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; Wichmann

“@ : » . o
dearing” as emotional speech . Fujisaki’™

KONG Jiangping, LIN Youran

(Department of Chinese Language and Literature, ,
Peking University, Beijing 100871, China)

Abstract; “Dearing” is a special kind of emotional speech. For
emotion classification, dearing is not a mood or attitude, but a mode [5-9] «
°

”»
. . - . arousal
of speech which demonstrates a strong emotional activity. This study ( )

analysizes the dearing characteristics in terms of the fundamental ’

frequency (fy) with the most obvious characteristic of “dearing” . . ; “ ? (va-
being the raised fy, which is not a constant increment, but is related

to the tones, genders and vowels, with changes in the shapes of the lence)
fo graphs and the tone register. This study also examines how the f; . N o
transformation is related to dearing with sample syntheses and
perceptional recognition, and demonstrates that the pitch increment
typically shows the activity of dearing in the arousal dimension of
emotional speech. The increment of fj is crucial to dearing yet it is f10-12] o

not the only feature nor the sufficient condition of recognition.
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H5%-ba LI FR Ca XETHERMARE RFIEE.
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RIEESO B, ARIEE NN EEWEC , Hp-w-EEa LN
ME<k>@, <kh>, <g>, <ny>, <d>, <sh>, <zh>, <z>,
<r>, <I>, <sh>, <s>[IR<h>FXEEKRHELZF. SHRE
2 ", BEeFARERSHIRN  SEBEZEAN=AHIN
HEEFTH (M :q), BMXRZA "wazur” ( LATFA-w-KER ),
H-w-EEEN PR ERERSENEECNS.
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T AWRET 2012 FEERBARNZESTE "ETHATMNNEIELS
SIRBERIAR" NEESE (IMBMES © 61262052 ) , Bt (IESFICA) =
EBIREZRHERERNIELE , ANEEMRNFTEITRENENENL. BEXER
BiERZL  REETHRE.
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BIFHIRAEM (5IBEXNEL 2012 :152), iXAE&EMFL (1994 ),
EEE(1996 :142 ) i, 4~8Ri1( 1992 :198 )F1EXN Ak ( 2012 :
153 ) EETCHARMEN DR ST EIRIA-Ww-ERBPRERS
M. B2  RAEHE—YESERIAA "wazur’ B2AKEN , W
T HENESFERFURRER ( SIBFIRABER 2005 :

154 ) f1HSERNBCOEZRGFHE (1999 : 106 ) &. HAT,
EUAERELSEP-Ww-SHENEEHENETNLARESR—
¥, IRASHREEENNHEIHEERHERSN. Et,

XA ERESRKMHE— SRS R.
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REBIFZEIEARENOMNR , -w-ERHEREMN. FBATA]
BAIMEXMRIRKEE-w-RENSE. IRETHREERT-w-
MNELREE , RNFTENEBHERR , BEFAEFIIEEANF.
HEFAEFR  BXHPREET—MNE , B<wa> « "JE", AT
LA, WFESRIREFRIESFREL | MREXPHXNFEYRIER
a4 (FAN 2000 : 64), "JUB" XMAKIEEES
MESPREERE 1,
x®1 B EASTES

TERE (KRR, | REXGE | TN ( BIEN | AFF ( BIENNX

FE, BUF) i) %)

I [a] [gva] [wal] [waTno’F

RIER 1 PIIHAMARIEREE BXANBE <w>EEE
AJLARRATEA D |, BNESE// (REZEHIE ) HERRE/w/ (HF*
MER ) BIAEME  TLUEREE "B Bl sa , X—R
B SREXEEEWE , BRSXGEFHHOERRT. kL,
B<w>EEEUAwBIRESKEEN , RHFE088—1E




BAE. MRBARIZ<w>FANEEBHERNAEN  eRENEE
EERBEANAR. XM ERERIETRINE BRI P B RIFRAER
R 7 HEER  HENERREMEREM | AR
FETT—ERBRENSZFE. B BXEEHS-w-XINAY
ENENERAONF., ZFATT 823 FHNEEREEPREER
RERBXAMYFEE , Hf , SARHEXIEGORNFAER
AREXHNEERS w /N=AFSN. REE 2 FRREES
SEBHRXIERMSEYNAIENHE (5% 1982:3—-23),
*2 BEEXBEBRPIXERRSHEHNNAEXHS

TS XiE PEAS
<hwang.ti> g=3 2% £: 8
<tseng.shu.hywan> z=gss BXKE(HE) (B85
<vwang.pha> a==« FE(AR) F: &
<dov.ngwan.jweng> zas53= | MG (AR) |T: &0 F;: &

BEXLENNAYRIER , FEHS-w-BEMEA—TRES
ENEREIRBEEN. BAl , FEELPANAEEHRS -w-ZAWE
EPRBIARXLEHEXIENERBELHNELE. XMBRAR
TERIMABIEFRIINRES , NGER " B9 "R (NS
EREPEERRERS -w-RIFSETH , Bl<hwa> 5

B EREERERE T RIBRAEHOEE. ATRIEMRIER
TEAENRMES | EfARERIERICERBRIENIFEE
2, At , FEFHE LT —ENRUEFREAZERIENAEK
I5 HEPHEAZHENEANRLT . ZHENXFIIREEAC
M—EOR., HP—GFRTXTEEARETNHE -w- , OR
B -w-KREEAEIEFRAITE o (FLAZIL 1995:63) H
TREXEREREFEESNZNE  EIFSREENEXET , B
LRIEIRRITTE o BRHBE-w-RkER (WX 3 ).

&3 R-w-EFRTE o BIER




BRE/RS 0" B | A "-w-" RxR | IXF HCRIR
<so.sti> &3 <sw.sti> g3 | (53R 1999 :107)
<do.phrug> =gq <dw.phrug> | #JL | (B#HE 1999 :107)
A7
<s0> ¥ <SW> g o5 | (FAXHD 2000:74)

BEEgthiEt X o Ml-w-FEEGRM , BXAmE
REMERE , &4 EHTIXERN—LHFF (FA0M 2000 : 74),
X4 TEFEM-w-RRERITE o KWIBER

¥ | <dwogs.pa> | <dwo.ba> | <dwo.rdzong> | <bcwo.brgyat>

S s 5= <S5
RiE | B BX E—i +\

REHXKFPH-w-EERFACHZEMERT | AR
NHRERIXENHS | BREE "ML X MEFRI-w-RET
Tk, MMERT TEHS o.

Ba , RNBTERXLEIMNERNME  BBHEEHS -w-
EENEAATPERENX—FEAFARERER. TEHHNES
EREIEBRIRATR-w- kRIS — T ERNREEE.

2 —w-MIRZ IRk

21 RXHEEFE

RETER  HMESEAENEER , BEREAMNTUERE L
MEHITX S | BEENE | BAOESHHERRNFT LNAREKEX
AEXAY. BXPH-w-EXFESRALTEBEETX—I88. &
EFRE-w-NEIEERANEE , BNHETESIXKEIREFR
B X AT -w-a91E. HIXFIGEFHIHEAR |, RIIXE-w-IER
ATEFF LUK, XEEPH-w-F2EER , BHHRE 5
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x5 w-EAXKBESZHNGS
-w-RZ/iE Rg-w-B9i0E
<rtswa> g =} <rtsa> s fX
<nywa> 5 /INBRALES <nya> s &
<rwa> x (=04 ) H& <ra> = e
<zwa> s Bt <za> = 172
<tshwa> & th <tsha> = #
<khwa> g 58 <kha> A

RAE , XWAREHETFHBERREMNE. A6, AMIAT
ERBELAREBEXUEASARNNE  BEFTARMD-w-RX5
EREENLE, Frll , XEEREN-w-N—FRmEFALREMN.
KFX—R , RIBRRIHRY (2014 : 6 ) MEBAER ( EEFNEF
1998 : 451) BAHIEH-w-EXBIRAZFRAN/TE. MREXSH
BN ZEARBESSPRI—EIHEASE |, MBEL Lix
-Ww-EfTENEHEEINEEASTEFAREN  MEC=/EE
HEEAREEF/LFHEREM.

B2  ERE<rtswa> "BE" NIKASIEHEERBUFERE—
Moo, BREBEXRSHEIESSPS5AH-w-RIiE<rtsa> "pK”
BAE  HPH-w-HIHENUFEEXEIEER , Af<rtswa> "E”
FEERFFEPIEMrtsu=a=F ( EHL 1994 : 90 ), ENE=REE
PRGEFGIFEPIEEIEts a3] ( EXAL 2012 : 153 ), XWENASHIE
BEER-w-EXMNMIPRATHN , BREB/RFE <tshwa> "#”
Ffl<shwa> "BE" RY-w-BARRSTH , WK 6 (E 1994 :90),
*F6 B/RFEEFEHH " 0 "R BNEE

EoAYe B/RE XaFE
<tshwa> z [tsha®F ey

<shwa> 4 [ca™ 723




ALl BXHEERS -w-EXWIN A S RFRIEHEEREE
<rtswa> "E" XMITRBARAEZLEN  BERIIFERLM
RETANEEHRENESHEEREM.

2.2 RIBZEINEE

EEXF , &E—EEPH-w- T UEERTERNINEE. R
ZiE , BXNSRMERNFRREFCHE , BAERA—EE
FHRENAZETE a, T8 a ERNPEREMFSH. HHMER
— M E—NHEFETUE—1E. B4 S—PRANHESTE
RE—NAEAR , ATRBAEMERNBH  MABRLER—IER
HBNEMMRRNEEBRERS (A/N=F ) RRTER—MER
i\, MARAR— MEEFE. R 7 SHTXERN/L/MIMNSEX

MHNEE.

xF7 —w-{ERIERRCIIENIER
IR (H-w-) BE (FH-w-)
<gwa> q BEE <ga> q
<phywa> g s <phya> g
<kwa> n M2 ( ERIE ) <ka> n

BR  FEIENRE  HARFMBENTTE a NESFERA
AN —EEw-w-,

FEZE 7 PRFIREEERENHE , BUE T <kwa.ye>
f<ka.ye> , FBEBEEHIM<kye> (& 8 ),
*x 8 NIRBEMNARHE

HEL ik 2 &3 XiE

<kwa.ye> na <ka.je> na <kye> 3 e ( MERE )

WE TR <kwa.ye> BO¥HAEFER S @EL <ka.ye>EHBHE
B, KSHINEEEFRFRPFERIENFER. X—RIEFR
B <kwa.ye>Hfiy-w- A2 R EN . BEATCEREXEINNEHHIL




BHERPNEK. MRERSH , <kwaye> iz RHERIHIE
M <ka.ye>RiZEMEBIIHHES S E. EXAL (2012 : 152 ) IAA
<kwa.ye>H-w-BHIR A SR, MAERKSSFEE. EiE&E
RiZz2EERN , ZFUEXAMHERRT-w-A2XREW , AT
DIEBNYAZRATCRINE  RINBERNREZEEE. WTRS
TH<kye>Ts , ERACEHNER LSNETHRAZR N AEH
BER | AMELEEENE—MINARMNBRNZK. BHER
<kwaye> RETETEHEMRT <kye> , RIBNE_STHEMT
FENEEBHENTE. IR <kwaye>HhHEEHT -Ww-2RE
B, HEETH<kye>WNIZREBASE. RACERENFE , &
BiZBRBEZWER. Ll , REENBER <kwaye>fw 28BF
FRERVEN , ELRFREMN. M<kye>hWEF FELZINE
TTE e RS | RINMAZTERD-w-NEFSRBPECE—NEIHIE
=,

B2 BXHNEEEc<sh>f*z<zh>2Z2 FRI-w-E—EH 5
MR ADERAPUFHEELRS  MARRMERNINEE. W, =
BiE*cwarwa "BEE" Alcuaza] , *pto ewa "HEE" JF[ho cual,
BU=ERRKREAIE[sva3]( <*zwa “I§F X EXA 2012 :153),
RN ASHHEERFHN-w-BEARETN. B2 BiIBREE
HEBRX i -w- R SEHERIXIR. IRXE-w-2RERT , BR
[RFIXLIE , AEASEEEERECRATRHEEREN.

2.3 tREFINEE

BXHETRUEFATONEOES , RSP, FHE
EFN , ZBTRLERKEN. RFENHENA , EFXNFRTLUS
HEDEETENAE. -w-lR7T DRRREINEELS TR
HEANERBERANEN  JLUURCERHE (EHEEF ). 1
RITTE N a HS5|IRMBEANARERL  RATE a ERXHER



BASH , B, P <dgs>HNEFHMERMITEE (UWFRI ).
xr9 WEFY<dgs>mSFEEE

=5 EF

ARetE 1 aaett 2

<dgs> sas <d> g <g>q

F—Mo R <d>TLUWEAET  BEN<g>M<s>o 57
HEMFNXENT  FMHEREME<d>ARIERIINFE  M<g>~2
BF , <s>FEF. JEFAEN , HTEENAXERARR |, 7
LA Bl S <dags>Fl<dgas>,

AT EBRXMEE , BIMERA-w-RERZEHTHNEF. IR
BMNEXNSTHE—NES |, B<d> ERIN=/, 018l
BREX P — P RERANIER <dwags>, Beyer (1992 :50) tb
EH-w-EXNMNES AP R EB SN, XN LUARATT 7
LARIS RIS (W& 10),

& 10 iEE&E <dwags>a LMEANRHIRIMS

ih& WiE
<dwags.po> saxa B (AP AR EX )
<la.dwags> wsas RIIK5E

XA MR P-w-EEREINIREES SPEHEFRS
. B, BEMZEMFRTRESE  NREXEREF-w-5
PNREER  HANMIZERNRIETS S PHE— LWL |, 24T |,
ELFIERXEH.

EE—TXXREANERE <dwangs> , RBEHNER | X
MINEEHRE -w-EERABNLETERAAEN. NREES
—MHELRN=R , BISFRSBETBREIMEEF M
EE— T HESMEENNF.

-W-HXPNERREFNEBTEBRRE AN A-w-BFFSTLFE
RINERATTENTSHNEF A, TTHENSRESERFUR




EERROBIEH-w-ARERIIET TE T ENEFE L ( FH A B IR
2005 :154), NBE—NEDHETEHS  HIEBRFYARETE-w-
XEFTFHETF , AR TEMRERERMIEEFELA.

2.4 RRFERERIIFIZR-ba

-ba BEXHP—NMEEBNEES. -w-R7T LEFREINEELL
Gh B LAEES1AHPERRAIR-ba IR K. H— N HiE5R-ba
HNETHRN—TRETHEESEA—IEGEE , —REZH
WET , XAFEEENREER. BAR—SFTHNIRE-ba EI1E
B LEEEMER , BERKE LLA-w- (B/N=/ ) BFERINEL R
AER £, Ha0 , <dra.ba>Fl<mig>E& A <drwa.mig> , Eeh
AI—iAf<-ba>EE/EF LT AZAERNEEWHS -w- , BILI/N
=ANEXNRINERRERN TS (BARIER 1L ),
£ 11 -w-ERIRL-ba NN

WNET BED WNE$
<dl’a.ba> 5 + <mig> ‘5‘@1 = <drwa'mig> %aﬂ
[ iR It

HEHE—LRNRAFHRIIEILIBEERNGS. B,
<lwa.ba> 1 <shwa.ba> S Bl EAHw -w-B#H 5 , Bl <la.ba> FQ
<sha.ba>@9#ti% ( BANER 12 ), Hbw-w-BIHSHRER
F12 "KR" M "B NARHE

HEL(H-w-) PE 2 (FH-w-) N
<lwa.ba> «= <la.ba> = <R
<shwa.ba> g= <sha.ba> g= e

BAVARXB MR RAT-w-NAENIZERERR , FXE
Ar-w-NASERX P EEHHE. SEXMERNRERRE
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FER , fFREMEEIRR-ba iRBEIEAIBRT , WRLBEFFR
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wI0-w- , XRZET—MIE IR,

EREMKE  A—EREHETP KRNI -w-FEE
RER. LEXRTIES , -w-FEIZLINE , MA®-w-rJiE(a]
IR 13 RFESIF.

*& 13 H-w-HIRHE-w-HIREXRRIEFNIES

i -w-AYiH A -w-8Yi5
8% P PES 8% P XiE
<lwa.ba> «= [15] &R <la> [la] 1]
<shwa.ba> g= [xo] iz <sha> [xa] 5]

HOiE L) BERAEEANFAR-ba EEXMELTRIENTES a,
mARREA-w-TiEb], BAEXRIES , HE-ba HEXSRER
MBS HIRRNTTE a BSK. thil <ka.ba>Fl<ra.ba> 53 5li5E ko]
Flro] , MXFAMIEAT-w- , BIKIE 14,

%= 14 1834k -ba NEKLFEXGIFEFHIRARTE K

8% X XX
<ka.ba> R [ko] HFF
<ra.ba> xg [ro] B+

-W-SRHE=NREREE —TEERNTRZLETEIUE
EHEeREHSL , RE=1REREREFNNEF L, -w-
— AT A INTESBHES-j-f-r- £, & 15 8 7TiIXERE RN/
M™MER.

xR 15 -w-AUSBNERERS-j-F1-r-09155%

Cpd WiE
<phywa> HF
<grwa> g <~.ba> i ; <slob.~>AFER

— P ETEERTEEBRENETESMURAFERIENE
BEE , —REFEERHIA—FERS. mENRNEZNES
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WE(c)(c)C(c)-, MAR(c)(c)C(c)(c)-. ATLL, i
NEHEEERSE LN-w-BEZNTRARREN  MIREZRE
BR BINERFE-w-ER <grwa> HIRAF RS —L
&%, flan , <grwa.ba> “FlE" BY<grwa>EREZRERIEFIEE
[tswa] (& 15), ER , REXMIFENFED LHIAAXD
[tswal O [WIRIRFRXHNEEHS-w- , BAERXRNGEF
<drel> "BBF" WiEfF[ptswe] (#(7 2002), BRIEE , OEIE
BEE<dr->EXMI LERETHEERT -w-0 BLERNEERREX
BIEPXMANNZ (WIBISEIR. LA, BA1BAEERERR [tswa] FRY
WIBHEBRIXRIR. iRk 16 FRIXEME (£fR 2002 ),
= 16 XIgIEPR "fIE" M "BF" ANES XL

8% PN XX
<grwa.ba> g= [tswa wa] &
<drel> 2« [ptswe] By

-w-EEFANREFSTE &S5 — 1M EENEERXET
AERIES ¥, W F/RKE (1989: 29) BAmEH-w-BRT &
BXHERFUIN , ERXFRBHSMARS ) B +HLA
IESFHRFENERREFER (2005 : 154) BH-w- AT LURINEEEIE
FE , AEHERERESE (R LNFEEEC=A"TNF ) &0
F. XIEFRBAEBRMEA—NMIERSNFSER ) X BAE
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The Ideographical and Phonemic Functions of Old
Tibetan Medial -w-
Sangta, Dawa Phuntsok, KONG Jiangping

Abstract: Based on data of Written Tibetan and modern
Tibetan dialects, as well as studies and observations
proposed by traditional Tibetan scholars, this paper
discusses the original functions of the Old Tibetan medial
—-w-. The results show that -w- does not only serve the
widely-recognized function of being a medial in complex
initials, it also serves ideographic functions, such as
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differentiating homonyms, distinguishing root initials,
representing the suffix —ba, indicating that a syllable of the
“Ca” type is a morpheme from merely being a segment,
etc..

Keywords: Old Tibetan, Medial -w-, wazur, ideographical,
phonemic

(RiE 1100871 b3, ALRAFHEESNEER |
KRS 1 730030 =M, AILRBEAZFERKESRATRE |
FLITF : 100871 bR, AERAFHEESNFER )
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o T~ N
7

—

A

L L L L L L L L L L
0 50 100 150 200 250 300 350 400 450 500 550
Time

Vocal Fold Contact Area

1: EGG ES2HENTER
FEH ARF—IEE , BERRXAE  CERRFFE, DET
IETEXMAI B RRIEEFTFAR. E50=1/FH( A ) FE=FHE(C)
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minority languages of China, UCLA Working Papers in
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Wang Feng 2015 Variations of Laryngeal Features in Jianchuan Bai,

Journal of Chinese Linguistics VOL 43, NO.1B.

A Preliminary Study of Variations of Phonation Features in
Meiba Bai
Li,Xuan Wang, Feng
Abstract: The language spoken in Meiba village, Xizhou
town, Yunnan province belongs to the eastern branch of
the Bai language. In this paper, based on EGG signals of
four speakers, including two males and two females, three
parameters, namely Fundamental Frequency (F0), Open
Quotient (OQ) and Speed Quotient (SQ), are extracted to

examine the tonal quality. FO reflects the speed of



vibration of vocal cord, and the open-close state of vocal
cord can be told by OQ and SQ. FO is converted to
chromatic scale, and a significant difference of tonal range
between lax tones and tense tones has been found. The
highest tone in tense tones is eleven semitones more than
the lowest tone, while in lax tones only seven semitones
exist between the highest and the lowest tone, which
shows that tense tones may extend the tonal range.
Furthermore, it is found that the phonation base of Meiba
tones is changing. Specifically, different tense-lax tone
pairs vary in different speed, and different speakers take
different strategies to distinguish tones. The older
speakers tend to distinguish different tones by phonation
types (OQ and SQ), while the young speakers prefer pitch
to differentiate tones. The female speakers are more
inclined to distinguish tones through phonation features
than male speakers do. As for the nature of phonation
types, T7, a tense tone, is spoken by the male speaker No.2
as a typical harsh voice; T2, a tense tone, is spoken by the
female speaker No.2 as a typical high-pitched voice.
However, phonation types of other tense tones are all too
atypical to define.
Key words: Meiba Bai, tone, Phonation, FO, Chromatic
scale, Open Quotient, Speed Quotient, Variations
(100871 Jtm , ERAKFHPEFESFHARPLO/HER
lixuan1021106@126;wfwf@pku.edu.cn )
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*100
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FLAHFRKAT 30%HIREFE( Rothenberg & 1988 ) K HrE
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&2 /d/5//TTEBRRBI=NHIRIETRS IR ( B84 1 Hz)

i ah a
i1
F
F1 F2 F3 F1 F2 F3
k=)
1 759 1450 2682 820 1493 2728
2 1026 1589 2559 923 1541 2806
3 995 1469 2703 958 1557 2711
4 844 1499 2783 962 1532 2699
5 843 1458 2924 953 1508 2663
6 833 1434 2618 940 1534 2589
7 853 1539 2817 929 1534 2615
8 919 1624 2627 898 1554 2670
9 887 1625 2548 873 1597 2656
10 910 1686 2641 869 1645 2640
11 879 1785 2637 753 1661 2627
12 850 1655 2883 744 1666 2864
13 800 1765 2684 | 737 1693 2686
14 668 1897 3160 | 750 1696 2692
15 799 1776 2841 | 720 1604 2818
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Yao Yun, Sangta & Kong Jiangping, Experimental Study on
fricative vowels in Western Yugur Language

Abstract: Western Yugur language has an honor of the
ancient Turkic living fossils. It is also one of our unique
language resources in the world. By acoustics experiments,

focusing on the fricative vowels in Western Yugur language
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are very interesting linguistic phenomenon. Compared with
the basic vowels, vowel formants are not significantly
different which indicate that the vocal tract shapes are similar,
but vowels in the second half is fuzzy where there is obvious
fricative components. The phonation types of the Western
Yugur fricative vowels could be separated into two sections,
in the first half is similar with the non- fricative vowel, which
belongs to modal voice, the left part is different with non-
fricative vowel, which belongs to breathy voice. Also in
methodology, this paper suggests that on the study of
phonation type speech signal and EGG signals should be
collected at the same time, considering the formants, power
spectrum, FO, OQegg and SQegg. Only in this way can we
describe and judge the phonation type accurately and
correctly.

Keywords: Western Yugur language, fricative vowels,
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fundamental frequency, open quotient, speed quotient,

formants, harmonics difference
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Chinese using X-ray movie

Abstract: In this paper, the jaw was modeled based on
the articulatory data from X-ray movie in Standard
Chinese. First, the X-ray articulatory database of Standard
Chinese were established, covering 21 initials, 39 rimes,
and 204 monosyllables. Second, the articulatory
movement of the jaw were analyzed, both in spatial and
temporal domain. Two articulatory parameters, jaw angle
and jaw shift, were set to control the spatial movement of
the jaw. A quadratic polynomial curve was set to fit as the
temporal trajectory of the jaw in monosyllable. Finally an
articulatory model of the jaw in Standard Chinese was
established, which is a part of a whole articulatory model
of vocal tract.

Keywords: X-ray, Standard Chinese, jaw, articulatory

mode
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Abstract

We studied tongue shapes extracted from X-ray films which
were taken during the process of mandarin Chinese
articulation. Through factor analysis, we built an eight-
parameter-driven tongue articulation model. This study reveals
that the front of the tongue has large horizontal movement; the
blade of the tongue has large vertical movement; whereas the
back, as well as the root, of the tongue has small movement
both horizontally and vertically. This model can be used to
drive a 3D tongue model to control its articulatory behavior.

Index Terms: tongue articulation, factor analysis, model

1. Introduction

The speech production mechanism as a whole has four
components: the airstream process, the phonation process, the
oro-nasal process, and the articulatory process.[1] As to
articulatory process, phoneticians generally accept that tongue
is the most important organ. However they still can’t
understand how exactly the tongue acts to accomplish the
articulatory behavior in the process of speech production. Our
research aims to find out the principles of tongue movement in
articulation and to build a model to simulate the articulatory
process. This research is based on a thorough analysis of X-ray
films which were taken during the process of mandarin
Chinese articulation.

1.1. The nature of the problem

There is no simple bijection relationship between the
articulatory action and the phonetic features. The same phone
might be pertinent to different articulatory behavior, when
produced by two different speakers. However, phonetic
features are derived from articulatory processes which are
physiological basis of speech sounds. According to the
profound study on acoustic principles of speech production by
C. G. M. Fant, the vocal tract dimension is determined by the
articulatory behavior and accordingly forms the specific sound
quality.[2]

How tongue movement affects articulation is of great
interest to speech scientists. But the first step, to solve tongue
shape variation patterns, has long thwarted the progress on this
research. In essence, the research of tongue articulatory
gestures is to find out the rules that govern the variation of
tongue shapes. First we should define a typical form of tongue
shapes. Then we need to draw out parameters which can be
used to drive a function to form all kinds of tongue shapes.
And then we need to find a way to describe the patterns of
tongue movement.

* Corresponding Author
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1.2. Previous research on relevant issues

Daniel Jones studied English phonetics using X-ray
photographs. He made a distinction among eight cardinal
vowels by the position of the highest point of the tongue and a
distinction among tongue consonants by the closure point of
the tongue against the roof of vocal tract.[3] Kenneth N.
Stevens and Arthur S. House used X-ray pictures to build a
vocal tract model. Their model takes the vocal tract as an
acoustic tube with no bends, terminated at the left by the
glottis and at the right by the mouth opening. The shape of the
vocal tract is determined by three parameters, which are mouth
opening (A/1), the distance from glottis to the point of
constriction of the tongue (d0) and the radius (r0) at the
constriction. They obtained experimental relations between the
articulatory parameters and the formant frequencies.[4] C. G.
M. Fant studied a Russian subject's articulation during X-ray
photography. He arrived at a stepwise approximation of the
vocal tract area function from the X-ray data and found a good
agreement between the formant frequencies numerically
calculated from the area functions and the formant frequencies
of the sounds actually sustained by the subject during the X-
ray exposure.[2] Bjorn E. F. Lindblom and Johan E. F.
Sundberg built a simplified articulatory model using X-ray
pictures. They indicated that the cooperation between the
position of the jaw and the tongue in producing the desired
area function prevents excessive tongue shape deformation.[5]
Richard Harshman, Peter Ladefoged, and Louis Goldstein
studied tongue shapes of 10 English vowels, as produced by
five speakers, through a method of measuring vocal tract X-
rays. Their PARAFAC analysis shows that the data can be
described in terms of two factors. One factor generates a
forward movement of the root of the tongue, accompanied by
an upward movement of the front of the tongue. The second
factor generates an upward and backward movement of the
tongue.[6] Khalili Iskarous studied patterns of tongue
movement. He used a cubic B-spline curve to approximate the
tongue edge from X-ray images and arrived at a conclusion
that there are only two patterns of tongue movement, the pivot
and the arch, which are independent of the starting and ending
segments of a transition.[7] In 1980s, a set of X-ray films were
taken to capture the process of mandarin Chinese articulation
by Huaiqgiao Bao.[14] In 2010, Gaowu Wang edited and traced
the X-ray films and built the first mandarin Chinese X-ray
database.[15] Based on their strenuous work, we made
programs with Visual C++ to acquire sample data and to draw
out parameters. Then we did Principal Components Analysis
and Factor Analysis. At last we built the tongue articulation
model.



1.3. Breakthroughs of our research

Previous research mainly focused on static tongue shapes at
stable period of articulation to several separated vowels.
Although Khalili Iskarous studied tongue movement, his
method heavily relied on researcher’s interactive manipulation
of the cubic B spline curvature. Our research goal is to draw
parameters from original data without human intervention, and
to capture tongue articulatory movement with automatic
motion tracking techniques.

In order to get tongue contour samples, most of previous
research divided vocal tract into even parts from glottis to lips.
With such a way we can’t extract appropriate information
from tongue movement since the static part of the vocal tract
does not always capture the same part of the tongue when it
constantly moves backward and forward. On the contrary, in
our research we first separated tongue from other organs on X-
ray images; then separated shape variation from position
change, and then dynamically analyzed tongue shape structure
to draw out sample data from key feature points.

Most of previous research only analyzed several limited
vowels and ignored complicated tongue movement due to co-
articulation. Although Khalili Iskarous studied 600 articulatory
transitions, his model over simplified tongue movement
patterns and left 14% misfit. However, we analyzed 240
monosyllables (including 36 tonal syllables) and 36 rhotic
disyllables, a total of 12657 articulation images altogether,
covering almost all possible co-articulation in mandarin
Chinese, and discovered fundamental principles of tongue
articulatory  gestures through methods of Principal
Components Analysis and Factor Analysis.

2. METHOD

Mandarin Chinese X-ray database contains AVI format videos
which were converted from PAL standard X-ray films.
Contours of speech organs have been drawn manually. We
made Visual C++ programs to process them and found out
patterns of tongue shape variation.

2.1. Image processing

From 276 AVI videos, we extracted all frames of BMP images
and segmented tongue, lips, lower jaw, palate, pharynx and
larynx from every frame by image segmentation techniques
such as thresholding method, motion tracking[12] and image
structure analysis[13].

2.2. Parameters extracting

In order to separate shape variation from position change, we
took tongue shape as an inscribed graphics of a rectangle. We
used the variation of the center point of the rectangle to
represent position change of the whole tongue. The
distribution variation of tongue contour points represented
shape change. So we got five major feature points, as shown
on the left of Figure 1.

| o/

Figure 1: The choice of key feature points.

Using those five points, we drew curves and checked the
correlation between generated vector graphics and original
bitmap images. We found that except bottom right part the
other three parts had very bad resemblance. With further
investigation, we found that those three parts were not simple
arcs. More complicated part needs more feature points to
capture trivial variation. In order to find out minute changes,
we calculated the curvature of each part of the tongue contour.
Then we got some inflection points. So we decided to add
eleven minor feature points, as shown on the right of figure 1.
Each minor point indicates a great curvature position of that
part. Then we extracted X, y coordinates of those major and
minor feature points.

We assume that tongue shape is formed by several
connected curves. After getting those feature points, we can
draw vector image to simulate tongue shape.

In our research, we used Cartesian coordinates. The
coordinate origin is at the top-left corner on X-ray images. The
X axis is positive along the right, and the Y axis is positive
directly down. The extracted x, y coordinates were written into
an Excel sheet, each frame as a record. There are totally 12657
records which are from 276 AVI videos. Each record contains
32 fields for coordinates of 16 key feature points, and a Name
field for syllable name and frame number.

Considering there are correlation among parameters, we
need to do Principal Components Analysis and Factor
Analysis to discover the underlying factors and to reduce
dimension.

2.3. Data analyzing

We used SPSS to do Principal Components Analysis
(Correlation matrix method) on sample data. We used
correlation matrix method because we wanted to observe the
correlation among parameters. X coordinates and Y
coordinates were analyzed separately in order to find out
horizontal and vertical movement principles respectively.

Horizontal (X coordinates) and Vertical (Y coordinates)
KMO and Bartlett’s test results show that there are very strong
correlation among parameters. X coordinates KMO test result
is 0.911; Y coordinates KMO test result is 0.844. So it is
fitting to do Principal Components Analysis and Factor
Analysis. Principal Components Analysis results show that it
is suitable to extract four components either to X parameters
or to Y parameters, because we hope to minimize
reconstruction errors, at the same time keep factor amount as
few as possible. Four X components can cumulatively explain
97.716% variance (shown in table 1). Four Y components can
cumulatively explain 96.758% variance (shown in table 2).

Table 1. PCA to X Parameters

Initial Eigenvalues.
% of
Component| Total Variance. | Cumulative %.
1. 12.625. 78.909. 78.900.
2 1.569 9.806. 88.715
3 .999 6.244. 94.959
4 441 2.757 97.716




Table 2. PCA to Y Parameters

Initial Eigenvalues
% of
Component| Total Variance. | Cumulative %.
1. 9.146. 57.163. 57.163.
2 4.093. 25.581. 82.744
3 1.361. 8.509 91.253
4. .881 5.505 96.758

According to the result of Principal Components Analyses,
for either horizontal or vertical movements of tongue, four
factors are suitable to be selected to do Factor Analysis.

The result of horizontal (X coordinates) Factor Analysis
(Covariance matrix method and Varimax Rotation Method) is
shown in table 3. We used covariance matrix method because
we needed covariance matrix to reconstruct 16 feature points
from those factors. We used varimax rotation method because
we wanted to separate original parameters.

Table 3. Factor Analysis to X Parameters

Rescaled-
Component:
| 1. 2. 3. 4.
LX. .359,] .885. 1192, .180.
RX- 666 405, 176, 591.
TX. 923, .281. .249,] .071.
BX. .1904 .126. 934, 191,
UX.- 297/ 431 799, .023.
1Xo .580,] .361. 469, .537.
2X- .740,] .383. .207] .503.
3X. .850,] .323. 272, .283.
4X. 902 .290. 279, .132.
oX: .880 381 251 .110.
6X- .788,] .533. .256,] .130.
7Xo .608;] 7314 247 .148.
8X- .362] .867. 278, .178.
9X. 361 .824. .383;] A72.
10X: 335 734, .545,] .146.
11X .335 522 722, .051.

The result of vertical (Y coordinates) Factor Analysis
(Covariance matrix method and Varimax Rotation Method) is
shown in table 4.

Table 4. Factor Analysis to Y Parameters

Rescaled-
Component.
5 1. 2. 3. 4.
LY. .9504 .248. -.103. 034
RY. -.161 .026. .941. 256
TY. 257 .931. 147. 168,
BY. .061] .208: .206. 953,
uy. .907,] A179. .084. .058.
1Y. -.006; .218. .518. .824.
2Y. .036 .310: 912. 210
3Y. 222, .698. .620- 79,
4Y. 251, .903: .250- 183,
5Y. 446, .875. .072. 120,
6Y. 746, .643. -.046. 047
7Y 914, .361. -.090- .036,
8Y. 967 221+ -.068. .024.
Y. 975, .189. -.015. .010;,
10Y- .954.] .162. .048. 023,
11Y. .930 144, .098. -.008-
3. RESULTS

We used covariance matrix to do Factor Analysis, so we
analyzed rescaled results. We considered the contribution

given by parameters to every factor to analyze tongue
movement principles.

3.1. The principles of horizontal movement of the
tongue

As indicated in table 3, 16 parameters have different
influences on four factors in horizontal direction. The tongue
is divided into four separate parts. The trend of 16 parameters
contribution to four factors and the corresponding parts of the
tongue are shown in table 5.

Table 5. Parameter Weights on Four X-Factors

X-factorl: T, 4, 5, 3, 6 |X-factor2: L, 8, 9, 10, 7
17 fs/ﬂ} \/L765T43
8910U1 L R 8\91\0U1 1 R
1 1
B B
X-factor3: B, U, 11 X-factord: R, 1, 2
{58 5 ! 4y 198 & L 4
Yol R | Pt R
- 1 )
B B

In brief summary, in horizontal direction, X-factor 1 and 2
stand for large movement components, on the contrary, X-
factor 3 and 4 small movement components.

3.2. The principles of vertical movement of the
tongue

As indicated in table 4, 16 parameters have different
influences on four factors in vertical direction. The tongue is
divided into four separate parts. The trend of 16 parameters
contribution to four factors and the corresponding parts of the
tongue are shown in table 6.

Table 6. Parameter Weights on Four Y-Factors

W-factor1: 9,8, 10, L, 11,7, U, 6]Y-factor2: T, 4, 5, 3
\é7~65T432 1765 T4y
891\0‘61 R 8910[}1 R

1 1
B B

Y-factor3: R, 2 'Y-factor4: B, 1
s T4 {765 T4y
8910&1 R 8910U“ R

1 1
B B/




In brief summary, in vertical direction, Y-factor 1 and 2
stand for large movement components, on the contrary, Y-
factor 3 and 4 small movement components.

3.3. The model of tongue articulation

From above discussion, we know that in the process of
mandarin Chinese articulation, the front of the tongue has
large horizontal movement; the blade of the tongue has large
vertical movement; whereas the back, as well as the root, of
the tongue has small movement both horizontally and
vertically. In the field of phonetics, the tongue is divided into
four parts: blade, front, back and root. This theoretical and
subjective division is practically and objectively reliable.

On the basis of factor analysis, we reduced parameter
dimension of the tongue model from 16 X parameters to 4 X
factors and 16 Y parameters to 4 Y factors. These 8 factors
were used as new parameters to drive the tongue articulation
model. When we used these 8 new parameters to reconstruct
the x, y coordinates of 16 key feature points, the mean of
standard deviation was 0.009.

We can use the restored key feature points to draw curves
by cardinal splines. However, since we can’t get the
mathematical description of tongue shapes, it is impossible to
mathematically study their variation rules. So we used every
three adjacent points to calculate an arc, including its center
coordinates, radius, starting angle and ending angle. Then
those arcs were connected to form a tongue shape.

The graphics which are formed by connected arcs need to
be smoothed out at joints. In the following figure 2, the model-
simulated graphics (the outer curves) are compared with the
original bitmap graphics (the inner curves) for the mandarin
Chinese syllable [t"u].

Figure 2: Frame 20, 25 and 42 of syllable [t"u].
4. Discussion

4.1. Explanatory value of the model

Our tongue model has high consistency with X-ray films.
However, occasionally in some parts of the front of the tongue
there are some trivial variations which can’t be simulated by
our model. How on earth these trivial variations impact
acoustic features needs to be further studied.

Our tongue articulation model has revealed the principles
of horizontal and vertical movement of the tongue but how co-
articulation affects acoustic features in specific syllable needs
to be further studied.

4.2. Practical value of the model

On one hand, our tongue articulation model can be used to
study the process of speech production. Especially this model
has practical value to reveal the rules of co-articulation.

On the other hand, because our model controls key feature
points of tongue contour, it can be used to drive a 3D tongue
model to control its articulatory behavior.

5. Conclusions

We built a dynamic tongue articulation model. This model can
simulate tongue articulatory gestures. It is highly consistent
with the original X-ray images. In 12657 frames, except 33,
the simulated tongue shapes are perfectly fit to the original
tracings. In those 33 misfit frames, most of the mismatched
parts are in the front or blade of the tongue where key feature
points can’t cover so trivial variations.

Our data-driven model has successfully divided
midsagittal tongue contour into four parts: blade, front, back
and root, which is in accord with a phonetician’s intuition. In
our model all four parts have shown regular variations, which
may provide a basis for articulatory phonetics research.

Our model matches well with speech spectrogram. We
choose the data of syllable [piau] to illustrate the relationship
between factor scores and speech formants in figure 3 to 5.

10 13/16 19 22 25 28 31 34

Figure 3: X-Factorl scores of [piau].

10 13 f16 19 22 25 28 31 34

Figure 4: Y-Factor?2 scores of [piau].
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Figure 5: Spectrogram and formants of [piau].

In figure 3, we find there are dramatic changes from frame
14 to 16, which represents a sharp backward movement (The
X axis is positive along the right.) of the front of the tongue.
Such tongue movement causes decrease of the second formant
as shown in figure 5. In figure 4, we also find continuous
increment from frame 13 to 16, which represents a sharp drop
(The Y axis is positive directly down.) of the front of the
tongue. Such tongue movement causes increase of the first
formant as shown in figure 5.
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Abstract: The relationship between the adult speaker’s vocal tract
(VT) and their height was assessed using acoustic reflections to
measure the VT morphometric data of 109 male subjects and 105
female subjects, aged 19-—30 years. The heights were correlated
with eight VT parameters, including VT length, volume and
proportions.  Significant gender differences for all eight VT
parameters were found with the VTs of males being longer and
larger than those of females. The pharynxes of males are relatively
longer and larger parts of the oral cavity. Some gender differences
were also found for correlations between the VT parameters and
height.

Specifically, both genders had significant positive
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correlations between the pharyngeal length, pharyngeal volume, VT
length, VT volume and height with the correlations for females
generally stronger than those for males. Only the female subjects’
VT lengths showed moderate correlations with height, while all of
the other correlations are quite weak. These findings provide
theoretical support for estimating an unknown speaker’s height based

on their voice in forensic phonetics.
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On the Calculating Methods on Functional Load of

Phoneme Structure
KONG Jiangping & LI Yonghong

Abstract According to the phoneme theory in the structural linguistics and based on the
databases of different languages and dialects in China the paper provides phoneme data
analyses and theoretical explorations and then proposes calculating methods on functional load
of phoneme structure. The major calculating methods concern: 1) the frequency of syllable
contrast; 2) the contrast type of phoneme load; 3) the load of phonemic system; 4) the
average phoneme load. Through these methods the contrast type of phoneme load the load of
phonemic system and the average phoneme load of 3000 monosyllabic words in 20 Chinese
dialects are calculated and analyzed. Based on these methods and results a basic theory of
phoneme load is proposed and discussed. These methods can be used in crossdinguistic studies
of phoneme loads sound changes in historical linguistics and in language evolution and the
application of speech engineering.

Key words phoneme functional load phoneme load phoneme structure
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