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Research on Multi-Speech Models and Variety of Phonetic Study
FLL
Kong Jiangping
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Abstract: Phonetics is an old and also a modern subject
because of very old method, such as recording speech
sound by hearing and imitation, and modern method, such
as speech and neural signal processing, are all used at
present. The phonetic research has also been related with
many different fields. Prof. Liu Fu established the first
phonetics lab, the phonetic and music lab, in Peking
University in 1925, which symbolized that phonetics had
become scientific in China. After more than 80 years, the
lab has been coming into a more extensive research area.
This paper introduces the study in the phonetic and music
lab from the viewpoint of ‘multi-model phonetic study’ and
‘variety study of phonetics’ and discusses the research
category and direction of phonetics in China.
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FH o P57 A6 e e O R T i 5 1 T
T4 M, VB 5 SE IR K L T AR T3
Y. BEE RIS AR IR, SR T K
REEIBFF0T BAT IR SR T — T IRV 2 2%
BHHE M BACRES . Rk, B Ti: 3522 —
RG22 ORI RL:, Bte b 2 2P A1 2

SARAE H B 2 AR T S0 o, B eI
IR e O T KRR HR, ot
CLE T8N AH O IR A o A SOR AR 1B K
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“Z e RS AR AN DT TR R TR
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11 e XKEFEFETA
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EE S E R AR E , EhEE T
M 2 EN T R g A . %182 58 A2 1
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FRRFE, 302 vp B et s S 2 B I
Botik. & TN 2R KRR, JERITEE AR
AT CREN T AN BE T i ) AU
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e A P B st s S Ol Uk

ZAERIIL (A, 1924), Ja K XCRA T A
W7k (RBOE, RO35F, 1963). FEFEH
RIVRRE, VF2HMRH IR TS =0T,
R o SR AR B & N, Al 155
LI RREWE A TR KA o B I R A
SEATET RS, W H R —, IR
V5 S SUAE D7 VR RS A BE S Yu kT L HEN
TR AR ONERAE | g AR SR AR A
(William J. Hardcastle et al, 1997; G. Fant et al,
2004), WAL H RIFIEWE O N TS
2, LAl ) T AR IR AN BRI 2 9 SR
SRR S T K o I T R RI B 2 1)
FLAER g, FRAEH T B F 2R
MRES, JFARMEE L IRAIAE “ DUETE & 2 A
I 7 DTSR, A S KL R E S
27 1 B Y
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BB 27 2250 R HEA TV 2 AR e T2
Ak, Blan, VEE LR, EEIRER. FVAE
PR MR VAT R S R
B WO TR . i Tt
SHGYIE, 7RI T 42 R, F,
UL 2 2 BT R L T B2k, 7
SR 43 B B 2 2 ORI 9 S, A2
SRS TR T % TEAbiE & 200
S, CURESS A IR .

2 L RIEF SR

JERIES SR R g N HERNEECS
T B IS, AT N 1) 52 S A A A
2) B IR A 3) W 2 AR
JE = AN 5 T T8 A 28— FRAT T IR 0 4% 1 T
FUILA
2.1 SRR EEARR A

FEALK 985 T H I SCRE T, A 2003 4EFF4R
BT e A, FEA D EH
KAY 2] [ SHLES TAESR: 3700, 2k /F4
B O U HT A ASL . 22 4E IR 35 43 # 1k 1F
MDVP. SEIf AT ISkl EGG. H i 5r
TR AR S HCFEAE: 2) WCRE ADL 24
] PSRRI FEL A, IR - T oA PSR A 2
AWHTION RS 3) 92 KAY A# 1R PUE
SRER: 4) FEFE UCLA MARAET: 5)
EE P H PR 6) FREASR T E . R
WA RSB % o WA IEA BB I L B 2 AR
(IAFFE o
22 EESEESHTTEE

FEL A/ P 5 2 AN — M B AL A 1 5 1)
RARTRAF RO B ) AT kA, TR TS 5 S
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W, BATE L@ T B AW R HTF
&, EEEA: D BESHESONMARR, %
REHA B O XTI H TES 2 5 E
TRE A AT 2) X Oksh&FEN TR
gt, FATEMGACEE . 75 1 A TR v SR iR Do
HIites 3) MEAETIO RS, BA S

B, FTISUERPURIR & 4 #L5  2h
fEs 4 ZETIPRAE S I H O /g, RATH
WP FE L SRR & 25U ThRE: 5) T
FALAS 5 0 HT R GE, Rk i T IS AL S BN 25
SRR 6) WHFEEN RS, 1#H
FEMUR IS RN R SR I Z 2 e, I REAN TR
H SRR 0 T R kg
SHE ARG, TR A E AT ARG
8) U AEAF T M ARG, BT kS
SRS X RGNE D M EE,
MIRAE © v 5 SR RO 5 I 1 R A ) 4 A
2.3 EFBESHEE

AR IAT (RS v e, BATHISEE & 2
WFFUEE ST 1 DR 30 15 22 LA Kt 122 AN AH 2R 1
R, R TS AR . XL
e B EAHE: 1 DOEEE LR 2) W
WE TR 3) DUEIFIELE EGG 15 9 %
4) PUEF TN 50 ORI sl &
FIERE 5 6) PUR G i T A B 1 7)
DU 0 BEVE R %, T A W B LR
JEs ) AR IR AL BORME T S Bl A iy s 4 e
TP BRETCE SR S S IR R R
AFHA “RESR” FEAS 9O HpBRk IR, LEA
TR FEACRIBR AL Bl U Il A A

3 IEEBHEEHR

VA 2 BEAS I 2 B R SR i 3 AT
EEY. BT B RES EE  4 )y
RERFST. R L, P A A B ST
BRI, ek L, ROATRER 5%
PR OB (S SR % Bl 7 2 A B
B, WES RS RS ERL S B,
FHA 1 JGERSEENAFEHI. 2) &
PRI, 3) P TR S 4) 1L
TE T T R AR T GY . 5) FEFIRRIRAE 5 1)
BERFIT. 6) JET S TBHPUE 5 1B 5 B A B 5T
JUAN T T A 3R A e i 3 2 RS T IR 3 A
B,
31 PUBLEEISSEETR

TEVE S 22RO, ShaS R IO — I
WAELIIWFST . 755 IS 405D, AT
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R T T XOGIAETERSE, HlT X O Ak
AR, i, FEACREIEFEE, Xk
1) 2025 P TE I FUAR JR) BRAE /NIRRT
FURAL/IN, AH H T3 2 B 508 7 AR 1 B R AR )
L, AR SR B A R SR B+
RWEL, CT MZMEILIRBOARERA TR KM K
&, FERGE S CE NG R R T 4
ARG, RO T S IE B A

H AT AR HDGEI B IG 1) X esha&H1E
ORI B T 7 A2 10 AN 7 T AT 9120 1T
oo WERFEES Ny BASTEERIN . FEakm
R L i 0 1) HE S50RN 20 25 75 T 1) AR SRS R AT
AN GEEREE, 2007). #H4h, BATEAL
I FHAZ A S 40 SR B U 7 1 AR T (1) = 4
SIARFEIEREA . IR, AR EAE A H AR R K
2 B AR G A KRS AL ILIR (1) P £
Pt VRN AT DU Y 30 135 1 7 A 1) A BB TR A
Fo BNASFEIE M TR T v MR S IV 2
BRI ) AL, AU o KR 5 78 TR AN
SRR SE R N o 54k, BhA I
FSEAGORE AT LR R RIE T & 2 R 4 R 48, H
TP T (T Y, R S AR ) L
RSN
3.2 HEFEITHA

VBB R I AR 4 R S R R R A
By, I AR B B AL 1 B 28 P RS
[y, (BT 38 5 F R 10 A B S 5 — BP9 R
Do BUEERR T L P 2445 540, WEoT s ksl i
Se kIR 7R 7 Y m R UG BRI S AR
ORS8RI s K2 5 B T D B A T
FE I AE, BATDOE WL %) 75 S R RN
T DU S A e 3 7 ST TR (FLTESF,
2001), FERFFUERE AL T AT AR 1 4
MT RSG5 WFI0 3B o) 7 | ] AR AT BE b
L, ARG SIS TS IS4, HHoiXes
SHRE S 75 E SR MR 5, e A AR B
SR AT — AR EH AR, A B A R R R
RATR PSR o BHAS 75 T IS FRAT I R T 4 b ) iR
TEE R BN B R MOIZE S &
TR P AR I DL RT3 75 2415 T IR R
A5 BRATT T A M TR R I R BN AR 5 AL

Brep rfEH .
33 FESHFRAEETR

(ATRLIE S ) (Ralph K. Potter et al, 1947) —
PRI T A LA 3 — AR A T S il 9 i
FEEAREVE IO OPE G R, A, 5 T
BT T 1 & F R — AN BT DOE
WA IR T — AR B CRIRPE, 90, 1986),
BT AR BT RR, O T s F A i 1
DA S A B R 247 TARKIIR R, 2T
SHE R ERORE R B T AR . (R,
B B BT T4 R 2 R A B S B PR 4
6T —2, BRI 2R B IR TR KA
b, LA B R

IRAERE T o 2 S FIAE 122, 1 5 22 2% LA
U H . BT AR, TS E e A e 2
BHOAE X SRR, B, 85 ki
B R IL T 2R g, 78 B R AE R R i v vk
AN B A T SRR ) R, B L
LR TSRS SR R AT
VB S0 4 ) V1 s R Bt e g ST T T
J& T — AR, R S5 AR A A TR AR i 5 R
(5 ST o U R RE R A T, R 3=
PR, WA KSR, XFE T L
AN ) 22 R U K
34 PELEERFERIPIR

DT 308 U 7 ) P AR T — HR IR
AT B A, Sl [ 5K AR B2 R A ) 2 AT
HSCRE, SRR SR T —AN il ) \AMER Bt
800 A [1JLE-1F 18 1 W o £ e, JF XX 800 A
(R 5 HEAT T P 29T T 9T B SR U T 1)
PR, IR SRS BRI ELS) S TT R
TRPET S B B A 245, AR5 R IX He 24
AT PUTE M T AT R S SR, i, AR
W8 B )T B FE AR TR 2E AR B IR R s S
W, %)) L el A7 i B 1300 55 2 A TT AR T i/
(1) 26 0] 55 o AR X SESEA R P, BRATT eI (1 A
A B A N P T T T U R X
T U R A A - (Kong jiangping,
1998, 2004 ) , 3X LEAFF 5T 2 B Ay I8 55 Sk AR RIS
(12305 8BS e Hepil
3.5 ETFIFRMESHBRHFR
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DB A R TE T, R AR & A2 AR
BRI o AT T PN R0 4 RO 2 B R
W E IR S5 JUAN P52 S HOEATI ST, I
19 T AR 1 R - AR, B AR 5B TR 3,
XDV AR IR R F B 1R AR BRAE 5 R R R
(7R AR BRI o IIXAN AR B K% LR R 2 7Y
IR, AT 1IAE T RefE RAENPIRAE 5 11
108, GEATUTIYE L RS RIA 2 = PO A 5ok T
GG T R A A

H AT AT T AL T — AN TR A 5 1 DO
A 1S A B B PR T AN R S
R, WHEEE R AR HOC. AN RUETE .
[F) 25 RAE IR 5 A T B A5 T WIS 5 A
5 (BGG). MIXLE(F 5] DIFRHCH ISR,
Koo PRl TR BERE . 1 T A N A
AME FE R R SR PR
BT Y TS PR T B A V2 A, RIS
(s ps A/ =, AT A % )
KFR. Hoh, EaTLUfiE, 765 IEARE RS,
IR FHAN ] B SCAR 1 13 18 XU LA B 1 I
FYI KRR NIFIRAE S ARG KRG, e E S
T PRV 0 R B A A S B N T
3.6 PUELEEZERT S

W25 (1) 7R 2E T SRR VR 2 07 T, 2 4B )
AT 32 B T 1) 0 0 BRI o 7E AR B2 AL 4
B R, FRADOBGE « JiE . BB SHEM T
Z YR T (Kong Jiangping, 1999, 2000; FL
IL°F, 2001b). BFFTA R, ANFIE 5 IR &
R A RO ZE 5, XU T IR R 7R O T R
TE, W] TAERE SR A SR R A
FAl,

Hr, FOTEEMH KAY (12 48835047
Bk, T DOGE SIS 800 AR FFEA . IX T
BIF 0 3 2 P 2 e A % BRI ) T U
TS R N IEA P A B S RO 1, 2 4
B SHOE = A IREX SR, A8
LR ST ARIE DU P A AR R 5 A AR

4 ZIHEFTEFR
2 TUATE T AT R R A AN R R
S AU (R S AT (RIS RN 1D

i & V8 7R I R 2EEST . 2D JEE R R TR 1
58 3) EEIRPEIIY . 4) FRE ST, 5)
I TE (3524090 6) WA K AT LA T
A2 —F AT 06 2 TeAiE & 2 W IR 2
(1) S B o A5 AR VE S AT TN B Va s Bk AT —
LEPRIT
4.1 AEEFERFBE%ETNR

THI 7] 8 55 27 1 35 24 9T 2 0 7 S L b 7
WY, XPROE POETT 5 A RGE 5 S
HEATHFIE R TR FERE o B T DUEE S 2 B
FEAh, H AT BATIELEREAT (10— DU 02 & 38 75
W 29T o WERFEEE R R, TR
T 5% Py 3 A U B RO 7 I )
M

AW & 15 A FG: aQnEHE . e
(LS, 20060, 7 ERE . TR
B SR INEE . TTARE . BriE . BEiE.
foAETE K. BRI GRS, 2006). {21
Vo AEEE. IRERE . XA 4 A A
WAL RE, MEESRAR2Z A R,
i, PR AR S, RS AT B IR0
IOGZR, FHE RIS BE S BB HANI TR R,
W4T EF P AME 5 o A & T8 BRE T E RAL A B0
AR, A A A 2 B RE R B 5L BRI
e XL A, A AERHME . HTH
G A A T A ARG R, [FI R AR
IS A AT, B, &8 A RS
BHALE DR E 75 I A AR S LR R B MBS
BRI — AN T .
4.2 FRIEFEREIERFA

[y S 2 R AN ARG S AT 2 1A
(10 T R SRR, 455 g S8 SCHR R WRL RIS ()1
5 M7 R, X RS b A AL TR
ot 5 AR I . R, SRR TE S 22 0 A
KA R 1 S0 E T 2E I R T & S — A
AeHEEE T FLITF, 20060, FEIXANTT 1]
by FRATT BT R TR 0L P R YR 1 2
Wt .
AL DURTE R AN EEMES, W RE—
AMER N A2 R A I IRBE 5 - E
HOES ST, KARNLT A oo-ttkad. WK
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FRE BN NG PRI A e 2 2« BATTIR A
WS T — 2S5 PR 2R E, AT R, 1
ZREARERESUEAZIE, KATE 80 M2k 74,
AFEWT R EEIARAG . MSLHRIE R, IRZAE =i
BEARBR IS, FLFaRE ik . PRI, i
ZoI0 R 7E RIS YR UG 25 A AR B O, IX UL 5
TP 54k, WA SR
AN NFNFE T, RS B AT 225,
T H AN AR () 340, 3R v g a2 A AT 75 5
FELEREIE B0 R L (R0 R Bk o 3 ) LA

A



T SR IT R S 2007

JETE T (KIE FOBOR B SZ 2 AL, W28 AE A P A
T T EIAREAF T

5 45k

H B AR T 35 2 WF T AR B 5 A e R
FEATE S MR SR O ET T 80 LR
i, BEERARIBES FBFIT RN, B2
B RERF ST 7 W P 2Bk S X, BIFFLRY
AU 7E AT o FEIX R R BATH 5 ZE I
BIR b 5V ERBESOR S Lo i 3 2 i 2 R
BT DR A S E X R e A e s A+
FIT BRI & 2 (R SRR, TS B
TE S R P (TS

“UEHZRARIT RMAERER R, 16
T S SINPN S NE P L) TR iIE
REIRS IO 00T R SR k. T, S
TEASTIFFL I 5 J L S W Y T k2 o i 5 2 4R
TSR o BARVFZ AR R 2R 2 3 A AT
WS LA, AR H AR . 55
S RIS N % B E 7E BT I 3 IAS BRI A
K NFERAET T . B, AT “EE2Hs
BRI R RS0 J7 R BRI 8 4R s
S ARG o BRI/ AR MR 2 1) 2 RN
W L e ARG 2, (HOR YIS N AL I, XA
T2 R R T .

“ 2 TEAAE H SIS S MBI SU0 G RRIT 5
AFUER LSRR A5 2 BT 90 2 I P
I BRI R VR 2 UK+ f B 5 2
(RIBFST. o1, WG )3 (RS TSR & B S 0T
G« IR 75 5 o K0TS S R R 3 (T
BT, REES 02 CIFOE 5 w5y, HiF
LA, HERIRE, KRNI LB E
WAL TSR, M, RIS ELEE T,
e S0 B B 5 2 R 2 R BRI 5 4580 43
[ 5 2 F R

=BG

[1FLILF, 2001, (BiBFHARFY, RERKZH R
[21FLITF, 2006, BUACES 2201505 1 i 52, (b
WORZSD), P ARER, £43%, H2, b
IR AL

[BIFLILY, 2007, brR#Esoer BB m2za e, -t

R AR TR SR CPIRO

[0k Z BRI LV, O e N i 75 I i 75 27 )
B, CRIEESC), 2006 55 6 1], F55EN451H
(51282, 2007, Wk ) L3 1 5 AR AF 9T, bR
WA

(61X, 1924, (PUMHSLEGSRD, MRS HiA:
(71— L, 2007, [GHRS) mi JE i SE R, 45t
TP EE AR BOR R (T RO

[8TFL & dh, FLILSF, 2006, T ZREFRAR 15 & 13
g B=AT9E, GESHRAY, BT, RSEnIiE
ONER K, LI, SEPRH, 2007, MFSIETERAE S
TR 7O LRI, 55 B T R A RS OB SR (R
O

[V BeAd, Rokbt, 1963, (W@ ihR&FEE), s
AL

(101555 5%, £, 1986, (I IE 7 1515 KM,
b, ELARE AL

[11]G. Fant, H. Fujisaki, J. Cao, Y. Xu, 2004, From
[12]Traditional Phonology to Modern Speech Processing,
W 5 S ATy, A SO SRS AR
[13]Kong Jiangping, 1998, Egg Model of Diatones in
Mandarin, Proceedings of 5th International Conference on
Spoken Language Processing. Tu5SP16, Sydney, Austrlia.
[14]Kong Jiangping, 1999, Correlation and Classification
Study on EGG Parameters of Mongolian, Proceedings of
4th National Conference on Modern Phonetics, Jiancheng
Publishing House.

[15]Kong Jiangping, 2001a, Study on Dynamic Glottis
through High-Speed Digital Imaging, PhD. Dissertation at
the Department of Electronic Engineering, City University
of Hong Kong

[16]Kong Jiangping, 2004, “Phonation Patterns of Tone and
Diatone in Mandarin”, From Traditional Phonology to
Modern Speech Processing, edited by G. Fant, H. Fujisaki,
J. Cao, Y. Xu

[17]Kong Jiangping, Shen Mixia, Chen Jiayuou and
Caodao Bater, 2000, Correlation and Classification Study
on EGG Parameters of Tibetan, A collected Essays for the
Technology of Man-Machine Speech Communication,
Tsinghua university Publishing House.

[18]Ralph K. Potter, George A. Kopp, Harriet C. Green,
1947, Visible Speech, D.Van Nostrand Company, INC.
New York

[19]William J. Hardcastle, John Laver, 1997, The

Handbook of Phonetic Sciences, Blackwell Publishers



T SR IT R S 2007

PEEFFENHESHR
History and status quo of modern phonetics in China
FLL
Kong Jiangping

WE: P EIGE S AU T LAy = 5e 4
FEALRUR 2 SCR IR 5 R, RIS (DY
Rrog) SR T AL A ) B R, X T
R TR F R TR 200 80 RAFEMIKE,
MBS T R R o A SCRI R v [ 2 11
Dy SEANBLAR g g A4

Abstract: The study of modern phonetics in China
appeared in the early period of last century and the
landmark of modern phonetics in China is the
establishment of the Phonetic and Music Lab of Peking
University. The book ‘Experiment on 4 tones in Mandarin’,
written by Prof. Liu Fu first explained that the fundamental
frequency is the physical foundation of tones, which is an
important contribution of Chinese scholar to the modern
phonetics. After more than 80 years, phonetics in China has
greatly developed. This paper will briefly introduce the
history and status quo of modern phonetics in China.

S PIHETE Sk Bk

Key words: Phonetics in China, history, status quo
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KiE (ZiR) FiRAEFEHR
An Acoustic Study on Tones of the Sandong Shui Language
A%

Wang Feng
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TR AR I T PR A Al s S AT, AER
AR A b, RS T KR TR R G L S
PEAEXCE AT AUG 7 BRI, 45 & AR 234,
AT IR A P R R R . SCREERA A
AR5 LA A 22 54 T BB 34T

Abstract: This paper analyzes the acoustic data on tones of
the Shui language in Sandong, the Guizhou province.
Based on tonal representations among monosyllables and
disyllables, the tonal system of monosyllables and the
reflexes of each tone in both positions of disyllables are
summarized. In connection to the data of duration, the short
duration of the first syllable is thought to be the cause of
simplification of tones in disyllables. Moreover, individual
variation and gender difference have been analyzed.

RBR HAKTE A R G BT R
Keywords: The Sandong Shui; Tone; FO; Duration;
Monosyllable; Disyllable
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R EEIE AR X RERIE B MR E SR
Breathing-Resets in Reading Aloud the Texts of Different Literature Genres
in Mandarin Chinese

BEmm FRE
Tan Jingjing, Li Yonghong

WE:  ARSCHMAE T ERWT AT A DO M 15 B 1
ANTR] SCAACESS P P TR AR R AR A FH UL I FL S R
R A SRR AR I i T R AT BB AN IR SCAA I I 5 22 1
Ak, IS B B ARTESEE T R (I AN G, I
M T NIRRT 34T, RIAE B EAN R SRR, B35
NIIRFIR AT 28 35 B I 22 50, By SCR AR 8 SO
WP 40 0l T LA 1 2 SR 3 G SEERAE AR, W
W oA B ARG 8 35 A DG, PR L R G
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Abstract :

breathing-reset characteristics in reading aloud texts of

This paper is a preliminary study on the

different literature genres in Mandarin Chinese, namely,
Chinese ancient poetry, song lyrics, novel, prose and news.
Breathing signals are recorded by EMG and respiration
sensor. The parameters of duration and amplitude of
breathing-resets are automatically detected. Some
conclusions have been drawn by analyzing the frequency
distribution of the duration and amplitude: 1) The breathing
rhythm varies with the literature genres. There are two
levels of breathing-resets in verse-reading and three in
essay-reading. 2) The duration and amplitude are
highly-correlated across genres. 3) The amplitude is more
useful in indicating the literature genres and the hierarchies
of breathing-resets.

R S EHE B IR E SO

Key words: physiological phonetics, prosody, breathing-

reset, literature genres
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5%, ZHARAF . ARICATSE )R, AL SR =
F S SUORA D i S AU DY EE . way SCHF
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Correlations
duration  amplitnde
Kendallstan b dwation  Conelation Coefficient 1.000 SLIRH
Sig. {2-tailed) . .aoo
N 2108 2108
arplitude  Correlation Coefficient  S17(%*)  1.000
Sig. (2-tailed) 000
Iy) 2108 2108
Spearrnan’s tho  dwation  Conelation Coefficient 1.000 BRI
Sig. (2-tailed) . Jaoa
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amplinde  Correlation Coefficient  6020%+)  1.000
Sig. (2-tailed) 000
Is) 2108 2108

**  Correlation is significant at the 0.01 lewel (2-tailed).
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REFSERFARDIR
A Study on the Voice Property of Chinese Folk Tenors
%R—

Qian Yifan

WE: AU mrg Ao %, R EGG £+
TR IR R SH, a5 IR & S H L
KHR HHILR IR D RIS =& I HET g~g2
I, Bl 98HZ~396Hz FIEEAGE .2 A, AT W]
VAL Ty EEAERS 2 JFRIERETRE &
X T B2 N R A T FRadh, 5 B AR b B
EEs 3D JF R AR A 2 DX TR] I S N 27 SRR “ IR
7 MG 4 ARSNGB e & Xl
AR R, SRR EEE N 5 AR
KB N RIS IR ST i (AR AT W] R K 22 5, )
FIATT AN B ZE R 6) AT s
BOFR AL, BE st i fi b B e
PRI %,

Abstract:
properties. Microphones and EGG signal collectors were used

Chinese classical tenors have special voice

in our experiment to collect the speech and EGG signals of
the a, i and u, the three vowels which were produced by 2
Chinese folk tenors ranging from 98-398 Hz. We extracted
and analyzed pitch and open quotient from EGG signals at
different ranges. The result shows: 1) Open quotient and
speed quotient show regular changes while pitch changes
from low to high and could be divided into 3 ranges; 2) The
open quotient descends smoothly during one range and jumps
high at the beginning of next range; 3) Open quotient varies
depending on different vowels and different singers.

Rl RE RI¥G SeEd

Key words: Voice property, Chinese folk singing,
tenor

0 5%

W R P S T PRI 9 A V5 2 I 9 1) o
Wil —, BB S 2FZ 0 O HAE” itk
G )38 SR SEIF IR SE S0 TE 5 2 L A R A
BRI , R AR SRR 75 AR SR 5T
AN BB 2 Y FLZ A K

S T A0 AR SR O L S IR AR B
=Yy, WAL 1925 4F, XA AL R

28

SETOCTREIRAESIIR A, R BT R IR
JRCAE [F) S5 (A T AT o 5 SR RS 5 ARt 2 D)
IEEAR, B dn s SR i (2 SRR 5 vh A 75 R
W, #E FEER EEAT (FO) X — & 5. 1E
MBS B R ER, BRESE S MWL
AT, AT ZE IR e R AR 2RI,
R IR T e S5iE S A, s S 24t
A~

AR SCIIT ST B ISR B s X — 1 D)
N TR S 40T T RME S & W S R
KFo LA FX MR FR D, FEA LI
S (1995), fLILF (1997d), Chen Jiangyou%s
(1998), B4 (1999) FIFLITF (2001),
Lo A AR M 12 ALY (2001 ) XI5 Al
WOR RIS o 1% FZER HEGGTE 5, M
SR TR AT R G AR o S IR ERA SCAH
KL FEA: D 5P IF RN 55.13%:;
2) FF AN AR R B

BTN G F], AR SIS S 56 /T
WL, A NIRE R 1D R A
AN, ANFLITSF (2001) BIFFEAIREAS S IE 5 5t i
(IR S R A s ANSCFAC IR A R 2 0 2 4F Lkl
SR DR 55 e i BRSO PR S AR 2) i
X . A SE AR B AN R, an LY (2001) HIRFST,
TR A0 1 T TS, 3 I s A i
WA VG 2 N, 5375 R AR e 7
129.46Hz~196.13Hz2 [A], ¥5/% 466.67Hz; B
A= 45 (1999) FBIF 5T 53 5 BEARE [ 71 156 Hz ~
278Hz 2 [f], B5S% }122Hz; 1A SIS T
SRR TR 55 v B 2RI 5 R, & U I
(YO SR, HEAE F /£ 98.49H2~387.76Hz L
), 5 0289.27Hz.
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11 s
G REARLE AL R SRR R, AR
FEANTEET 18dB. AF et =2 AT . o
R, FEIIEBUES (EGG) RE&EH, WMEG,
Powerlab JLFIGHLAY, sk AR —F,
EEHE AR —F.
1.2 FE RS
Sk M Powerlab UL FE i H ASCTC 42 4K F
%y ¥ Powerlab Chart5 for
Windows, &7 = Cakewalk Pro Audio 9.03,
JE IS HERIUE - T MATLAB #1655 5K
BE TP 5, DU E KAY AF 1) “2 1)
AE1E & 0 M 2 4 ( KAY-Multi-Speech  Model
37007, EEAF I R GE “ L AT THBT T
B AF (Real-time EGG Analysis Program)”
13 R&EA
REN—:

ADInstruments

FKE, 5,
AR, R T AR

RENT: xlgy, Y, 25 %, btk
BRI, A 2] Bk 11 4
14 SERTTE

A ] e B A o IR AR A
Hrp, 5Bl REL A 7 S B2 E
Ty B T IHE R AL HH SRS B IR E
Wk 1. 55 RESECN 16bit, 20k,

ST 6 IR A2 e AU R B R S N
15cm 4 WA e ARk o SEG I R 5 AAR
P & m AR IRRHE S E NN g BN
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P78 NS T0H Al SR 2 2s 11 50 AN XGH
EfET.

S JE R SR ARG T R e B 30~
40 AN, AR47 N PCM 1511 WAV #:, i
SEIF AT BRGT BT A, $RBCGE IS (FO). JF
Fi (Open Quotient, OQ) FI#H R (Speed
Quotient, SQ) B Z4( .,

28 %, JsldbstK
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phase);
C 2R TH<0 B, RIJFH (Open
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E & PIAH S, AR i R ek, R
I TIEAEFT I Bk, BIJFJEAH (Opening phase) .

FF i (Open Quotient) =F4H/F1Hx100%:;

HEE R (Speed Quotient) =TT 3 #H/5¢ 1A
x100% .,
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Rules for the auto-transformation of Tibetan text to IPA
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Abstract: Modern Tibetan orthography and the sound rules
relating between written text and Tibetan dialects were
analyzed to develop rules for the transformation of Tibetan
text to IPA for linguistics, phonology and engineering
phonetics analyses. The transformation separates the
Tibetan single syllable words into initial and final parts and
then uses an automatic IPA transformation from the Tibetan
text to the speech sounds of the dialects. A corpus of
thirteen Tibetan dialects has been automatically developed.
The transformation system provides a convenient tool for
Tibetan dialect study an language teaching, for establishing
original speech materials, for improving Standard Tibetan
tongue an for engineering phonetics study.
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B ARG AN B A E
(1) R SHLRE T YU AT 5 30K 307 M
AR TSI T A i AL B AL BE,
AR ORY R 5 3CAE
(2) JidiE T ST WS HeAR I TR
JHEEHN TR,
(3) AESCTANE S IbRE L, 324t 816
ANFFSS, AT TN G 0 B A BLAT U
(4) Dy (M AR AR AT ARG YU 15 A
(K TREUR T, St 75 e L fe.
(5) DB bR e AOHIE « HET MM IS8
PR IRTE SR

— A T RE S A ) 58 O T A
JE, 3 B AT T A A, RS
ZINTTE R J3 T, R T E R AT
FREEOIAT, RERORIE T T S SR
WHSURTE J5 5 R AN A B 22 57, AF I R &
¥, WES, BE TSRS

SR

(IR SR, HER T SMie M . dbat: )’
WAL, 2002

(20 4. infarak M), dbnt: AR ARA:, 1983
(B3] Tkik. tHENLE AP ATERT ], CRiE
et 515 BHAR)Y, 1997, 3: 26-27

(4] AZ3. P #ob M) Jbat: RO H A, 1982
(5IMIH. s (P d) M= RpFsT [J]. REE S,
1980, 3: 22: 36

(61w FLil, JLYT . JiEh B 6 ou s R K A
H5EWEMERI]. REE, 1991, 2: 12: 21
(7184 L. BB 5 IR R AR T]. Rk
B, 1994, 3: 1: 9

[BIFLYL . kil (Fugil) AR T]. RkE
3, 1995, 3: 56-64
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HEFRTRSEAFHXRNTHAR
Correlations between Respiration Rhythm and Intonation Group in Korean:
A Preliminary Study

FARAE
Yoon Kiduk

PR ASCLOY ST W T 28 1 2 SR L LA Sl
SR SC RN H . SEs AL FL i ORI Ay
A SRR S ) L ed 3 T T o R A S A 17 B0 52 ) R B 3 XL
RAERE, SRS IR B 0 A WL IR 5 2 R0 35 e R 5%
Fo AAFEN T RIEHLAEE R . 1) KPR TTR N T
VB S o RIS 222 N AN T T8 P9 2 (R T 6 4 17
Yo 20 LPGERWTFTE AN, w8 8 3 0 I 78
R TR A S o 3) S TR A P A
[y 0P W 5 4 B, 4 O IR F B C respiration
declination) FIITIK FFt+ (respiration uphilling) 4) IFK
BERE B3 EE R A B s
Yo WP AR . S KB R S WL 5 AR e
X, KT (owrise) FFES (fallrise) [RIFIANHALS]
AL IR PR T A o K T R A S T v A e 2 S PR 1 2%
TR WIS 1 28 A I SO R B, AMER W] TR
DOE RTINS (1 5 SCHH EEIEA_E (1
WK B AARAHAL, 10 HAR s e 45 28 5 15 R &2
FIES

Abstract: The main goal of this preliminary study is 1) the
observation of the physiological realization of the
respiration thythm of Korean news reading corpus, and 2)
the verification of the traditional presupposition that has
been identified the respiration group with the intonation
group. The experiment used news reading corpus for
question 1) and a simple sentence for question 2) recorded
with 5 types of nuclear tones which is usually spoken in the
intonation group boundary. The result shows that Korean
respiration rhythm is considerably identified with the break
of speech, also characterized by the respiration declination
and the respiration uphilling, which seem to be universal
for other languages. Contrary to the traditional supposition,
intonation groups are not identified with respiration groups.
Except for some with lowrise and fallrise nuclear tones, the
other nuclear tone types don’t recharge respiration at the
intonation boundary. These results imply the complexness
of respiration rhythm in human speech, especially related to
intonation and pitch control.

R  WPIRCTZE, WP, PR BT, TR SCRE,
WEERE, FAGTN, TLSVEM, R

Key words: respiration rhythm, respiration declination,

40

respiration uphilling, intonation group, intonation boundary,
pitch control

051F

BIHATA I, R TE P B SEIGTE & AT,
TSR TEAE T I RES, BRI S
ek ERfE BRIEATI, CARMA DT
B R, FUERAKEE S R BT A I
i S F AN /D B RIFN ) 8. SR, 4 Tt — 2P
VAT FTIRATT T B 57— AN BRI RE 8 1) B ¥ e
55 o — MU 2 WFIRAE S IRIFFE Cl 5 5
FLYLF (2006)).

WPIR I v 7 AR IR o D IR RO TR
FEA 1 B2, 1K AN REE ARG 2 15 A AT
BRUAE A 7T, W] AT IR A SR AT 5T AN
R

FEGCE RIS H, Liberman(1967) 1 24
TR R AR, S DL AN it D T T &5
R EEAC A, T Ho AN iR RIS
T (Declination)” F1 ‘Downstep” [ E 4
PR PR o XA FE G T 3l () A I B AR R
FEUMERE, 32 2R 2 R pE & e, &
SRR — /N TCEE TR » S5 B A ST 1 IR
XTGP IR 4 0 AR 1) [) — M« i
W N EAE G S, WS B R S S IR
fiE, DRI AEAR 22 J7 1T EG A5 2 0 9 o R VB AT 5T
JHEN T AR, v, BARLERT T I
iAW 15 I = o SNl T e S Sl e
WS AT SR IR SE B T ST T o DG Tl i IR Y
7 B 5 22 AN T A2 T AR S A 0 5 RV A
R — MRS

XSG 2 2 H 3z H H i FASCORT
WG ity A T T s R 0 B e 5 T D) R RSS2
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VORE, GEERITIR T2 55 T 2 I G R . X
J2 LUJG DUER P AN VB 5 V8 A IR0 EE B 9T i — A
A

0.1 BB E R4 M N
HEETE TS S 2 A AN
e VLR AN TE I T . Lee(1990) M H 9%

BN 3 ORI e 15 557 (il O°Connor, J.D.

and Arnold, GF.(1973), Intonation of Colloquial
English, 2™ edn. London: Longmans.)ic.i& T 5
TR EH o Lee(1990)45 Hi ¥ tE (M5 R HEA 147 9
MZEY (nuclear tone) IGF-(low level). H1°F
(mid level). iK% (low fall). TB#(rise fall). 15T+
(low rise)~ f&5-F-(high level). &% (high fall). 4=
FH(full rise)s [T (fall rise). A Hwhifa+ L
— AL EEJARE (intonation group) KA1,
M A#E (intonation group) HLA—/NPA LAY
ZZHAL (rhythm unit). S8 I RFIE LA X
LEE A AT R S IR A% TR TR R
HEERIUT .

a. BB

—/AMEJIHE (intonation group) 41 AEEAN1)
THE W . TE R A DL R A
(thythm unit), Hi5 EATLIH 4 MZIHZ —,
IR i T 23 B e J T R BB R RIA S, 9
ANZA TR AT LI A A BEANTE I R

b. HAJiE

AP TR e AR R LA AN LA E TR
WTERALR, wiud BRI 1 + B EEE 2 &
(R ZE ) o BN TE R TE LY 22 507 2H B T R P
FIRTE R G5 AL TR TR PRI ARG, B
TS VERE, BT )R R4 9
MR 5 AW, s, KT (low
level). K [%(low fall)s H°F-(mid level). {&Ft(low
rise) Al % Tt (fall rise). i, fKF-(low level) %
B TS P E A S E s, K
(low fall)F1H-F(mid level)t f 35 36 % ki bl &
IS . (KTt (low rise) M T (fall rise) == H
AR 1) A NIRRT S S D) b W A A (1)

MNT—AERE, Bt 80 FARLIKIEE
S RFE B AR LA R ToBI MK E,

41

Kang(1992), Kwak(1992), Jun(1993), Chung(1995)
i H ToBI WFFTEREAE W FIRHIE . BLARIF U
Z AT HENZESR, K-ToBI(#EE R IC
&) e SRR R R R AL AT R
(Accentual Phrase) 55 % i %4 1% (Intonation
Phrase). 7% %1 (Accentual Phrase) /& LA —~LA
) & K E (Phonological word)ZH & [ ¥4,
1 i 4 v (Intonation Phrase) A& PA—ANCL _F [
% F v (Accentual Phrase)Z s ff) Ffy . e 2 RF
NVE R 4575 (Intonation Phrase) i 5 HUBL 6 4>
A G IFA BT Z R A, 0
R g B A, W L%, H%. LH%. HL%
A LHL%. HLH%. ' LHL%. HLH%:2 thAL
SARMANE I, P AN IEAL A 1 o
AT LU B AUV SE B LR AR
AREARRL, R U ZE AT (thythm unit) AH
M F % f§ 75 (Accentual Phrase) , % i #f

(intonation group) AH 4T i %15 (Intonation
Phrase). X/ KA K-ToBI ZEA & —AMrid &
gt, Hon B gty 5H 3R BRI F, LA
HIEI SR 3 ST L2248 A > BRI AR, it A
FEAR AN TR IE TTIEAS R ST P AR [ o T
Dn ATCEELLS TR T2 Lee(1990) )%
BT

1 LR iHA
11 FHEEHEZREAN

PR s 52 R 0 R R R — R AL, 38T LA
AR Ao 3 A AR, A TER
JUIRGR A Ja % TR SJLA R R A
I, R T RSP A O R, REIE ]
RE B AR OR S o TP R T = EHE 1 R
& R BT IR R R RO R R gy, AN
FIE A

ARSI AL ST, BT T R R %
i NTEE A EOT THA FR o X2 DUS 9T
TN 47 o

12 FHEIESATTE
S TAREIE RO SCR N b & = 21T
3% 2 Powerlab 23 ] IR JULHA it A
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MLT1132 WP A5 AR s o 535 a0 BT 3 A A
Powerlab A ] [#) Chart 5, 2RJa kT & & aHia
H praat 4.
2 ERFEREE

AU ST R 25 T LUy i ANy, — N2
FH] Powerlab /A %] Chart 5 #KAE) 44T 45 Bt
5 T T P B3 R AT MR PR I 1 28 AT A4
FERISIURR (RREAE, 5 Ah— AN i i B At B ) 42
T3z ] praat FRAFHR 2 v D e AR T 22 1) B
L3

2.1 BHiE B TE R PR 1T 22 3 A AR AE

AN e FE SR LI (20060
(V7008 B 1 B S e R I YT 2R E AT & SR LA
SKHEAT » S L T B e R K P Y 22 B AR AE
FEAR b SRR AT SR R o AR5 32 B DA
(TR b A LA AN IR R R IR T2 18

b1 o o i

o D M M —

_ jﬂ\f\ \

\“’f\\-m'{ x"\._)r\‘\\_dlk qﬂ\/‘ﬂ.k_\ Jl\—u f\n\ }L\\J'\ \J\‘\x_\__’

Vol 1 s o B S R 22

i chart5 SREX 3 1@IE(E 5, 2 1 @2 iE
TR T, 5 2 RS SUE S, 5 3 2R E S .
KA E kA 5 RS T, e 25 2 T
WA, IR BT A EAER B G FR o

A FLIESE (2006) 1) ERFIT 45 B2
wrr.

o SYRRIRANRTG, RIFION T H AR
B, BRI T A, NIRRT
Gy AR Y .
R S WO LAY/ SR T (BRI N
—EA PR E . P A R AN
X,
Wb T AR E P s, Hohe ik
Bl KAE 7 XA —FE, BEHIIPI T 22

S WLTE i (R 2L A B o

IR 445 Ay S AN SRR A= LA,

AR A PRI R IR IR W 454 o

AN YR 20 A BE 8 T DX LEAE T BT 9T 45

KHB oy W] LAAE T b i AP 1 2800 T . (HAE,
BTG T2 v R A LR LA S 1
AR, RIS I DL RVR S R BT 5
CXR W LU )5 w7 23— 21 FI PR 5 22 (1L
R ol 6 b B DL T T R BERIFS )
TG B BRI IR Y 28 DO AN R )
Jizk, 5 DR RN 28 5 3 RN, 6
VB PR PR Y 2 REAS L IR B (1 3 A
A2 B 1 IR AC 5 R R MR %
AR B TEAT X X . o T AR IR Y Z2 3 T
R 2 7 T RE R TN S A G R I 22 57 AR
W] B R AVR S R I ZE 5 A, T RE S
F AN RESERMER . 2IH ATk, &
BEATIE L IO LRI, 48R0 ik ok 8 IE A 1) it
B, LG HE—D 06 A e il Re . ml,
RSP NG E, WX LERPIR 2R
B A T A b 5 i 20 95 A1 5 R A 4
ZE 5, Bl TEBT I BT PR P B B A i
ISR, RO LD RS HIRE T

2.2 PRI R (respiration declination)
ARSI VBB A UL R A [] IR I BT Y A
G AP A IS, FERCT

(respiration declination).

| | R | O

2 SV B SR IR S 22 S R AE

212k 45 /WL {0l (respiration declination).
HEAE TR RIPIRE, iR WEamEk
105 R AL LRI S R R PRI ) 22
IR HLE E KB PERB R o IEAEREAT 23 ST 1)
TAE. B HF A LA R k77 R 5 42K
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AL I 1k 1) IS AP PR 86 JBR S SR MR AT e 3K
FERTHEAFIL 2 B L Ip A Ak s . / (S
&)

FATE e B SCI A 2 F 18 W IR i
(respiration declination ) i X #f ( semantic
group) MIXFR. K 2 HENA FAEF H 2L
INBREAN R IFIRRE ()3 F o — N KPR LA AN
[Fi) 25 0% PR PR LA i BRI S ABUOR B A 18
ANKIFIREERL ) 22k, ek P a KAE,
NS ME, RPN H S . SR
&, TP BTk 7 2R R REIRRE (B
7 AMBEFE ORI, i ELAH 2 AERf T
HREANE AT (semantic group).

PR 15 22 1R A LA i L T I B 13 1) ) 9
ko — B AT A I BLLAN 87 5 0 ) A i
A B AU S A — AN . 4
AR, —AMEEREICK A1 BT REAAAE A B
B SR, T R ] B AR D LI R
WU B ) o FRATTAE S0 HLAb m) DL 215675 8
Ve L AR O — A o SR P AR i T K R B AR
b, FELL UM B A) e N R A 4. B
2 WO HE kil T 2B T AL, R
M) AN I T SCREZL S, R LA R B
PR RSN SR IR B A, 2 ORI T {6
i £ 4 5 M P B X IR AT 5 T A £ 1V H
(1), e fs B R e AL IA, ki sy &
B FEZ AL L AE B
HE 2 5 VLB HE) B 5 24 PR WP 5 22 A0 T e i 2
AR, Eohn, BOC BT R I RE 4
FIRICK S A AT LA 2, &5 H P b7

(respiration uphilling) H %,

2.3 PpIE BTt (respiration uphilling)
ARSI SR JH B WP RA 5 b BRR e S B K
PR REE MG TR B 3 o b
Jt (respiration uphilling) Fl % . X &N
A BT, ol e ME -T2 BT

43

-&mhbﬂmwmmmukhhmmﬂw

PRk S
j. -._\j' W\-H_q_‘_/\‘- ¥ | Y

K 3 0PI Tt (respiration uphilling) L%

SRR N AR JF BB gos
TANERE R T2 1T S0 /RS
MW 5 ¥aYT . B TRE . IR B
BRI A A4S, [Hoz A SURIE .

K B H) KB I, oAkt
NG IX B BRI BT S AR e Fil
IR R 1L R R o IX AR ) T 21 ) ) - ERAR G
NEA AR L, AR IR . IR
A7 BB ER 2] 10, LRI ) R LA ) 1
(T 2208, 21 5 T R AN S T A
VRS I BE R, 1% )1 IR R PR 22 1)
PATIIN S 41

OF Bl e pls BT 40 BB R IER 2
LTI EW SE RS2 ST AR
TR IR AR SRR DA S, s
PURARFETTE

s b, )L g e, F/—a) 1
WPIRAS 5 AN IR TG, SAr L1
I P 77 IR TR, O HAEAN A1 R
TR AR P R . BriL, —fekidh, A
TRE R I S PRI CAC R 1) 1K I A B i it
W b Tt (respiration uphilling) 1) 3= J5i Al

{H2, IXIFABE YT AT IR L TS A2 PR 1
IR, A BR T R TR 20 JLAN RIS
B TR R A AN 1 XS R 224K, 118 NPT g
iz H S S 28 AW T 28 B BRI R T A8 0 il
IR 5 28 Ok R 1 I S AT 75 2 22 T T AR 0 —

AT

2.4 FERBEE = A X IRIR TR R
Lee(1990)%F PP HE MR an T o At Je il
YRR PR BT, T SR BT . Heh)
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W, AU M TS A R E IR
W, AELBETUAS PR 1 I SRR ) 1 AN iy
SCATWPIR R, IXHT RSO AL S X
IR B M, 2 A2 ) BRI S
gﬁo

X TR ST R R BRI
(RIfe, i 2 H i 1R AE M SR 2
BE, AR TP ZE AR O R,
o ANIFSIRADREE P itie . T ETE R
(5 S, Sz A praat BT TE S AW 1K)

IHELFER TSI AT ISR .

FFol wj97] oA, dolt obF Ak
Cop SRR, FERIRA S

I T2

Bl o1& X, 2= Ot &t

=20
(2% 5] o AR, ) (B HRES. )

X A a7 R 5 40 52 ) A B Y R 2 ik,
& TEEE 1B 27 M. 1 Re
S Eh TR A A X, A A 1
P 5 Az KPR (ow level)
S B ASEA 1E f v J EH ( 2Y, ada
ARSI 56 PR BT T B v kA ] DARA DA 3 0
TS b A R T o v e o ) R A 5 vy
B L IR Y 22 1K) O 2R 5 e U T A oA
ren 8 Ok 1 [FIAE () 2 A IR IR Y 2 b AR A A
FEAZAL o

IS AN E R 5 AN R AR R R
RESENEIP

B T T

K 4 %P (low level)

44

W

A

5L (low fall)

L""“h/\\' _A\’\ lLJ\_ ‘q\_/\'\l‘! "

) T T e |

K% 6) F i (mid level)

B 7) KT (low rise)

hNJ\\ m‘\\ "0 8 L‘r/\m <

K& 8) [&TH (fallrise)

FE R L LR TE R 1 AL, A
()3 v M2 Bh TR ERRE 1 s 0 Ak
Lo FIEBMTERMZEE 7. 8 PSS
WP 225, 3R 4. 5. 6 RoRiBERREZ 1]
Kl 5t Fis AR Qow leveD . K& (low
fall) Pl (mid level) MG, #ANA)7H
B T s R P DA AT AT A P 7 S A
H A TE PR, B — /NP o (H 2 18 KTt
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P (low rise) FIFETFIH (fallrise) [F) 11 s
I 7R, REANTE TR A X N ) I PRLAYT
T 6 SR I B BB T A S CART B A A
— SE R TR LA, FR I 2 M S A
ARG 2R o T I X IR S50 A5 380 PR 45N 0 TR 5
A PR 22 1 DG R T LA PRGN R o

W e | BERE M YIEE | PR
% T (low level) | 1ExCi%1E G
KR (low fall) | K% G
Foo i ¢ mid ¥
level)

KT (lowrise) | A1, 3£V H
FETHM (fallrise) H

EAR FTHFE R Lee(1990){EIEVR#E 5 AN
re B ) T R 5 T, o T IR DAAR A R 2L 1
I3 RA BB, AFE BRATTZE R A2 B )
1iff 52 00 I TR 1) R I o AN ] PR i AR AN [ 1)
T TSI RS AN [ (1) 5 VA AN ] R Ry
ZLRD . X CUS B Bt — B 1)
I8
3 SR

WIS ARSI AR LA W R

1) KIPIR G 5 8 X (semantic group)Z.
(A — X —FR . A 705 B H SR HAE A,
SR BEAN U T A A (N JN S5 R AR R A T Y
(PIRFIR T 22

2) HPOERIIEE RAE, ST A B
RS Qe v S E B I o Bz L1 A\ w2 R 1 OB L

30 SRS TR AR AT PR AN HE LR W 5 AL AR
%4 AW R 5T (respiration declination) F1FEHY
JF (respiration uphilling)

4) 5 fRIEVEAE, i S PR
HEA—2 AR S B mii s e e
PR (1) AP o 5 P O TR AR L 50 LI 5 M A%
KAk,  A&FE (lowrise) FIFEF+ (fallrise) 7
PR 2 5 | IR ) T o X RS R 0 T e A
K MR 2=

R B R R X LU PR T 22 R IR B, T

45

FERT DG TE R T $2 Hh ) WP L (1
SCHTEE, SR IR IR 1 2 AR RO S22 AN K
TR AT IR P R PR A o N A P R 2
SRYLTE 5 AT 5 2R AR 22 X 70t
K.

17 H. AN TE WA BT P 2R A R PR 5 2R
DGR BATIER . BATEE AR, ki
PR IR TR A 2 RZR K R AR X AT JATT
LUJ5 (RIBIF 5T B0t 20 Ml 1) ) LT A o

22 30k
WL, LIP3 RO SR, 4L

[ 1]V e,
Hh R 3 2 AR R 2 T L B iR 4, 2006
[2]0’Connor, J.D. and Arnold, GF. 1973. Intonation of
Colloquial English, 2™ edn. London: Longmans.
[3]Liberman,P. 1967. Intonation, Perception,
Language. MIT Press, Cambridge, Massachusetts.
[4]Seib Nooteboom. The prosody of speech: Melody and
Rhythm. Handbook of Phonetic Sciences. Edited by
Hardcastle Blackwell Publishers Ltd,
1997,1999.

[5]Jun, Sun-Ah. 1993. The Phonetics and Phonology of
Korean Prosody. Ph.D. dissertation, The Ohio State
University.

[6]Myung-Sook Jung. 2002. The Teaching Method of
Korean Intonation by Basic Pattern. Journal of Korean
language Education 13-1:225~241.

[6]Lee, H.Y. 1990. The Structure of Korean Prosody, Seoul:
Hanshin Publishing Co.(in Korean)

[7]Lee, H.Y. 1997. Korean Prosody. Laboratory of
Korea.(in Korean)
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and Laver,
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AA ‘B hiEE

MREERAE

FHER

A Pilot Study of Acoustic and EGG signals of Singing Voice of Japanese Noh
+ 3 >
& KA

Ikuyo Yoshinaga

RE  ACUIHAREE BRI e 4,
KRB 5 AR, b SO iE S S
‘BE MBS LRI R meﬂ&%ﬂy\ EGG 15 5 rH
S, R ZHE R SH, TR 3 NS K
FRo HHNARETR: D ‘A8 PESIEANNKK
%E%%‘E?X%WJXL*?}H‘J%E;:$Z~; 2) SERIEITA A Y
B, FBR F2. 0 BE ZIEINITE/u/ )
YRR R ILBORIIAAL: 3) ‘B MR AR
%, AHSIEBCPEERY] B MIRAm T SO AR
4) W5 CRe IIIER LESCERIN RIS 5) SCERIN R4S T
B IEFARDG, M ‘B8 NHCRA & IEMKR: 6)
U AEESE S N N P LIRS Rt EP N SER
Abstract: The purpose of this study is to analyze the
singing voice of Noh by comparing with its speaking voice,
and also to reveal the style of expression of traditional
Noh The the
electroglottography(EGG) signals are used for this study.

culture in singing. acoustic and
The results show that 3 typical parts of Noh singing are
different each other. When FO of Noh singing is higher than
that of speech, OQ of Noh singing is lower than that of
speech, and SQ of Noh singing is basically lower than that
of speech. The statistical analysis displays that the tendency
of positive correlations between FO and OQ both in speech
and singing, and the tendency of negative correlations
between SQ and FO, and SQ and OQ both in speech and
singing.

KW felk: Al UG JTR; HER

Key words: Noh, acoustical analysis, FO, OQ, SQ

0515

CHESR'T AR H AR R B I SR I A AR 4
Zifg. 2001 8BTSt AN
L SC AT LR E R .
g %ra¢nwm&wﬂ%%mz%m%
W, A% T IR “BET MR TR R
WK, BAMITHEY. 2T 65 HAEM
WFFORCR, AHDAEXTTI0 A 22 5 T 7R /b

(Ab

PPN
Hb/\ °

1 N s

BESR AR B8 R HEET, BRI
HIERIE Ko

46

T RS SRS 2 i 2 —.

XS ST, AR E N A LR A

s M AR S B R ﬁ&mmﬂﬁﬁo
@k%%%ﬁ EPAETESRIETE, W T
%, HWHUECRIEAZ .

ASCEFERSCRMIES A BE” MBS
[F1) 8 NI 5 i) o AR 0] 3 77 1 PR RIS UAR
¢OT‘%’ﬁ‘EE“mﬁEﬁﬁﬁn¢
R ALPRE , HE S MEVEASCE 2 R TG

o TEVHSRIEVEFN H AL Zen &zm%ﬁwmﬁ
W, T YRR MR EEAT: D JLIREAR
Mﬁﬁh,mE*lEEW%,EEEE&EE
S, 3D HIERMRK, A SR AT
AR . XT RE7. FET MBel Cantolf
VR AN ER 2, RIAANIEVE S SCEiE A (1R
PEEE, Zibdeth: 1D MoE 5 S & (6
HIPE 2 /EBel Canto>IE S HE, i ‘B8 S5
BEMTE S 2 M )56 R LBel Canto’y JE 5 5 ik
Z A R IR o AR T 10, SRHEGG
555, VRS, FFRI AR OCR, MKW
e FEEAE: D EERAE SRR 2)
SR () s FEARFI AR LUAE A 1. 21, JFARAH
KFHA; 3) TR U s s b ™
1 S5
L1 XHFRSTTHRE

AR5 IR 5 % 452 Powerlab AL HE Jiw
I Bl A ADInstruments A+ [f] Powerlab
Chart5 for Windows. AR IKELH KRE T =HES

FolE A G, BB T
(EGG) 55 , FH=1WiE &t MLT1132 WEI 17

F A RAR I WP 5, WB 1 . H Chartb
MR 3 ADMMIEE S 1o

2 courm

RESR AR Ah—Hra B .
PORET 18 AR AR — R,
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m-;
7
-+ T
1 Chart5 R4EM 3 MEE(E S

Fog FEAEHEE Kay A A Real-Time
EGG Analysis Model 5138, praat F1 SPSS 11.0
KHEAT I3 8T o
1.2 K&A

Kei NAg 30 AEACE I 5 T HA BB —
L. JBBE R — A BERRTE R T o M O
PRAE AR MBI CRESRT 194, IR ‘RE’
MARFE .

1.3 SERAEER

HEMR TR EE B R HTE 50 ¥
At TEREECT LR B A
BRI s E MRHAT TR I 5 ST i PR AR TE 2

SEI JE R S YR, GRS
WHLGE, FERPRGRERI AT T hRd . &R
SO R ECH I SR T R R R
(B 518

2. ‘B¢’ MIBEESOT
2.1 EERATK
‘He’ R =ANELURI. R RTITk
oy, GEBEHITAS, BT B JFUR RS
2%, FEARIXANIs BE SR AR L 1 = A B, RIRC A
BT % . FTUAZE B S AR EL R e A 18
VG —FEI/NBE . a2 S SO SN
ZRM . X R MRS AN T 4ih
(B ezt
TN TSR B S AT 3 BT I = I
IEVEIISCR . REMEE A8 =AM P

'R L JLANAIR, Ho 5 ASRRIR, R AU —AN
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Correlations 3(it/a/

FO 0Q SQ
FO Pearson Correlatio| 1 686 .249
Sig. (2-tailed) . .000 .104
N 44 44 44
0Q Pearson Correlatio| .686* 1 -.288
Sig. (2-tailed) .000 . .058
N 44 44 44
SQ Pearson Correlatio| 249 -.288 1
Sig. (2-tailed) .104 .058 .
N 44 44 44

**. Correlation is significant at the 0.01 level (2-tailed).

6 fe/a/ (VIR T i 5 P 7 1 AH G 7 A & 2R

Correlations  Bg/a/

FO 0Q SQ

FO Pearson Correlation 1 772* .141%
Sig. (2-tailed) . .000 .015
N 293 293 293

0oQ Pearson Correlation T772* 1 .186%
Sig. (2-tailed) .000 . .001
N 293 293 293

SQ Pearson Correlation .141* .186* 1
Sig. (2-tailed) 015 .001 .
N 293 293 293

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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AR, HA30.186, (HAAH A 40.001,
/NF0.05.
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Correlations  3CiE/i/

FO 0Q SQ

FO Pearson Correlation 1 .590* -.332*
Sig. (2-tailed) . .000 .028
N 44 44 44

0oQ Pearson Correlation .590* 1 -.902*]
Sig. (2-tailed) .000 . .000
N 44 44 44

SQ Pearson Correlation -.332* -.902* 1
Sig. (2-tailed) .028 .000 .
N 44 44 44

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

R HE//HIFEI ST L P R ) A 2R 2 B 4 2R

Correlations  RE/i/

FO 0Q SQ

FO Pearson Correlation 1 -.121* -.129%
Sig. (2-tailed) . 044 .032
N 278 278 278

0oQ Pearson Correlation -.121* 1 .231%
Sig. (2-tailed) .044 . .000
N 278 278 278

SQ Pearson Correlation -.129* .231* 1
Sig. (2-tailed) .032 .000 .
N 278 278 278

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Correlations  3CiE/u/

FO 00 SQ

FO Pearson Correlation 1 773* -.729%]
Sig. (2-tailed) . .000 .000
N 44 44 44

0oQ Pearson Correlation T73* 1 -.924%
Sig. (2-tailed) .000 . .000
N 44 44 44

SQ Pearson Correlation -.729* -.924* 1
Sig. (2-tailed) .000 .000 .
N 44 44 44

**. Correlation is significant at the 0.01 level (2-tailed).

R0 e/ RIS TT 1 55 1A 1 R DG 73 #r 45 2R

Correlations  BE/u/

FO 00 SQ

FO Pearson Correlation 1 .620* -.848%
Sig. (2-tailed) . .000 .000
N 230 230 230

0oQ Pearson Correlation .620* 1 -.602*]
Sig. (2-tailed) .000 . .000
N 230 230 230

SQ Pearson Correlation -.848* -.602* 1
Sig. (2-tailed) .000 .000 .
N 230 230 230

**. Correlation is significant at the 0.01 level (2-tailed).
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3.2.4 juixlel
U, . o o N
R SO/ IR TT R 5 ML R TR AR G M 4 2R
Correlations  3CiE/e/
FO 0Q SQ
FO Pearson Correlation 1 797* -.007
Sig. (2-tailed) .000 .967
N 44 44 44
0oQ Pearson Correlation 797* 1 -.373%
Sig. (2-tailed) .000 . .013
N 44 44 44
SQ Pearson Correlation -.007 -.373* 1
Sig. (2-tailed) 967 .013 .
N 44 44 44

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

12 fife/ BEDI A T 1 55 5 7 () AH O 43 17 46
Correlations  RE/e/
FO oQ SQ
FO Pearson Correlatio 1 .740* -.7214
Sig. (2-tailed) : .000 .000
N 298 298 298
0Q Pearson Correlatio .740% 1 -.511%
Sig. (2-tailed) .000 . .000
N 298 298 298
SQ Pearson Correlatiol -.721% -.511* 1
Sig. (2-tailed) .000 .000 .
N 298 298 298

**. Correlation is significant at the 0.01 level (2-tailed).

DLRTTAIFR12, SCEAl “RE” #FEAS T 7
ZIAEE WA R, ST RECh
0.797, AEMIN0. 740, & & EAMHG, TP HIEE
T TR A R AR DCOC 2R, SCI A G R 4k
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3.2.5 Ju&Elol
V4 7 o= B Y
13 SO/ o RIS T 1 5 T2 7 1) A 28 20 #4521
Correlations  3Ci/o/
FO 0Q SQ
FO Pearson Correlation 1 .785* .209
Sig. (2-tailed) .000 174
N 44 44 44
0oQ Pearson Correlation .785* 1 .086
Sig. (2-tailed) .000 . 581
N 44 44 44
SQ Pearson Correlation .209 .086 1
Sig. (2-tailed) 174 .581 .
N 44 44 44

**. Correlation is significant at the 0.01 level (2-tailed).

14 /ol THEA I TF 1 5 1 X 5T 26
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Correlations  f/o/
FO 0Q SQ
FO Pearson Correlation 1 -.009 .252*
Sig. (2-tailed) . 869 .000
N 366 366 366
oQ Pearson Correlation -.009 1 -.335%
Sig. (2-tailed) .869 . .000
N 366 366 366
SQ Pearson Correlation .252* -.335* 1
Sig. (2-tailed) .000 .000 .
N 366 366 366

**. Correlation is significant at the 0.01 level (2-tailed).
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MRI-based Study of Morphological and Acoustical Properties of Mandarin

Sustained Steady Vowel
Gaowu WANGI12, Tatsuya KITAMURA3, Xugang LU2, Jianwu DANG2, Jiangping KONG1
(1) Phonetics Lab, Peking University, Beijing, China, 100871
(2) School of Information Science, Japan Advanced Institute of Science and Technology
1-1, Asahidai, Nomi, Ishikawa 923-1292, Japan
(3) Dept. of Information Science and Systems Engineering, Faculty of Science and Engineering, Konan

University
8-9-1, Okamoto, Higashinada, Kobe, 658-8501, Japan

Abstract: To establish an elaborate vocal tract model, it is
necessary to obtain more detailed 3D vocal tract shapes.
Such work has been done on some languages, e.g., English,
French, Japanese and Swedish, using Magnetic Resonance
Imaging (MRI), while Mandarin has not been investigated
In this the
morphological and acoustic properties of Mandarin based

in detail yet. study, we investigated
on MRI measurements. MRI experiments were conducted
to obtain 3D static morphologies of Mandarin vowels for
one male and one female Chinese speaker. The teeth shape
has been superimposed onto the volumetric vocal tract data
to complement the loss of the bony tissue in MRI imaging,
and then vocal tract shapes are extracted based on the 3D
MRI data with the implanted teeth. A set of grid planes is
designed to be perpendicular to the central line of the vocal
tract, and the cross-sectional area functions are obtained by
calculating the areas of the airway on the sliced grid planes.
To evaluate the morphological measurements, a comparison
is carried out between the formants estimated from the
vocal tract area functions and the ones obtained from the
real speech sound. The results showed that the MRI based
formants were consistent with those from real speech

sounds within 10% mismatch mostly.

1. Introduction

Magnetic resonance imaging (MRI) allows a
tomographic view of body tissues in any plane of the
human body, and gets the 3D shape of vocal tract,
without known risks for the subject. MRI has been
increasingly applied in speech research over the past
20 years (Baer et al. 1991; Lakshminarayan et al.
1991; Moore 1992; Dang et al. 1994; Yang and
Kasuya 1994; Dang and Honda 1996; Demolin et al.
1996; Story et al. 1996; Tiede 1996; Alwan et al.
1997; Dang and Honda 1997; Badin et al. 1998;
Honda and Tiede 1998; Engwall 1999; Fitch and
Giedd 1999; Jackson and Shadle 2000; Stone et al.
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2000). The articulatory data collected using MRI is
valuable in understanding and modeling the vocal
tract in three dimensions, particularly the pharynx
area, the behavior of which during speech is
traditionally hard to capture. And the volumetric
production data is very important in articulatory
synthesis, which the scientists have been involved for
more than several decades.

MRI studies have been performed for several
languages, e.g. English, French, Japanese and
Swedish, and so on. However, few MRI studies work
on Mandarin Chinese. In this study, we investigated
the morphological properties of Mandarin vowels.
The MRI experiments were conducted to obtain 3D
static morphologies of Mandarin vowels for one male
and female Chinese speaker. Accordingly the 3D
acquisition is the main focus of this study.

2 Data Acquisition
2.1 Speech materials

Mandarin, also called Putonghua, is the official
national standard spoken language of China, which is
based on the principal dialect spoken in and around
Beijing. This study covers the nine single vowels in
Mandarin, /a 0 e i u i (i)e (s)i (sh)i/, in Chinese
Phoneticisation Scheme, whose IPAare/aovyiuye
11, /, respectively. While another vowel er (/or/), is
still in dispute whether it is a single vowel, which is
not covered in our present study.

The vowels are uttered in Chinese words, “/Iilz
o A 4 yAKE U, while in “P8 B we selected
the stable sustained end part of the sound to do
speech analysis. And all the words are in their first
tone (high flat tone) to ensure the stability of the
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sustained vowels.

2.2 Choice and training of subjects

There are several considerations about choosing
qualified subjects:

1). The subjects should have no dyslogia or
dysphonia, and are good at Mandarin, which means,
they should be a native speaker of North Chinese
dialects, especially those in and around Beijing, and
has no dialect accent. Or he/she has passed the
Putonghua Proficiency Test (PPT) and achieved
Grade One, Level B (G1L2, the second highest grade,
which is required for Mandarin teacher and television
announcer) .

2). He/she should have no mental objects in
body, and have no other diseases unsuitable for MRI
experiment.

After the subjects are chosen, they should be
trained to ensure the articulatory stability so as to
obtain clear MRI images. The training consists of
producing the speech materials in a supine position
with MRI noise in the earphones. Enough practices
make better imaging results.

At present, we have two subjects, both of them are
North Chinese around Beijing, and the female one
has passed the PPT G1L2.

2.3 MRI equipment and scan specifications

MRI  data  were acquired by the
Shimadzu-Marconi ECLIPSE 1.5T PowerDrive 250
installed at the ATR Brain Activity Imaging Center
(ATR-BAIC).

Traditionally, a long standing drawback of MRI
is the image acquisition time, which was several
minutes per speech taken in the earliest studies.

Recently, acquisition time was shortened to
around 30s, which depends mainly on the number of
image planes used, the development of the MR
the of
possibilities done by physicists controlling the MR

machines and exploration technical
machines. However, this still requires that subjects
hold articulatory configurations steady for durations
which are not only extra-linguistic but are also
motorically difficult to produce. This might result in
articulatory instability and subject motion during
image acquisition, which in turn might create image

artifacts.
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At present, a synchronized sampling method
(SSM) with external trigger pulses has been
developed by (Masaki 1996) to record
movements of the speech organs as a set of sequential

et al

images. And this method can also be used in
acquiring static 3D shape of vowels. The subject
repeats the vowel about 30~36times, each time
sustained 3s, which can allow subject to articulate
stably and naturally. Figure 1 shows the experimental
setup. The trigger device presents noise burst trains to
the subject through a headset and outputs the scan
pulses to the MRI scanner to synchronize the data
acquisition. The subject listens to the noise burst
trains to pace the utterance, while the MRI scanner
initiates data acquisition synchronized with the

trigger pulses.

Trigger device
noise burst scan pulse
MRI gantry MRI controller
-t

FIG. 1. Experimental setup for the synchronized sampling method.
The trigger device, PC-based circuitry, controls the timing of a
subject’s utterance and that of MRI scanning. The device
represents noise burst trains to a subject through the headset, and it
sends scan pulses to the MRI controller. The noise burst trains and
scan pulses synchronize with each other. after (Takemoto et al.
2006).

The parameters used in the SSM MRI scans
were as follows: 3.4 ms echo time (TE), 2200 ms
relaxation time (TR), 44~51 sagittal slice planes,
1.5mm slice thickness, 1.5 mm slice interval (which
means the gap and overlap between slices are 0 mm),
256*256 mm field of view (FOV), and 512*512 pixel
image size. The data thus obtained consist of 44~51
sagittal slices, stored as the DICOM file format.

3. MRI data processing
3.1 Image preprocessing

The images were converted from DICOM to
TIFF and denoised using ImagelJ software, which is
released by NIH(National Institutes of Health, USA).
Figure 2 shows an example of image denoising
effect.
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have been eliminated in the right panel.

3.2 Tooth superimposition

MRI has a disadvantage in imaging the bony
structure because the calcified structures lacking
mobile hydrogen give no resonance signals.
Accordingly, the region of the teeth is found as dark
as the air space. It is therefore necessary to obtain the
teeth-air boundary to measure the vocal tract area
function accurately from MRI data.

We referred to a method for teeth imaging to
solve this problem (Takemoto, Honda et al. 2006).
The same subject lay prone in the MRI gantry
holding multi mineral juice in the mouth as a contrast
medium, while static MRI scan was performed with
the following parameters: 11 ms echo time (TE),
3000 ms relaxation time (TR), sagittal slice plane, 51
images, 1.5 mm slice thickness, a 1.5 mm slice
interval, no averaging, 256*256 mm field of view
(FOV), and 512*512 pixel image size. The images
thus obtained demonstrated the oral cavity with high
pixel values (bright), while the teeth and jaws
appeared with low pixel values (dark). This contrast
makes it easy to segment the teeth with the
supporting rigid structures from the oral cavity. The
maxilla and the mandible with the teeth were
reconstructed to obtain the “digital jaw casts,” which
were then manually superimposed onto the MRI
shows the result of tooth

volumes. Figure 3

imposition.
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FIG. 3.The results of tooth superimposition. Upper-left is the 3D
digital jaw casts; upper-right is the mid-sagittal plane after
imposition; lower-left and right are the 3D show of tooth
superimposition.

3.3 Extracting vocal tract area function

Vocal tract area functions were extracted from
the reconstructed volumes with the teeth. The
extraction was performed in three steps. First, the
vocal tract midline was semi-automatically calculated
in the mid-sagittal image. Along the midline, then,
images perpendicular to the midline were resliced at
1~5 mm intervals. Finally, the area of the vocal tract
region in each section was measured to obtain the
area function. We use the method proposed by
Takemoto et al. 2006. Figure 4 shows the results of
calculating the vocal tract midline on an actual image:
the locations of cross sections from which the vocal

tract area function is measured.

FIG. 4. The locations of grid planes

One remaining problem is how to measure the
cross sectional area of the vocal tract near the lip end,
where the upper and lower lips are separated and a
complete circumferential outline of the vocal tract
section cannot be determined. The solution used in
this study followed Takemoto et al. 2006, to apply the

measurable area nearest to the problematic sections.
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In the furthest section from the glottis where the
circumferential area could be measured, the length of
the section was extended to half the distance from the
end of that section to the last section where the upper
and lower lips could still be observed.

3.4 Calculating transfer function

The vocal tract transfer functions

calculated for all the volumes obtained by MRI using

were

a transmission line model, which is detailed in (Dang
and Honda 1996).

3.5 Acoustic recording and analyses

Speech sounds were recorded from the subject
in a soundproof room. The subject lay supine on the
floor with a headset to listen to the noise burst trains.
This is to reproduce the environment of MRI
acquisition. In this situation, the subject is asked to
repeating the vowels in the same way did in MRI
experiment as possible. The speech signals and noise
bursts were recorded with a record system, which
consists of:

Microphone: SONY ECM-G5M

Soundcard: CREATIVE SOUNDBLASTER
AUDIGY2NX

Computer: DELL XPS M1210

We selected the stable segment of the recorded
vowels, and use Praat software to extract the lower

four formants.

4 Results
4.1 3D inside view of Mandarin articulation

To explore the inside view, we reconstructed
cutaway views for 9 Mandarin vowels based on
volumetric MRI data. Thus, we obtained the 3D
shape of Mandarin vowels and show the inside vocal
tract and articulators, which have never been
achieved by other studies of Mandarin, as we know

present.
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FIG. 5. The 3D shapes of 9 single vowels in Mandarin

4.2 The vocal tract shape and cross sectional
areas

In order to evaluate the reliability of the area
functions extracted from the 3D MRI data, the areas
of the cross section had been extracted, and the
corresponding formant frequencies had been derived
and compared with those of real speech sound.

Figure 6 shows the results of the straightened
VT volume of vowels /a i u/, and their binarized grid

planes

/a/ /i/  Ju/
e - -
- - -
Ik 3w
T | | >
- | -
- | |
e —
- b '-‘-I
-~
EENEN
-, - |-
il | — e

[ |

L

FIG. 6. The straightened 3D VT shapes of /a i u/ and their cross
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sectional areas

Table 1 shows the first four formants, which are
compared with those of natural speech sounds. The
absolute percent error between all the formant data
from the transfer functions and natural speech sounds
is less than 10%. Relatively larger errors are found
regionally.

Table 1: the natural and calculated speech formants of the female

subject, and the percent errors for the latter relative to the former.
“n” denotes the natural speech, “c” the calculation, and “d” percent

CITOrS.
Jal | Jol | fel/ | A/ | i/ | N | Je2l | A2l | A3/
nFl| 814 590 600 3235 3900 320 560 420 410
nF2| 1312 1000] 1225] 2660] 770] 1960 2120] 1450] 1810
nF3| 3214 3160] 3140] 3460] 2950] 2470 2850] 3170] 2550
nF4] 4354] 4380] 4380] 4550 4150] 3800] 4430] 4170] 3370
cF1| 737 5500 554 321] 382 3000 sS04 440 442
cF2| 1512 880 1382 2776 832] 2015 1907 1383 1790
cF3| 3307 2855 3474 3348] 2984] 2566] 2649 3313 3162
cF4| 3846 3845 4441 4368 3745 4030 3876 4308 3726
dFl] 93] -68 77 -12 2] -63] -100 48 78
dF2| 152 -12.00 128 44 81 28 -100 43 -1.1
dF3| 29 9.7 106 32 12 39 -7.1] 46 240
dFd -11.7] -122] 14 40 9.8 61 -125 33 104

5 Conclusions and Discussions

In this study, the 3D static morphologies of 9
sustained Mandarin vowels had been investigated.
the different
articulators are detailed depicted, will help us to

The production data, in which
establish an articulatory vocal tract model.

The 3D inside view model will also be helpful
in Visual Speech Training Aid for those disable
persons who cannot hear but learn speech only by
mimic the positions and movements from what they
can look.

As
production data have an error no more than 10%

for the formants calculated from the

mostly, which is advanced than early research. (Bao
1983) had calculated the formants of Mandarin of a
female subject, as listed in table 2.

Table 2. The results of Bao (1983). ‘r’ denotes the revised values

/al o/ lel/ i/ / N/ /e2/ | /i2/ /i3/
nF1 928/ 795 686 328 428 338 673 490 465
nF2[ 1300] 805 1130] 3000  606[ 2900 2575 1768 2010
cF1 621 5341 487 219 304 203 467 275 297
cFlny 766 674 625 355 438 340, 604 409 431
cF2| 1263 1212 1542 2222 827 2070 1806 1616 1869
dFl| -33.1| -32.8 -29.00 -33.2] -29.00 -39.9] -30.6| -43.9 -36.1
dFlyq -17.5| -15.2 -8.9 8.1 2.2 0.5 -10.2[ -16.6] -7.4
dF2|  -2.8] 50.6 36.5 -259 365 -28.6 -299 -8.6 -7.0
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Bao (1983) obtained the area function from the
X-ray photo of the 9 vowels of a female subject, and
used a simplified transmission line model to calculate
the formants. The percent errors of F1 are more than
30% systematically. So he adopted the experiential
revised formula propose by (Lonchamp et al. 1983)
to reduce the errors.

Compared with Bao (1983), our improvement
may be attributed to these reasons:

1). The X-ray photo can only show the
mid-sagittal plane, so Bao has to use an experiential
formula to calculate the cross sectional areas from
mid-sagittal dimensions. While now we can measure
the real cross sectional areas using MRI.

2). Bao (1983) used the simplified transmission
line model, while we adopt a model including wall
impedance.

In the future, we will get more detailed vocal
tract shape of Mandarin vowels and consonants, and
the branched parts such as nasal cavity, piriform
fossa, which will help us to establish an elaborated
articulatory vocal tract model.
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E SR =X AL FERAF . BHFEFE AR R AR E R *
The influence of FO on the perception of Tone 1 and Tone 2 of Mandarin in
the first syllable of disyllables
B x| A

Yang Ruoxiao, Liu Peng

PR S B GT AR O AL SR L B S R
R B A E R o SR FIPSOLAA B & IR 7V HIAE
WEREA, JFREATUr AR . SR 2 A B om Bl A T
B 5 BB BHP P I B W2 32 B J5 — TR R
i DI NUEAASE VRS2, A Z R AR ]
PAZr A DU RRSRRY s JLR, R AW R 1 P 22 B0k A
B, AR AR IR

Abstract: This experiment investigated how FO would
influence the perception of Tone 1 and Tone 2 of Mandarin
in the first syllable of disyllables. The perception materials
were made using PSOLA by Praat, and the perception test
was carried by 10 subjects. The results indicate that with
the variation of FO in the beginning, end, the lowest of the
FO contour, as well as the variation of the whole contour,
the subjects’ perception of Tone 1 and Tone 2 in the first
syllable changes. The relations between the variation of FO
contour and the perception can be divided into four types.
Moreover, when the subjects judge Tone 1 and Tone 2 in
the first syllable falsely, most of the wrong choices are
Tone 3, which may be related to the “low” distinctive
features of Tone 3.

RG] : S ERA A S B

Key words: phonetic perception, FO, Yinping, Yangping
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Lip Contour Extraction Based on Support Vector Machine
Xiaosheng Pan, Jiangping Kong, Alan Wee-Chung Liew

Peking University, Chinese University of Hong Kong, Griffith University
Tianchi03@163.com

Abstract: Lip contour extraction was a useful technique for
obtaining a mouth shape in an image, and was one of the
most important techniques for human-machine interface
applications, such as lip reading and speech recognition. In
this paper, a new method to extract lip contour from video
was propose based on the fact that the lip color and
skin-color was varied in the different color spaces. We first
extracted frames from digital video first; then we classified
face into lip area and non-lip area by the Support Vector
Machine. At last we obtained some parameters from the lip
area to reconstruct the lip contour. The experiment results
proved that the proposed method was accurate and robust.
Keywords: Lip contour, Segment, Color space, Support
Vector Machine

1. Introduction

Continuous lip information from a speaker is
useful in speech recognition system especially in a
noisy environment. In color image, we usually use lip
and skin color information to separate lip and non-lip
area. Many image segmentation techniques have been
proposed [1][2][3][7]. For color image segmentation,
histogram-based and clustering-based methods have
been widely used. In [2], [3]Cheng et al. proposed a
histogram segmentation technique which involves
on a
the

maximum fuzzy entropy principle. In [7], alan et al.

performing a fuzzy partition

two-dimensional(2-D) histogram based on

proposed a segmentation method which use fuzzy

clustering and also take account for spatial
information.

There are two main problems in lip segment.
First, the lip color is similar with tongue color, so
inner contour of the lip is difficult to separate from
the tongue. Second, the outer contour of lip is often
blurred due to the movement of the lip. The algorithm
we proposed can successfully resolve the second
problem but not the first one.

This paper is organized in four sections. Section
two describes the approach proposed here. Section
three explains the experimentation setup for testing

the approach and gives the results on classification.
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Section four outlines major conclusions as well as
gives directions for future work.

2. The method

2.1. Color Space

As we know, there are many kinds of color
spaces that have been provided in existing research
work, such as RGB, HSV, CMY, and Chromatic
color space[4]. The original lip images are in the
RGB color format. It is well known that the value [R
G B] of the color image in the color space RGB not
only represent chrominance but also luminance; they
have high correlation. In most cases, mapping the
original image into an adaptive color space can let the
feature extraction task easier to be taken. After the
comparison of the color spaces listed above, the
chromatic color space is chosen as the color space
applied in this paper. Three approximately color

spaces are the 1976 CIELAB color space(L,a,b),
the 1976 CIELUV color space (L,U,V) and YIQ

color space (Y, 1,Q) . Every color component of lip

image can be calculate by equation from[4]. Every
color component of lip image is list in Figure.l.
Because the component L in CIELAB and CIELUV
has same value, so we only chose one of them. It is
also found that the lip contour of the component v in
color space CIELUV and the component b in color
space CIELAB can be directly observed dissimilar
with the original one, in particular in the area of the

lip corners.
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Figure.1 Different color component of lip image
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Figure.2 the histogram of color component
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Figure.3 the histogram of color component
2.2. Histogram of lip and non-lip area

We color

distribution of lip and non-lip area. Figure.2 and

know histogram represents the
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Figure.3 show the lip area and non-lip area of
different color components. The histograms in the left
column represent the non-lip area pixel distribution,
whereas that in the right column indicated the lip area
pixel distribution. If the overlap between the pixel
distraction histogram of the lip area and that of the
non-lip area exceeds a certain magnitude, then it is
very difficult to distinguish lip and non-lip areas. The
histograms of feature v have some overlaps between
lip and non-lip area. Thus it is not useful for lip
contour extraction, so is that of feature b. Then
feature vector defined as below:

F={LuaY,.Q}
)

2.3. Support Vector Machine

Support Vector Machine (SVM) has recently been
successfully applied to a number of applications
ranging from face identification to text categorization.
The approach is systematic and motivated by
statistical learning theory[5]. SVM are based on the
structural risk minimization principle, closely related
to regularization theory. Here we focus on SVM for
two-class classification. The mathematic expression
of SVM is:

mvan o(w,b) = %(W- W)

(2)
subject  to the constraints:
Vi | (w-x+b)[>Li=1,..,n
(3)

And the learning task can be reduced to minimization
of primal Lagrangian:

L= w-w)= Y a, (- x+D)-1)

“
Where @, are Lagrangian multipliers, hence @, = 0.

Taking the derivatives with respect to D and W and
resubstituting back the primal gives the Wolfe dual
Lagrangian:

n 1 n
W(a)= zai _Ezaiaj inj(Xi ‘Xj)
i1 i1

(&)
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which must be maximized with respect to a; subject

to the constraint:
n
a >0 > ay =0
i=1

(6)

The decision function is then given by:

f(X) =sgn((w-X)+Db)

n
= sgn(z a Y (%-x)+b’)
i=1
(7
An SVM is mainly characterized by its kernel
function. In experiment, we use linear kernel function
with parameter C=1.
3. Implementation and result
The lip video is provided by the Linguistics Lab of
Department of Chinese Language and Literature of
Peking University.
The lip contour extraction procedure is as
following:

Stepl. Get frames from the video.

Step2. Mark lip contour by handwork[6], separate the
face into two component, lip and non-lip. And obtain
the axes of every pixel.

Step3. Map the origin lip images into other color
space and extract the feature vector F.

Step4. Select appropriate pixels as training data[8],
then use SVM classify the lip images.

StepS. Extract parameters from lip area and use lip
model provided from [6] to obtain a lip contour with
smooth edge.

The result of the lip segment from the continuous
frame is shown in Figure.4. The left column is four
continuous frames extract from video. The middle
column is the result of we classified the face into lip
area and non-lip area by the Support Vector Machine.
We are not very satisfied with the result. Because the
lip edges we get are not smooth enough, and it is
found that the non-lip area in the lip corners with

dark color is misidentified as lip area. It is also the
case for the concave non-lip area immediately below
the under lip. Because the color in those position is
more similar to lip area.

Alan et al. provide a lip model[6], the equations

describing the lip shape Figure.5 are given by:

_hl 2
=——L (I X=8Yy, | —X4) +
Yi (w—xoﬁ)2(| Yil =X )"+,
3
21+§
X—S
Y, = 2( Wyzj
©)

As its origin is at(0,0), Xe[—W,W]. The

parameter shows the skewness of lip shape. The
skewing is attained with the ways of using the

S
. The
l }

exponent O describes the deviation of Yy, from a

1
transformation matrix {

quadratic curve and it allows lip with different degree
of curvature to be captured accurately.

Then we extract parameters from middle column
and use equations (8) and (9) to get the lip contour.
The result of lip contour is list in the right column of
Figure 4.

20 40 €0 50

20 40 81 20

Figure.4 The left column is the lip image sequence of
speaking. The middle column is corresponding the
results of classify face into lip and non-lip area. The
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right column is the lip contour optimized by lip

model.

»

h:-cu!l

— E: w1
/ M\
i L ] -
(0.0
h2
ve
Figure.5 Lip model

4. Discussion

There still something can be done to improve the
accuracy of my lip segment program. For example
inner lip contour is still can not be extracted for the
tongue color is similar to lip color, and get inner lip
contour is our next stage target. And make some
preprocessing to origin image maybe can eliminate
the shadow at the underlip. Then the result of lip
segment will be improved probably.

When using Support Vector Machine , we need to
choose a kernel function, and decide the parameter
values to kernel function. There is still no theory to
prove which kernel function is best, so we need to
do more experiment to find out which kernel function

is the most suitable for our algorithm.
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U5 T8 15 75 BEA 5 B2 A S0 SR ) SE T A
A Cognitive Experiment on the Lip-reading strategies of Consonant
Phoneme in Mandarin
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Abstract: While lip-readers of Mandarin could understand
a whole sentence through lip-reading, they are unable to
distinguish most pairs syllables with minimal distinct
features, when given the video of a separate syllable, which
shows little significant difference from the result of the
non-lipreaders. A conclusion could be draw that the
cognitive strategies lip-readers use to understanding speech
is not to get all the phonemic information from the lip but
to refer to other levels of the language.
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BARIEFANEEMAR
An Experimental Study on the tones of Tongzha Li Language
t%—

Qian Yifan

W B RIEN D BIR 2 —, BAEI AT —
HERFRA RS —. BARERE TRER TS,
AT O, HARF AR 6 A, A3 A AL
FH S 6 1R o LB S TR AN XS S AT T %
Abstract: Li minority is one of the Lingnan minorities of
China. The tones of the Li language is a sustained argument
in the academic circle of ethnic languages. Tongzha dialect
is a part of Qi dialect of Li language. There are 9
monosyllabic tones, in which there are 6 long tones and 3
short tones. We examined the monosyllabic tones and
disyllabic tones of Tongzha dialect through experimental
means.

R Bk A
Key words: Li language, tones
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WEASPRIHMARS
The Voiced Implosives of Xianju Dialect
® 3/t

Song Yidan

WE: A HZ W AR 775 OO REAL & T &
ik A R AT 75 2 o TR S R R BT, AR G N &5
W (1) SR AT R, HARRAFAE, 59
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Al 75 5 R YRR AL AR R R AR T, AT R
[FIFBOL G 26 pe to X AT LA FARE AR 1 BEBEAT fi%
o

Abstract: This paper analyzes the acoustic and phonatory
features of the voiced implosives of Xianju dialect
affiliated to the Wu Dialect in China. Some conclusions are
drawn. Firstly, the typical voiced implosives with small
open quotient (OQ) are considered to be laryngealized
whereas the reduced voiced implosives have no laryngeal
features. Secondly, the averaged OQ of the voiced
implosives has a strong negative correlation with the
duration of the implosive. Thirdly, the averaged OQ of the
voiced implosives is weakly negatively correlated with the
averaged fundamental frequency. Thus low initial
fundamental frequency comes into being when the
implosives is specified with a high tone. Fourthly, the
voiced implosives of Xianju dialect are in the process of
on-going sound change, neutralizing with the voiceless
plosive /p/ and /t/ conditioned by the places of articulation,
which can be explained away by the theory of natural
sound change.

R AT A TR R

Key words: Xianju dialect, voiced implosive, open

quotient, speed quotient
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