P I i AR T e PR I e, BT, R
AT LA 55 2 R E R AEAR B X PR 554k, )
LR, LRI IR R AN [ LA A
1113 55 7 DU AN A I AS A (K 3

ERERERRE, LY &, MEiESHLL,
DU AL S HBOE L T RS R P i, i 5
DU P T P BB ARG T, AR AR S
Mg . 5, AWIFTERY] (EH, 2008), 7EMEER
F BEEAERRE R, DA AR T
S I A UL R SR A 3R, B — 2D

2y
ﬁ_bo

2. 14 B IRIBEE (HI-H2) SH 94T
TER AR 229 b, S A 2 B T
) — 7%, B A0 AT R I A — T N A

I R, G R 2 — A L A S
PR B SRR, X — VA U TR 2 5
B E RS BRI T (FLYLF, 20015 Kirk et
al, 1984).

B, HL: BB ARIE, H2: B K
dRmE . —Mek i, 95— IR ER R, MR
RIS IR IR Y. Bk, HI- H2 (3
R I A U e R R, e AR B BRI
M, R

‘Spactrum of b2, sal wav Specinm. rﬂMHlm we
i o
afl il
| e

wiil’ ol
i

) Il | % » i, |
i l nl If{lﬂ“wir..'ﬂ Al .\ ia J 'L'}' H'J"II.IL"\’W

a LT | l 1 4| — ~

. g ot i : " L{ Y fi

(a) )
K 2.9 (a) Wi (b) BB I By 2R a4 Hh &

M EZH R (K 2.9 BF, ik
VIR S W 2R I R BE R AR 0 15 AR, EI
W HL A H2 222 . BUAR B (7R
KR A5, & A AT SCIR LIS By #r 4 2R
i IO P S vy SN S TV S TR e S
HEUDOEIN A R . NRE R IEE Y &
FE R e e 22 AR X)L AR 7 B 4 2R«

12 n

gﬂj&ﬁ14uﬂTJL_

fl | f2 | f3 | f4 | f5 | fo | f7 | fa | f9 [f10
Mchienese|1,95| 5.6 |-0.5/6.96|6.22|1.13{0.94|-2.6 |0.89(-L.8

H1-H2(dB)
S S R RN = S

Kerean |5.51|11.5|0.9 |6.42|7.67|1.44|3.33|-2.6 |2.03|-0.7

Kl 2. 10 s dRimz=( (HI-H2) i

gy T REA AN EEE B, KEZEA I
B HI-H2 B AR THEE R AUE, A A,
YT PANAS SIS, 76 F4 M P8 [ HA S5 h # i
A RIANEIE, Rk, B8 A N
= s = M= O 1 T SR = =

H 2.7 SRS RS
Ty | R | @EAY
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Wik | L9 46.8 0.02

i 5 3.6 (%) (p<0. 05)

M BRI KA, DUERK HI-H2 ~FI8UE
1.9, Wi 3.6Hz, PUERFEIMED TEE R
o W5 W, FEETEFLE, BiBH B B
FAR e AR ik 46%, B FhFA KT BRI H K72
FRARE IR, ZAEREN], . SRR
Frote AR EIR, RORUE, R A ) H B
DU (R, RS i FR) B 58 A v (A i 205 2ok
ARBLDGE IR SR

Frerr——

H1-H2(dB)

S bhlonbaon

mLlimz|m3|md|m5 mé m7|ms|md|ml
0
Mchinese |0.51(3.89|0.94|3.04 -4.5| 5.8 |-2.6| -3.1|-3.6 | -5.1

Keorean |6.65|5.8 | 253|117 -1.9|2.35|-1.2| -4.4|-3.5|-0.3

B 2,11 BispdREZE(E (H1-H2) L

* 2.8 WA BRI AR g vt

POl R | BEKP
Wilh | 16 | 95 " oos
i 0.7 %) (p<0. 05)

* 2.8 Mothait s, ML s ma R—F,
DOEFIFRE Z [ )RR AR H R, ik 326% A1 .
BAGT S N RD . T SRR 22 (0 B &
Zesr, W, D A ULSOE N, R i 1) B K R
e, AT ERAN AV 2 SRR AE

B, giG B Lt ai R G, A A
Mot s, i A 2] 3 SR A R TR R R AR B
Dk
2.2 WAEEM (Articulation Quality)

AV s NES i 0 C3 7Nl I M ol T
BAH W 7%, 1994). ik, MWiHE S AN
CIRVSE g b o pti =i -2 S RN eSS ST
RFERBPIANTR] o XTI &0, A IS &2
T I AR Y ) [ ok S, AR B
MILHRIE LS R ksl (FLYTE, 2001),

S AL AR R S, B, R
FERT THORE R R R 2 A AT b, T T A

T A ) A DR I R N 5 5. i 2
20 H I Lt s P 2 20 B U DOTR I R LR 45 4 (F1
FF2), LU AR5 DO I 0 MO 255 35 TR AL o

2.2. 1 FEARIESH

N2 ) A T B T LR SRR
F AL R e . MOT IR B SRR, KA
JOT A2 AR TR TR R A ST — o AR . RO
W TG I, AL AR AR K 25 5% ) 210k Sk A7 B (1) v
fi%, MM sgm 2R 5. BEE MRSk e m, Bra 3L
W BT RS, AT . MR
e S B AR PR 138, L e e 50 R B At B 2 AR K
(Laver, 1980). MUL EMBFFLEs RkE, nILLT
DN s [ 2% 3 25 B0 I 0 LR 0 0 2% v TR R 1Y
JLYREEAE o 55 Lol [B 2% 21 38 (P e S B S i
Ay AL

F2{Hz) F2{Hz)
2500 2000 1500 1000 500 2500 2000 1500 1000 500
400 400
500 500
600 600
700 4
‘ % | 700
1 300 * : *‘ F 300 §
o k|| o 198 z
| 100 |. — 900 o
» o
- 1100 e 2 1000
1200 1100
‘ 1300 1200
1400 1300
# Chinese = Korean # Chinese = Korean

(a) (b)

K212 (a) LmmEmii (b)) BiEpEmgi

— kUL, P /a/ oG8 F1T-E 24 9001z,
F2 24 1500Hz A4y, St F1SFEME K 800Hz A4y,
F2 24 1400Hz A°45 (Chung. et al., 2010).

M 18 FIRTHIZS % 2.9 fi1 2. 10 kKA, B
T RPGE FLOBUER Y3 m 100E F2 50l L
RS R — R Ah s DU R 1R LR 04 23 A LL R
HE, BN SR (BB 82 .

MA N dim s, B0F F1 A1 F2 SUE AR
TR A E] 50%, F1 8¢ F2 HUEH W& 20%. =T
B, ABGIBE NGE FL ORI F2 Bfl m T ehigm,
F1 @A 10%, F2 @&k 25%. VFE20F9T&n], %
JCHE FL A F2 U A o Bm, A LRI =
I3 AT 1 BE R B S A SE T IR SR e (FL
7L, 2001; Laver, 1980), Sundberg and Nordstrom
(1976) IR H, MELIE T m Ao T R & R
A LR IEHE . T, BARFH AR K2,
H K 22 B08E [ 2 ) 5 UL DGE I, 22 /D 2
TFABEAR, WSk BTt S E AL SRR AR . HUR,
S F2 AR R E AU HALRT G —A, W, B
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SR BB A HIE IS0 /a/ IR E R AL, AL
SUMIWRSK TF R R0 AV T Ja B SORFE S0 AR
BRI AN o

#2.9 (a) & (b) HFEIRIEEE S

SEH | AR | BEKE

- g | 977 2.7 0.3
WhTE 952 (%) (p<0. 05)

oo WE | 1497 0.7 0.7
R | 1486 (%) (p<0. 05)

(a)

T AR BEKT

. PE | 822 1.1 0.7
HEE | 813 (% (p<0. 05)

i Wi | 1536 6.9 0. 4
Wi | 1482 % (p<0. 05)

(b

EfEy RS R Y, AN T L, DUE Fl
AF2 (R BAE AR T ki (LRI K. (HE,
HI I B2 AR N, A AR,
M A REWI . S WiE R B B L.
BRIE, WFIAR AR, Lo R 1 BT F
AR K 75 SORARBL DU A5 5 o, 507 2 A
Rz 18 5 2R S BB 19 7035 5 oo

{HIZ, S5 AR SO R R S R DL, S R,
5 P 2 ) 3 32 R AN [R] R R 7 5 TTOR AR BIL DLV ) T
T TUREAIE, 0 SRR R AN A S

3 Wik

FH 0B T8 U 1R RS RIS HAT B A IR0
R, B DB RS T — AN A 5 2 B R
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Cross-syllable segmental coarticulation in (C1)V1#C2V2 sequences

in Standard Chinese: An Electropalatographic and acoustic study
Yt LT

W AU ) A T A7 B OARBIFFT B 1% X
JEFE C2V2 MHTFHIBE VL R SRR F2 By
) LA SR AR 5 o SESG 25 SRR I C2 R EFRALAT V1
Ja I BB AL S F2 B T7 17 LA R AR AR B A
S, 55, C2 RE TN VI B AL S5 F2
PUl A BEE . 5=, V2 RS C2 3¢ V1 JE ik
PEBWIS AL SR F2 38 300k A AR EE o k4, V2 1)
Gl IS RFAE WL A7 AT RERS 1 C2 5 VI R il B F2 Bl 25
SRR C2 4 VI II5Zm LA & V2 %5 VL If52m 5 C2 If&
PR RBISEERIAEDE, 1 V2 B RAERT VI 520
A B C2 AL A& BRI A2y o

Abstract: This article uses electropalatography to investigate
the anticipatory coarticulation of C2V2 to V1 and the resultant
F2 transition for V1. Results show that both place and manner
of intervocalic consonants affect the linguapalatal contact pro-
file and direction as well as magnitude of the F2 transition of
V1. The anticipatory vocalic effect is also found significant for
EPG parameters and F2 transition for V1. The rounded feature
of V2 tends to affect the F2 transition of V1. The article con-
tends that the anticipatory consonantal and vocalic effects are
constrained by the articulatory constraints for intervocalic con-
sonants, and the rounding feature associated with V2 has an
independent status in the coarticulatory process

Ke: ST PhIRR

Key words: electropalatography; coarticulation;
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Thearticulatory and acoustic analysis of apical fricative/s/ of Standard
Chinese
FREE
Li Yinghao
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Abstract: The articulatory and acoustic properties of
apical fricative /s/ of Standard Chinese is analyzed
electropalatographically and acoustically. The results
show that: (1) the approach interval of constriction and
gestural timing rely on the preceding rhyme in
bisyllable sequences; (2) The carryover effect of the
preceding rhyme on the realization of the following
apical fricative is fairly limited; The coupling effect
between the tongue tip and blade is rather stable across
phonetic contexts; However, the anticipatory effect of
the following rhyme on the preceding apical fricative is
represented in the tongue dorsum gesture and tongue tip
movement at the CV juncture; (3) The spectrum of the
apical fricative /9 is not influenced by the preceding
rhyme but is highly correlated with the round feature of
the following rhyme. Additionally, the spectrum of the
apical fricative is correlated with the EPG parameters at
the CV juncture.

R AR TS RS R S
Key words: electropalatography; apica fricative,
coarticulation; spectrum

1. 5|5

WF 502 WA IS 100 5 B AE RIS 52 31 765 A B
fsEma, X SR MRIBFZY & BB 48 21/ )
TR AZ E A TCE RN, AHEAS S TE K
BHAS 075 X 5 52 76 & i B A ok 25 s 8. EPG
W0 RIS TR 2 2 2% B 1R IR e fb A A B
R FHAE R Carticulatory constraint) %% 3 [
O8RS B 2 BN S RS I R, T A
TEE AR BOR I  R R st 0 ) e
G EEXRIE F2 M, If B 5ARE T
R (019 B TR B T A E AR S sk, R
TO i B AIG T i 10 ey i 2 12280

VB T TR R IS TR X YRR A A BT
G IS I R 2 S & T AR AT UG R A RRE, R
g R AN A G EPG 5 EAMIFST

g LA, B8 2T gy g O SRR T SRR 4 5k
7 kHz 1 5 kHz DL HD® SRR S e &I, o
DMFEFN T PR AT H AR,

O EPG WF9U N2l i o A5 (M R A A
22 R AR 50 8  RE BAE 525 5 R B 1 52
Wi, A SCKEE— 30 26 2 B I B T 7 Bk
FIOR 9 5 7 75 B 3 & k5 1 F2 DL S 22 R
fik

2. ik
21 iERAFRE

TEORLR B bR E T A SR I 1 PGS T
TGS A A ERE . B LR/ Ok B,
IR JaE Mla, u I T s, 4t 31 A4
BT XWOE AT R RER 2 AR, T
AR PR S R R 2R S NS5 BB B EEA, a,
u, 1, VEAKEIRRIn, of, JaF iRl ua fo B
WK 2-33, I 7TAANFEA, XWE i, L 42
AR

R NRLcht, Eagdbtnt Ry ke ik
e ke SAEIL R FE SRR E. K
NSk B BRSSP B IS AT 20 23 )i I 25,
ZREXERET AN EPG 55 (KM E
100Hz) , &S5 5H EGG 155 CRFEHE N
22kHz) .

22. BAIAEZEs TR

A PR A AT T O S AR S AR R 7E Matlab
FIFRMBEAL M R G LT . BB
AR B W, oS EGG . W
WG RS ST B e R R, i
1 EGG e [A] H 187 .

B HT AT AR, A = AT M X,
Ja WAT A BORE IX o g AL 2 B0 FE B ik O
(COG) , WHRX A CAC) Ml i X jfi A
(PC) . BPBXEAhmH A (VC) o kR X I
PSIRAEGERE (MinW) . COG 52 XY, s
Sk TR R U1 0 7 % A 8 e L R 5O X 3k P AR A BT
A (%) o MinW & SR 25 —A4T bl (el s
P ok 0 W A B S B 1T S B S T B A

83



%\%Eﬁ%E,EX§Em,E%ﬁ%§%T
WEHL 512 S K, 256 fiXP (11ms) KiE4T
WG v A gt S8, 2 AT I R ) —
b, JEEL 20 ANWFTE] S B S 405 10ms 15—
W, ZJGHHATI )AL, EHL 20 AN A k. H
T RRER 100ms TS 25, N1k
SN 20 5o RUE T HT T BRS04
SRR AL SG, 43 g E 20 AN A] 5.

3. #3

31 BEW/SHIBIEI LA E T

ME 1A BUEH, #EBAC. PCFIMinW H
FESVAS i p5 ML 32 2 S5 805 10500, sa sufil
SURMBIAEAE B3 22 5, IR mT DA Sk sV AZ A ATl
19 RS SE ke, ACHIMInW 51911 F &
FRSEAIME B YIS, MPCRME T 35 7 55 2R5)
YRS o VO R J5H2 708 5% M (1 I 8] 3 il e
BEE I AR . WA EACHIPC, COGHES
VCEI A KK R, BIVCH/N, COGHL ik
Ko VCIHIARAL Je it 7 54K (dorsum) (11315 Bl 4F
Yo BT EEAS SRS, Fia bER
Ko 5% BESHE R . AFE JGE ST
SRS A . AW SIS SHOEAR R
ZE5): AESVACHE ST, AC. PCHICOGH) [
KIL K lal>1ul s TulAS W B i 1o 1) 0 1 42 f g AR
MWz . e, WNEMSHELERE, &
RBNE I FE T H ARSI

o 10 2 0 40 2 4
1 BE ISR S5 (B B s g N S 45T, R ERN
TR LA 2, p<0.05)

IR 5 B WIS PR s AN A RGP BEIE AR
S, TG EE AR BRI R 2R
R BURORS X A T R 22 5 2 B COG 1
FErrs B, WS AR, Per L
WA SRR R S AN EREAR AL . U/
X (R i S AR BRI X, SRl i T R 7 45

VAT SOE, T sa R R RIalitE s

FOR AL A AE . S AL SR I, el
(R SR, AR R R

P GE v 2 R W AR AN P B RE B> A
kit MK 2 ATLAE L Ja R & 0 S
(R RILAEA 7 55—, S o ALY
R0 A, fE B E D AT P AR (fad JE ~
0) , WEREHAR. 5, HrsVAH mi 22
WERLE A . st PRI, e E
AW B LR, AT . XS eifE
AT R FE I REARAAT R, B
SRR B B, Ao BOl MR BUE S
PR o saISUFE 58 Ja = B IR FH oL B RITUEE
I FE, LTt

LA (Hz) o 5 i

o
\O‘L
©.
0la “’o{,oo 4
w 0000000
B
@

B
.
|

T
5 10 15 20 0 5 10 15

0
P B — R ) s

Bl 2 E A A gt S 5 (K AL AR S
BT G 1 53 150D

32, MEFTISMIBIENSALANE E

T, A1 VIsV2 XTSI 17T
REAICHEN, &, u, 1,0, Ja T E AN, a u o (B
3) o HRRFEFE T ESN LR KT R
Wi A7 280 W2 50 (p<0.0001) , J5 FICH
W E N, 5T o0 xS R B JE A 25
AR F W (p<0.0001) , HiF# R R E ¥
Wi o XA G5 R WG T I0 8 O VE NS US HT Y
REP= A2 300 7] RGER R0

2 I 7 YIS R R T I AN e AR O AT A

84



— 7|

—— zhi||

3 VISV2 ISR (e
T SRR TG R AR F
C{ 4

PR, AR BT
Sl M BT, A
S T S PR 0
B p<0.05)

30

IS/ R B 46 TR oo % 1 8%, AC, COG
A MinW A EFRZEAR, WETFI0E 34 K
MG R A 15-16) JFaa+s /S RS Hirs M
PC #1 VC &, IMEEMR TR 7oy U2 K
25 GNP A 13-15) o X A4 S B 5 1k 5
AE e Bl [R]85 2R BN 1A Bl ]

P BT 2 2R E R s, H R
F) 7 2 $0052 S 1A I TR) S B AN [R), - — AN iR ik
BEEB . AC 2B K, {Hig COG Al
MinW ANSZ 1708 I 2, Ui B IS IR R s AR
SR BIN, FUR TR oo sh EE T
[FI5m, f6 AC JaiR k™42 5. PC 3252 M)
o A/, ANER AN IS TR] 05 T4 el AR B RS 1 4%
fil, ROEFTESHFRIEMME KR VC 2l
SN AN e E

BEEBRIL A TSR )R)E, AC. VC M
MinW IGEFE ) 5 B Be It R & 8h 1B, COG ik
AN AR, PCREAR AN fE 0 IR 52 o
VC M7k B 1 DUARAL,  (H S 52 705 5%
(YR [R5 BBl B 4 1 . AR R M VL
a] V2 P b A 75 k28 T

MWE 4 "TLUEH, I9E S T S 502 2 HT
FIOCE RN, FERFBLEY B L R R G T E
JCE W, AR N, WIS, W
AR . RIS A5 SR, saff A 2 Bk
AARAR, (HIE sa M su (AR AL [R]85 5 15 10—
L

30 40 50

LI (Hz) i
05

------

gk
5B
# )
P 5000000000, R
o oy

10 20

%;%;UJ 1&”%‘5['HJ,'§
B 4 V1SV 2 XU 5 75 RS O 4 - 58

Ty LR T A SRR S0, /. HL
W 8B Alan, in, un, an, in, uy/, 55 A/sa, ), su/
BI04 Vinsv2 Fil Vigs2V /sl i) & it
PR S50 Hiriks Visve —FF, {HEn
ANTESRESRES. BT ETOBHEAE
A, B IR AR T RN S R iR D T A

M 5w LAE 9B R S In ()
s R & EER Y T, & ESMELTIY
(BB, AH 2 535 L sh VR R H br 20 2 45 17
B, EAEARRE VI 5 RSB K R IE
AFFE O BT R g R, RR V1 5 AC
TG EFH R SR BB, M HBURIE,
AC Rl PC AW NBE, — B e 235 By 256
gYe Hi—, MIinW [HAREEE SR V1 AR A
M, HAESFEBANE, $0Y, B35 iR
R WIS SO B, R
() 10 B8 S A 1 H bR it 2 D T S04 2 1) BHLAS 30
YEo Wb V1sV2 g & Bl i AL 4, ]
PLR BN G IS/ IR St ) AC A PC #3EF isv2
LR B ST AC (205 B5%F1 20% 28
) .

85



50

oz

\
‘ 5
\
|

30

) |

10

50 10 20 30 40 50

Kl 5 VinsV2 XTI fr
R (B irERE 3,
ANEF AC, PC F1 VC
Hoiek L BRI A
[ s 247 0 . p<0.05)

R Ar 6 TR VAsnV2 (1 B A 3 AR N A
PR, I DR A B Sl AR AN R I (1) 5K A1 8
1, BRISEEEAG, B RS o (H 2 B
T B A R R A e, TR G R K A
21 ] (velopharyngeal port) o A _F I 204k
F, BB AC R PC B RARA A GERI P J 8
KA, Eefb RN K T 808 AU P AR
PN o A D R A TE R 45 3 A A o R T K
SE4 ) 1 s BHLZE o

B2 G HoE NS VisV2 AN,
AC 2 J5 F- o0 I () IR Tl FER T Vasv2 Al
sV 0L, SHTEMZER AR VL 5, Fj5
I 22 S AT ek 1T R B A AL R
PC H:A FARSZMW ., VC A8k 5 B 355 15 vl 2k
L, RHERENAZ HERIZG I TiH. COG
5 VC AL DIFHSE, VC Bk, COG Mk
/Ne MinW 5 sV Fil VsV 2 153 ]

MK 6 TTLAE W, SISt S80S
BRI, M el 32 B 5 2 0 (R 5

50
RO TR I (e AT sV2 A8 FE U RT 43 i 2R BN
SI>sa>sU, sU>sa>S), (EACAERBHIE, sa Al su H
ZEFEI R . o I SRS B KT sa
su, e P A X
UL (Hz) . i A

900,
o
0.0.00.00000

g

-15 ‘
0 5 10 15 20 0 10 15 20 0 5 10 15 20

%%im Ak I 1) 55
] 6 VAnsV 2 X1 Ji o 7 BRI S e v 240

M 7 0T LLEH, VAgsV2 1EWL R, 19/ REBH
R RR S 2 G, R#IOh AC. PC. COG
- MinW £E 7778 BEBC R 2E 38 1m) 19 1 K 8l
Vi, FLAE RT3 B B BH A B TRIVE LT Vasv2
L, BT 78 R RS s E 5161
FREMBTDEIAWGE, B~ Ak s
fE& .

86



— |ng
—°—ong
— eng

MinW

B 7 VigsV2 X TilEfi 5
(B RRERE 3, st
K AC, PC Al VC % filik
b R LA TR S I 7R A
=9

10 20 30 40 50 10

B0 B AL Z AN Z AT W BRI . S
TEEAISII S VinsV2 5 AR . AC. PC.
COG H1 MinW 52 21| Ji5 42 705 5% ) (1) ] [|] i [ 55 5
HERLL. VC 1AL Visv2 AL, #R 2
TEHAL sV2 SR A R W3 22 7 nlfE
() i DRI 717 7 18 JF 3 R B s A T B b, )
Ja e u s RS PR T RAE.

ME 8 FILLEH, AL —FE, B
WG SHUAZ R oGS R, S8
RERA KRR OS2 5 452 70 2 52 W0 (1) I [R) S8
RN GREARR B . Shr L, EEFEA,
DR LRI N W ZE S, (HE AR B
B, BRI R R 5 R A g5 R
—E, BRI R 57 08 5 M IR () R
HEMGER &, S g R —80n.

U

. I

= |

HHLHIE (Hz)

—o— s

] |

10 15 20 0 5 10 15 20

?:* ﬁi‘E’ZUﬂ*MQM [i8) 1
Kl 8 V1gsV 2 XU 15 Ji - A BHS RIS 4 1F 24

4. Z5ie

AU T AE B AR T )5 7 P RS )
ARG NV RIGE G S 8. W1 P I
3 BHL PR AR 463 775 RIS TR s AN [ 8 i 88 B i AN
Ao ALy A A B BRI R A, o
HIREEAE N, ISH ARSI E R TR R, HR

20

PRBLE SRR s AT R B, IR
EEES AR RS ER A, VI BE
BORIRLSE R A, {EL R85 1 1 BB R 3K LIS
AMEFRR: WA TR BT, 9IRS
(e, 3 L 5 1 L 5 7 A I R
LRy

T B R BB M 1 S O R R )
JEPEAR AN, BE R 5 A R A IR T T IR A
MRS, SR T e T
TER R4 BT B SR BLAE TS sV
58 9 S RENE AL

P BT R 2 R B, T
R TEH BN, I, 15 SV A AHHE,
AT S I SR LA R R

S 30k

[1] Heinz, GW. On the properties of fricative
consonantg J]. JASA, 1961, 33(5): 589-596.

[2] Hoole, et a. A comparative investigation of
coarticulation in fricative: Electropalatographic,
electromagnetic and acoustic data]J]. Language
and Speech, 1993. 36: 235-260.

[3] Hughes, G.W. et a. Spectral properties of fricative
consonantg] J]. JASA, 1956, 28: 303-10.

[4] Narayanan, S.S. et a. An articulatory study of
fricative consonants using magnetic resonance
imaging[J]. JASA 1995, 98: 1325-47.

[5] Nartey, JN.A. On fricative phones and
phonemeg[R]. Working Papers in Phonetics, 1982,
WPP 55.

[6] Subtelny, JD. et al. Cineradiographic study of
sibilantg[J]. Folia Phon,1972, 24: 30-50.

87



[7] Shadle, C. et a. An MRI study of the effects of
vowel context on fricativegC]. Proc. IOA 18:9:1,
1996, 187-194.

[8] Shadle, C. et a. An MRI study of the effect of
vowel context on English fricative[C]. Acoustics,
2008, Peris, 5101-6.

[9] Byrd, D. Articulatory timing in English consonant
sequenceg R]. UCLA Working Paper in Phonetics,
1994, 86.

[10] Recasens, D. e a. A model of lingua
coarticulation based on articulatory constraintgJ].
JASA, 1997, 102: 544-561.

[11] Farnetani, E. V-C-V lingua coarticulation and its
spatiotemporal  domain[C]. In Hardcastle &
Marchal (eds.) Speech Production and Speech
Modelling. 1990. Kluwer Academic Publications:
93-130.

[12] Sali, S. D. Second formants in fricative: Acoustic
consequences of fricative-vowel coarticulation[J].
JASA, 1981, 70:976-984.

[13] Recasens, D., et a. Co-articulatory variability and
articulatory-acoustic correlations for consonants J].
European Journal of Disorders of Communications,
1995, 30: 203-212.

[14] Ladefoged, P. et al. Places of articulation: An
investigation of Pekingese fricatives and
affricates]J]. JOP. 1984, 12: 267-278.

[15] AR, S0 ik & EIEM]. dbat: 7
S5 EN-5TE, 1963

[16] 2= £, HBEFe. VLB A & AL, Wi
TR KAE 24 2006, 5: 35-40.

(A7 ¥, X 3l v il A BB A A 29 R
FICL. %G EE 7 R 08 Sk,
Jb5t, 2006.

[18] RA%5E, MOTA. SER AR EM]. dbat:
AR A kL, 1989.

[19] VL. &S ik. B CERIE S AME) R
SEUE M ), dEnt: mAE A R
#t,1989.

[20] Hardcastle, W.J., et a. EPG data reduction
methods and their implications for studies of
lingual coarticulation[J]. JOP, 1991, 19: 251-266.

[21] Forrest, K. et a. Statistical analysis of word-initial
obstruents: Preliminary data]J]. JASA, 1988, 84:
115-23.

[22] Shadle, C.H. et a. Towards the spectra
characteristics of fricative consonants[C]. Proc.
ICPhS, Aix-en-Provence, 1991, v. 3: 42-45.

[23] Tabain, M. Variability in fricative production and
spectra: Implications for the hyper-and hypo- and
quantal theories of speech production[J]. Language
and Speech, 2001, 44: 57-94.

[24] BRySl, Bl e bty S e 2 A bR 1 e )
R[] B2, 1992, 1: 12-20.

[25] Toda, M., Maeda, S., Honda, K. Formant-cavity
affiliation in sibilant fricatives/C]. In Turbulent
Sounds in Speech, Mouton de Gruyter, 2010: 1-33.

[26] Stevens, K. Acoustic PhoneticsiM]. MIT Press,
1998.

[27] MEFL, XL il N1C2(CHC) Py ) K w5 (1 7
R[] BRI KSASC B4k, 2005, 3:
150-157.

88



EiREERAET RS

BERMEES

An Electropalatographic and acoustic analysis of apical fricative of Standard

Chinese
FRiE
Li Yinghao
P LG BB L e A B 1 K 53 RN, NS 5B LG IR X 5 52 70 35 1 1)

VE, TSNS AL B B 08 52 b S g5 e B i R iy
P A ) T R DA S S B PR RS R o BT AL ORISR H
S TR B L REE A6, i TR
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FRVRE 5 DX IS PR B A+ G0 RS 5 1 9 DX SR i 2 301 )
TCEHAMERIE . S BREASR, Bkt S80S
JRHICE RS A K L P B R S s Ik, At
Gk S HBE R HOTE MR BMAA . (2) BE I EE
FSBEL FRIER 4 7 5 RHIR T ARHE AN TR] (0 153 BT A7 A 22 5

BRI REO 5 Bl VR (s i R BN (A YE R AR DS, 55
Bl R A ERNE AR RS G A A . SR e
PR IR R SRR T DA S5 5 T S A A
IERAWEM AN . (3) HEBIUEAZHFHIBE5E
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Abstract: The articulatory and acoustic properties of
apical fricative /s/ of Standard Chinese is analyzed
electropalatographically and acoustically. Results show
that: (1) The linguapalatal contact at the alveolar and palatal
regions is relatively stable before different vowels when the
apical fricative is at the onset position in monosyllables. The
vocalic influence is manifested solely in the velar region. In
the middle interval of the apical fricative, the spectrum is only
influenced by the rounded vowels following the fricative. At
the CV juncture the spectrum of the fricative starts to co-vary
with the articulatory target for following vowels. (2) The
approach interval of constriction and gestural timing rely on
the preceding rhyme in bisyllable sequences. The carryover
effect of the preceding rhyme on the realization of the
following apical fricative is fairly limited; The coupling effect
between the tongue tip and blade is rather stable across
phonetic contexts; However, the anticipatory effect of the
following rhyme on the preceding apical fricative is
represented in the tongue dorsum gesture and tongue tip
movement at the CV juncture; (3) The spectrum of the apical
fricative /s/ is not influenced by the preceding rhyme but is
highly correlated with the round feature of the following
rhyme. Additionally, the spectrum of the apical fricative is
correlated with the EPG parameters at the CV juncture.

R AT SARATEST PR Sk

Key words: electropalatography; apical fricative;
coarticulation; spectrum
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Multi-speech modality research in Putonghua and multimedia teaching
FLIL
U R 2 A A 3 1 B I O
AR R ICR, DOEE F5THL
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BESWTFT, e T DU TR 15 & 75 2 AR B R BfE
RPRISE B S RO T RENE o ST e A 27 20 3 18 PRy A S
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Abstract: This paper introduces the multi-speech
modality research of Putonghua done in the department
of Chinese language and literature, Peking University
and discusses the role and possibility in establishing
the multimedia teaching system of Putonghua. The
paper also discusses the property in Putonghua
learning by Cantonese and the multimedia teaching
system which is being established in Hong Kong
University. Finally the paper presents the prospect of
Putonghua multimedia teaching.

R LG TEE 2 RSTI 2R

Keywords:  Putonghua;
research; multimedia teaching

multi-speech  modality
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) EIE . 30 ZAOK, WIARHE AL 30
TN o BT > FERAL T 2 A& LR RN
BAG: WU iR4L. HEdl. ARl ARl
Bl FEE R S g L 5 10 T A 1 S 21
AT P 5 SO 5 A AN T A A it

3. YHEiEHHT
3.1 REBAH L

i P o SR 2 R A S R R b L T
[ 7 T 42 [ SO R0 A 207 SO 2 A

PR, BRI R T AN A T A, 5 B
RHIFRE 1, DLBGS A RONTFE 2 (77 2. 2009 5

AP Y EIRHF U, PO EE. .
JUIM TR N A LK, U e Al A
E2 U 9 SN = § 1] 1 | i N =S
T SR . 6 /] 6 H, ARy
TR P SO 2 Wi U B
R S S Ee—— A Il UL B DL R
J&7. AR R M T I BA T S
BRI PREL SRR AR WESCRE I
fiti s PSR KU 35 RO A5 2% 015 T 1 1) e A R U
FFER G 2 FH AT TR Z e, A AR K it
LR FHE K LI A2 NS T
Kexifle 10 17 H, “ WG SCA 247 iR
7 AT 11 19 H, AR AR
RIS — mgrh AR iivi . 11 1 21
EPEL UVECV IR ZE €N 0P N E 2 Ea gk
JE”, JERGE T R IO AL E R
AR AR, I H O R R, BGE
FUE A AL BT TIRA T .

A Q2 0 T U 5 DI I ALY R AE
Q5 DY Jor 3 1 K IR S AR AT 2 ) R i “
TTE & 2SS 2 BAEE: 7 IURE . T
FURBIBATT RE T JA 0 2 i 1 5 A (025 3 135 T
BGOSR E M E AR (RO,
SV Sp, Ewmal, 2KCR . I, “EE
RS N, UL 57 KL HE
W IR . WROCAL s IS T R
AT, ALV, AW, BCAL.

3.2. RBLEBART R TR EEBETR

WEY A A S R, SRR,
WS AENEET R, IR KBNS T
N R R DB DL RN RR A
Uk T AT S AE A I AT T B R R T
RGP, o, i fr i i A SCAE S b S ik
22 ok o M A AR S B RN AN i)
PHPEE TR A7 2 T A I AR s S8 4 1 1]
i AT, SR5E

DU A BRI S B AAE R & 2R TT
A RZHIIOSCR, BT X AR e 5
(DY S Y= S s WNIE s R R A D R ST Ry
BERE T BTGNS BEs) . 2T
7 1R B XU LU 1 7 i 5t A5 T 90 B S
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R A BT XA S E R SOR, A
K A AT & 2 AR B (M SR A B A — A
BERT T E A S AT T I 2 BAR B R G

FEFF R R A G B N by, A 1 A
HG A P2 R T 1 - - v D N I 2 I
FEREST, X BCH R o By R G R 5
B RN RS IR I S . [FI, A
AT MR A W W E R SR A
(Mispronounced speech database of Putonghua
Assessment by Cantonese speakers), X i LU} 4
VB AE A A 1% 77 T EAT AT B PR I A I
DLER R WA A R DT 22 i ah, sl S
TE B0 7 (Speech database of Mandarin words)th 7£ %
L SER, BT R RGeS T T
MEL

FUPURFE S LR EAELET Y
FELITCHER I AUT, Herh &z F i SR E
FE T AR KRR, BT RIE 5 75 K A AL
B IE] L H R R A R A
A 75 i (RO SR A L e ) < 1k 2 R 0
Ffai A ST 2 7], A4 . IXEERIFTTMN
Rk 27 PR A R kg 5 S0 U A AR I ) i AR
127% , JHl— 0N 0l 70 B s 1) BUTHE RN

4. R4
AR 5 AR R OU AT 0 O BARIKE 5N

ANFERIPIR, A A A U ) T IR
FARIRBN N 2, AT ORI A B 1 7 2 LA K AL B

XTGAEN R BARPOE TS L], T e
JIEERNERL T LABEZ SR 5E o

W A HE) e AR T ORI, A E
WE MRS . RER S CLHE TR “Pi
AR, HIRETR 0 S A R v LA, R
Wi SRR S U TR 5 R . AEBCAES E W, 53
L5 HSCZ TRV R R ATH AR 21 %5 4% ) — A afldll, B
AR H AR e SC B A, I ST — HARAIA
JERE I TR T AR IR G, TEIR TR BN, IR
WEARME S, MEAAAREE. Rk
HAE) 5 e SCAR AR R B A SR RO IR 2R I AN AL
iy, BAGET AR S IRERA], LA ITHER
SRR R e RE AT, R, Kk
FEE VRN AZ ST B LB 2, S, A B
SRR X (EPS ¥ R M BV e = e SR
TTANIE WA U T o D (R A 4 s
(ERER w2

AR SR P 2 A B R, REOR
J2 TINS5 G R (K ) B RE i K24, B
BV FHEAR LR & TR BB, e Vi
AU FHBACE AN B 5 B8 1 ORI ReAR SR
JIERAGE R A iR AR, BT RS ILHE
XoagtE, MR I E . FEbu, K2
Ty 2, AN R B IR G > A5 L AR
2 Y IR ) RGN AL S5 I T 1] o
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FPEREREREHA

dEE

WE. AR 7 M EGG 15558 XM, TF 7 Ak
BE =ABREF S, BT IR SANRE S HE BT R
PTRFR, R X ZAR G SHX #0505 &4
Ko MERWBEMS TR, BN SHH
ERTEESH, BERSH BN TESSH

REEAE: T A R R R

1. 4w
1.1 BFHRIMUTAERE RESTHETE
1.1.1. BHFFIMUTIERE

L 75 [ AT 2 — Pl AR APy R 1
T E S EZ T H (Childers, 1986; Fourcin, 1971,
1974), 15 BRI IT R BRI i Al A A T
SR, f 4l Fabre (Fabre 1957) i, ‘&t
DNt 22 3 7 DX S5 P P R ) 2 S 75y (138 Bl R
A, W EAERER R, A FERIR A

FEL P TSI kR OB R ) v AT R AR
(300kHz AL, 10mA BAR D i b e 1 i ik 8
FATFA IS UL, M RtE T AR, BT AR
SR, BTRL YR A, HH B2 K,
SEGH BRAES, AArARSEe, HBH S gket
PN, AT RRE s T AR TR
S FEEAZ M7 T R I A, A
BRI, i B S Sk Ig . B AR P XA
B, Wt SR T A S E R, B 1l
(Baken, 1992) A Hi-75 [ A TARE IR BRI .
Je A A ) SR AR A AR Rl FRL 7 T A A
W FTAE R B, IR X IR R AN IR 2R 1 1 X
B, A R R R T A

K 1.1 EGG T.1F Ji B fiij &
WHITIE M, EGG {55 5 7y Hefi i AR 2 1 AH 5%

K7 (Baken, 1992): 4542 il ARG K, EGG
{5 Hnm; 7R A RR/ N, EGG A5 5 Ik5 -
KT IE— i, S8 Bk ansnd 75 [ 14%5% (Fourcin, 1974;
Baer Tetal, 1983; Gilbert HRetal, 1984) %5¥F%
A0 BT BTk B, Pl EGG 7 5 4% 2 T
5 TR R B AR OGRS - (F2 R EGG 15
SRMAFTERETWALA LA, FhEET K
R, AR NHSHE T S T TR RNR 4
(M55, WPk EGG 155 — Al & th Bk i e —
L8, BN EGG A5 5 AT A s s i) N 15
SRUE. BN, FIH EGG 5 SRS IE A — A
JEZ RS, EARAEAEA P AT T A B BRI PR AHBY B
EGG 155 REME LU 15 v Aff b Jsc molt 75 Ay 2 fi 1y 1 A2
1, AL TR B S ITAHBY B, EGG 55 3F
ANBERG A b S X — L . IX M EGG 15 5 H LRI
TR S WmEEE R B E T R IR S T R
Lt rT R . BT AERIF EGG 15 S W IUE 5 5
(PN, CTFAR R — RATAA R, ST iX—
&, Baken (Baken, 2000)% #& it H ke, At
INA EGG 15 5 ARER B L KR A5 T 1T R 5 1015 B
ARt T 55 115 A RIS

1.12. EGG 54t

AT B RSB T EGG (55 5
SINTRIX RS RIRE, B EESHOER. I
PRI S 1 2 5. I EGG 155 K i S IX S S 547
TEAE VR VE B 220, T &R v A AL
Ko SERRRMRF TV, BEE R LS, E
XTSRRI .

FEE AN EGG {55, JLREHh L IR
M, MR P A . TR AR R contacting
event & de-contacting event 7~ RS2 75 [0 P & A
FTFJE R BATTZ TR R X T) R 7 75 41 1R P A o
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contact

02
o1r

ol
0.1
oztk
03k

o 10 0 =0 a0 =0 B0 70 =0 a0

K 1.4 JLAY[F) EGG 15 5B I

de-contact

Vocal Fold Contact Area ==

1E EGG {5 W7, A —AN FMES, 1
Wt BT (contact quotient), fiiFk CQ. CQ HIE
SR FE Y A B AN R I ) R el . EGG
15 5 P TT 1 1R SO 75 i 4T TF B S HEAN 7R i is )
IR o [ BT EGG 15 5 HRE LR BERES i b S ke
P P B AR a5 B, R EGG 5%
1035 7 8 XA AE AN I — AN 58 FRE—A
L EGG 15 5 24ue URE R (FLIT, 200D,
By P T P P o 7 4 TR A = R Nt s
D&/

2 £ L L L L

| Ry

Vocal Fold Contact Area
o

r r r r r

_2' r r r r

0 50 100 150 200 250
Time

300 350 400 450 500 550

K 1.5 EGG 5 52 4e UnE K

Pl e - RS N (] B 2 SR

A TR —MBEE Y (Cycle), & XH E—4
FETTRM s BN —AN AT s B X a], - A7
/> contacting event 2 [a] (K] X [f] ;

B #%/n— MM (Closed phase), & X AF[]
K SR FE I A A2 T X qa), B
contacting event Fl1 de-contacting event 2 [i1] [ [X.[ii] ;

C F/n—/NJTH (Open phase), & HhH[11IF
JA RENR — AT G AU X ), B
de-contacting event £ ~—~> contacting event -Z [F][{]
YR

D #/n A (Closing phase), & X AT
AR mh, MRS D% P R T 7 ot i i A 3 1
PNEEES PN P ETEY I E

E %/~ —ANJFJa4H (Opening phase), & X A4 1]
A e, AR A A R e KL s 381 7l 4 e
LIRS 28 7 1T 3 s TR X ] o

PN LT EGG {5 S5 M. JFRT . Hfilrs
R SR E LT

FH (Pitch) = UJEI (A);

JFFi (Open Quotient, fijfk OQ) = JF4H (C)
I (A ><100%:;

B Al 75 ( Contact Quotient, fiiFx CQ)= M4 (B)
TR (A) x<100%

LR (Speed Quotient, fi#x SQ) = JF/aAH

(BE) /XHIAH (D) ><100%

e 2R, R A A 7 2 — A A
T I AR AR R L, R EE ERR R
B+C=A, #"[f5 0Q+CQ=1 (Henrich, 2004).

M EGG 155 1H 51321 0Q. SQ A m X
SIATFEI EGG {55 B2, M S AN A (1) 75 7 i 2))
TE, XA F R R AR Mo AT
BEE T MR BN EGG 15 53530, JTi . HE w2
T AT B A AN S OGP AL AR i
U B A P T1OCP pIX =R BB S5 i (AL
T A A AR B AL s RS I — B A S
T T 75 175G P s R s PR A 0 0 A AN [] 1) 2%
H, R EGG 15 5 i H kAR .

FETR EGG 155 A 1M AR JE R X
IARTA], APAE% =5 EGG (552 5 ik, &
W4y (Derivative EGG Method) J5i:. FrufE4k
J7¥2% (Criterion-level Method) LA & 4 77¥2: (Hybrid
Method). 73 J7 50 Jih EGG 15 54T — il
IrIsB, AR SRR S 5 T R s KA A /)
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B 75 11 QA BRI A 1o 1% 77252 1 Childers et
al.(1986)4% ¥, J53K Henrich et al.(2004)% F-iX Ff
JTEWMER M REAT TUEM . N EIL AR

B, BRSO Sk o DRA AR P AR BT (1R A
TE I R A L TR K BN, AEAE S
SRR AF o R T Y R S 1T — i gy )
SR FY R R P EE T H . TR E
MR PRI LU G, 25 5 52 B e 7 o il 2 v AR
AR, SRR SHAMER . B EGG fH
S TN EE, B R Al —1 EGG 5
JI, kB % EGG 55 M —M 15
5y AT R — Bl o015 5 (19 1 ] D A7
& (K contacting event); My 75 [ 1JT ) s Ul —
B o3 A 5 () SR ) A i A - (& de-contacting
event).

contact

02F

01k

ol

1k
1n

de-contacti

‘Yocal Fold Contact Area

o2l

03k
o

EGG 15 5 240 H M brUEL 7 L N2l i N oA
5E SUPRUELZE Ccriterion-level) 7KK s 745 1] 9% A s
FIITFJA AL E, Bt Rothenberg (1981) #H1,
JLOL AR DU LU A I, B RO AT T 0 7 1 HE
AR HEL T AT B S EON BA 4t i B
B FUE—AAE, nTBUH T4 EGG E 5 1 EL
BT, AE VS FF R B e bR HEL K
NEZE EGG 15 Shrit & ik m g E, KPR
& 25%hRUEL Ko X R A A I R AME
SR A5 5 B KB R e /ME, R oS I 21,
FRUEZR K4 25% BRI 7 75 11 ¢ P s T i R
S XAEIXAS ZEAHIT) 25% 7K

de-contacting

event

25% criterion level

contacting
event

02F
F 01
=
u_é 0.1
=

02k

ﬂ%/J/J

u} 1ID 2ID 3ID AID

L L L L
S0 B0 70 S0 j=u]

Time ===

EGG F 9S8y —MIiT 8 /1 i5——iwa /1
s SRHUR T ) LS K S TG s R I
R, 1 Howard(1990, 1995)fi. #4Mi% iy,
G B L EGG 1%y 5 15 5 1 5 K AE (contacting
peak) A ARt 1T 1T A SR IR bR HE 2R 7
%, UL 42%BITE FRHEZ Ko 17k
SEEFREFE [T A Rs AR JT AR A AN 2 2 Rl 1)
PIILGFE (1) o

F T AR SC BT A P 3 A ) FRL T A A — SN0
MG O, ZRE 2w oeia bR HEL J7 12k e SRl
WHZH, FHBIARREL KA 25% (C.Herbst

12, AFABXRERER

HR R AN DAL R 22 ORI 5K, A 56 NI
B, AHEFEIEG B, SRS 02
MiGEE, SRS A/HZ2R, X F 5N
WELEIE TARFAT R AT e R A B R
W BT, SRR ORI S PSR 5 R
M, XIS R R R B AR A AR
W UL TR N I RIRTE S WT9T, I
FAKES SRS AFTE ST 5 RN
B FIRERRENN . RIKIEAEIRFEEK
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RPFRA, IXAEAR 2 B E A 2 T O, W
M, BKE (1964) WKIE (1979)5% . FLTIN T4k
PO VE RS Ik & 75 IR (A 97 32 B P e 35 Rl S
DS LA T, SR A R I R ik e e
FET RN R, HAEIE RO 3726 R Flid o “
B M2ER], bR RS BAEN— AN
TR AR, WFH B R AU R
EER AN
WPV B, IR R L 2 NS
VB2 F R e BT IR A S 2=, U
B Hb AT 5 AP A AE IR PP ST RG S A7, Bl
5 E N SEEE SRR, R S T Bow =it
XSS SO 2 Tk (FLITF, 20015 A4
B A4, 2005; VA, fLITF, 2009), (iBiE
SR (LI 2000 e TiE S AP
WFFEI AN S, S AR 2 IRIGEERET T 047
WL« %P IRE FIF EGG 1550 T8 5 85 i
WFFCI SR, AR SCIRIAE R 2 I8 I EGG 155 kX B

BT R S AT o

NIRRT EGG R SR
B R E AT A OC A A . R 5 A oo
[l [i]~ [UIREASTEIE T IR & 2 50T 7S Jd 2 v Bl A O
SRS AR T, 4510 b St =, T
P HUH S S SO s R “ e i ISR, 1e%%
R W s, W S BRI AN R PE BT, 3X AN
FUIR R SCAE T U0 W ek o 2 BB B 2
(ARG DL S, AN (] IR R R

(BIBF R — BT AR R
R, U PR R N, ARG (DD A
(fry, F); (2) <B¥ (breathy, B); (3) HME¥
(creaky, C); (4) IEHKR¥E (modal, M); (5)
FE RS (high, H)o WU I o8 R A R R
2o [a]lil[u]l. WFFUTF HX 5 Pl s UL A
TFR . BER RN RRN, RPHFRRSEHK
N, B EOR, AR SEEOK

® 11 AR FRPERESHE

o i o B 1 Rl
Eyit) =3 = o = MR
= 1 2 3 4 5
HOE
i 4 1 5 3 2
FF i 5 4 1 3 2

IXLERIFFT N BRSO ST AR U (4 3 7 M 2
WA, R SCRITZE A A AT SR IR 0 (i
SR AR O DO G 7 O ) AR AR SR B
T, ATSCI A4 A B RNZIE T T 125 31 25 W AR

Mo gy T DO A ) AR S XU T
A, SO IES TR LR =S5
N A H AR I R R A AR

I PAB M
350 59 R
300 s 58
250 MW 2; % ,/_
@ 200 ‘ —&—pitch E PN AA L\ o
& 150 —#— speed N 54 )—o\,v/ ~ [/ VT N/ bd
100 s | ¥
50 52
o+ 51 A————
1 3 5 7 9 11 13 15 17 19 21 23 13 5 7 9 11 13 15 17 19 21 23
FER B
(@) (b)

18 (&) UM SEINE 2 4L

(b) M s — KT 24
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AL HTIE A 5018 FH LT 75 SO 81 5%
VB SRR 1) R A BT I RGEWEIT, ARSORHT
ST AN B 1) R A BEAT 2R S R,
KR EGG 8 & S5 X 0 P ERE I 5 AN R
2. FrPHEEEMRAE.XFRRERENG

B
2.1. FrEEEEM RS

WP EIEILAT 35 AN RE, 18 ANMEYRE, 3 AN I,
FAET BN B SRS, B RUWTR
Bk (35)

p pb m f v

t t d n 1+
ts  ts dz s zZ
ts ts® dz sz,

te te" dz n ¢ z

kK kK g p x v

i}

Pl (1) n FinASXtrn, af&3F; (2) ZELE
0% LLMEZE S 20 TE L B
e (18)

i 17 1 uw & 2 a o ie

a o ie

|

i 1 1 u e

AU HOF- R R R G 9 WS A BT
Epihe

B33 21 =55
BroriE 33 AN 21 PREAE RS BB XA, 1
55 PHBAT, NTEER N, ASCK 33, 21 WEIREK
B FEEC 73 M AR B A PRAN 75 IR o AAEF 3R AR A6 2
bR, KRB R, R I AR TV R R
REARIL B BRSO o e v i, Haaskid st By
HAE . FAN, XRFRIC T I T DAREL R 5 2
)5 R A IR B — 4R S AR AR, BRIk
138 33 A5 33 BAHL A RS, eI
DX BATT AT AT AN [R]85 SR X o BOAS SORE
B RAE ARG LA BN 5 AN, B 33 44
33 K. 21 KA. 21 %, 55 4. 4 1. 2. 3. 4.
5 KR, HFHEI N
A (5)
55— 33 #4
SVUUE 21 %
2.2. XHEWR
2% 2009 4E 7 AL 5K LRI = —
AT N Gk 2 r P A RO TE 5, RT3 5 1 & Rt
173%, g AIE 3 9 3 oo FH RN
ISR T HRM e, R TiZES A
TERESE IRA B TT B A L IRFAE 45 ) 1 P O
BT, HEAHS A e R /NS 7 JEUU L R
BT U R R L 85 ANiEE, R R T b
78537 8 B I /N ST IR N, R 2R AT 10 47451 ] AR
B S R SRR (R — I R &
XIALD, Ja 10 47490 1)t A8 E LU S5 1R d5e /N0 SR
Lt 38 X Fe N A o B T TR R G H T A (R

B 3B E B 21 0

S T 55

A (3) B AR R s b
2.1 FrrEaE R SR
33 fa BE 21 4 21 % 55 2
ZE Fhbx 137 Fhx ZE b R Fbr | A | s
£ dz)33 i dz)33 N dz)21 AR dz21 | B | dz)55
i ts"33 #y ts"33 5L ts"21 ] ts"21 | | ts"SS
% ti33 i ti33 TN ti21 i 21 | 4 | 655
T be33 it be33 i be21 AL bg2l | i | bess
n ts033 i tso33 g (FTH) tso21 H tso21 i ts055
13 bv33 Bl by33 1 by21 jiod by21 HE bv55
E bu33 i) budld | R bu21 s bu2l | W | buSs
Ui yw33 Wik yw33 VINE ) yw21l B yw2l | HE5 | ywSs
ok da33 24 do33 | v& CKBAw) | do21 | &5 (T | do2l | i | do5S
b na33 T E na33 s na2l 5 1] na2l
= EIRD de33 | ¥R (i de33 % bi21 2Tt bi21
% pud3 | Jg OZED | pud3 FFI] K"a21 i k"a21
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hild to33 | I (HPED to33 = la21 55 la21
r mu33 | (W) | mu33 SIS phi2l | nk () phi21
L74 nu33 PE nu33 WL 5121 Wil 121
5 fu33 i) fud3 | =} () w2l | RURIRKE | 2l
fii dzu33 =10 dzu33 il )L, ve2l | $8 (4E48) | ve2l
L ts"u33 i ts"u33 T xa2l | & (—0) | xa2l
VINGIIES! ya2l £ ya2l

- nji21 /3% nji21

3. LW HEREELE

3.1 LR AME S

AYCREF P EGG BL# &

Enterprises /7] EG2-Standard Z 1) Ht, 17 [ 4% .
Bl 3.1 At A T AR R, e R )
SR A I BRI D R4

The Glottal

| 3.1 EG-2 Standard %% EGG'

gy KR 23R % EGG B R AR
RPN — NI IIA T EGG {5 5B
A—A I 7 EGG i S UIE B . NBIE IR RE
BT RV WY SR R 200, A R T A I T B
B, T AR () B e, RIESHL L,
HIbSE =SB E - N o =S PO S P V=
(11 EGG {5 5 W 3 2 MR B R AR KRy s, B

H AL B EGGIR T

IE 3%, TS5 EGG 5 Sk B £ 1R I 4k
SPFRIRE R, BB ) A BRI A B, RIAES 5 b,
R FA S L B S5 BN TR % . N EGG U TE%R
BRBRATT AT LUK BT 55 08 (A S35 e 1 o #r
HARE W AT L AR EGG 75, TS5 e
IRFAT IEH R & EGG W .

1 T T T T T T
fai}
s
=
g 0 M
fm]
T
=
_1 1 1 | 1 1 | 1
0 100 200 300 400 500 600 700
Tirme({point)
3.2 Wi VHEIIIA EGG £ S
AT EGGIE ST
1 T T T T T T
fai}
=
=
= 0F .
fany]
[
=
_1 | | 1 1 1 1
0 100 200 300 400 500 600 700
Time(point)

3.3 HrrsEiE L EGG R S EHE
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3.2. ERWHENR

FEA YIS FE AT Lo g =B oy — e AR,
&%ﬁ%ﬁ%ﬁ%ﬁﬂT%ﬁ$ﬁ%ﬁ\,&ﬁ%
e, FHREEMR S NG %,
%%EWW%HW%LEﬁﬁW,ﬁﬁiHﬁ%W
BAFJE AdobeAudition 1.5, S I AFAS Sl 5
W, WIRRIUE S NS IS, 55 A IE,
KB SRR — AR 5 — N R B ARFEA —A
St RIS MEE A, SEATH Audition
AR S S AT U, R REANIAE S S ARk —
A~ wav kB S, DTS TR ab . SR
Ja 248 A 4% Matlab 727 Voicelab $HUCHS4L,
kS HARA7EF] Microsoft Excel k&, o
Excel 2k th 43 5ilot 55 75 f -2 i S50l AT ERE,
IR RS E R LRI K.
4. FrPHEEREVTREFEALMERES

i

AFERE LS. T SR = NRS S
NP S R ARG, T A RS
PEUAAAE — 2o ), AP I R PR it 24

NP A, WIS R WHTSCATIA, ASOR A
S A BEON AR B, oK H T T8 75 R G A
POl 5 ANHZS: 33 #4. 33 K. 21 44, 21 K. 5544,
SRREN 1. 20 3. 4. 5. AT —TSA
AR B R AR R P, S A S N
WIRA S e, TER R B R S50 X ). 5
TSR AR RS TR E S R
PR 1 D PR AE
4.1. FrPEERENTRFEER

AR T T AT B R R SO AL TR
B ST R, Bk s R LU £ 1 B
A EI. EFIF pi (pitch) FoRFEHiiZk, og (open
quotient) F RJTRIHEZE, sq (speed quotient) IR
MR AL, B 1. 2.0 30 4. 5 BRI,
411, FHFHEEFFRFNTRFERER

$¢w4%$%¥i%m LT R AR
Ik 4.1-4.5. 45— 2 PR A0 P A AR P52 7
&E,E@ﬁﬁﬁﬂﬁﬁ,%ﬁ§ﬁ$uﬁﬁ?
(Hz), JFRiAEE R SHORAA F o (%), 1
RS SRR RS, 2l 26 TR R0 5 A A T
BHER, R SCRES R EOM R A

G

250 |
200

150
100

—e—pil

—8—sql

FEH (Hz)
MR o)

(Sl
(=3

1 4 7 10 13 16 19 22 25

(=)

Yy ok —
70
2 60
\c_/
o0 [RETEEEE [ l]
= 40

1 4 7 10 13 16 19 22 25

e e
() (b)
K41 () BFS—HEH. EEHSH (b JHEH RIS

S S R IH Ze R I, AUEAE 125Hz
Jeki, ARG 33 Pl 8. R T B
RO, AEARBAAWIE PR, ATBEUEAE 170% /0

F, JEBONBER] 130%. T i Hh 2k 384k 5501 5 Bk
P, RTBC 55% | &3 A i 47%.

JLF
300
~ 2 250
o S
R 100 — | —®—saq2
iﬂﬂi@ 50

1 4 710131619 22 25
nE

WA
65
2 9
< 00000-000000000000-060000%9
g [——oa2]
& 35

1 4 7 10 13 16 19 22 25
o4
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(a)

Kl 4.2 (a) B IR, 2

(b)
(b) B A5 I IT i 24
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