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BEAERMRMERTZE

0 5%

O A B R R R K (speech
production ) 43 A i % Carticulation ) A1 k&
(phonation) M#i7r. b, v T 22 FR 56
W = A ER RN B AR AN b =W N P
W AR AN R TR, B, T LR
W fal, fil, g, #OE TR S EE
ARILNG T = AL AN RIEE  RPJEdR AE Al E R
IVEHIS, DA R4R3 77 20 A i s, A
W ELASE T ARSI, RIS RE,
DL a2, tetn, IERWB S A, R
WEE R, AR RS, IERE RS, BRR
R A,

LR AIE S 2T g, AT TR 5 T &
FEZ WA, QR & B AL 1) 38 SCRIR &5 T 1)
B A, MR IR LB (R EAE X, AT
JCE RSN, LA T el
U TR TR SRR B RV, IX e
W IRAE TR 5 # B TR B AR
o R, BEEIESY. SiEmP%. 5ind
IR, NATTRHE S = PR TIRK GER,
T4, AREE PR BT OREE F H A
FENATTRIL T KEHAE S5 R AR,
b [E S IR JETE. SOE . BILES (AL
TP, 2001), [ ROE & 2 i I “ A oo
I CBICE” IRTE F S, W AR K
FMPEF 2w X, XA HE 5 2 R NE S
PRGN REB] T F R AN EZENE.

TETE 5 R AERBMREGH, B R 5 i)
A, W BT TR R R SR A AT A5, il
WRANPTOE SR EENE S EEEEY, 7
Ab, FERIRRE AT, Xt R A
SR TEEME PR TR EENEN, 4
RIAEA B2 055, Wi (MRD. 12
CT. Zi&HETIAE 5% ERAENT, 1l
DM RS B 2A: O iEEEY; 2) A1
Pifa g 3) AR ST 4 mdECF RS
A, XS T VA RIS 5 A B R b
F, SR AT R ) DL bl 5% b 5 R R R
RISH, MRREE S R A R P A8 7
HE RN PRS0

fLITF

RFEWIIUNTERZ , A TEZTREE
BEEAR B (OEIE, A I B T S A
WEIL, 3 AT 28595 0) U T B A TR H 22 5T
AT ERRAETE AR, vl L Re ] TR
TR PRI AT . EATEHE: 1)
Irbriks 2) WEBITE: 3) BURBIRIAE DM
% 4 ZUERE L 5 TG TE: 6)
SR T KSRGS TE: 8)
WS E T 9 BRE A O

1 REREEMYEEG

AR SRR, ik e
AR LR AR, BT EA SRRy
( epiglottis cartilage ) « H R & 17 ( thyroid
cartilage). FRIRHH (cricoid cartilage) F1— X4y
R (arytenoid cartilages) .

AT Cericothyroid joint) %452 HUR 4 Fl
AR, FFIFY Cericoarytenoid joint) 3EH2HY
RETE TR, FRRCE TR Z R
VI G N IR NP DL /NG e EEEZN DR N T
B8 SR T A, (Sawashima, 1983;
Titze, 1994; Hirose, 1997; Kong, 2007), W& 1. !

1
\L 0
|

1 WSk REAARE LS HT LIRS AL

LB R 3 T Titze (1994) 25 1M ik
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2 WAL i R P A i 40

WS KA T LA, AT =2 N L
WHLCT). SMENL. WL TGS FINL(PCA).
WHAIILAINT or 1A). IIFAILLCA) FFIIVL(TA).
R WLV OC) RN AL o W P UL EH — 2L A 4
T A AL 4, 55 58 AL Csuprahyoid muscle) Al
T FWL Cinfrahyoid muscle), UL 2.

Thyroarytennid muscla

e. Musele fibre
£ Muscle fascicles

4 i

RSR[5 3 e e A LA ), ot
AR E B e e SR L, s i LR
FE ML, XA SR AL, T RES
HE AL . FPRECE iz 3 HAMNEIL (PCA)
PERIAT UL CINT. LCA R TA) Fifil, iX 2Ll
WA ANER A, CT Ml4s 5 3057
HIF7AH, VOC R R RS b3l m s 1 4 2005 &
TR .

AT R AR e, A 1) B A
(epithelium); 2) i C(superficial layer); 3)
HhiE) ¥ 2 CGintermediate layer); 4) )% (deep

layer); 5) LA (muscle). 77 45 Fth Ay Loy -
1) KEE (mucosa), ‘&G R g0 A1 2R 1 2
2) Pind (ligament), ‘& AFF )ik P 2 FIVR 2
3) WL,  FEs gk it iy AR B b i 1) 75
GHINE:E = Sk i oyt N TET) =y L E1 B O
25 2) Fadk, CRBEERA. KLE 3. 4
EHIOEIRT®

R AR Bl R RUA 7R (R ) B B AR
ORI, TR, PRSI PR A M B R IE AL fE
B AR R, TR R A R ORI,
DAL S8 0 b 7 e ke, X ARSI R YA
PR A%, DAL R U 3 IR 5 1 e it 4
FEOE LN (R g, AEPUARAT 5 A B R X
TR & — AN VAT ARG A 1 1) T R4 R P e
o

SOURCE FILTER RADIATION OUTPUT
ﬂ |
- —
ﬂm@m..w “ m Wl /
requency

5 S AL =8 Finid B (Hardcastle et al, 1997)

B 52 F il A — AN EEA R B R
PEREHE S AR A N = ANy, SN
oy, HEAEERR, ENEARE R R
BRI 12dB. 25 AN 23ty iRt
FEIESENS BT 98, XA REAR 1 AU K
Rt T AN IG5, e v e i Pl A
PRI PR, — DRORATE LR, 15
—ANRIRRIE RO RE, o =N R AR
FI 2 B 27, SLH PR P2 B3 A0 IR 4 v
6dB, I ERiE T, IR GG 45 P R 2 3 ]
Fone AEFESERRRE T, SRS AR A
3, TEFIERAR.

2 W

FEVE B RS, W BT — Pl g o
AT IR, W T TSN SRR
T3k, BE R O B E F RS, ST
CAREAT P2 b, T P 2 A B A e ] 0 ) )
TR, RIUBAE EAMELS 70 AEAR, SELE
UCLA (W& 5 X I E oy i Mk TV 2 1
5 AR A, T e A4 o [ ) — S RS S
(Ladefoged, 1973, 1988; Laver,1980; Ladefoged et
al, 1987a, 1987b; Kirk et al, 1984; Therapan, 1987;
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Anthony, 1987; Maddieson et al, 1985; fLVL°F,
2001).

WA ATV AE P 2 S P b S S AR 75 V5
FRAN, BV IR REE, P YRS S0 e
FERS U Gl o -4 (51 N R R 25 1
e, BT DUR 5 — . iR e Rk A
Wi & A RN, — AT — i
Wz LT

HAR SR RE S AT, AR R IE AR 2
dife s, JFG A g o KR R O R R s i 0o
W R E SR, Bk, HFREIEEFEXRE
AT I T R I, AEAT B e fal VR R o AT I REAR,
XL PR by fal 5 — FL e EE A ey, ERTTIRS 28—
AR RERRE RS LU /N B RAT RO, IR R
A LAAG B B AR AT R R 2 . SRATHT T
Bl Iyl Tu HE R IRFEAS, 58— i LB,
FEM ) e AR — MG R RS ES, Bt
AN B L S R R 5 24

N T RPRIHA G, TN A AT S —
FLHR UG 1) fi 1R 28— B IR e I B AR A
IR (R A P SR, SRR 7 VA 15 O
ORI AN R R A R I B ER IR AT . H
SEAETE T R ARG, DLASR & A 2R A
HdR/ANRESEINE, A TE R TEARA— g s A, 1E
o @& MZEN, X T80T ERRR &
FE IR R /N AL TG B LRI AN IR, AT 52 1) 38 4
s (R0 O R 2, AR L AT AT
F e T

Kl 6 J2 5 T A s ) R R R K, Ay
K BRI =ERE, EEEEESENRE, 5K
TANFE ), LGRS IS A ], s
FITE 5 th P e BRI LR e fu 2% I 7R . ]
Shy TR () JUER, — B 2 i R A 3 R
T I SR L R P s o e AR T3 R ) U
A5, IXFEE AT DL TR S e g s, R AR
A (Alku P. (1991).; Lindestad P-A et al. (1999).;
JiFE.Gy mitrd, 1994, ).

The Speech Production Process
[ source |——{ vrmrEr |—»—speEcHouTPUT
a ", ag|
F2
B3 Fays
Frequency (Hz) Frequency (Hz)
Inverse Filltering (requency demsin)
a® -
—— ECP‘ B P g m
(Hz) Frequency (Hz)
Inverse Filtering (me domatn)
e giatiaaiiaw Gral abrfiow
LX) wy
——
-
e
Differentiated glottal atrflow Speech pressure
o L&)
——— N ﬁw e kﬂ'
G €

B 6 5 T LR i B

TR FEEAE SRR, X% T HE
R I E D e Ay L, FRATTIE L R 1 AR BEATE ST AN
T8, A R DG AT TR 7 e Al e s P sl e AR
W IR TF A TR S B R T, SR
(i) A SSE XA 23 BRI A oA A 11, — Ak
SAMTY i N VN L 3 9 s 7% T D s P
SO ST W RS, AR S TR,
1S e o 1 i T BE sl SRR AE,
YEW R RNV TR N IR A PR AR
FFE VAR, BUOGARMERE R AR 4 GRTD
T TP W K i N B I i e B UL ¥ |
DAAR,  SEBR o mf DU A [T A k. AR
HATHIEOAR, R T AN 7 A A
EIMGAE B E AR (FLYTF, 2007). R R84
FENFEE GES) Lidiijgm A myE, XA S
BTG5 T VR, W aTUEH,
i S o T A E A S 75 e o 7E R PR IFT
b TR D B SRS e S B IR
— A K P AT I R R

TN TERATIRAT I ™ M He I D8I SR
AT W RERAEAE ) 8. ST B
T GBI IENG (e, AEIAUE S AR R
Rrp A B RE (AR) iR, HAkskibutd
LRPETIN (LPC),

s(n) = iaks(n - k) +Gu(n)
k-1

PAE 2 5 ST 5 ™ AR A RE A I [ 125 AL
M, Forb s FRES,  un) i, G
Mg, k{akPAIEB A R K A S HISER .

MBI 22 X R, 38R 2Rt
BOB b AT ML, VS T R L
G Ze PPN AR BRI S Rk, A
Fe 13 2010 2R AR T g PO REAS 21 7
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.....
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K7 PR AN TR (K388 g 5 vk

Bl 7 SR T PPN R] 2 TN 36 6 3 g
e, BB NEF A, B O AR 2 T
WRHCYIER G &R, o515 TR REw i
KR, FROTEE RS S, WAL
AR T TR . BT o A ah—FhigigE
BRI, IR 1 SR E S 5 AT T
i (preemphasis) AbFE, SR i P HL H 28 P o &
B, RIS 1 2 P T 2R on) | — Be AR HEAT T
DN PES R S AT RN, RIS N
P, XM R YRS 0 B S
AR IS, IR PR R I AR 43 (1 75 A
5 B T L b R 7R R ) B SR 4
B, i, F4A0) LF B (Fant et la, 1985)
Al Klatt88 H FF LR IGE S H & il A
IR AT T AR AR A

FRCHR A2 P TN T 8 I A T L R A
R T DR AR, ARAEX o 2 YR AT 5T
Jr, EARAEEVE 2 R R A AN REAR I A R
ST R R ETRIN & AWl . (FERS) HEAY, (Rt
TCIEAR G PR R E - 2R A O RS, i A
5 E RGP RAMAAEER . B, BT
NP e Jos R D Js ) B 2 o 3 g i 25 1 IR 45 B
%, Pl 4 T % s (Dang, J., K. Honda, et al,
1994); £H -, BT ALIR G A7 AE, R
W2 § 3l % A (Dang, J. and K.
Honda,1997); (5=, A1 R UEAEA T 14T TTI [
FES i, DR TR XA ES
S TP R RS BEFI AR, DRIk, H AT R H )
WL, LA R e, Rl A fal o 1
YRR T S 3 S EOY P8 ARG IR )8, (ELS
AN RSB AR A IPE o BAEARAS R LI 98 %
(R AR 22 i P ), DA AR R o L N 213
TEWSET,

T E PR TT DL IE IR A AL Ik, IR Tk
T SO SR A, AT A A T
Ae, N LTS AE SRS, kR AR
PR R . — AR 1) 7 VR B2 Klatt88

F IR S 15 s SRR S e — MR %
I R IR B S . T34k, BRATTH AT IEAERTST
TR« e A S R (I R 4L B8 T
REFI LR, AR5 2 — D A g e . Al
(L E S UNIS & s LIV S 1 6t PR (B BN 3 &/
W P RS 2 R HE R AN TR A 5347

4 FEMR RS

NRFER G RS R MMESURE B R 12
AU TN PEARAE S AR, XA
TR, WER—PIEF A AR A AR
A, IR ISR R AT ORI 220, X
TRATWFFUGR 5 A A R ARt T SR B AN 5T
FIRE, (HE A BT I DU K ok, A
BEANAN T A IE RS PE G SR S R R F) A0
BRI, e AT IE S, AR d
TS SRR IS, A AT DORHE 5 BEAT A0 (i
AERKIE, XA EF 2 HTAT AL . 7ERT
TS g rh FA YR, 155 8 WA % SR,
W RGE S A BANRER A I A L g, AT RESS
SN BB 2 A R (B IERP SO EE,
AL Bl R R3 DE B vk, RIMEAT %
AT ER, RBEAE, AR RK
M o

PREURER D I AR HAAMEE R 1) xR
SR IE S S T AT R, R RS, 1
PE 5 ¥ ] DA SR B 5 2 22 107k, )
LA RSR[5, EIX P
JIExJE RN S B AR IR, KB
A RESEIIRE 6 73 DUKIZER, i T R
FUN, JE B B EOR 20 MBI KE
SIS, ARJE AR R R
P B AR I 5 3D 8 22 35tk 25 (R G
KRR S KA HEA T th et 15, Tl 500 M H]
RIS 4) RIS IR
ERFMEIRE T2 DU e 2 4R,
PRI T 2 >4 UL (- dBJoct).

?’i’h,

E

i

il Jl,l'_
i
i

YL T
||.|||I|1I_I]'.I|||| |. I||| |
I ["_[IJ'III'I[‘,]']'-I, 0 Ll |||
P Wil -F'!'.'-.'lkllv{_‘ [-'llillllrr

.L
)

o0 eopo 400 eebn  fo
Frequ.

K 8 Il Dy A ik
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Bl 9 B R s e K

Bl 8 i 1l Dy, 1 9 S A AR}
FonmEe aTLAEH, B9 HR SIS RS H
KRR TWen:, 2od 7 ILHR0E, /NI
Pl 2 1 B II H 1 Jey e AL, T e AR s S
Wi A I ik 2 A R gk, KL
T ISHy A Rk 2 I 2 ke . R
2 FA MR % (-dBloct).

ATRE R4 BT (1) 7720 LA AE VR 22 5 10T
XA FEALRG: 1) B iE 5 AR
AT m T, DTS ek b 4 X P
MIFEARZH s 2) Xof— PPl 5 AN A e i R R 4
T TR SRR I e W5 3) X AR 1)
ANFIERFAT IR RS s 4) MG R
R R BAT A3 T SN RIS B5) AES
PRI ORI B A () SR AL I A AR s 6) 1 IR
FHERMIEASE., B2, BEIEHRE
TEND AERR R 5 R b — b B
o

5 ZLUHBRF T

2 YRR 3 BT S5 7 A IR 5 B AT R e
SR — Pl i 75 S AR T R RIS
W AR [ R 2 T, fEE PR b, R LERK
F RIS S, e Bt BLUH R I 5 o0 8
E AT YIS W I LIS I 1 5 R0 e b A A g
I .

ZHRE T LB G T FIEMS
3 ANJiI, s, ZUYRE TR
WAAE A SRR T, T LR EE 44-48K
PIRAEAR . ah, MRPGIRAT B, ATt
G T DL T 2 Y 1 AT, AT T —
SEYRALEE, SRt R TR BUE S o 2.
R, ZYRREISNTEIRE, XEE
AT 2E A e T A o R (A IR 02, 4 9
HBLBAREEL B L.

LHITR BBl — Bk U7 2 Tl AR

2 I KAY 2 7] 2 4E 85 4 (e 1 ) 4 T A o

~ | () (i+1)
Jitaz—g TW_TU
N _1 i:1| 0 0 |

o, TO@) =1, 2, 3, ... N 3R 1 %
WIZH, NS FHEIUR  FE I AN4L .

WEFL 5 1 43 O — B b2 23 18 A A 2 1) 1)
FHXT AR S X«

1 N-1 i i

N 1Z|To(l)_To(l+l)|
Jitt =—— i1=1N
NZTO(I)

i=1

Hrb, TO@) =1, 2, 3, ... N 23l i
FIAZE, N S T4 0 R R N 4

W2 4R E S5 7528 33 1 6 K
X, R RS, B D P
FeAi(Fo. Hz), 2) FH4E AN (To. Ms), 3) %
A (Fhi. Hz), 4) ff&FEH0 (Flo. Hz), 5) FO
Pl ZE (STD. Hz), 6) Al 75 (PFR).
B OB S, s 7D FO Bl
HK(Fftr. Hz), 8) ¥ciFEIsh#= (Fatr. Hz), 9)
I HTREAS I K (Tsam s), 10) i x45i% £ 5 Jita.
Us), 11 FiREHE o Aiit. %), 12) AP
YILE(RAP.%), 13) LB (PPQ.%), 14)
SPHE RIS T (SPPQ. %), 15) KAz k3 (vFo.
%)o A “IRIEEISISH”, GFE: 16) Ik
&£} 2 (ShdB dB), 17)J=IE £} 2l H 4 t(Shim dB),
18) HRIEIEI T (APQ%), 19) “FIFIRIEI5h 7
(SAPQ%), 20) #RMEAE{Z(VAM%). ZHPURE
“IBEIRRC, AU 2D) TEME(NHR), 22) B
HREB(VTI), 23) Bk FETRE(SPI), 24) FO £l
L FREUFTRIY%), 25) YRiEH] )55 5 f5 5 (TRI
%). HFHIE BEENSHT, B 260 B
TR K(DVB), 27) KHIEY(DSH), 28) i/
Z(DUV), 29) BREMEZH(NVB), 30) KA
HBA(NSH), 31) JEi A BHE(NUV). SN2
COHEARZHT, s 32) L EB(SEG), 33)
S WI(PER). K 10, 11 &M IEH KR
BN RE N EER R

—a AT =
i.u,.'\._‘_qﬁ, 1]

= ] 5
i ey ™ Wity *]

ERRE
K10 A IEFRF N E R
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SRE
11 —AMURT BB R R

MELEREAE AT A Y, 2R & e —
L NEE SR RN S NS L 3
Al HMOERE AL EAAN AR TR S RS TR
TR AR BARZ YR A L LIE
it B, A AR AN B 2R ES
EREL . BAWER DR G SEEF%RTE
VURRTE 5 AW SR 43 21 TR EF AR (SLIL
*f~, 2001; Shen Mixia and Kong Jiangping. (1998),;
Kong Jiangping, Caodao Barter, Chen Jiayou and
Shen Mixia. (1997).; Hall K. D., Yairi E., 1992,;
Horii Y. , 1985,).

6 7 [ TRHHL T

MIBAYLE S (signal of electroglottalgraph)
JEIE 4% (laryngography, i f B iS4 )
KAV K s T VAR AR B S 5, XM I
LI H D AR SR 2 R b AR A i W RIS 1
ARPTREA, EEH A ATIAESHE 5 TP O R
55 IR 2 R, DA AERI S0 1A P Y5 7 1
AFAEVEZ 0T, 75 T TR B S AR AR R
HES) TR AR, R A T TR R R
PR 2995 BT S CORTS B 7 TS 21 T 1R KH &
J&.

FTHPUE S I, So5eE IR T —4
B, AT A TR A RSy
MR AR IR O R0 TARKRIR &, il
SEXEF IR AR T HAF AR TR &5
W7, A TTBEBUE 5 TP B Sk i 2 40n]
DAAR B by FH R A 55 AN [R5 B R R R, TRT T 4
BE R AT S TTRBUE 5 i DA
HVF 2 S T8RS RIS . IR
HPH A EZ, Sl D W5, 2)
TP, 3) MR . PR b, SEAR. TR R RS
AMAE T TBEPUE Sy DB, TR & 75
PE SR A R RE R I R, iR E
42 (1 LW 5 A2 280 e A P %) FF il R 0ok 2 il 2 4R

B AR 5 SR 0 T R A v o

I 1

1 h 1

a b c d
Time

12 FEYSAE S R, T F M g PR A 52 S

K13 FETTRHPUE S TR, T fg AIE R 7 (R A 2 X

ME AR S YR R, R0 A 1
B8, XAELRE . JTRIESR A 1 1T I AT R
AN, FRE B S, ATt n] LU il
Ko, FURSHRAIA Yo 5 B AR A 1] 0 IE A
FTITARLE ST T IEAE R AT o

B 12y NHEEAE S TP S IR IR 515 5
IR 0 TR NG DU B LB IR W fEL R A 1T 1
Klrb ad 29 3, ab JyFAH, bd JT4H, be 7
FTIEAEATITAR, od AT IIEAESCHIA . S0, JF
T R JEE i T LA BT 28 AOokoE X

A = UFI(ad)

TP = JFAH(bd)/JE 3 (ad) x100%

WEER = T EAESTHFAH(be)/ 1T IEAE R
F14H (cd)x100%

Kl 13 S iEE A T IBEPUE 5 AR TR, 2
JRARTEA, AR LR HAB R R 2 Ao i),
Kb ad 4 R, ac APAAH, cd ATFAH, bc A
I TIELEFTIFAH, ab RS [ TIEAECHIAH . FaM, I
PRI 7w AR BA R A 20k e X

HEAR 1/ ¥ (ad)

JFE = JFAH(cd)/JH 3 (ad)x100%

B = AT TELEFT I AH )/ A T TIEAE S
14 (ab)x100%

A5 P REA, s RIS ) DA R A 5 R
AN A 7 2RI AT 5 R S RS 5 1
X g SCOR] LR Sk A 5 0T P U ) IR R AR AR
M, RIGEF e E R AR, DUB W
(PR SR, AR PR LU R
WS A PR VEFIVE IE 55 . BT R IR AS S U2

$ IXJUEAR 2 [FAT 1 3RS T I R R 7 0 S, KK
BAFE LR EUFAE N, RIS RE, T i
RIS E AR AR S B HAAET AT
PSS b, B4 T — g

* I Kay A H FIEGGHH X4 B 1«
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DUSE Y S B
BHE EXEE SEERE
3 4 5
5 3 2
1 3 2
2 1 3

Rl RFRIUFIER

AT, St SR 5 I PR
REE  RRE
2 1 2
wEH 4 1
B 5 1
BB 4 5
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+ +— +

2 KRR RIS

R LR FARIEFALAE,  HH TRl 2R
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IR NHER? - I AORERE: b m] DU H X R A
PR ASE X IR, IR, MRS IX— PR,
FRATAT UK LA 4 oA DX PEAFAE A 5 3 35 A AN
AR, DG H G OL R, X Rl AR
RETA i K T 5 AR P L B

R 2 B E R R RIS B DO
RAER, RPAERT'S “+7 0 “—7 SRR IE 3R
FINSHORIX 71, B, IR RS E SO+ =7,
R IEHEREF N SHOESCY “+7, i/ IER R
HIISHE X “ =" NETATLLEH, Bk
LA HM =7, R+, TR =,
P 7, R . RRIE IR X L
B 3BT LR A PR 7 0ok A 5 W i R R Y,
S T A A B S A AR AT I DX R I R
S

Acoustic chart of phonation
types
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XA RAI L, BRI RS, AT
KNI R R B s, B2 R AR B2 <
o, IEHRE LIAMRE AR E AR, —ME
R, [FIRERATT N bR A = o ) e
FRAEEN. Jihh, A AR AR AT
MFETIPUE 5 IR S, T L2
TS, WARSHCE NEHSS 5 PR
FTUARRON AR A R B AR, O
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7 BEE1HTE

NSO HT 7V ) 6 2 R AR Al A2 i
B G FNE T G AT, AR AR Ex
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JAR, MRS T2 BB T 22 0 — N i
bR AR LE X H I B % I RS A 3 T
W, IR T A7 ST G AE R
MEEIR R, KARHES) T2 G RHE I 7 )
K, HE B RIAD Ay 0 A BEALH S K2
Fbo Bal )\ AR R T R A
J& s AL FRAT AT 2 A 0] 7 s [ i s AT L EZ RN 5T
AT DA ey A A A TR Y — e 2 KO dE
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K 15 rmodid B s (Kiritani et al, 1993)
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M, 8) AFETImM; 9 A/, 100 &
FTHAR; 1) R,
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Bl 18 Fl 19 S IFH IR & AR T 1S H0UR
=2E, BEham T A N ER T
FEITIEARS AR, wE A T A, ZeAs
PR AUEATIERE . KIELh, 74h, AR
FETTTEHAR AT DAV S, JF s R R, KRR
— R EA BRI EA SRR SRR,
Phehase, i ERUEAT W B SUWES 240 L
B R,

AP TR T AR, Wiy
X —HARF T, WU RIBEFRE K
RSP BLZ MG R, 1BFET KRR
AT, PRI e e 5 R A A A 2
WS, T H A SR N, SiAh, X —
FEARAE G 5 2 U AN 5 7 TR AU AT R 4 11
TFR MRS (Kong Jiangping, 2007°).

8 KRR

R RUAIRAS 73 W Feond A i IR st an o 7
53T, REKENE, HT& AN A& RAE
TS R RIS R R 2 75 BRI AN ], 7
i i IR BRI R R AR AR A, T 30
FhASE B A IR a6 77 e AT B A A 4R B
BT R GS CElD FROA R 7 B fid 1) (7]
(Vocal attack time, VAT)” (Baken RJ, Orlikoff
RF.1998; R.J.Baken et la, 2007°), il & VAT
AT LA B BRA T 0 R B R PR R A, TR TR X
JHEAT — SR A

s A bR
S L I L L L
N.—’j:/\/lf:j/ /‘

& 20 VAT JR BloR =

S A A H v B AR IR SR S A B A P T T S
FRZ, ARESHIC, BEFMRD, XA I
T EANIEZERESR B BT A SR, IS

® IEfERFE.

o o L EELLERLLE
E}%ﬁ%,ff'ﬁf'}
”? : *: hi

Pl 21 il VAT J5i R

K 20 /& VAT Jg B Z i, Bl B h =
G SO o Il T N 5 S
(kymography ), H {8 it 3 7 A i I 80 1) v
G e — 44, RIERETHSI K
KR, BRI
(R, ORGSRl 2, M EEITT UG
A RSN AR R . R R A TR S
MR T TR B 5 10 SRR AT T Jn i, — BL7S s Hzfi,
PP SRR K, DRk 7ty e i BBt
SRR I R B e MBS S .

16.25 ms

“Soft" anset, female subject

160 180 200
Time, ms

] 22 BRI VAT JR R 2

M 20" T LLE Y, A N TF IR IRSh B 4
SEAMA MR R, KA N-B RS
FAW, g5 HaE S T AL, IR
Py L T, AE A T IBRBUE SR AN, H
AT A TIPS SR R R
—JE B, FRATTHC AT A VAT K . K] 21 7T LA
i, FAIRSERAR BB, EAEE Mk
G FE A e A T, WL T M
(s sh 7. WIXPsK I AT LLA Y, VATIY
S SR P TF AR YR N B 75 5 FE A R i TR) 7o AR
XA E X, 21 VAT A fifl (-2.25ms). [ 22
eIk VAT R E K, W aT LA VAT
BAEMIE (16.25ms). MARAI AT LAF H i ok B
Ja s (hard voice), J&& NG SNRE (soft
voice).

VAT & — Pl A e R 1 5 IR S T
W7, EHREF BRI N 5t BAR H T
W R N AR R S s W S AT
e REAR, X— kgl st nl U i3 &
FERMILR S L RS BRI S R HOC R 1Y

73X JLK K E E R.J.Baken et la, 2007,
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TPt T AR SIUAE g S AR R A A g T
RTINS

9 BEFEAITIL

WA E RS AR E ik, W R
ARG R, (EARAT HI i, B 5 ko A
B, IXABNTGVE B P E N T
IEBE DN NREFRERH 1. BARK ik
R ANRE I GRS SR B2
HE I, AR B R, RN A A
(R B 559 A8 B dpe i R 5 2 BOvh 5 Hh Ak
PARIE (23 D), SRJE R HR7E —gE e |, Horp
X B EES, y ORI, A L .

Furamans Fragansy o W
s

]
4
3
E
3

g

il

I
P 23 575 5 T B

24 5 F AR s A

Kl 23 A1 24 PUZPIAAE G 75 1 S 80R &
Kl EE—ak I mT LUE H, XA 55 76 11 2 S AR
FAHEDIA B, JLHA 2 WA . B ik
B i UG Y, o33 as, ABI=ANV,
{87 DUBUERT S — AN A RBUE A . R 2AR, F
FHIX 7792 0T DR A Hl 5 — AN A 15 e

TARELTE AR 1 ARSI, AR R IR UL
AR ARAT AL

VR 5 o AT T VAT — S S AT LA
A NEC R G AT MR
WETUMIEE R L, X PRRAN T 5 (K R TE &
FEATEAT TH S B A9 2G5 RS A e
DRk AT A [ ) 35 AR R P B IR AN,
X ZE AP TS R R e AN LIRS
A 7 552 J0At T DG IR B AT iR 9, 3K
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MR S SR G H A

10 BB BT

MG EF BRI TV Bk, R I E O AN
A3 A ) BRI AR R A, DA 2 24 1) A P
SR EE, R A it SR R 2 R . X
WA Z RV B AN T TR 2 TR & G ) A
Jiike

PNEESINNEIES SEds 1 X e Nl
P UG T, SR IR L5 S AT o A At
B, 55 UCR FH — A 2 A il R A 2 1 W
Ho RN, AMTHEAT T REAET,
oh AT 8 T B IR R O3 T Aok ST IR o R Y
( Rosenberg A.E. 1971; Hedelin P.,1984; Fant
G.,1979), A7 L& & I W 2 (1) 3l 73 T Xk A
(Fant G. ,1982; Ananthapadmanabha T.V. ,1984;
Fant et al, 1985; Ljungqvist et al, 1985),
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iDL S 5l SR S SG A 7 S
Bt £ RS PT 7 IR B K LR, 5 R
It i AAR B BB, A IR R T —
ALY e BN 5 o [ P e e I e il
2o, AR E o TR, TR IR AR
R A DU SH, Jf BRI e A Y
TSR, T T ) T SCREAR AT S g 5k
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XA R AT AR G M N L AE TR & S A AR S
He

PEWER (B[] BHEEMY

A B
A / . 4
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/ \ .0 25 il 82 LE®R L% ik 48K
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{Kong Jiangping, 2007)
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Bl 26 2 VU S H0R 5 AR PR AS 75 T IR, A
(2 N A v T R R R A B B 7
G 5, IS BX S E SR BT,
SRS T ANE T R R AT, AR
N NETHRTLUE Y, AT
o AN DY 7 2 — MBI, B, AT ATH
G AT a2 mAl, /5 TR TR A [T Hi A2 T
Bl XY IR DY 23 TS R A, BT,
RAKZHAAH WU FETTLRSE . 5 R
Wb e GaAF TS5, 0L Laryngeal
Dynamic and Physiological Models ( Kong
Jiangping, 2007),
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S O ST
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B 45 (P8 55 2 S FLAH DG 2B HE 7 3 5N N SC
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I3k, BITE 55 2410 55 AN A T T SR %
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PSSR W LAJG )2 R T 75 2 20 BT 1 S 5
%, ARG, B SGIENT RE A,
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ST, A7 B S RIE S R SO &
MRk, EATRFRES S, SO, HERATE
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W EIESIIARTT. SR, (400 S M =FE AR,
FRSAE SR JE B UG 2 A0 2 18 5 BLE T 0 A, 2L
th, HA7 “IhfgfidH (functional load)” mi2ft4:
B F PR R

F T TR — B ) AR A IRTE 8 DU
T R N VB T S BN ARZS, A
WK, B S IREEAAE . R, RSO R B
HOCF NAFEE AR, XS ALY RE SR
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. HRFINE T FEIMIE, DO EIE RS RS
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FIRIT 9T B4 58 18 5 R4 3R

VPRI T b e B AR R 2 T ST “ ThE
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A28 748 2= F1 JE 7 2 (Surendran and Niyogi,
2003) [ BT 5% F1 75 4= 48 2% F1 R ( Surendran and
Levow, 2004) FIWFFT, FRf= gl = R0 75 LRI 5T
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Abstract: This paper conducts an experimental phonetic
in the Wuding Yi. The
representations of the lax/tense distinction in different

study of lax/tense voice

parameters such as pitch, duration, amplitude, formant, open
quotient and speed quotient, have been analyzed. It is found
that the qualities of lax/tense distinction under different tonal
conditions are not the same. Under the tone 1, the distinction
lies on difference of phonation types, i.e. creaky vs. modal
voice; While under the tone 3, the distinction bases on
duration differences of tones. Therefore, it should be noted
that the ‘lax/tense’ contrast in phonology does not imply the
same phonetic basis.
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Keywords: Lax/tense voice, phonation type, the Wuding Yi
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RIE, MRS A2 DL)WIAR AT RE i 1% 55

Hr, B MIh2/hl BT RN A . HENE TIHARE T, WEFEANE, BRI EHB

R, HAa Nk, (1) ¢il B 52 ARG XAE T, BEA BB

AREAIR S 20-24 £, LA SRORPEAG, LAY PUG USRS, BFIX R “57 BRI R —

PAE ARG kwl ‘£23(5) B4 16-7 sFIE ANFEARFNIE .

26-30 irh, lel “HET A 2 ANFEAS, B 16-7 K 52 EHR TR

lul 7F 13-15 fi; A RAMEN; (2) Wl e

(IR, 754 17-26 S B T LA Leds &

MRS OL; yal 2E55 17-30 s HBA 2RI
HEE | WX 13 14 15 16 17 18 19 20 21 22 23
cil + 1.06593 | 1.06593 | 1.06593 | 1.06593 | 1.07778 | 1.07778 | 1.07778 | 1.07778 | 1.06667 | 1.07865 | 1.07865
cil 1.02128 | 1.03226 | 1.03226 | 1.03226 | 1.03226 | 1.03226 | 1.03226 | 1.03226 | 1.03226 | 1.04348 | 1.03261
cil B 1.16279 | 1.16471 | 1.16471 | 1.16667 | 1.16667 | 1.15476 | 1.15476 | 1.14286 | 1.13095 | 1.11905 | 1.10714
cil 1.16667 | 1.15476 | 1.15476 | 1.14286 | 1.13095 | 1.12048 | 1.12195 | 1.09756 | 1.08537 | 1.08537 | 1.09877
tul Wi 1.1 1.1 | 1.08889 | 1.08889 | 1.08889 | 1.10112 | 1.08989 | 1.07865 | 1.07865 | 1.07865 | 1.06742
tul 1.09091 | 1.10227 | 1.10227 | 1.10227 | 1.09091 | 1.09091 | 1.09091 | 1.10345 | 1.10345 | 1.10345 | 1.09195
tul TR 1.14458 | 1.13095 | 1.13095 | 1.13095 | 1.13095 | 1.13095 | 1.11905 | 1.11905 | 1.10714 | 1.09524 | 1.08235
tul 1.07059 | 1.07059 | 1.07059 | 1.07059 | 1.07059 | 1.07059 | 1.09524 | 1.09524 | 1.09524 | 1.09524 | 1.10714
kul T 0.87805 | 0.84146 | 1.32258 | 0.81481 | 1.02703 | 0.74699 | 0.80247 | 0.85897 | 0.71951 | 0.75309 | 0.80769
kul 1.06522 | 1.05435 | 1.04348 | 1.04348 | 1.06593 | 1.07692 | 1.08889 | 1.08889 | 1.08989 | 1.07865 | 1.06742
kuwl 2(5) 0.90991 | 0.82883 | 0.79279 | 0.81818 | 0.81982 | 0.81818 | 0.82569 | 0.78899 | 0.77778 | 0.96154 | 0.74257
kuwl 1.1573 1.1573 1.1573 | 1.17045 | 1.15909 | 1.14773 | 1.13636 | 1.13793 | 1.12644 | 1.13953 | 1.12791
vl I &8 1.08989 | 1.07865 | 1.07865 | 1.07865 | 1.09091 | 1.09091 | 1.09195 | 1.10465 | 1.13095 | 1.13095 | 1.13253
Ix1 1.12791 | 1.12791 | 1.12791 | 1.13953 | 1.13953 | 1.15294 | 1.15294 | 1.15294 | 1.16667 | 1.16667 | 1.16667
Ix1l HET 1.08046 | 1.08046 1.0814 | 1.06977 | 1.05814 | 1.04651 | 1.03448 | 1.04651 | 1.04651 | 1.05882 | 1.07143
Ix1l 1.14458 | 1.13095 | 1.14458 | 1.13253 | 1.13253 | 1.13253 | 1.12048 | 1.13415 | 1.12195 | 1.12195 1.1358
lul E 1.08791 | 1.08889 | 1.10112 | 1.10227 | 1.10227 | 1.11494 | 1.10345 | 1.10465 1.0814 | 1.04598 | 1.03409
lul 1.07865 | 1.07865 | 1.07865 | 1.08989 | 1.07778 | 1.08889 | 1.10112 | 1.10112 | 1.10227 | 1.10227 | 1.10227
lul % 1.1358 1.15 1.1519 | 1.15385 | 1.13924 1.1519 1.1519 1.1519 1.1519 1.1519 1.1375
lul 1.10976 | 1.10843 | 1.10843 | 1.12048 | 1.12048 | 1.13253 | 1.14634 | 1.14634 | 1.16049 1.1875 1.1875
s11 iG] 1.04494 | 1.04545 | 1.04598 | 1.03448 | 1.02299 | 1.02326 | 1.01176 | 0.98824 | 0.97647 | 0.97647 | 0.97647
s11 1.06897 | 1.06897 | 1.06897 | 1.05747 | 1.05747 | 1.05747 | 1.04598 | 1.04598 | 1.05814 | 1.04651 | 1.04651
s11 ¥ 1.17073 | 1.17073 | 1.17073 | 1.15854 | 1.13415 | 1.12195 | 1.12048 | 1.10843 | 1.08434 | 1.05952 | 1.07143
s11 1.15116 | 1.16471 | 1.16667 | 1.15294 | 1.15476 | 1.13095 | 1.12048 | 1.10843 | 1.10843 | 1.13415 | 1.14634
yol 3 1.09091 | 1.10227 | 1.09091 | 1.10345 | 1.09195 | 1.08046 | 1.05747 | 1.04598 | 1.02299 | 1.01149 | 1.02299
yol 1.10714 | 1.10714 | 1.12048 | 1.12048 | 1.10714 | 1.10714 | 1.09412 | 1.10714 | 1.11905 | 1.11905 | 1.11905
yal i 1.13253 | 1.13415 | 1.14815 | 1.16049 | 1.16049 | 1.14815 | 1.13415 | 1.10843 | 1.10843 | 1.08333 | 1.09639
yal 1.12346 | 1.10976 | 1.10976 | 1.08434 | 1.08434 | 1.08434 | 1.08434 | 1.09756 | 1.09756 | 1.08537 | 1.09877

-29-




AR HETUR 2008

551G SARF AL, 787 AR ST, B
(Fh2/h1 FEAS A BT A & . R
— LR IS AR B A (1) kwil ‘3(5)’
R SESR B AG, LR I AR S A1 5 lul ‘4%
fE 13-15 s ARG AL (2) ful “T8CHC 1)

PIANE T, FE4 16-27 AP T EGAE HAA E AR
0L yal ‘4’ E55 9 i 28 11 f4i. 28 15-30
Mo (3)lel “HETF BEARHSBATHIINE
TR, B AR E S L B AN
FEATEL R RHEE RIS S A,
7 R B RE 55 (Wang 1969)
723, 5 LR IAT

A WX 13 14 15 16 17 18 19 20 21 22 23
da3 3 1.01190 | 1.03571 | 1.05952 | 1.05952 | 1.02381 | 1.04762 | 1.16667 | 1.14286 | 1.01205 | 0.95122 | 1.07317
de3 1.15663 | 1.21429 | 1.14286 | 1.04762 | 0.98795 | 0.96341 | 0.98795 | 1.10714 | 1.19048 | 1.09756 | 1.02500
de3 il 1.05682 | 1.13580 | 1.11111 | 1.12658 | 1.19737 | 1.00000 | 0.93407 | 1.14607 | 1.13793 | 1.04762 | 1.06579
de3 0.95699 | 1.02247 | 1.09524 | 1.09524 | 1.08537 | 1.10843 | 1.17978 | 1.24444 | 1.18182 | 1.04651 | 1.01220
dze3 o] 1.03571 | 0.95238 | 0.95181 | 0.97590 | 1.01205 | 1.03659 | 1.03659 | 1.03659 | 1.04938 | 1.04938 | 1.04938
dze3 1.20930 | 1.14118 | 1.03571 | 0.97590 | 0.97590 | 1.06098 | 1.14815 | 1.12346 | 1.03704 | 1.00000 | 1.05000
dze3 =M | 0.94565 | 0.96703 | 0.94565 | 0.94505 | 1.02326 | 1.08750 | 1.02469 | 1.16667 | 1.24390 | 1.02062 | 0.97802
dze3 1.08235 | 1.08235 | 1.07143 | 1.05952 | 1.09302 | 1.16854 | 1.19780 | 1.13043 | 1.05556 | 1.03448 | 1.04762
k¥3 Wik | 1.03333 | 1.03333 | 1.03333 | 0.98901 | 0.97802 | 1.08791 | 1.12222 | 0.98876 | 0.94318 | 1.02273 | 1.12644
ky¥3 1.06522 | 1.06667 | 1.06818 | 1.05747 | 1.05747 | 1.05747 | 1.03409 | 1.01136 | 1.00000 | 0.98864 | 1.01136
ky¥3 FEF | 1.09412 | 1.09524 | 1.09639 | 1.12791 | 1.18681 | 1.20430 | 1.19565 | 1.18681 | 1.16129 | 1.10526 | 1.08602
k¥3 1.11905 | 1.11364 | 1.09677 | 1.09474 | 1.09574 | 1.10753 | 1.11957 | 1.13333 | 1.10227 | 1.04706 | 1.00000
K'>3 B[ 1.05952 | 1.05952 | 1.04762 | 1.04762 | 1.06024 | 1.04762 | 1.06024 | 1.05952 | 1.05952 | 1.07143 | 0.98889
K'>3 1.05814 | 1.05814 | 1.05814 | 1.08235 | 1.04598 | 0.96703 | 0.95604 | 1.03488 | 1.05952 | 1.03571 | 1.03571
K'>3 L 1.05747 | 1.05882 | 1.07143 | 1.12644 | 1.19780 | 1.20225 | 1.15000 | 1.15789 | 1.21951 | 1.26966 | 1.25275
k"53 1.11111 | 1.12500 | 1.12658 | 1.14103 | 1.15000 | 1.16667 | 1.17978 | 1.19565 | 1.23077 | 1.22472 | 1.17442
po3 IR 1.02353 | 1.04762 | 1.03529 | 1.00000 | 0.98864 | 1.01163 | 1.02410 | 1.02439 | 1.08235 | 1.12791 | 1.02353
po3 1.09412 | 1.03750 | 1.02532 | 1.08537 | 1.12791 | 1.06818 | 1.02353 | 1.10127 | 1.04938 | 0.93182 | 0.89888
pa3 5 1.07317 | 1.02299 | 1.01163 | 1.04938 | 1.06494 | 1.09333 | 1.10390 | 1.08434 | 1.06977 | 1.04762 | 1.03896
pa3 1.02326 | 1.03614 | 1.07595 | 1.09091 | 1.07792 | 1.07792 | 1.07792 | 1.09091 | 1.07595 | 1.04938 | 1.02439
p"a3 B 1.02410 | 1.02439 | 1.03659 | 1.03659 | 1.03659 | 1.02439 | 1.01235 | 0.98765 | 1.00000 | 1.02532 | 1.02500
p">3 0.98750 | 1.00000 | 1.01235 | 1.03750 | 1.03797 | 1.02532 | 1.01282 | 1.02597 | 1.06410 | 1.12821 | 1.12658
p">3 | 1.09524 | 1.08333 | 1.08434 | 1.08537 | 1.09524 | 1.14943 | 1.18889 | 1.21978 | 1.20879 | 1.21348 | 1.23864
p"23 1.05882 | 1.05882 | 1.07143 | 1.07143 | 1.07143 | 1.05952 | 1.04762 | 1.04762 | 1.07059 | 1.10465 | 1.13953
p"u3 At 1.17857 | 1.15663 | 1.12346 | 1.06250 | 1.00000 | 0.96471 | 0.96667 | 0.97849 | 0.98936 | 1.01099 | 1.03488
p"u3 1.07500 | 0.98765 | 1.00000 | 1.10000 | 1.17500 | 1.14634 | 1.09639 | 1.06098 | 1.03750 | 1.03846 | 1.06329
p"u3 ##%& | 1.00000 | 1.01020 | 1.03158 | 1.06593 | 1.09195 | 1.13253 | 1.13415 | 1.13253 | 1.11628 | 1.08889 | 1.05319
p"u3 1.08046 | 1.10714 | 1.12195 | 1.12346 | 1.10843 | 1.10588 | 1.07865 | 1.06452 | 1.04167 | 1.04124 | 1.04167
tw3 Pk | 1.05618 | 1.03333 | 1.03333 | 1.04494 | 1.06897 | 1.05814 | 0.98851 | 0.86813 | 0.82609 | 0.91011 | 1.05952
tw3 1.07955 | 1.05618 | 1.06742 | 1.09091 | 1.09195 | 1.05814 | 1.04706 | 1.09756 | 1.10976 | 0.98864 | 0.87097
tw3 £ek | 1.10000 | 1.10000 | 1.11111 | 1.11236 | 1.11236 | 1.13636 | 1.17442 | 1.17442 | 1.07865 | 0.90625 | 0.82000
tw3 1.11236 | 1.03226 | 0.95876 | 0.90909 | 0.91753 | 0.93684 | 0.94681 | 0.94681 | 0.95745 | 0.93684 | 0.93684
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[ 6 XTEh2/NL A8 L KB

55 2 MEAR T
167 R, B Ih2MNL TR N R 2 4] T
HAF 1% twd ‘AR /twd 90 CKDT . HiAb
W W 13 14 15 16 17 18 19 20 21 22 23
dze3 V] 1.03371 | 1.02222 | 0.95604 | 0.95604 | 1.03409 | 1.04598 | 1.03488 | 1.04651 | 1.03333 | 1.02198 | 1.03409
dze3 1.05952 | 1.08537 | 1.07143 | 1.04545 | 1.04494 | 1.03371 | 1.04494 | 1.05747 | 1.08537 1.0875 | 1.08642
dze3 =M | 1.08235 | 1.09524 | 1.10843 | 1.10976 | 1.10976 | 1.05682 | 1.04598 | 1.06173 | 1.04878 | 1.04878 | 1.04878
dze3 0.94737 | 0.97802 | 1.08235 | 1.13415 | 1.13415 | 1.10976 | 1.11111 | 1.09877 | 1.07317 | 1.06098 | 1.09639
k¥3 el | 1.02198 | 1.01099 | 1.01099 | 0.98901 | 0.95604 | 0.94444 | 0.94382 1| 1.07865 | 1.08046 | 1.05952
k¥3 0.98864 | 0.98864 | 0.97727 | 0.96591 1| 1.05618 | 1.06818 | 1.03448 | 1.02353 1.0241 | 1.06098
k¥3 JEeS 1.2125 | 1.12644 | 1.05263 | 1.07609 | 1.11111 | 1.10345 1.1375 | 1.16883 | 1.08333 | 1.03488 | 1.13158
k¥3 1.09524 | 1.08333 | 1.09639 | 1.08434 | 1.08434 | 1.08434 | 1.07143 | 1.05952 | 1.03488 1 1
kM3 It 1| 1.03529 | 1.05882 | 1.08333 | 1.08333 | 1.08333 | 1.08333 | 1.09524 | 1.10714 | 1.10714 | 1.11905
kM3 1.09524 | 1.09639 | 1.08434 | 1.08434 | 1.07143 | 1.07143 | 1.05952 | 1.05952 | 1.04762 | 1.03571 | 1.02381
kh33 ) 1.075 | 1.06173 | 1.07407 1.1125 1.1125 | 1.03614 | 0.96512 | 0.95349 0.9881 | 1.02439 1.05
khg3 1.03659 | 1.03659 | 1.02439 | 1.02439 1.0241 | 1.02439 | 1.02469 1 1 1 1
po3 N 1.04938 | 1.04938 | 0.95294 | 1.01205 | 1.03797 | 1.02532 1.025 1.0375 | 1.05063 | 1.09091 1.0641
po3 1.08642 | 1.10465 | 1.02247 | 1.03571 | 1.12987 | 1.11688 | 1.16867 | 1.09302 | 0.98795 | 1.05128 | 1.05195
pna3 A 1.02353 | 1.02353 | 1.01176 | 1.01176 1.0119 1.0119 1.0241 1 | 0.95238 | 0.96429 | 1.02469
pa3 1.14474 | 1.14474 | 1.15476 | 1.07955 | 0.91954 | 0.88506 | 0.98795 | 1.11688 1.1039 | 1.07407 1.0119
p"a~3 B 1.03371 | 1.02273 | 1.02273 1| 097727 1| 1.01176 | 1.03614 | 1.06173 | 1.10256 | 1.08861
pha3 0.97727 | 0.96591 1 [ 1.03448 | 1.02326 1.0119 | 1.03659 1.075 | 1.10256 | 1.08974 1.0625
phg3 # 1.06024 | 1.08537 | 1.09877 | 1.09877 1.125 | 1.13924 | 1.16667 | 1.18182 | 1.17949 | 1.15385 | 1.11392
p"g3 1.08642 | 1.07407 | 1.06173 | 1.04938 | 1.04938 1.075 1.075 1.0875 1.075 1.0625 1.05
phu3 Fifl 1.06667 | 1.07692 | 1.03409 | 1.03409 | 1.04545 | 1.03448 | 1.04545 | 1.07778 | 1.07865 | 1.05814 | 1.04819
phu3 1.09091 | 1.08434 1.1 | 1.09524 | 1.06667 | 1.06742 | 1.06742 | 1.08235 | 1.10127 1.075 | 1.06024
phg3 5 | 1.15663 | 1.17073 1.1875 | 1.18987 | 1.21519 | 1.26582 | 1.31169 | 1.28205 | 1.17647 | 1.05208 1.0303
p"g3 1.08791 1.1 [ 1.10345 | 1.10976 | 1.12821 | 1.12821 | 1.13924 | 1.15385 | 1.16883 | 1.17105 | 1.17333
tw3 oIk | 1.04444 | 1.04444 | 1.04494 | 1.04494 | 1.04494 | 1.07865 | 1.09091 | 1.05618 | 1.02151 | 1.01064 | 0.98925
tw3 1.03333 | 1.03333 | 1.03333 | 1.03371 | 1.04494 1.1236 | 1.08889 | 1.03297 | 1.05376 | 1.03261 | 1.04545
tw3 fES] 1.17241 | 1.17241 | 1.17241 | 1.17241 | 1.16092 | 1.17442 | 1.16279 | 1.13793 | 1.13953 | 1.13953 | 1.13953
tw3 1.1236 | 1.13636 | 1.14943 | 1.16092 | 1.17442 | 1.17442 | 1.16279 | 1.16279 | 1.16279 | 1.16279 | 1.16471

55 1L AE 70, A 1 6w AR twd
B ORD IRFF TIX 9y, HARNEBUAR 2 T h2/hl
EAIX I .

NG

8 1 AN S S A IR B, (HAE 3
PR, S RO 1 0 T B ORI . #Etw3
CEART Ttw3 B CKDT R, AMYAE A
W BN, AR A DO, s X R A7
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TER—Flash, NOZAWIEZ, K% 3 X
PG HAEAAAE, M b, DA E R
(R FA B EAENS R, AR e S il 2
IR, EH AR R, AR A R
KRR, WRRA M B, Wb T ARE
W&, BT, WAERRRER (SN T
2007) . 3 EGE BB 15 B JR G 11 A mT LA
fFHRRESE R ()BURTE LT, wi i Sxt
SR ME— I XRFIE, AR ARM, AT LB
LSRR DL, MR U, A BN L R
Bty (2)uE 3 WA PIANUE*6 IAI*8, 8 i1
HoAbSE B R I oo, XY 6 IR A
BB, T RSB, AT DU
FUAE R (Z W T8 2006).

3.4 fLIRIE

RS ILARIGEHR 30 il, I EHUE N 1 41,
T G SR AR LR 06 R AR BRI, ARSI 30 M rh )
5016 Mt WIRTASRISE 2 AR, HORTE N
()

MR, TOIRELE 1Y, L7
3 W, RIS vHaft, JFEFL
FIF2 #ER, BUJE & TR IR, HALEERT, X
P BRATT T A IS AR T I o T A PR R BT
HE AN A B AH B R A R R B o0t 57, A
1, AT RN A e S5 (R IX LB B0 BR T oba
b, HBANTE U B 0 22 57 A DX A 1

LR, LAY 1 B S m e
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HARRIF RGeS an r

wmE WX |G D | TG 2)
cil + 57.26 53.79
cil 60.32 54.23
cil r 58.27 52.46
cil 56.99 52.34
tul YET 60.53 57.2
tul 57.79 55.11
tul EE 50.18 51.03
tul 51.73 50.24
kuil T 57.61 54.87
kul 57.65 58.53
Kurl =(5) 50.31 48.12
kul 51.62 51.81
Ix1 Wk 45 60.21 58.09
Ix1 59.63 54.63
Ix1 e+ 58.46 51.01
Ix1 55.17 51.1
lul ZIR 60.75 58.35
lul 60.65 56.88
lul % 53.39 50.42
lul 55.55 52.78
s11 (i) 54.78 53.11
s11 55.1 54.23
s11 r 47.87 50.22
s11 49.24 50.64
yol ¥ 57.77 57.36
yol 56.37 53.88
yal T 52.43 52.44
yal 58.93 52.79

5 5 1 HURGE S A 10 5 AR,
SRR 515

() 3, Hdoas, Jo—BIsME, KA

TFRHEER T RE TR . UYS 2 A, &t

T;

80
60
40
20

0

12345678 9101112131415161718

BEVN
LRV
0%
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TEANECR 4R
T X Fr (B D | R 2)
dze3 I 57.59 59.28
dze3 60.44 58.82
dze3 ISy 55.73 49.35
dze3 56.65 48.37
kx3 Wk 58.78 62.95
kx3 61.24 59.82
kx3 FEF 48.01 48.55
kx3 48.01 50.25
k"3 Ik 58.11 58.02
k"3 58.07 57.35
k"3 ) 52.12 50.38
k"3 46.32 51.04
po3 FC 57.33 61.28
po3 57.7 57.17
na3 5 53.19 48.41
pa3 52.4 49.62
p"a3 #H 63.47 64.64
p"a3 63.79 64.25
p"a3 F 56.65 47.16
p"a3 60.25 51.25
p"u3 i 59.36 59.48
p"u3 59.9 57.89
p"u3 5 51.47 52.42
p"u3 53.25 51.75
tw3 RN 62.06 58.69
tw3 61.08 54.87
tw3 1K) 51.58 48.41
tw3 52.2 49.35
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3.6 HER kul | 2(5) 452.95 526.23
TR S e . WS RT=TF G AR/ A . [H] kwl 494.28 387.98
FER I TSR O, 2B AR A5 L | Wrs 283.62 418.87
kﬁii%?ﬁ@ﬁﬁﬂ%ﬁﬁﬂﬁo |Xl 388 67987
X o N sl | 4T 399.17 436.67

(1) 761 P, S A3 R i S AR LA 5 1 z
e W1 b Iyl 526.73 464.45
» s LABL AR AT wl | zE 315.38 385.78
600 . lul 360.17 490.86
SR w1l | % 371.16 412.67

400 R
oo ol lul 406.89 429.93
iy R 236.37 379.97
0 S 250.72 372.64
gil tul kwl Iyl Iul vyol ¢\l -
sll | 7 137.71 567.8
s11 157.88 388.73
PURAES\L 9 L, IEAFHUR, KA IR yol | % 340.47 539.98
MK, FPRARAL MR BB yol 32121 £
. ‘ . 1 |¢ 359.1 448.43
(82, R R 2, RA— yol | %

yal 384.36 458.4

X e B R K T AA, fE kul, 1, lul B
AR, WY, SRIBIIN S,
St I P A 1 SR R e Rl — DAY, ARk
AT PTG AR IS s TIAE yol KA 13
JERMRTFEET .

800
600 Bz
\
400 ;?;
200 0
0
cil tul s11 kwl 1x1 1lul vwol
TEAIEHE T
wE | WX HERGE D | HERO 2)
cil |tk 237.73 303.75
cil 261.95 303.73
cil | #r 266.98 361.37
cil 295.59 434.11
tul | #ET 274.71 373.76
tul 386.64 333.33
tul | sk 433.6 438.27
tul 525.63 456.58
kul | F 359.32
kul 388.93 490.74
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(2) 3 TP, B A B R T A S A A
ek, LAY 2 AR NEARD %
R, B 1 X (ws), B2
PRS0 (ke3, pod)e TEAIEIR T

| X MRS | HERC 2)

dze3 | % 301.55 495.3
dze3 359.06 682.52
dze3 | =M 268.7 507.56
dze3 334.76 630.29
kx3 | U 339.87 345.84
k»3 263.89 435.92
kx3 | FET 302.86 479.74
kx3 242.23 571.82
k"3 | b 479.44
ko3 669.6
k"3 | #) 485.33
k"3 569.33
3 | I 421.33
o3 469.95
na3 | 5 484.74
pa3d 515.71
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p"a3 | Bk 462.82

p"23 466.79

p'a3 | 481.76

p"23 456.82

phu3 | i 456.82 433.07
p"u3 386.67 456.41
p"u3 | #H 366.49 425.14
p"u3 396.79 467.95
w3 | HR 364.83 374.52
tw3 353.12 1058.55
w3 | CK) 546.97 562.09
tw3 419.89 548.25
4 g5
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A Study of Mandarin Chinese Using X-Ray and MRI

Gaowu WANG, Xugang LU, Jianwu DANG,
Huaigiao BAO, Jiangping KONG

Abstract: This paper describes a primary study to
establish a dynamic articulatory model by combining
MRI technique and X-ray data, where the former is used
to refine the detailed real shape of the voca tract and the
latter provides the dynamic information of articulation.
In this study, MRI experiments were conducted to obtain
3D static morphologies of 9 single vowels of Mandarin,
and the vocal tract shapes were investigated. A set of
coefficients of the apha-beta model has been derived
from MRI data. The articulatory movement was
obtained from a Mandarin X-ray video (cineradiography)
database, which is the only available corpus for
Mandarin, and the cross-sectional areas were calculated
using the MRI based aphabeta coefficients. For an
evaluation, the formants estimated from the vocal tract
area functions of both MRI and X-ray were compared
with those obtained from rea speech sound. The
estimation was consistent with the real speech sound
with amismatch of about 10% and 15%, respectively.

Keywords: Mandarin X-ray MRI vocal tract

1. INTRODUCTION

To better understand speech production, from the
phonological inputs to acoustic signals, going through
motor control and physiological processes, it isimportant
to establish an elaborate articulatory and voca tract
model. To do so, it is necessary to get a fine morphology,
especially the detailed real shape of the vocal tract during
speech.

So far, the technologies adopted in speech production
to get voca tract shape include X-ray photos and
dynamic video (cineradiography), Electropalatography
(EPG), computed tomography (CT), Ultrasonics,
Magnetic Resonance Imaging (MRI), and
Electromagnetic articulography (EMA). Each of them
has its own advantages and disadvantages. For example,
MRI can provide 3D static vocal tract shape data with
high spatial resolution but poor temporal resolution,
while cineradiography has higher temporal resolution but
can only show 2D sagittal dynamic movement. It is
required a mapping from widths in 2D plane to the area
function if the transmission line model is employed in
acoustic modeling.

In this research, we utilize the advantages of X-ray
cineradiography and MRI observation. The latter can
provide a mapping for the former by using the 2D and
3D information obtained from MRI observation. To do
so, we draw a set of alpha-beta coefficients from 2D and
3D static morphologies in MRI data. These coefficients
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are used to estimate the cross-sectional area function
from the midsagittal width in X-ray movie. So, we can
establish a mapping from 2D widths to 3D areas for
articulatory movements in X-ray movie. The estimation
result is evaluated by using the transmission line model
in acoustic modeling.

1.1 Introduction of X-ray studies in speech
resear ch

Research on speech using X-ray has a long history.
According to Dart [1], as early as in 1907, Barth and
Grunmach used still X-ray to study speech.

In 1942, Chiba [2] combined X-ray photography,
palatography, and laryngoscopy to measure the vocal
tract shape in their pioneering research.

Thereafter, Fant completed the theory of speech
production based on the extensive analysis of X-ray data
[3]. Also, some important studies [3-8] have been carried
out using X-ray data, successively.

Although other new technologies such as MRI, CT,
and EMA were developed, nowadays, the full sagittal
view of vocal tract articulators during running speech
provided by cineradiography remains unsurpassed by
more modern techniques. Currently, the collection
techniques are of two types: one permits real time
tracking, but is limited to a few coplanar points
(microbeam, magnetometer); the other gives full volume
vocal tract images, but is limited to a static, sustainable
configuration (MRI, CT). The data obtained from the
cineradiography are still used in many recent research [9,
10].

In China, Zhou and Wu [11] recorded X-ray photos
for Mandarin vowels and consonants uttered by a female
native speaker. Bao and Yang [12] had measured the
articulatory movements of five consecutive Mandarin
vowels using the cineradiography. Bao [13] used X-ray
still images to give a physiological explanation for the
classification of Mandarin vowels. Also, some
preliminary studies were performed on the relationship
between the cross-sectional area function of the vocal
tract and formant frequencies of vowels [14], and the
synthesis of Mandarin single vowels by articulatory
parameters [15].

1.2 Introduction of MRI studies
MRI alows a tomographic view of body tissues in any

plane within the human body, and gets the 3D shape of
the vocal tract without known risks for the subject. So, it
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has been increasingly applied in speech research over the
past 20 years [16-31].

The articulatory data collected using MRI are
valuable in understanding and modeling the vocal tract
accurately, particularly the pharynx, the behavior of
which during speech is traditionally hard to capture. Also,
the volumetric production data is very important in
articulatory synthesis, in which scientists have been
involved for several decades.

At present, MRI studies have been carried out on
several languages, e.g. English, French, Japanese and
Swedish, and so on. However, few MRI studies have
been conducted on Mandarin Chinese. In this study, we
investigated the morphological properties of 9 Mandarin
single vowels.

2. DATA PROCESSING

In this section, we introduce the procedures for marking
X-ray movie and obtaining MRI data.

2.1 X-ray video processing

An X-ray video database provided by Bao [13, 14], isthe
only available cineradiographs corpus of Mandarin. Both
sagittal cineradiography and frontal cine-photographs of
the lips are given simultaneously. In total 786 utterances
of 2 male and 2 female subjects are shown to illustrate
most of the sounds of Mandarin, covering 217 syllables,
besides “retroflexed” syllables and tone contrasts. This
video has been segmented to syllables in avi files at 30
fps.

A platform ‘VocalMarker’ in Matlab is programmed
to trace the midsagittal articulatory movements. Figure 1
shows an example image of the marking of articulatory
movement, from which the midsagittal width of the vocal
tract has been measured.

Figure 1: The midsagittal view of the marked X-ray video

2.2 MRI data acquisition and processing

2.2.1 Speech materials

This study covers the 9 single vowelsin Mandarin, /ao e
i ud (i)e (i (sh)i/, in the Chinese Phoneticisation
Scheme, whose IPA are/aox» iuy e /, respectively,
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while another vowel /er/ (/ar/), whose status as a single
vowel is till in dispute, is not included in our present
study.

The 9 vowels are uttered in Chinese single syllable
words, “Mlz f 4 2 L RF, respectively, while the
stable posterior partsin “#ff /813 ”  were segmented and
treated as independent vowels in the following speech
analysis. In addition, al the characters are produced in
the first tone (high flat tone) to ensure the stability of the
sustained vowels.

2.2.2 Selection and training of subjects

The subjects have no speech or voice problems. They are
native speakers of North Chinese diadects, live in or
around the Beijing area, and have no other dialect
accents. Alternatively, the subjects had passed the
Putonghua Proficiency Test (PPT) and achieved Grade
One, Level B (G1L2, the second highest grade, which is
required for a Mandarin teacher and a television
announce).

After the subjects are selected, they are trained to
ensure articulatory stability for obtaining clear MRI
images. In the training, we require the subjects to
produce the speech materials in a supine position with
MRI noise in the earphones. Sufficient practice yields
better imaging results.

At present, we have two subjects. Both of them are
North Chinese from around Beijing area, and the female
subject has passed the PPT G1L2.

2.2.3 MRI equipment and scan specifications

The MRI data was acquired with the Shimadzu-Marconi
ECLIPSE 1.5T PowerDrive 250 installed a the Brain
Activity Imaging Center, Advanced Telecommunications
Research Ingtitute (ATR-BAIC), in Kyoto, Japan.

Origindly, a long standing drawback of MRI is the
image acquisition time, which was several minutes per
speech required in the earliest studies, while the
acquisition time of this MRl machine was around 30
seconds for a 3D scan of the vocal tract, and the time
varies with the number of image slices. To obtain a high
quality image, it is still required that subjects maintain
stable articulatory configurations during the image
acquisition period, which might result in articulatory
instability and subject motion during image acquisition,
which in turn might create artifacts in the images.

Recently, a synchronized sampling method (SSM)
with external trigger pulses developed by Masaki [32]
was adopted in recording the movements of the speech
organs as a set of sequential images. This method can
also be used in acquiring the static 3D shape of vowels.
The subject repeats the vowel about 30~36 times, each
time sustains 3 seconds, which enables the subject to
articulate in a stable manner. Figure 2 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
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initiates data acquisition synchronized with the trigger
pulses.

Trigger device

B0 7 SR b (N
MRI gantry MRI controfier
Ce— |
———
L4 —tm

Figure 2: Experimental setup for the synchronized
sampling method. (after Takemoto [33]).

The parameters were as following: a 3.4 [ms] echo
time (TE), a 2200 [mg] relaxation time (TR), 44~51
sagittal slice planes, a 1.5 [mm)] dice thickness, a 1.5
[mm] dlice interval, a 256*256 [mm)] field of view
(FOV), and a 512*512 pixel image size. The data are
stored in the DICOM file format.

2.2.4 MRI image preprocessing

The images were converted from DICOM into TIFF and
denoised using ImageJ software, which is released by the
NIH (Nationa Institutes of Heath, USA). Figure 3
shows an example of the image denoising effect, in
which the articulatory structures are maintained with
carefully checking.

\ -

Figure 3: An example of the image denoising effect. Some
noise spots (left panel) have been eliminated (right panel).

2.2.5 Teeth superimposition

MRI has a disadvantage in imaging the bony structure
because the calcified structures lacking mobile hydrogen
produce no resonance signals. Accordingly, the region of
the teeth shows the same brightness as that of the air
space. To build up an elaborate vocal tract model,
however, it is necessary to obtain the teeth-air boundary
to accurately reconstruct the vocal tract shape from the
MRI data.

To solve this problem, we measured the structure of
the teeth before or after obtaining the articulation data
[33]. The subjects were asked to fill their mouth with a
multi-mineral juice as a contrast medium and to lay
prone in the MRI machine. An MRI scan is performed
with the following parameters: an 11 [ms] echo time
(TE), a 3000 [ms] relaxation time (TR), 51 sagittal dlice
planes, a 1.5 [mm] dlice thickness, a 1.5 [mm] dlice
interval, a 256*256 [mm)] field of view (FOV), and a
512*512 pixel image size. The data are stored in the
DICOM file format.
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In the teeth scan, the images showed the oral cavity
with high brightness due to the contrast medium, while
the teeth and jaws appeared with low brightness. This
contrast makes it easy to extract the teeth and their
supporting rigid structures (maxilla, mandible) 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
original MRI volumes. Figure 4 shows the result of teeth
extraction and imposition. We resliced the “digital jaw
casts’ to the same dlices as the dlices of the vowels data,
and located the upper and lower teeth manually in the
midsagittal plane, respectively, to minimize the
superimposition error, as shown in the right panel of
Figure 4.

Figure 4: Left isthe 3D digital jaw casts; Right isthe
midsagittal view after superimposition

2.2.6 Extracting the vocal tract area function

Vocal tract area functions were extracted from the
reconstructed volumes with the teeth. Similar to [33], the
extraction was performed in three steps. First, the vocal
tract midline was semi-automatically calculated in the
midsagittal image. Along the midline, then, images
perpendicular to the midline were redliced at 1~5 mm
intervals. Findly, the area of the voca tract region in
each section was measured to obtain the area function.
Figure 5 shows the midline on an actua image of the
vowel /i/, and the cross-sections from which the vocal
tract area function is measured.

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. We followed the method in [33]: as seen
in Figure 5, we determined the furthest section from the
glottis where the circumferential area could be measured
as the last section (dice “h”), and the length of this
section was extended to halfway from the end of this
section to the last section where the upper and lower lips
could till be observed (dice“i”).
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Figure5: Theresults of extraction
2.2.7 Calculating transfer functions

The vocal tract transfer functions were calculated and the
formants were estimated for all the volumes obtained by
MRI using a transmission line model, which is detailed
in[21].

2.2.8 Acoustic recording and analysis

Speech sounds were recorded from the subject in a
soundproof room as the natural speech sound. 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 repeat the vowels as much in the same
way as in the MRI experiment. The speech signals and
noise bursts were recorded with a recording system,
consisting of a SONY ECM-G5M Microphone, a
BEHRINGER EURORACK UB502 Mixer, a
CREATIVE AUDIGY2NX Soundcard, and a DELL
XPS M1210 Computer.

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

3. RESULTS

3.1 MRI 3D insideview of Mandarin articulation

To explore the inside view, we reconstructed cutaway
views based on volumetric MRI data for 9 Mandarin
vowels. As aresult, we obtained 3D shapes of Mandarin
vowels, and show the inside vocal tract and articulators
in Figure 6. The 3D images are produced by the 3DMed
toolkit released by the Medical Image Processing Group,
IA, CAS. To our knowledge, thisisthe first time to show
a 3D shape for Mandarin vowels with the inner view. For
this reason, we enlarge the specia apica vowel of
Chinese at the bottom of the figure. Such a result can be
applied to the deaf or to people who have difficulties in
learning Mandarin.

Figure 6: The 3D shapes of 9 single vowelsin Mandarin.

3.2 MRI 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 have been extracted, and the corresponding
formant frequencies have been estimated and compared
with those of natural speech sound. Figure 7 shows the
3D vocdl tract shape for vowel /a/.

Figure7: The 3D Voca Tract for the vowel /a/

Table 1 shows the frequencies of first four formants,
which are compared with those of natural speech sound.
The percentage errors between them are less than 10%.
Relatively large errors are found locally. The mean

-40-
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absolute percentage error is 7.4%. This result is better
than [34], whose mean absolute percentage error is
12.2% for English, but no so good as [33], whose error is
4.5%, for Japanese. While the Difference Limen (DL) for
formant frequency discrimination range between 3% and
14%, which were reported in [35-37]

Therefore, in the future work, we will decrease the
errors, and synthesize Mandarin single vowels using the
estimated formants to perform a perceptual evaluation.

Table 1: The natural and calculated speech formants of the
female subject in MRI, and the percentage errorsfor the
latter relative to the former. “n” denotes the natural speech,
“c” the calculation, and “d” percentage errors (%).

jal | Iol /el/ il | ’92/ 2 | i3
opll 8L 59| 60 32 39| 2] 56| 42 41
4 0 0 5 0 0 0 0 0

e B 0] 2] 26 77 9] 21| 14 18
12| 00| 25| 60 0| 60| 20| 50| 10

orq 32| 31| 3L 34 20| 24 28] 3L[ 25
14| 60| 40| 60| 50| 70| 50| 70| 50

ord B ] 43 45 4| [ 44| 4] 33
54| 80| 80| 50| 50| 00| 30| 70| 70

1 73| 55| 5] 32 38| 30| 50[ 4] 4
7 0 4 1 2 0 4 0 2

oo 5] 8| 18] 27 8] 20[ 19| 18] 17
12 0| 8| 76 2| 15| 07| 8 | 9

3 33| 8| 34[ 3] 29[ 5] 26| 33[ 31
07| 55| 74| 48| 84| 66| 49| 15| 62

ord 8] 38| 4] 4] 37| 4] 38| 43] 37
46| 45| 41| 68| 45| 30| 76| 08| 26
9L 95 | 68| 7.7 | 12| 21| 63 1% 481 78
15, T 12 . - -
dF2 7| 12 5| 44|81 28|10 | 0|

0 0

- | 10. - - 24.

dF3 29 | 4 6l 3z | 12|39 ;|46 o
dF4 11- 12— 14 - - | 61 12— 33| 1@
; 5 40 | 98 c 6

3.3 From the X-ray midsagittal widths to cross-
sectional areas using the alpha-beta model

Because X-ray video can only show the sagittal view of
the vocal tract, it is necessary to find a method to
estimate cross-sectional areas. At present, most
transformations going from the midsagittal distance to
the cross-sectional area are based on the original
transformation defined by [5], which is the a B (apha
beta) Model.

AX) = a(x)d ()" o
where ‘d’ is the midsagittal distance, ‘A’ the cross
sectional area, ‘x’ the position along the vocal tract mid-
ling, and * «’ and * B’ are the two coefficients of the
transformation, which are also functions of the variable

X

In this study, a set of ‘ a’ and * B’ coefficients has
been calculated using the ‘d’ and ‘A’ from real MRI 3D
datafor 9 vowels, minimizing the estimation errors:
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AV )= ar(x)d (x,v )]

V=/aoeiw.../

argmi n{ 2} (2)

a(0.8(x)

where ‘V’ represents the 9 single vowels in Mandarin. It
meansthat ‘A’ and ‘d’ are phoneme dependent.

This set of aphabeta coefficients reflects the
morphological characteristics of this subject in MRI, so
that we use Eq. (1) to estimate cross-sectional areas from
midsagittal width of different vowels of this subject
within limited errors.

And this set of alpha-beta coefficients is applied to
the X-ray video data, using Eqg. (1), to estimate ‘A’ from
‘d” of the female subject in X-ray movie. From the
estimated cross-sectional areas for the female subject in
the X-ray database, we calculated the lower four
formants of vowels (at present only /a i u/, due to the
arduous X-ray video tracing), as shown in table 2,
generaly with a 15% mismatch as compared with the
formants obtained from the real speech sound. Although
the subjects are different, thisis better than the empirical
formulaused in [14].

Table 2: The natural and calculated speech formants of the
female subject 1 in the X-ray database

lal il | il
nFll 911 | 390 | 450
nrg 132|281 a;
"E3 363 363 33(;
d 422 428 412
cF1 786 | 398 | 489
cF2 128 24; 977
3 332 345 27(;
A 403 40; 333
dFy 13.; 21| 87
dF2 -55 13'5', 6.1
dF3 -70 | -75 19_%
dF4 -48 | -4.3 18.%

4. CONCULUSIONS AND DISCUSSION

This paper established a mapping from 2D widths to area
functions based on MRI data, and applied to 2D
articulatory movements in X-ray movie. By utilizing the
advantages of X-ray movie and MRI data, we make use
of morphology information in both of them.

At first, we extracted the articulatory movements
from a Mandarin X-ray database, and measured the
midsagittal widths of the vocal tract. Next, a set of alpha
beta coefficients were estimated from the MRI data
Finally, the area function of the vocal tract of X-ray was
calculated using this set of alpha-beta coefficients. The
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acoustic comparison showed that the combination of
MRI and X-ray is available for further devel opment.

However, the aphabeta coefficients are speaker
dependent, which will bring error when we apply them
on the speaker in X-ray movie. In the future we will
include more phonemes and syllables in Mandarin, not
only some cardina vowels /a i u/ in this paper, to
evauate the alpha-beta coefficients in both static and
dynamic ways.
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Abstract

To fully explore the dynamic properties of speech production
and investigate the relation between vocal tract geometry and
speech acoustics, estimation of vocal tract area functions from
measurements of the sagittal plane is an important step. In
this study, we investigated the relation between the
measurements on two dimensional (2D) and three
dimensional (3D) MRI data and used an alpha-beta model to
describe this relation. As a result, a set of parameters were
derived from 3D static MRI data, and applied to time-varying
vocal tract widths derived from 2D MRI movies, to
synthesize Mandarin vowel sequences. An acoustic
evaluation comparing the natural and calculated formants
shows that the alpha-beta model can represent dynamic states
of articulatory movements of vowel sequences, as well as
those of the sustained vowels.

Index Terms: MRI, speech production, Mandarin, vowel,
alpha-beta model

1.

Magnetic resonance imaging (MRI) allows a tomographic
view of body tissues in any plane of the human body, and
yields the 3D shape of the vocal tract, without any known risk
for the subjects. MRI has been increasingly applied in speech
research over the past 20 years [1-6]. The articulatory data
collected using MRI is valuable in understanding and
modeling the vocal tract accurately, particularly the pharynx
area, since the behavior of this area is hard to capture during
speech by traditional approaches. The volumetric
morphological data is very important for articulatory
synthesis, in which scientists have been involved for several
decades.

At present, MRI studies have been carried out on several
languages. However, few MRI studies have been conducted
on Mandarin. MRI will be very valuable for research on
Mandarin, since our final goal is to develop a dynamic 3D
articulatory model and a visual aid system for Mandarin
learning, which requires adequate morphological and
articulatory data. However, due to the high cost of MRI
experiments for obtaining 3D data of vocal tract, the 2D
articulatory data in mid-sagittal plane are more attractive for
speech research, where the generation of area functions from
measurements of the sagittal section is an important step in
the study of the relation between 2D and 3D geometry of the
vocal tract in acoustic aspect. Several such generation
methods have been proposed in the past [7-10] and the alpha-
beta model is most famous.

In this study, we performed MRI experiments to get static
and dynamic data of vocal tract, and uses alpha-beta model to
estimate area functions of Mandarin vowel sequences.

Introduction
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2. Data Acquisition

In this section, we introduce the procedures for obtaining
MRI data, including the selection of speech materials and
subjects, the paradigm of MRI experiments, and the pre-
processing of the MRI data. Due to the laborious processing
of MRI data, at present, we only show the results of one
female subject.

2.1. Speech materials

Mandarin, also called Putonghua, is the official national
standard spoken language of China and is derived from the
principal dialect spoken in and around the Beijing area.

As for the sustained vowels, our study covered the nine
single vowels in Mandarin, /a o e i u U (i)e (s)i (sh)i/, in the
Chinese phoneticization scheme, whose IPA symbols are
laoviuyenn /, respectively. There is one more vowel,
“er” (/or/), whose status as a single vowel is still in dispute.
Therefore, we did not include this vowel in the present study.
The vowels were uttered by saying the Chinese characters “Ifj
W Jo A< 1% A0 B 5, where the vowels / e/ in “I&s JELiF”
are consonant-dependent and appear stably with preceding
specific consonants or semivowels. For this reason, we asked
subjects to pronounce the syllables with these three vowels
instead of the isolated vowels, and we used the stable
segments of the vowels in the following speech analysis. In
addition, all the characters were produced in the first tone
(high flat tone) to ensure the stability of the sustained vowels.

As for the dynamic movements, we selected 39 syllables,
including diphthongss (e.g. /ai ei ao/), triphthongs (e.g. /iao
iou uai/), and CV syllables (e.g. /ba bi bu/). 3 syllables were
uttered in each MRI section, e.g. /ai ei ao/ which were uttered
by saying the Chinese characters “ZZi%[1]”.

2.2. Selection and training of subjects

The subjects have no speech or voice problems. They are
native speakers of North Chinese dialects, live in and around
the Beijing area, and have no other dialect accents.
Alternatively, the subjects have 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 announcers).

The subjects were trained to ensure articulatory stability
so that we could obtain clear MRI images. In the training, we
required the subjects to produce the speech materials in a
supine position with MRI noise in the earphones. Sufficient
practice yielded better imaging results.
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2.3. MRI equipment and scan specifications

The MRI data were acquired using the Shimadzu-Marconi
ECLIPSE 15T PowerDrive 250 installed at the Brain
Activity Imaging Center, Advanced Telecommunications
Research Institute (ATR-BAIC), Kyoto, Japan.

As is well known, the major drawback of MRI is its poor
time resolution for speech research. At present, a
synchronized sampling method (SSM) developed by [11] is
adopted in recording the movements of the speech organs as a
set of sequential images. This method can also be used for
acquiring the static 3D shape of vowels.

In this study, the parameters used in the SSM MRI scans
for sustained vowels are shown in Table 1.

Table 1. Parameters for sustained vowels

Echo time (TE) 3.4 ms

Relaxation time (TR) 2200 ms

Number of slices 44-51 sagittal slice planes
Slice thickness 1.5 mm

Slice interval 1.5 mm

Field of view (FOV) 256*256 mm

Image size 512*512 pixels

Image data format DICOM file

The parameters of SSM MRI for dynamic movement of
vowel sequences were as follows: a 2200 [ms] sequence
length with 128 phases, the mid-sagittal slice, an FOV of
256*256 [mm], an image size of 256*256 pixels. As the
result, for a vowel sequence, e.g. /ai ei ao/, we got 128 frames
in mid-sagittal plane, which formed a real time movie at
60fps.

2.4. Image preprocessing

The images were converted from DICOM to TIFF and
denoised using ImageJ software, which was produced by the
National Institute of Health, USA.

2.5. Teeth superimposition

MRI has a disadvantage in imaging bony structures because
calcified structures that lack mobile hydrogen produce no
resonance signals. Accordingly, the region of the teeth has the
same darkness as the air space. To solve this problem, we
measured the structure of the teeth using the teeth imaging
method proposed in [12]. The maxilla and the mandible with
the teeth were reconstructed to obtain “digital jaw casts”,
which were then manually superimposed onto the original
MRI images. Figure 1 shows the result of teeth extraction and
imposition. We resliced the digital jaw casts to match the
slices of the vowel data, and we located the upper and lower
teeth manually in the mid-sagittal plane, to minimize
superimposition error, as shown in the right panel of Figure 1.

Figure 1: left: 3D digital jaw casts; right: mid-sagittal
plane after imposition.
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2.6. Data processing for sustained vowels

To study the acoustic properties of the vowels based on MRI
data, we use the classical transmission line model [13-15].
This requires us to obtain the vocal tract area functions, which
can be calculated from the reconstructed vocal tract shape
with the teeth shown above.

The calculation was performed in three steps. First, the
vocal tract midline was semi-automatically calculated in the
mid-sagittal image. Then, along the midline, images
perpendicular to the midline were resliced at 1~5 mm
intervals. Finally, the cross-sectional area of the airway of the
vocal tract in each slice was measured. The vocal tract area
function is defined as a series of cross-sectional areas along
the vocal tract. Figure 2 shows the midline of the vocal tract
on the midsagittal plane, the grid lines for this vocal tract, and
the cross-sectional images sliced according to the grid lines.
The vocal tract area function is derived from these slices.

As seen in Figure 2, close to the lip end, the upper and
lower lips are separated and a complete circumferential
outline of the vocal tract section cannot be determined. It was
necessary to answer the following two questions. Where is the
end of the vocal tract in terms of acoustic meaning? How
should the area of the incomplete shape be measured? In this
study we adopted a method proposed by Takemoto [12]. As
shown in Figure 2, we determined the furthest section from
the glottis where the circumferential area could be measured
as the last section (slice “h”), and the length of this section
was extended to halfway from the end of this section to the
last section where the upper and lower lips could still be
observed (slice “i”).

Figure 2: Results of extraction of the cross-sectional
slices.

Subsequently, the vocal tract transfer functions were
calculated based on the cross-sectional area function of the
vocal tract obtained from MRI using a transmission line
model, which is detailed in [15]. The calculated formant
frequencies are listed in Table 2.

The speech sounds of the subjects were recorded in a
soundproof room to remove the noise of MRI machine. In
order to reproduce the situation of MRI acquisition, the
subjects lay supine on the floor with a headset that fed the
noise burst trains to the subjects. The subjects were then
asked to repeat the vowels as similarly as possible to the way
they spoke in the MRI machine.

We selected the stable segment of the recorded vowels,
and used the Praat software to extract the four lower formants.
Table 2 shows the first four formants calculated from MRI
data and the formants of natural speech sounds for
comparison. The absolute percentage error between all the
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formant data from the transfer functions and from natural
speech sounds is about 10%. The mean absolute percent error
is 7.4%. This result is not as good as [12], in which the mean
absolute percent error was 4.5% for Japanese vowels, but is
better than a recent MRI study [16], in which the mean
absolute percent error was 12.2%.

Table 2. Comparison of the natural and calculated
speech formants, “n”” denotes natural speech, ““c” the
calculation, and ““d” the percentage error.

a 0 e i u i} (i)e (s)i (sh)
i
nFi| 814 | 590 | 600 | 325 | 390 | 320 | 560 | 420 | 410
131 | 100 | 122 | 266 196 | 212 | 145 | 181
AT 0 5 0| 0 0 0 0 0
\Fa 321 | 316 | 314 | 346 | 295 | 247 | 285 | 317 | 255
4 0 0 0 0 0 0 0 0
\r4 435 | 438 | 438 | 455 | 415 | 380 | 443 | 417 | 337
4 0 0 0 0 0 0 0 0
cF1 737 | 550 | 554 | 321 | 382 | 300 | 504 | 440 | 442
151 138 | 277 201 | 190 | 138 | 179
cF2 %) | 880 ) o | 832 5 7 . o
ord 330 | 285 | 347 | 334 | 298 | 256 | 264 | 331 | 316
7 5 4 8 4 6 9 5 2
oral 384 | 384 | 444 | 436 | 374 | 403 | 387 | 430 | 372
6 5 1 8 5 0 6 8 6
dF1] 95 | -68 | 77| 12 | 21| 63| 10. | 48| 78
0
ar2d B 12| 2| 44| 81| 28] 10| -45 | 11
2 8
0 0
dF3 29 | 97 106' 32| 12| 39| 71| 48 Z‘B
) . . 10.
dF4 11 | 12.| 14 | 40| -98 | 61| 12. | 33 .
7 2 5

2.7. Data Processing for vowel sequences

A program ‘VocalTractMarker’ in Matlab was designed for
semi-automatic tracing of the articulatory movements in the
mid-sagittal plane. Figure 3 shows an example image of this
marking. From the glottis to the lips along the midline of the
air way, we measured the widths of the vocal tract at certain
intervals.

Figure 3: Measuring the widths in the mid-sagittal
plane in MRI movie.
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3. Applying alpha-beta model

3.1. For sustained vowels

Because the 2D dynamic MRI movie can only show 2D
information of the vocal tract in the sagittal view, it is
necessary to find a method to estimate cross sectional areas.
At present, many transformations going from the mid-sagittal
width to the cross-sectional area are based on the original
transformation defined by [17], which is called the “a B~
(alpha-beta) Model.

A(X) = ad (x)ﬂ, O

where ‘d’ is the width of the vocal tract in the mid-sagittal
plane, ‘A’ is the cross-sectional area, ‘x’ is the distance from
the glottis along the vocal tract midline, and “a > and * B * are
the two parameters of the transformation, which are also the
functions of variable ‘x’.

Asetof “a’and ‘B’ parameters was calculated using ‘d’
and ‘A’ from real MRI 3D data of 9 vowels, by minimizing
the estimation errors. This set of alpha-beta parameters
reflects the morphology characteristics of this subject, so that
we can use Eqg. (1) to estimate cross-sectional areas from the
mid-sagittal widths of different vowels of this subject with a
mean absolute error of 0.29 [cm?] for all 9 vowels, while the
errors are 0.32, 0.57, 0.24, 0.18, 0.44, 0.11, 0.24, 0.28, 0.21
[cm?] for/aoviuy e/, respectively.

3.2. For vowel sequences

We used this set of alpha-beta parameters to calculate the
cross-sectional areas of the vowel sequences, from which the
formants were calculated and compared to the formants of
real speech.

Figure 4 shows the movement of articulators during the
diphthongs /ai/ in vowel sequence /ai ei ao/. From the
articulatory posture of /a/ to that of /i/, the varying cross-
sectional areas have been calculated by the alpha-beta model.
One can see that while producing /ai/ the contours of the
tongue have an invariant point, which is reflected in the area
functions also.

Articulatory movements in faif Area function varations in faif

crsssaoctiss areas emd)

Figure 4: Articulatory movements and area function
variations in diphthongs /ai/.

4. Conclusions and discussion

For a clear contrast, we compared the formant trajectories in
the acoustic plane and in the time domain, taking /ai ei ao/ as
an example. In Figure 5, the large black dots indicate the
natural formants of the 9 sustained vowels. The large blue
asterisks indicate the formants calculated from the cross-
section area functions estimated using the alpha-beta model
on 2D data. And the small black dots demonstrate the
trajectories of the formants of the recorded natural speech in
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the acoustic plane. The small blue asterisks are the calculated
formants from the 2D dynamic MRI movie. The upper panel
shows the trajectories of F1 and F2 for /ai ei ao/ in the
acoustic space, while the lower panel shows the trajectories in
the time domain.

In the upper panel, two of the four open circles indicate
the articulation places of /a/ and /i/ in diphthongs /ai/,
respectively. One can see that the /a/ in /ai/ is more forward
than single vowel /a/, and the articulation place of /i/ is not
fully achieved in diphthongs /ai/.

In the lower panel, the formant trajectories calculated
using alpha-beta model are consistent with those from natural
speech. This shows that the alpha-beta model also performed
well on dynamic vocal tracts, and the coarticulation trajectory
information has been preserved.

Formant 2 (Hz)
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T T
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T

2500
T

1DPD SQD 200

& Jann

Formant 1 (Hz)

-1000

ail

[ao/

5000

4000
000

2000+
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1000 Bl

! I
0 500 1000 1500

Time (ms)

Figure 5: Comparison of the real and calculated
formant trajectories in the acoustic plane and in the
time domain for vowel sequence /ai ei ao/.

However, as shown in the lower panel of Figure 5, in the
diphthongs /ao/, there is a large difference between the
formant trajectories of the real speech sound and the
calculation. This may be introduced from the difference
between the states of the subject in the sound proof room and
the MRI room. The noise in the MRI room and fatigue
prevent the subjects from maintaining stable articulation. In
the case of /ao/, it was confirmed that the trajectory for
sounds during the MRI experiment was close to the
calculation, but the trajectories were generally not clear due
to the MRI noise. This will be investigated in future research.

Due to the laborious processing of MRI data, in this
study, at present, we only show some examples of one female
subject. In the future, for more generality, we will apply this
study on more subjects.
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Abstract

In this study we examine quantitatively the correlation
between the geometric lip contour parameters and the formant
parameters for Mandarin monophthongs, and carry out a
multiple linear regression study between the two parameters.
We explicitly analyze the relationship between different
geometric lip parameters and the formant parameters, which
have some linguistic significance instead of the usual acoustic
parameters such as MFCC. We analyzed the linguistic
meaning of the regression formula, and found it in accord
with the classical result on the relationship between vocal-
track and speech acoustics. And those regions with relatively
poor effect of estimation are related to specific phonetic
conditions.  Index Terms: facial motion, monophthong,
canonical correlation analysis, multiple linear regression

1.

The correlation between acoustics and visual features of
speech is a fundamental issue in the field of audiovisual
speech processing and an important aspect in phonetics. To
examine this correlation, effective methods for the extraction
and quantification of visual lip parameters, as well as
statistical models are necessary.

In this study we examine quantitatively the correlation
between the geometric lip contour parameters[1] and the
formant parameters for Mandarin monophthongs, and carry
out a multiple linear regression study between the two sets of
parameters.

Several questions associated with speech acoustics and
the geometric lip contour parameters are addressed in this
paper: (1) what is the explicit relationship between different
geometric lip parameters and formant parameters? (2) Is the
non-linearity that exists between the two sets of features (lip
parameters and formant parameters) distributed randomly or
in accordance with some phonetics rules?

The widely cited study of Yehia, et al in 1998 [2]
examined the degrees of correlation among vocal-tract and
facial movement data and the speech acoustics. Using two
corpuses of sentences in two languages, the 3D position data
of markers placed on the face and in the vocal-tract was
extracted. LSP coefficients and RMS amplitude of the signal

Introduction
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were extracted from the acoustic signals in a separate
experimental session. After temporal aligning the frames of
different sets, for each two set of parameters linear estimation
was carried out to build an estimator to recover a matrix, and
then the mean correlation coefficient between measured and
recovered vectors was measured through all possible
combinations of training and test data. It was noted that
estimation of the speech acoustics (f) from facial measures (x)
is considerably better than from vocal-tract measures (y).
Then, dimensionality analysis was carried out. Principle
Component Analysis was used to reduce the dimensionality.
However, there is not a priori reason to believe that the
dimensionality reduction achieved in one space is optimum
for describing the data measured in another space. Thus the
authors perfomed singular value decomposition to map the
data for the vocal-tract, facial and acoustic spaces onto a
common coordinate system. It shows that between 4 to 8
components are sufficient to represent the mappings
examined. In the discussion, the authors noted that in their
study no temporal analyses were done; all correlations are
based only on spatial properties of the data. They believe that
the resulting global correlations suggest that correlated
tongue-jaw behavior is basic to producing all speech rather
than the result of some higher level phonetic control.

In later studies other data sources and parameters were
tried. 2D face motion data has been examined by Almajai[3],
Barker[4], Barbosa[5] and Jiang[6]. Some researchers tried to
combine the study with visual feature extraction technique,
for example 2-D DCT and cross-DCT (Almajai et al.) and
‘Chroma-Key’ processing (Barker et al.). As for Yehia’s later
study with Barbosa, a search algorithm is used for tracking
the 2D facial motion of markers painted on the speaker’s face.

As for acoustic data, Barker[4] tried LP, LSP and RMS
parameters, and showed that the strongest correlations are
achieved using the LSP parameterization. Almajai et al. used
mel-scale filterbank vectors and the first four formant
frequencies extracted using a combined linear predictive
analysis-Kalman filter. Formant frequencies are closely
related to speech production and correspond to resonant
frequencies in the vocal tract. It has been shown that
filterbank features exhibit higher correlation to visual features
than formant frequencies. However, mel-scale filterbank
parameters are hard to explain linguistically. Moreover, there
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is a lack of good method to extract linguistically meaningful
formants in from these parameters.

As Yehia et al. [2] mentioned in their study, certain type

of non-linearity exists between the acoustics and the visual
features of speech. As Barker et al. [4] mentioned,
Examination of the error distributions of the LP parameters
reveals them to be multimodal i.e. clearly non-Gaussian. This
shows that the linear estimates are essentially an inadequate
model of the true mapping. No temporal analyses were done
in [2]. Later studies tried to address these two points. Barbosa
and Yehia[5] used time-invariant and time-varying linear
models, as well as nonlinear (neural network) models
(Levenberg-Marquardt algorithm) in their study. As a result,
the correlation coefficients between measured and estimated
trajectories are as high as 0.95. This estimation of facial
motion from speech acoustics indicates a way to integrate
audio and visual signals for efficient audiovisual speech
coding. On the other hand, relatively little studies from the
perspective of linguistic phonetic principles have been done
on this subject. In fact, there is complicated structure inside
the so called ‘non-linearity’ related to linguistic phonetic
notions.
Barker et al. [4] used a corpus of isolated nonsense words
having a VCCV vowel-consonant structure (the systematic
structure of the corpus allows the audio-visual correlation to
be separately analyzed for both consonants and vowels).
When examining the size and distribution of the errors, it is
found that the lips can be more reliably reconstructed during
vowels than during consonants. Jiang et al. [6] noted that, in
general, predictions for CV syllables are better than those for
sentences. Almajai et al. [3] measured the audio-visual
correlation within each phoneme and then averaging the
correlation across all phonemes and compared the result to
the measurement across the whole corpus of sentences. As a
result, there is an increase in correlation to R=0.9 when the
audio-visual correlation is measured within each phoneme.
All these indicated that the linearity of correlation is higher
inside each phoneme than across different phonemes. In other
words, different phonemes have different audio-visual
correlations. A universal model would do well in some
phonemes but do quite poorly in other phonemes.

2. Experiment

Authors should observe the following rules for page layout.

2.1. Database

The experiments for data acquisition are carried out for one
female speaker of Chinese Mandarin. The data are acquired
using a corpus of 61 Mandarin initials.

Mandarin has 22 initials. We choose 3 monophthongs /a,
i, u/ for each initial and get 61 syllables (see Table 1). For
those syllables that don’t exist in Mandarin phonemic system
the vowels /i/, /1 [ or I\, / Iyl are used instead.

G3|g k h G4 |j q X G7 |9
Ikl | Ikh | Ix/ Iel | heh | fe/
/ /
a gal | kal | hal | a jla | gia | xia |1 a
1 1 1
i — | — | — 1]i jil | qil | xil |2 i
u gul | ku | hu Ju jul | qu | xu |3 u
1 1 1 1
G5 zh ch sh r G6 z c S
Its/ /tsh/ | /sl [z| Itsl | Itsh/ | Is/
a zhal | chal | shal | — zal | cal | sal
u zhul | chul | shul | ru4 zul | cul | sul
/L / | zhil | chil | shil | ri4 |/~ / | zil |cil | sil

Gl |b p m f G2 |d t n |
Ipl | Iph | Im/ | If] | bl | Inf |
/
a bal | pal | ma | fal | a dal | tal | na2 | lal
2
i bil | pil [mi |— |i dil | til | ni2 | li1
2
u bul | pu | mu | ful Ju du [tul [nu | Ilul
1 2 1 2
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Table 1: The 61 syllables used in the study (Groupl (G1)
Bilabial, Group2 (G2) Alveolar, Group3 (G3) Velar,
Group4 (G4) Coronal, Group5 (G5) Retroflex, Group6
(G6) Alveolar2)

These AVI clips are part of an existing audio-visual
corpus recorded by our laboratory in Peking University. The
two domains of data are taken simultaneously using Adobe
Premiere Prof 1.5 in AVI format (Video: 720x576 pixel,
24bits, 25 fps; Audio: 639kbps, PCM 16bits, 32 kHZ,
1024kbps) and then separated using Virtual Dub 1.7.0.1c1.x
by Avery Lee. Then the Audio was re-sampled to 11025 HZ,
and the area of Lip (96x80 pixel) was extracted from the
original video.

2.2. Parameterization

At this point, the data available are the audio and video
signal. This section describes suitable parametric
representations that will help in the study of the relationship
between the two domains.

2.2.1. Lip contour extraction

The lip contour parameters are characterized by using the
deformable template by Liew et al. [1] from video images of
the speaker’s face. The parameters of the model are adjusted
manually to correct any fitting error since the aim of this
study is to investigate the relationship between visual lip
features and monophthongs, instead of lip segmentation
methodology.

In [1], a robust deformable model-based technique for
lip contour extraction from a color RGB lip image is proposed.
The method uses a region-based stochastic cost function to
find an optimum partition of a given lip image into lip and
nonlip regions. Spatial fuzzy clustering using both luminance
and chrominance features from the CIELAB and CIELUV
color spaces is used to produce a probability map of the lip
image. The optimum model parameters are then found by
performing a conjugate gradient search on the cost function.
Extensive experimental results show the feasibility of their
approach.

Given a lip model as shown in Figure 1, the equations
describing the lip shape are given by [1]:
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Figure 1: Geometric lip model

)

The parameters we used are a little different from the
one presented in [1]. In this study we added the inner lip
parameters into the lip model of [1]. Our lip model are as
shown in Fig.2 and is parameterized as follows: the horizontal
position of the lip in the rim (y1), the vertical position of the
lip in the rim (y2), the width of the outer contour of the lip
(y3), the distance from the lower outer contour to the level
line (y4), the distance from the upper outer contour to the
level line (y5), the degree of concavity of the philtrum (y6),
the curvature of the lower lip counter (y7), the obliquity of
the lip (y8), the width of the inner lip (y9), the distance from
the lower inner contour to the level line (y10), the distance
from the higher inner contour to the level line (y11), the
Skewness of the lip (y12), enantiomorphism (y13). Finally
the set of lip parameters are given by
Y= {y1, y2, y3, y4, ¥5, ¥6, y7, y8, y9, y10, y11, y12, y13}
@)

15

201

Figure 2: Geometric lip model (13 parameters). First plot:
yl, y2, y3, y4, y5, y6, y9, y10, y11; Second plot: y7;
Third plot: y8; Last plot: y12

2.2.2. Formants

The first three formant parameters (fmtl, fmt2, fmt3) are
obtained from audio data taken simultaneously with the video
data using the method of LPC (period in-phase), using
Wavefinal, which is written by our laboratory. The boundary
of the consonant and the vowel in a syllable is manually
marked. Only the vowel frames are used:

F= {fmtl, fmt2, fmt3} 4)

2.2.3. Alignment

Since the video sampling rate of 25 fps is lower than the
audio sampling rate (11025HZ), we performed appropriate
time alignment of the two sets of parameters. The formants
taken using LPC is period in-phase, and the interval between
pulses is always changing, which is known as jitter. As a
result, the frames of formant data don’t have identical time
length, and an indefinite number of formant frames are related
to a frame of lip contour parameters.

We calculate the average of F through all the frames of
formants and align it with the relative frame of lip contour
parameters. The relative bandwidth (bw) is also extracted. For
those formant frames at the beginning or end of the vowel
with null, the next or the former data was filled into the null.
Table 2 shows a frame of the aligned parameters.. 800 frames
of data are obtained from the vowel parts of these syllables.

in ma
P! rk_ |yl y2 y3 y4 y5 y6
yin | .
Inx
47. 38. 34. 39. 6.8
al 11 g |6 |33 a3 | |4

y7 y8 y9 y10 yll | yl2 | yl3

11 0.03 | 33 2595 1062 | O 0

lip 0s
fmt | fmt [ bw |[fmt [ bw | fmt | bw | ma irftio
0 1 1 2 2 3 3 rk
.- |n
idx
120 170 322 0.9
239 4 69 2 94 7 122 | 24 6

Table 2. Tthe first frame of data from /al/

2.3. Canonical correlation analysis

Canonical correlation was first established by Hotelling in
1936 to analysis the correlation between two sets of random
variables. The idea of reducing dimensionality is borrowed
from PCA. The correlation between two sets of parameters is
reduced to the correlation between two canonical variables.
We perform statistical matrix analysis on the two sets of
parameters. The correlation analysis result for the set of lip
parameters (Setl) shows that many of the lip parameter pairs
have Pearson correlation coefficient larger than 0.5 (y2-
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y3,y2-y5,y2-y9,y3-y4,y3-y5,y3-y6,y3-y9,y3-y11,y3-y12 y4-
y6,y4-y9,y5-y6,y5-y9,y5-y11,y6-y9,y6-y11,y6-y12,y9-
y11,y9-y12). For the set of formant parameters (Set2), no
Pearson correlation coefficient is larger than 0.5. This shows
that there is much redundancy between the lip parameters
whereas the formant parameters are largely independent. In
the correlation between the set of lip parameters and the set of
formant parameters, several pairs have Pearson correlation
coefficient larger than 0.5 (y3-fmtl (R=0.5712), y3-fmt2
(R=0.6109), y4-fmtl (R=0.7571), y5-fmt2 (R=-0.5826), y9-
fmtl (R=0.5818), y9-fmt2 (R=0.6461), y10-fmtl (R=0.7414)),
indicating that there are strong relationships between the two
sets of parameters. Canonical Correlation analysis is
performed on the two sets of parameters and the results are
verified using hypothesis testing (Wilk's and Chi-Sq. tests).
The first canonical correlation coefficient (L1-F1) is 0.911
which is larger than any correlation coefficient between any
two individual variables from Setl and Set2. Standardized
canonical coefficients for Setl indicates that L1 = 0.018y1-
0.039y2+ 0.328y3+ 0.119y4+ 0.049y5- 0.046y6- 0.013y7-
0.086y8- 0.972y9- 0.531y10- 0.291y11+ 0.047y12, whereas
standardized canonical coefficients for Set2 indicates that
F1=-0.778fmt1-0.648fmt2+0.052fmt3.

Canonical loadings for Setl shows that y3, y4 y6, y7, y8,
y9, y10 have negative correlation to L1. Canonical loadings
for Set2 shows that fmtl, fmt2, fmt3 have negative
correlation to F1. Cross loadings for Setl shows that y3, y4,
y6, y9, y10, y12 can be better estimated by F1, y5 can also
be estimated by F1 to certain extent. Cross loadings for Set2
shows that fmtl, fmt2 can be better estimated by L1. The
difference of sign between canonical coefficient and
canonical loadings of y3, y4, y11 indicates that they may be
compensation parameters for y9, y10, y5.

Redundancy analysis shows that the proportion of
variance of Setl explained by its own canonical variant is
41.7%. The proportion of variance of Set2 explained by its
own canonical variant is 34.3%. The proportion of variance of
Setl explained by opposite canonical variant is 34.6%. The
proportion of variance of Set2 explained by opposite
canonical variant is 28.5%. Hence, the formant parameters are
better in explaining the lip parameters than vice versa.

Canonical correlation analysis is later carried out
separately between the inner lip parameters (y9-y10-y11) and
formant parameters or outer lip parameters (y3-y4-y5) and
formant parameters. The parameters in the set are chosen in
accordance with the above-mentioned CCA. It was found that
the set of inner lip parameters is also better in explaining F
than the set of outer lip parameters.

2.4. Multiple Linear Regression

Multiple linear regression (MLR) is used to fit the linear
combination of the components of the multiple-dimension
vector L, i.e. (y3, y4, y5) or (y9, y10, y11) as independent
variables, to the single-dimension vector fmtl, or fmt2, or
fmt3, which is the dependent variable. It is also used to fit the
linear combination of the components of the multiple-
dimension vector F (fmtl, fmt2, fmt3) as the independent
variables to the single-dimension vector, i.e. y3, or y4, or y5,
or y9, or y10, or yl11, as the dependent variable. In this
process, the method of stepwise regression is used to exclude
the independent variables which do not fit the criterion and
include the independent variables which contribute most to
the dependency. So the independent variable fmt3 is excluded

from the regression formula of F and y3, y9 is excluded from
the regression formula of L (y9, y10, y11) and fmtl, y11 is
excluded from the regression formula of L (y9-y10-y11) and
fmt2. (see Table 3)

formula R AESq | coll

1 | fmt1=25.024y4+19.685y5+8.7 | 0.779 | 0.606 | +
58y3-494.021

2 | fmt2=89.974y3-34.583y4- 0.683 | 0.645 | +
47.513y5+296.385

3 | fmt3=-46.532y5- 0.483 | 0.230 | +
15.672y4+12.456y3+3919.007

4 | y3=0.005fmt2+0.013fmt1+14. | 0.838 | 0.701
838

5 | y4=0.022fmt1+0.004fmt2- 0.821 | 0.673
0.001fmt3+10.729

6 | y5=-0.002fmt2-0.002fmt3- 0.647 | 0.417
0.003fmt1+25.022

7 | fmt1=24.461y10+26.840y11+ | 0.792 | 0.626 | +
392.405

8 | fmt2=65.313y9- 0.698 | 0.486 | +
41.547y10+578.949

9 | fmt3=-45.985y11- 0.513 | 0.260 | +
19.298y10+14.908y9+3225.46
9

1 | y9=0.011fmt2+0.028fmt1+0.0 | 0.872 | 0.760

0 | 02fmt3-18.616

1 | y10=0.026fmt1+0.005fmt2- 0.858 | 0.736

1 | 0.001fmt3-12.254

1 | y11=-0.001fmt2-0.003fmt3- 0.546 | 0.295

2 | 0.001fmt1+11.745
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Table 3. Regression formula, where ARSq denotes
adjusted R-Square, coll denotes collinearity.

Similar to the result of canonical correlation analysis, the

formant parameters works better than the lip parameters, and
the inner lip parameters works better than the outer lip
parameters as the independent variables in that the Adjusted
R-Square is larger.

Figure 3 shows all the frames of virtual data (i.e.,
predicted from regression formula) and estimated data (LPC
estimated) when the virtual data is ranked in ascending order.

Virtual Data fmtl and Estimated Data FMT2 Virtual Data fmt2 and Estimated Data FMIZ
2000

1500

——fntl
e PMTI

= 1000

500

0

175 149 223 297 371 445 519 593 667 741
Rank

0
175 149 223 207 371 445 519 593 667 741
Rank

5000
4000

-, 3000
= 2000
1000

0

Virtual Data fmt3 and Estinated Data FMT3

Virtual Data y9 and Estimated Data Y9

175 149 223 297 371 445 519 593 667 741

164 127 190 253 316 379 442 505 568 631 691 757

Rank
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Virtual Data y10 and Estimated Data Y10

67 133 199 265 331 397 463 529 595 661 727 793

Rank

Virtual Data yl1 and Estimated Data Y11

: ¢/
i ey A
tat IIIM.L»&E:“;‘

S

Rank

Figure 3. All the frames of virtual data and estimated data.
The virtual data are ranked in ascending order.

3. Discussion

3.1. The phonetic meaning of the coefficients

The sign of the coefficients in the regression formula show
that the larger the opening of the lower lip is, the larger the
first formant is; the higher the opening of the upper lip is
(from the level line), the larger the first formant is; the wider
the lip is, the larger the second formant is; the smaller the
opening of the lower lip is, the larger the second formant is;
the wider the lip is, the larger the third formant is; the smaller
the opening of the upper lip is, the larger the third formant is;
the smaller the opening of the lower lip is, the larger the third
formant is. The finding is in harmony with the study of
speech articulation and formant frequencies in linguistic
research, which state that the first formant is positively
related to the opening aperture of the mouth, the second
formant is negatively related to the posteriori of the tongue
and the roundness of the mouth, and the second and the third
formant come closer when the lip is rounded. Figure 4 shows
the fmtl, fmt2, and fmt3 plot for different vowels, whereas
Figure 5 shows the plot for different vowels as a function of
lip parameters y9, y10, and y11. It can be seen that the
vowels can be separated to some extend based on the three lip
parameters, although the separation is not as good as that
using fmtl, fmt2, and fmt3.

Figure 4. fmt2 as x-axis, fmtl as y-axis, fmt3 as z-axis
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Figure 5. y9 as x-axis, y10 as y-axis, y11 as z-axis

3.2. The Distribution of Non-linearity

Although the MLR analysis reveals some useful insights, the
linearity assumption has its limitation. First, we observed that
the distribution of fmtl, fmt2 is far from being Gaussian.
Second, there is noticeable co-linearity between y3 and y4, y3
and y5, y9 and y10, y9 and y11 and the set of outer lip
parameters and inner lip parameters can be recovered from
each other. Third, the distribution of the residuals is not
Gaussian, indicating that there is residual correlation not
extracted by MLR. This residual correlation may be due to
the non-linear relationship between the two sets of parameters.

It is important to note that this non-linearity neither
distribute randomly within a phoneme nor across different
phonemes. Figure 6 shows some examples of the virtual and
estimated formant data in specific vowels.

(al Virtual fatland Estinated FTI (al Virtual fni2 and Estinated FIT2
1400 3000
1200 i . 2500
1000 [ 2000 Ny et
~ 800 ‘\‘\\ = 1500 e S,
= 600 =
400 1000
200 500
0 0
12345678 91011121314 1234567891011121314
nark_ids
(WalVirtual fmt3 and Estinated FAT3 (il Virtual facl and Estinated FITI
1000 1000
2500 w
3000 800 /’
2500 600
= 2000 2
1500 400
1000 200
500
0 0
12345678 91011121314 1234567891011121314
nark_ids mark_idx
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1234567891011121314 13 5 7 9 11315 17
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(g)al Virtual Data fmt2 and Estimated Data

T2

1000

3000
——n3
2

000 =3

1000

78 91011121314

Figure 6 the virtual and estimated data in (b)a, (b)i, (b) u,
and (g)a

First, the position of a specific frame in the vowel

influences the relation between its lip and formant parameters.

We could see from the figures that the linear estimators do
quite well in the middle of the vowel but poorly at the
beginning or at the end of the vowels. The estimated loci
usually take the shape of an arc, which is related to the loci of
the lip parameters which indicate the movement feature of the
lips. While pronouncing, the muscles first move fast in
acceleration to a specific point, then keep the state until the
fast release comes. At the same time, the formants do not
experience such dramatic change but keep a relatively stable
state.

Second, the estimators perform differently depend on the
interaction between the vowel and the initial circumstance. As
for /a/, the changes of lips are very sensitive to the initial
circumstance. As shown in the figure, the lip parameters
change dramatically after (b)/p/, but not so much after (g)/k/,
which lead to distinctly different estimated formant loci
between these two /a/s, while the virtual formant loci are less
different. This is obviously not a linear correlation. In /u/, the
state of lips does not change much while pronouncing this
vowel, regardless of the initial circumstance, so linear
estimators fit well.

From the viewpoint of phonetics and the study of vocal
tract, different articulation can be used to produce the same
set of formants. For example, to produce /u/, which is marked
with lower second and third formant, the speaker may have
more posterior tongue position and less rounded lip or more
rounded lip but less posterior tongue position. On the other
hand, since the same lip shape may combine with different
tongue position, different formant structures can be obtained.
For example, /u/ and /y/ have almost the same lip contour
parameters but different formant set. This may explain why it
is not as effective to estimate formants from lip contour
parameters as vice versa. Hence, combining it with the study
of vocal track may be a useful attempt. [7-9]

4. Conclusions

Canonical Correlation Analysis and Multiple Linear
Regression are carried out across the lip contour parameters
and formant parameters of Mandarin monophthongs and the
effect is evaluated. It was observed that formant parameters
works better than the lip parameters, the inner lip parameters
works better than the outer lip parameters in estimation, and
the first and second formants are better estimated than the
third one. These are in accordance with former studies. It was
also found that the phonetic meanings of the coefficients of
MLR are in harmony with the study of speech articulation
and formant frequencies in linguistic research. The
distribution of non-linearity of the correlation is not random,
but influenced by the position of the frame in the vowel and
the interaction between vowel and initial circumstance.
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Future work would be to incorporate this findings into the
automatic speech and lipreading application of Mandarin
language.
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AR : MR TR HT 2 T R A
FEAH: ATFF S BB G P A

K2 9 451 & 4 5 (contacting event) FTJT )

£ (de-contacting event) .

Vocal Fold Contact Area ==>

_/ N

Time ==>

ion of VF contact
(‘closed phase')
cycle (period) duration

9) A U Ak 7S (Herbst,2004)

VA AT LA B G PR (Closing Phase) T
JA4H (Opening Phase).
TP IR RS AR 5 dwe e I B
TEIEAH: ISR AR 5 B v s BT R

Gk !

spp A

\//\ Ukl
JE1 3] N~

10) WESAUE 5 FESH

FEVE BT h BT F S 80 Bl v
F& i 7 (Contact Quotient), JT 5 (Open Quotient)
MR (Speed Quotient).

Hfbrg = FAR 1 R
Fow o= O A
HIER = JFRA 1 CHIA

-56 -

R RIS AT 5 S B ik e A D
PG, O TR s B A R I A B e s AT
JA R R e L . BN R SR
RAFTFIR IR G AFEIN, HBOE R
fil o JTR RN R EVERIX M. R h =
B MTE.

3.1 R JjE(criterion-level method)

Rothenberg ] ‘U J7 % (criterion-level
method)” &Mk AAR 5 A B AR A e /ML A
PrifE, BEE 20~50% A LB, IRk P E
TR 551 & . Kay Real-time EGG analysis [
Rothenberg [7& S, HHZ AT I#Em
(relative vocal fold abduction)” . AN[AJHF 5T % 5
AR RUEE, PR AT T ) ) 0] B A
X

contacting de-contacting
even

100 % (local maximum)

25 % (criterion level)

Vocal Fold Contact Area ==>

0 % (local mini

Time ===

duration of VF contact
('closed phase')

cycle (period) duration

B 110 RS D7 V2042 fl sSFH T )3 £ (Herbst,2004)

3.2 SRR S T

Childers et al.(1986)iz H [ & Mz Sk AU A5 5
44y (Derivative-EGG, fi#f/& DEGG)J7i%,
A EGG I — 380 (Bar) I AT 1Y
KT TF S s 977 Henrich et al.(2004)
'] DECOM (Derivative-EGG Correlation-based
method for Open quotient Measurement) & i
5 5 L1 IR & (opening/closing peak) X i
TRETTRR M RO TF I R JT k. IXEERFT
R WS A 7315 5 0 b AR 22 vHEAff i e
A [T S AT IS R



ve (DEGG) ==>

Vocal Fold Contact Area ==>

== 1st Derivat

Time ==

EIZR 12 o5 5 LRIl s FIIT JE A (Herbst,2004)

321  TEAIHTEEIE
EBAR DA S AN AR A5 [ 1 U 4 G P s
TP mE SR FRARY, AR 32 =AM oL T IE 2 )
B (1) TR, (2) | FIERIRUESS I
(3) k. ZHIE 13).

opening peaks

NN

double closmg pcaks

JANUAN
b
- NN\
Y]
- |

double opening peaks

N

l’§[ 13) MESkUES L5 (Henrich, 2003)

3.3 B &7 (hybrid method)

Howard(1990, 1995)1J7k & J7¥Z:(hybrid
method) & < P i A SRASUR 2345 5 1B
AbRdE, TEE RICAOR BT IR A brdE, & S
IR 5GP AR 3 IR T

4. EGG B RNREFBHKFR

4.1 MRS AXH R B 5AE 7
Childers and Krishnamurthy(1985)
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I.R Titze(1990)
Baken(1992)
Baken and Orlikoff(2000)

4.2 WeSKAE 5 BATAR B R (MRS AR 5

ERECE A I 2 7 R0 EEAT 50D
Fourcin(1974)

Lecluse et al.(1975)

Pedersen(1977)

Teaney and Fourcin(1980)

Anastaplo and Karnell(1988); Karnell(1989)
Baer et al.(1983a)

Childers et al.(1983b,1984,1990); Childers and
Krishnamurthy(1985); Childers and Larar(1984)
Baer et al.(1983a,b)

Berke et al.(1987)

Dejonckere(1981)

Gerrat et al.(1988)

Kitzing(1977, 1983); Kitzing et al.(1982)
Titze et al.(1984)

Fourcin(1981)

Rothenberg(1981); Rothenberg and
Mahshie(1988)

4.3 WLBUS STk

Childers et al.(1986)
Howard(1990, 1995)
Henrich et al.(2004)
C. Herbst(2006)

4 18 RIS R F RS

fLIL+(2001)

Askenfelt et al.(1980)

Kitzing(1982)

Lecluse(1977)

Lecluse and Brocaar (1977)

Roubeau (1993); Roubeau and Castellengo
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(1993); Roubeau et al.(1987)
Henrich et al.(2004)

4.5 WS HIRE R 512
Raymond H. Colton and Edward G. Conture
(1990)

5. MESLA= 5
H 0T C A JUAMIF 5T BRI B 7 A3 2% 1 41 H
WESL AN M 4, 3K A 4 o ASCSRRE AT T 1
il

5.1 F-J Electronics Portable
(www.f-jelectronics.dk, %)

5.2 Glottal Enterprises
(www.glottal.com, £ [£])

5.3 Laryngograph Ltd.

-58 -

(www.laryngograph.com, #:[H)

5.4 KayPENTAX

(www.kayelemetrics.com, 3£ [H)

SRR

FLIE, Wil 5 kom, R [EHER 7 A, 2001.
Alan M.Smith, D.G. Childers, Laryngeal Evaluation
Using Features from Speech and the Electroglottograph,
IEEE Transactions on biomedical engineering,
1983;30;11:755-759.

Childers et al., A model for vocal fold vibratory motion,
contact area, and the electroglottogram, Journal of
Acoustic Society of America, 1986.

R.J.Baken, Robert F.Orlikoff, Clinical Measurement of
Speech and Voice, 2000:413-427.

M.Rothenberg, Some Relations Between Glottal Air Flow
and Vocal Fold Contact Area,Proceedings of the Conference
on the Assessment of Vocal Pathology, ASHA Reports,

1979;11:88-96.

Henrich,N., On the use of the derivative of
electroglottographic signals for characterization of
nonpathological phonation, Journal of Acoustic Society of
America, 2004.

|.R Titze, Interpretation of the Electroglottographic Signal,
Journal of Voice, 1990; 4;1:1-9.

Fourcin, A.J. Precision stroboscopy, voice quality and



T SR T 4R 7 2008
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David M.Howard, Geoffrey A.Lindsey, and Bridget Allen,
Toward the Quantification of Vocal Efficiency, Journal of
Voice, 1990; 4;3:205-212.

David M.Howard, Variation of Electrolaryngographically
Derived Closed Quotient for Trained and Untrained Adult
Female Singers, Journal of Voice, 1995; 9;2:163-172.
Henrich,N.,R,Bernard.,and Castellengo,M., On the
electroglottography for characterization of the laryngeal
mechanisms, Proceedings of the Stockholm Music
Acoustics Conference, 2003.

M. Rothenberg, Some Relations Between Glottal Air
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Conference on the Assessment of Vocal Pathology, ASHA
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EN7S B F R AL

0 5%

AW TR (FHFR EPG) BENS(EIELLERR
H SIS I 3 T G A R o 1 2 TR A
T Rl AL (A8 4k . EPG T HE] TS, H 2%,
BN B S TR IR S BRI . )
&b, EPG T H B AENHIITST . 155 T
i R s E AR Ee e R S s £
5 EPG g T LA FH e s 14D RF [RDHE R 22 [
KAd s R s ER R R, RO
TR % & (lingual coarticulation) 4% FIRIFSY
FEBL

A LA R 5 2% T B B A —FE (Il EMA,
X-ray %), EPG B H & AL ARGk . EPG &
TAZNIAL S, A FAH A 7 B, I R)RS P 4 v
BBE R R FOE TR e RS IR S
A RES R R NIRRT R ) J5 VRIS
B, P IC s AR RS (s e
TR LA SR T R ik 3o R R 5 B A
MGV Id KA ek ¥ 3 /E (Byrd, 1995).

AARE A HE) EPG 11 S/ H i
W AME R ) EPG FIRPSANPERE, 1M 5 2B 1)
A b R R R 23 A 5 DA . WINEPG (1) 62 55
RO AN A SR 3. B 44 EPG B0¥5 4 ik
Jiiks R R4 62 1 EPG 46 5 1B AT FIiE
BT 1 — 2N

1 RN SEMEZRE

EPG AR A2 0, WG 1 BAE A
A7 FEAHFL A (palatography ) BT 57 & & 3847 . 1930
M, pEIE A5 (Schilling) 484 T L HEAT
FERTRIFFE IR AR . 1964 45, S5 [F He gl K 2 1 ik
5 (Kydd) FIHE/REF (Belt) Beil T HAEIACE
SR RIS RS, A B R, R
RO B AEBARE B PRI R b, R 5 FAd
R 2 L N 7 P gt BN o SN /TR S e
EE/ i (1 G P L == R 7 R RS R G R Rald s 5
Befih”, BT LAAE SERR B AR A 1R K 1) SR BR P

S
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E

a=3

:t;]!el..‘.i!l ||‘_. w',

——

1 HAETEH EPG 288 (A b Kay (1 Palameter, /T
N Rio #48, A .12 JyEPG3 &%, 4 Iy LogoMetrix Z4%)

Al 60 AFEARLL S, ACU R EUR T E T,
ZrEHL% (flexible circurt) [R5 £
FE AR R T S RH AR f1 () 2 fl s 4 R RE (Wrench,
2007) . HL I S RNV E R AR 43 0 7E H A,
[ RN 56 A5 2 K - 1968 4 H A 25 50 K 2411 28
H (Shibata) 15648 FHAC I L BT HIVE T T
WS &4, RS H R (A3 T 1978 4,
SEHAI A AEE O EIE T 63 sp il
THEA7 (Shibata %5, 1978). Xmlfd)E KM Rio
HL T A R G0 R 7E B4 60 424X, Hardcastle
FI Fletcher it T 8 4 R LL JR 4 (1) FEL B 2 11
Fletcher #4% AE 52 [E IR 47 (L 5 K228 1h T 96 i
T AR HEA 7 %8, FFZHE Kay Al A=, X
e JE R Kay 2 &) ) RS (Palatometer) .
1974 £, Wilf Jones 7f Hardcastle Z#% 53
Wit T 62 W E T IS R4 (Reading
EPG system)o H AR 5T S0 5 R A T HACRE
HeAwE AN 63 mH IS, 2000 4, E[H
LogoMetrix A ] 7™ T H1 Fletcher B¢t ) 118 &l
P ES o  H T A6 32 B U LR A 1
AL A DU, E1E Kay 2w ff) Palatometer, 4|
W TR EPG3 248, HAM Rio REELLSE
7 LogoMetrix #4: (K 1). 5E[E Articulate
Instrument 2> & MR 4l EPG3 R 48 ¥ i HilfE T
WInEPG #%t. Kay 2wl FlH ARG A w] L4
1A= A
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2 RHS B HIEA B AR B 2 A

HIAEABNS 1 5 22 3R U B N A Ak (1)
IR e FR R N g A BRI FH T 9 R S A4
TR o FEMRIE 2R 122 s FE AR

AR (D L HE R ) A% DA A rELARE A I
IHMEFS TR BB N R, TR AT S
P, W R S N AE— e el N . HREr—
B Z BB 1 KA. EPG3 R4
Palameter R4t FUANAES b 17> A AL, 76D ER
DX S R AR oA LA A AR, TRBRAE 3 =K AE A, 1
i 1 DX 3l LRI 0 A L ERR e, TR)BELAE 3 222K DL b
FLAR IR N F A G, FARER, S rtERe
it . ANFEZEA EPG ARG HEMWAT RIS, Kay
Hl Rio R4 H & uiH A& ME, EPG3
LogoMetrix &K H A5t FL A -

S OG5 0L R AR A ]
1475 3 AR ABE P B e T R P AR IR 3%
. EPG3. Palatometer UL & 511 WIinEPG &4
(LR 2R A8 2 A P %, AR T 27 E A )
ARG, MEEEP MM O, S HE
SEMR T I 58 A LU J 1 56 4% K 1 « EPG3
Al WInEPG it FH 2 fili 4B [ o 75 b b, i
Palatometer 7 a5 T A AT (1) FI U7 o XS0 1A
R I S e e s, kR
%mmmwﬁﬁﬁﬂWWﬁﬁﬁam@mmﬁ
R A BH 2

0 T S & L N 1 10 7 M R
(Wrench, 2007), #—Fhj& SR A, W
Rio R4 LogoMetrix R4, &5 Pl da B IS
(1 A= B Re 4E #2 8 HB , n EPG3 &R 4t
Palatometer Z%t. 1 # PIAL A7E T REME LUK 1
AL SR RO RS ik () A, R SAE T AMET A
B2 M LA o i 3 I a5 5 R vl T 8 (R o
R AR A H A BRI AN — 301, DRI
HIRH 2% R IEANF . S5 A 1] Al S B
I 28— AT MG — AT . — oL T,
g I e s A DX 3, G SR ) i e fp o HL
fil 2K, A AT BER I IE RS . X2
h— BRI SZ 2R, A8 A R SR
AT, H AR 2 BB 0 B s — 1T B R A

R IIBR . R AT R R R T A T I8
FEVATHRAT, AR AN )8 35 Th i (R R 5

o RFFHOE T, S —HE rAR L 20 TS
A, KhiAla3S Cinterdental) fFIE4E1E R
E?@)“?’J[t] PUTE 315 e e fi 1 5 1 1)
U AR A R AT o X8 P ik |
SHHEAES S IEN, A S RN

o~
=]

1=
H

§F ]:[tj‘l A\
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fii. EPG3 M5 — AT HAMARIRAERT A G 1 =K A
A (R4, T Palatometer [958 —47 H MR RCLE i A
. EPG3 (Wi AT HARAEAE SRR 7y L 2
AT 1-2 22K - 47 (Hardcastle, 1991), 1 Palatometer
B a AT O R B AT RO X 8. Atk
Palatometer f % YA M1 3% A7 1) 38635 J0/ RIS 7E 1
TR, el SRR S T AL T EPG3.
NS A A BOHN ) WINEPG HILA 20 A 55
(Wrench, 2007). WInEPG i Fi| 62 4~HiAR, HitK
I3 AT TR S8 T AT P AP R IY 4 A 7 R R
PUAS (BB =) HAR— 2 A5 R 0 AT E AR 2 H R
FIan sk b 55— 47 L EPG3 [n) iy 4k B 215y
WER BRI, SE-LAT AL T RS AT S 4. B
—ATHA I 7-12 =K, 5 Palatometer 24,
SEVUAT HL B AL T A R BRI o HDUAT R AN S DY
AT MR A RE S (2D,

EVAMWa: fller

] 2 WIinEPG Hitls>#i (51 Wrench, 2007)

3 WIinEPG R4 4 Bl TAE R #

WInEPG i {47 i 4T 18 14 11 (Serial Port
Interface), FE{7314%{X (EPG3 scanner), %K
H#& (Multiplexer), HLA%TF-#% (Chrome Handgrip)
R (EPG palate).

Z WS ARG A, W, 1AL

PN BT . T SEbr Bt — ik,
AT E R, — BRI R R
el LU RR B, 55 BEIR 22 B B S

PR R B 55 A7 UK RE RIS A3 150
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TAbEE . % 2% S a0 AR R I, — Ik

i 4 ANk, DA s R R . F4 62 N HLRK

T 3.2 =P, FTLL WINEPG fHE IS RAESF AT

DAk B 300Hz, 28 5 — MR H 100Hz 5% 200Hz,

IR A XA KA A A LA s 5 P B Aih 1 2 A i 7
(Hardcastle, 1991) .

A Serial Port
Interface
(SPI)

B.EPG 3
Scanner

F. Medical
Isolation
Transformer

Handgrip

3 WInEPG fiif}: (& 51 B Articulate Assistant
User Guide)

A7 AR v I L% (timing circuit) FIE
SHM L (signal detection circuit). I HL
FH R4 ) 22 i 52 s B0 Fe Bt A7 3 4 () 1)
(6], A5 52800 g TRl Al A5 5 13RS
WrRfEs . 155400 2 i S Ao G EIE 21
REAAHAA, TR HL % 7 ST HE I R 5 R e,
SR 5T T B EEE T LG, T S AR R
15 S AT EC - I AL A 3 Fp AT I I 1 .

FROAT I THEZ 1 R 1 67 4 AP ARt H s I L
FR A FU R 2 B A T A RAEAT o Ah,
AT EE I, 2 2SS
SEIN R — AN HF (line-leveD {55 %A
H, Ja& MBS RE Y. Ha)ifdl, WInEPG
AFLARI REE =AM, EPG 55, &5 A
WSk 5 o WASIERTTEILE 40 B iS5 1)
WInEPG IEfiL & T EMA Hz LRI /= )k 4
H, DIReARfs BNk .

E. Chrome |

-62 -

EGG ‘ ‘ Microphone

‘ EPG Palate

Amplifier Amplifier

Line level output Line level output

LxIn

Line In 3 3 3

WinEPG (SPT unif)

Lx Out
L 3

Andio out

EPG data

Creative USB soundblaster

v

PC ot
Serial Port or Serial-USE adapter

4 ZIIEAT S RAEEL K

4 EPG BIEZE R

EPG %4k 4ii vk 7 AR 4 AN [ (90 H T
ANFle R B 62 55 (EPG3 5# WInEPG)
(1) PR B ) B8 A8 95 ¥

T AR R & AR SRR SR AN ], 13
AT BRI AT 2 W0 Bl o AT AN R A N TR 5 DX 3k
(Byrd,1995). EPG3 £l# WInEPG R Zi{t it 1)
25 B8 T AN R R N IR AL B4, PR
FEVFZ TR W AN R 1R 835 AR AR 1) R 3 X
AT AT T R DX R 0 B0 BRUAS [ (R I
H VLSS H AR (& 5). FATE 247 1w
TS 2 R AT DX, A AR 4l o A
5 MXike SEPR b, SR IEE XA K
NGRS AR BRSO R, T H AR 8 1 5 1
TR TR AL YIAN G . HE—2B i, R RhiE
o LI A A EE R £ (R BB A A X AT
(1), A FRATT R AT DA T X 3k k) 4 dho g 30—
L, (R —FE SIS R SR, s L
Sy HURDRE— 26, SR 500 CRERI A, )
B R X IR A T A Sk o o XA,
TRERXKTHEF R

HardcastleZs (1991, 1999) %4k 4 i H:
Koy = RFiBAr a5 (Place of articulation
measures ) , )] #& 4% {1k $5 % ( Contact Profile
Display) Fl4filifs%0 (Contact indices). % —2&
P 00 B T4 5 AN R 2R 0 75 W kX 3t gk
TIN5y, SEGHTE S F BN —BR
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RT3 R

- TR R TR R AR I AR B KT, T
JadATE M, THEAA AR M, &
Jo ST I H R e & XA (Farnetani,
1989);
XFRFE IS, WPH%E (sibilant), "TLLK
FHAETE, RS DL BHZE )47 & AT dimension;
B O I S e VB S AR A R B o ot
FEEME, TR MGl
FEMT C6F 62 sUBS T 5 2 FR AT AT — AT 4230
Fefih) KTt FE 5 IO FE LT U R 4 o

AR
AT
fif i
i figi [}
(Hardcastle, 1991) (Barry, 1989)

o WO i
i il -
o »
fifi i R BERS

et e

(Recasens, 1993) (Hardcastle, 1999)

K5 HL o7 AR e 5 DX IR B

5 IR A R e — il 62 s
Gk N — AN o e SOX S AR T XA
FR IR 2 DX o ANTRIEAIESE H 1sE AN R rE A 4y
X, BUIRIRECNERZ . P AN LA
LRk R @

e FH IR B FE A FL O FE 2 (Center of
Gravity, o iR CoG), #mitk, #Jattbl &
Ja TR

A EL 8% (=X (1), Hardcastle,1991)
FH ke Ay 1 2 fieh R AR AE MBS 1 i o B AR v (1 R
JE o SEBr_b, AR RO R BUS S TR AT 3
£, EARHEEOBRSE FT, AR RUEOR .

CoG= (R8x0.5+R7x1.5+R6x2.5+R5x3.5
8
+R4x4 5+R3x5.5+R2%6.5+R1x7.5) / ZRi (D

i=1

Ri, i=1,2,3...8 — &ATHAMHEAZIIEH ;

LRI RIS 8] A Hardeastle 25 (1999), 236-242
i

Hardcastle %5 (1993) {EHFFU/KIFNNAEAH]
JCE I R R A B A, s T B A SR
TG, ORI A5 SIAEAH DG R X35k 53 7]
SELERTPUAT R DUAT e DU B tHEAR (2) 5

(1) KBl FaEotmr, R ARG EA 2 IGTE &
SR, A7 BBEEAT

J5 #8 CoG= ( R8x0.5+R7x1.5+R6x2.5+R5%3.5) /

8

DRI (@

i=5

Ri, i=1,2,3...8 — MATHA AR IIEH ;

Fontdevila %5 (1994) A& CoG Ffr U RERL
s b ity T RSB Ak 4 A oAb A 2 e
feE (CA, Befilia)5Ha%0 (CP) Al s
¥ (CC) BEMG T MNKG i b e s el i) o0 A o HiSE
ASBAIERIAT (LA CA A6 H—1b 5 (13 £
A KT S AT T A ] Re 2 il B 1
Fl X LEFREIA A A BENE I I 5 BUsh BE I T (LA
CA M) B il BENE REALIA R AT EL, 1%
7 B Al 1) OB DA R 3L S5 THAT Bl () 4 ol o Bl
CoG, CAJ/CPICC W UM T M. T
[fiZ5 i CAF1 CC AR, CP 1A CA KL,

8 8
CA=log( ) a; x Ry +1)/log(D a, +1)  (3)
i=1 i=1
i-1
— a, WRY, a,=1, a =Ry a; +1 (>D)
j=1
— Ri b i ATHIREH . RO i AT B AR b,

4 4
CC=log( Y a, xCq+1)/log( DY a, +1) (4

i=1 i=1

i—1
— a, WFEM a=1, a =2C; ) a; +1 (i>1)
j=1

CA, CP Fl CC i&nJ LR FHAEAS ] 1 A& & 1X.
B B . 40 Fontdevila 15 62 575 Ay A7 i DX A
X, MR (3) A (4 IEE, Bk
BriFa % CAp, CPp Il CCp. KM Ja 4540k
A6 18 AR L 475 55 G 5 0 I T4 2 2 s AR I 52
Wi o [ PN PR 27 38 A 284645 (2004), P44 (2005)
WA Fontdevila 1) = /NS4 0E 2] Kay96 i1
T RS L

B AAFR B VAR R e R X
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P e BR PR LR BN W) (A A R o R T 5
WA ST AR 5 2 XK At b BhaSR AL R
K he s R BUABURS AN 7] DX S 10 A e i A2 Al DA
IR AR . B 6 DO IE TS “Ii” A “H#” Rk
W AR R Xl AN R i LU R (R Bl S AL F R
o =R BB A2 BT B i At mT LA
KB AAMAREL

1] - a

0 20 40 ] ] 20 410 B0

K6 DB L I R U AR BRI AR X
BRI LA B AR o WL R AR X, SR
DAk, 20N B DX

5 EPG HINH

P T R T B A7 B8 85 S Y. RORE R % fl 1) 3k
T, FTLAAE 5 W 2 Wi R 7 A IR 2 AL .
ESEGIR SR, B AR 5 s A K90
ST A T R T 114 ) RIS 2 1 S 2 T 1)
] 0o SR T AR T ) ) R, D B
TCVEIERIE A B CRRE AN RS AL I . 3
SETE T SCHUZ TR )8, U8 05 A REREIX 2 A
AL ZE A, AR R & 4 B IR Al 2 5l UL
RIRA T WA HiBvRI7 J7TH, EPG Refg it %
FRALAE 1 T BOGHE N BT R RE IR o

A AR S S YA S TR )
Tiike FIHFTA M 1E, EPG J&EME—REME LU m it
EIR 75 S Rl Bt e Wi W RS 1 VK '+ P P T ]
Tz TR A ) s ok R DA R v i o Sk
KIS ENII9T . )5, EPG F1 MRI LA X 6%
P r] DU TR s sh i) =iy, R if o] DLR
BV L S A R E SIS

e, A S DOE AT BA A
TF 5 B 2 Wi AR T WIKIES 2D . A4
b2 B RG22 N2 SO D8 i T — MY
VB S RS A . AE RO IE R
T g N7 0 A THI P 50 1 L T 1 1 H T A
JE
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ALEL S5 &R 5T

Electromyography and Phonetics Study

il

=

Pan Xiaosheng

W NALEIZ )AL= A . AR
AR ASE IS 1 A= o T 23T ANARAT A o NASSCA 4R
T LA AR SRR IE5F FRS I YL LS 5 247 K A
T O R FH T

Abstract: Muscle cells of human being generate electrical
potential all the time. We can use electromyograph to record
the weak muscle signal for analysis the behavior of human
being. This paper introduced the basic principle of
electormyography. We record the electromyogram of
orbicularis oris muscle for coarticulation research.
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Key words: electromyography (EMG) , electromyography,
electromyogram
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Report of Phonetic Study on X-ray
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Abstract: This paper introduces the principles and
development of modern medical image technic such
radiograph(CR),
radiograph(DR), and computed tomography(CT). And

as X-ray, computed digital
a preliminary introduction to phonetic study on X-ray
and medical image is given.
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FEARGRIN, AL LUREL A L 23 10 - Ji ol
SR Z IS SIS, AR E
oy F, BRSO AR E I E . 8]
IR PR S R T 5 S e (0 A 3R A R
A2, LR FHURAE R A A, (548, 2008)

5. X-ray BB R H N H
51 R B

18l X-ray BG5BT
TS RIS EUER, WHFEA . MNEFR
TR EAEALALEENE L. NFEER
X-ray GRS FRIU FE AR,
AT B FEIE AL R, 18 FH 75 T8 R R
AT LR
5.2 AL E

B0 &AL X-ray FGEHEE. BT
X-ray * NERA—EMEE, RS
5, PUFEAER IR A A S . HHTECR
(1) X—ray SAGEHE 2F 32 B S5 56 AR T
(1805308 1% B 1 AR 1 1Y) X-ray sRARE,
AT ATR A Strasbourg K24 T (1) AR %

WP R X-ray KB ES)SE
GREAT T ARG, BB 7 AR 0 5
oo bRid K2 A T30 H B A S5 G
ko

.20 m@ELCEESH X CER

Bl 6 MR4E X-ray [BI5mE H1& S35 B (R
¥,1983)
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FREEFNE-SRSER
Physiological Phonetic Instrument— Airflow & Air pressure Meter

R RIS

Oh Han-na

WE. BEIAREIRRE, WML T V28 A B
EAYEE o AR, MK S AR B0 A A I A 2y
Gy NI, 457 b A RO EORSCRE . AT E
PR B 2 A 2 B RS BRI RS I VR T
A BAANE, IE00 R A AR R AR B L S 5 i 3o
Abstract: With the development of modern science and
technology, there have been a lot of new physiologyical
phonetic instruments. Instuments for physiological experime
-nts have been come into China over the past decade, giving
greater support on development of phonetics in China. This
paper presents the characters of airflow & air pressure meter
which is one of the physiological phonetics instruments , as
well as deal with the application status of this instrument and
current research in China.

REEW: ABNE Y BB AR

Key words: physiological phonetics, aerodynamic study,

airflow, air pressure
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RGP B S R A
FEJ I, T AR BN LI S0 1 1 B
WHA (FLITSE, 2007).7 BEERFEMRIE, it
g RAAEBUE S AR H b 2, s T EE
TR Bk, g
VAR B S0 A0 FH 1) LT R A B B A L TR
PAX(EPG) « HLHL K EA(EMA) TSRS
EE. o, ASCEAHE AT,

AR RETEE =R RS T, BT
AWM R TFE Wy, FbAm Ak
AT LR B AR 2 A5 8 o LN VG G & A 5 i
FTE S5 AR (1 B P I o A SORHAR A B KT 5 5%
A E R BUIR, FEAHERR RIS
KT -
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1 AR A

PA, DU A TR v AR B SR
M 1950 “EARFFAATR . 1959 4F Draper 1 YK 7%
5 VS B AR v it 2 AR AR AL R AT (Shadle,
1997). J&K, 1 Rothenberg, M.(Rothenberg, 19
71)¥ 1t fFIRothenburg mask® HIR, % H T <<
JEVHIAEEE S R R LK

Har KA Eit Ra G RRENA
SCICON R&D 45 i 24 7 ff) PCquirer® , Glottal
Enterprise[f]Aeroview Pro Glottal Flow Resistance
System ® 1 KAY 7 ] [ Phonatory Aerodynamic
System (PAS)#INasometer*2% .,

JEREE IR EA WD AET R
4i: (1) SCICON R&D 7R A ] ¥ PCquirer; (2)
Glottal Enterprise [1'] Aeroview Pro Glottal Flow Re
-sistance System.

PCquirer 7 90 “EAX4] H13& [E UCLA [¥) Henry
Tehrani JT & ). £F 1991 4F P.Ladefoged 14 /1 1]
PCquirer [12—E| R AEMM % T4 (P.Ladefog
-ed, 2003). ZAXAF AT ERS (main
system), 1% (oral mask), £ % (nasal mask), 2%
4% (transducer interface), /£ (mini din cable),
{E5 2 (USB cable), HiLiE £k (power cord), %%
(USB dongle) FiZAX #5 11 & H 3 A . ZF F K.

R\

transducer interface

'aral miilj.\‘-.
=1 I

nasal mask

& 1 PCquirer fHFEA L

%% www.rothenberg.org
2% www.sciconrd.com
%% www.glottal.com

%7 Www.kayelemetrics.com

N N
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PCquirer )2 ESE A N iiE
AR SRR TR, &
BT TSR, 183tk 5 iEkAG . Wr )RRG5
&5 TRENE ) S o) R A58 o3 AR FTE 1 IE
Hbs 0] DRSO R S HOH T 508 7 AR
G SR DI | PR TT SSY s K e DA I N W TR WA T
PR TR S R AR (DUETT . D3
RGE T W S A AL & 1 SEUE & %
3N PEIRRTR AR IEIF 9T B ER A (2K
Fin AT Tk, 2008).

Glottal Enterprise Tk 1T 540 0] LR
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Do BN, IAALIR BV e AT T JLIK IR
e, IR IZAER A R E R A (Main
System) , &5 (Airflow Masks) , /< EAL
s (Airflow & Air pressure Transducer) , 11k
HERCAS (Oral Adapter) FAHICHAE (Waveview
1 Aeroview) 541, WK 2 Frs.

&l 2 Glottal Enterprise FISIM/AIETHREE

2 XA HRHE

PCquirer [ 3= ZRFAEA LA JLAN 7 T :
(1 ZBIEM(ES REDIRE, BRI A DR
AMBEIEMEY, OfFFSES . DESRES.
HESEE S SEARE SR RESRES:
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SCULHIRE, S = DA IE R AR . H
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R AR AN, T HARZ MR . WA
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Wi, EARGIMERMEIER BN, XA
T NRG . BERNE BRI, R
JE AR, S LA KA A . IR
NAT LA a5 T o

ERNE

14 AR T

MBI 14 B i BATSEBRAE I, 1
AN BT DL, i AL A . FRAiT 22
TERIGZ AR, 2 2 e R, i
ANER RIS R Rt —
SE NG, AEAE N AN 5k, HE
i —ME T, REBHENEZ R EAE. X
NMETIAE LA R, 25 E— k& dl toon
AR BEAS DR PSS BELZE o 38 XA 11 =R A I
EATEAAG,  DUMIXANE PARME. P AN 1
Akidr, HARRAN T RRAREE I AT

3.2 BAFHIBAE T
EOEATIERAT, SRJE 4% B AU RBUYT Ik

Cancel | Save and Close |
Record and Play Parameters
Recard Ply[audio only]
Timelsec)] | Input Source Through
1] i Esternal Hardware

=*Channel zelection with audio channel always 0N

Channel‘ Samile Rate(Hz | Filter Fate(Hz | Gain |
v

&
il v 11000 2300 4
2 v 2750 300 8
3 W 1378 450 10
4 v 5500 100 hd 14

BIL5 S/ FR Tk #0

IEASKR 20T, AT R T IR S B, S
ample Rate CRFfMIZ) — Mk A11025 (Hz), &%
PIFilter Rate (JEJESES) MMM, Wihit s
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LERBEL M, 1E40002 8 53d . A R URARATIR ¥
59 LM, W DHEIER A #1100, 75 (Lad
efoged, P. (2003) LLALHERZT5Hz) &%, AT LLILA
TIEAR 40000 W T2 G @ BARfF (B B
i) savel).

RGBT R SE AT LUBOR I ThRE . 12T
[ 4] IFScope Mode, o il &/ NEIER
Tf5'5:

Options => Record/Play => Scope Mode
B IR S, SIS, Btk bl
AL N BB, 4 A1 TT 2OR IR
K. KB T REGRAE, ZF NN

Options => Record/Play => Record

File => Save

HABAT I IHERATAT A AL T, A
AN B

4 AR N
RV E T R KAy P K -
RO, I R A YUR T
HERORYL, R A P s Z 5 IR R A G
MIRESE, M S R . NS
LTRSS I S

4.1 BEEETUB IR
(1) i@l o

T, BATE—FRRE (1987) SE2E 1) “W
VBT Al AN/ X AR SR 9E 7 1%
SCE T B L AR AR S R
B A LAl R RUR R, AT LS R
Ladefoged. P. (1993) .

B 16 I TE AL/ R U

K 16 PGS EIRZE S [p] /[p “THAT] L
MRS E. AT ERS; BoAATTESR
Wio MEIHRARA,  JE T AL NIE U AERR L
TR — R B S T W AR, T ANIE U (R s 0 4
Ko FAT— AN m] BEL I s BT g
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HAM “IERET, MRS RE, LR,
JR PR, FERE AT A TR /N R R TR] £
KREROELE, Brbl, AIEAEHARIEER. 2T
UL/ 1L 2 A B X .

P17 R A S /I U

B 17 S EE TR AN LA AT A
R TEBEEAEFE 22 W R L 2 SR 3 e A
FEJRHE, ARJE AL IES I (k59 1 it B2
b, MIERNEESRAERESR 5, ©&f
PO K — B S A, A boolr. iR %E
BEEE LT P

TG SCEE DU A TR S B4R 7R DU i
T ANIE S/ FLAE I BANAE TR
FE TR IO F] o &2 T FE450, B SEEG TR
R LA AL .

(2) YW ) LA ST

N ZELEE Wai-Sum (2001) #F5T AL 5
JUABI S5 3BT, IS LSS T R SRt
AR LA 2 5 I — 2R 4k

[in] EJ
e IR 1 T

[in]+er ENJL

miisec SN LA LA et |
=i

100 200 300 4

K18 “EN” A0 “EIJL” A AL LA

SIRAURARY], K BN I, RIS,
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SUDOH TR ERE, LSRR, 18R
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BRSBTSl . “I” A4S “HIL” 2
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(3) HHEEETI

BT 5 5 TR AR FE 9 AE AE AR 15 EOR B T
PR, LA 5 5 T RV AR RH E LA e 1) 1) R
T S AERA IS AERE . Cun Xi (2005) i<
WETEXS Wayang F1 Wenchang ) A 1 F A
T B, WS RN R AR, R A
T R AR ) DX R AE o —REA A R 19 1
N iZAE e, (HAWFE 20 B, Wuyang 75
(1) PN 1 55 190 10 e B HT I BB IE o X 2 PR £
Wuyang 77 5 I P 5 0 A AU 5 6 37, A=
HEAULRXS . EANCA NS 2 IEEBTR,
& Ladefoged, P(1963) (33,
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TEA—E 2 TR ER I 5 DL A T
S (transglottal airflow) HIAN[E]SKARRE
T EAREIE L A I A R R E SR
W JTVEAK I, (HE T BRI SEmes T 07
HE SRR RIE K

AR TR ] A 420 35 B (R
o FE, BATTCLSFE Y (2004) B “UWHEh 5
[n]FA(1] B Sm S A0 7. W 5 R
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(4 B

AR TE IR Y [ v] DAY R 3 ) A
9t. Yuk-Man Cheung (2004) 7T T &
TSI AT o AABF L H Pk 8 7R A Hs U
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- .
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An Introduction to Respiratory Belt

=B fn

Wu Junru

W ACEAES GNPAR K AR SRS 5, 52
Pe—PPIRIR SRR 5 e AN, ARSGETRTEEN T W
A PIRAE 5 HEAT BT 5 22 A

Abstract: This paper aims at introducing the working
principle and usage of respiratory belt, providing one of the
methods for the extraction of respiratory parameters. On the
other way, some approaches of linguistic research with
respiratory belt are provided.

SR VR VPR )

Key words : physiological phonetics, respiratory bel,
introduction
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HE, ARFRAIFEL TR R RIS B I AR B
Sehto PRI Bl A AR I AR Y 1, WS
=Ry Ak N S e N [ T2V N 1) [ R
A2 P I s R s R L R ez 1, PR )2 i
MEEC SIS s S o Bl AR ] LE L i 3 12
S A ] DUB R BRI IS sk K. T
XPER A ESL R R, BT DA S AR A8 A
ST IX P A AR FRARAR R o Gt SR B s K T A
RIS, A eNIEs S8 <. H2E, Wi
)Rzt T N I - 7S 1
T 2 RS M e s 4 I (R AR R A5 KT
T RMAARR . DR AT 0620 W 1A AN B PR i Jis
JIEE RS () A R T R R A A P, A T
WEAR SN 2R/, BRATDA I 5 T AR B A
PR A DA R e AT I 1 B s AR AR A 1) DTk P
TR I FH I8 5 8 A A 57 308 5 R A 4 WP IR 11
55, SRR IERAS S, — 4 RN
(IR 5 o 3K A DR A il 28 A ph i Js A U s 7%
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FRFL R Pk 5E 1), WP IS By 2 I B 5 Bl IR 45 2R
(Konno and Mead 1967; Hixon 1973; Hixon, Mead
et al. 1976; Baken and al. 1979)

Wt AR P (18] I i P W sl sl s o] 1)
R o BEIRATT A% O — A e H AR I, XN
AL IR e 8 FH HE AR 5 SR R I e Pk
R IEARAE,  FAT T AT LR B o A 0 e R I
JI s R A R S

1.2 IR EEH

AP E S ANER Sy R EAR KRS R
SRR R PR R SRR S R A
AEFE, A e ANEEHL, T 00T,

¥ 1( MLT1132 Piezo Respiratory Belt Transducer,
ADInstruments)

1.3 MR AR

PUAEVE 5 50 FOR T Py =2 P
— RO R I 32 4 AV 35 A 7] CADInstrument)
A7) MLT1132 Hs HEUIRIR A A% kg (MLT1132
Piezo Respiratory Belt Transducer), 75— # & 3& [
AWM AT (Ambulatory Monitoring, Inc.) 7
7= 1) Respitrace system. fif # 4= 7= i P IR 17 20 AT 2%
Al AR Y HAE SRR (PowerLab) At
Chart BAFBL G, Ja 38 227 IR s Z00F 1% 2
7] 2E 77 1 Inductotrace % 111 % Inductoview 4 4 Fic

4 M . (ADINSTRUMENTS: Ambulatory
Monitoring)
2 WRIRAEHIAE A TV
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21 SLREE

PLUR A MLT1132 i L RR IR A5 A% Tk Ay 491

(1) MLT1132 Fk H R s L B CRHI )

(2) ZEWH R 2% (i ML880 PowerlLab
16/30) —if;

(3) T8, %A Windows sl
R4

(4) Chart % ff (i Chart5 for Windows);

(5) (W) WHfE—A, T RREE S
5%, UMLK B B A4 5k 5

(6) (RIk) WY (EGG) —%&, H
TR RERTTHPUE 5

22 BRIEPR

(L A3 HENL;

(2) HIRALH N 2235 Chart #F (AT 7E 4.
FIIFEDRTROR A% 5 2238

(3) FhF AP Z HIU, IR i iy v
SRR AP IBCREE A BNC A H b, 1
REFPREBEE S, BGFEEL LR EY)
HLBORAR R 5 —A4> BNC gAMb, a2
KAE EGG {55, ¥ EGG (1) BNC %t 42304
YIHCRAR I 53—~ BNC S H |

(4) TFE A RO 25 H U

(5) 1zAT Chart 8, Bt s, wE il
B (BRI F. EGG %% di—ANlIE).
RFEAA CAn RS S5 5 FEP AT, il A
1000Hz DL ERFESHR) . AfE S EfE (RS 5
10mV-20mV);

(6 B2 — LR P AL T Bl I, 2
Ee) LRI S S U TP QR & P S R SRR
WAL T RIS, FEAERIRAE, ARedh
S, DS R AT SRR . S T AR
e B ALY AL, R R B PR Ay R T
WP I i B ke KAk, AR A B KIS, B
WSty I e A e K HE AR PR, DALRUE IR ak 381
i RIBUE,  FEORUER ARSI (1) WPIRAT - 0 i i )
KL MM S5, (Denny and Smith 2000; McFarland
2001; Connaghan, Higashakawa et al. 2004; Huber
2007; Huber 2008)

TR Chart AT W (R WFIRAR 5 R B AR A
WHE, BEE R SR, SR G I 2
PR

TR VHEAUR B 58 B 1R S AR H RO 2
DR & M ERE AP
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i o e e }» oo -+

~.
Lo B i \\/_/j\fm\_/\'%\/,_’—,

e 2 Fil Charts SRAEIDIIBI (5 5 CiFEA ) 2008)
3 MRS E R BCR 2 A

31 PRSI E X

XIS S AT 40T, 1 50 5w S Le
Sz F LGRS AL 2008; 1AL 2008;
LG, 2K et al. 2008) (KIIFST A 451l i B —Fh
WA 5 S H P BT

PR 2 RIS 5 1R84S e o P ot
by AR, QAR R T BT R AR
e PR h g, W th & ARSI,
i AN

PR s AT RIS B TFUR I 2 TR
b w1 T E S Sy 154 & ol T S N
T

WP o R S e OB R v P 54
LA L, BT Fh e 45 b Ve 2 ] 1) 3 7.
FHES A

1 |
M 0aF j
B g i {
@ as T w
R 1
05
K E g /*10 7

Kl 3 Z4E S GHE AR 2008)

32 PRS-

SAARICAT DA FH AL RO 2 b S R AT
& WA S AL F R E (BreathBand), % AE4ifE
Matlab 335 FigqT, A LA REIRAS 5 AT 0H—1k
P IR N -/, A G N YA £ i ) L s e
1T AEARCAT T TARD, ] DAL BERRIC 47 1
S, AEbRICE 2] EXCELL RA%



[ 4 b RtR 25 SO S SR AT 6 PRI AT 5 AR B
(BreathBand) Ftifii. M _LAETFH—HAESFS, £
¥4 EGG 15T, MM Nl s S
4 F ARG SHATES ¥R

i PR 5 AT TR 5 R A LR
JUANJT I :
(1) 15 F IWFRE) 150 7R, Ui ik
W ) ) A R 8 R PR R )y g A 2 DR A
N[Af¥)(Hoit 2000; Connaghan, Higashakawa et al.
2004). {EIXANEEA b, AT S) ) 2 B0 i

MISCARIIWEST . AR K 7 B e 1 4220 ULak
MR, TEF A RS R E B 0 REAISG,

IR oty SR A PRI IR A o ) LS A 30 g R 15
Ol HARF WAL IEAHRKR, HXMRR
WARIEE A AEZ M H) . (Huber 2007)

(2) W H LA —WPAE BRI H A
AS TR U 18 N B 1T R 25 BRI A 5 1) £
A, T HIX IS T3l IR 5 2 A b K A
B4 . (McFarland 2001)

(3) T E W EIEIT . AT 0T 708 R HIREIRAS S 0F T
P A A RN A8 57 (Hammen 1994), i85 1ff
FEWIPRAF SR (EMG) {5 5 45 &l ke
G 11 35 (R TR A 2642 461 1) 8. (Denny and Smiith
2000)

(4) BHBERFIR T 220t 9T FOMAE TR TR B, W
W T B AR A R AR ATV 9 b (Hixon 1973;
Hixon, Mead et al. 1976; Baken and al. 1979). i1}
WFFE A BUPI T T DA LR 2 23 S AN TR ]
IR T ) 0l g PR 2 5 D v e S A
(08 A DG, AN R 250 (1 WP o P Wi 2 L
oA BN KA W3 7 e, ISR R 1)
FAOG. (B 2008; 844 2008; & AhAh, 2%
/K% etal. 2008)
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Correlations
duration  armplitode
Kendallstan b dwation  Correlation Coefficient  1.000 ST
3ig. (2-tailed) . o
N 2108 2108
arplitude  Conelation Coefficient S170**) 1000
Sig. {2-tailed) 000
N 2108 2108
Spearmnan’s tho  dwation  Correlation Coefficient  1.000 L et
Sig. (2-tailed) . oo
N 2108 2108
amplitude  Conelation Coefficient 692(**) 1.000
3ig. (2-tailed) Jooa
N 2108 2108

**  Correlation is significant at the 0.01 level (2-tailed).
1 EENACHE BRI EGE TAER GRLES &
2008)

4 )

v
i)

PA_EA T WP s 1) A D BRI 0
IFPRAE T — R AU SO 5. PR AE T
5 AU AN IR T B, 1R SRR
B IO F 2 T H a L LR A
MK

BN

[1] ADINSTRUMENTS. "MLT1132 Piezo
Respiratory Belt Transducer." from
wWww.ADINSTRUMENTS.com.

[21 Ambulatory Monitoring, I. "Battery Operated
Inductotrace System." from
www.ambulatory-monitoring.com.

3] ADINSTRUMENTS. "MLT1132 Piezo
Respiratory Belt Transducer.” from
www.ADINSTRUMENTS.com.

41 Ambulatory Monitoring, I. "Battery Operated
Inductotrace System."” from
www.ambulatory-monitoring.com.

5] Baken, R.J.ande. al. (1979). "Chest wall
movements prior to phonation.” Journal of Speech
and Hearing Research 22: 862-872.

6] Connaghan, K. P., M. Higashakawa, et al. (2004).
"Respiratory kinematics during vocalization and
nonspeech respiration in children from 9 to 48
months." Journal of Speech, Language, and
Hearing Research 47(1): 70.

(71 Denny, M. and A. Smith (2000). "Respiratory
Control in Stuttering Speakers: Evidence From
Respiratory High-Frequency Oscillations." Journal
of Speech, Language, and Hearing Research 43(4):
1024.

(81 Hammen, V. L., & Yorkston, K. M. (1994).



http://www.adinstruments.com/
http://www.ambulatory-monitoring.com/
http://www.adinstruments.com/
http://www.ambulatory-monitoring.com/

T SR T 4R 7 2008

"Respiratory patterning and variability in
dysarthric speech."” Journal of Medical
Speech-Language Pathology 2: 253-262.

9] Hixon, T. J., Goldman, M. H., & Mead, J. (1973).
"Kinematics of the chest wall during speech
production: Volume displacements of the rib cage,
abdomen, and lung." Journal of Speech and
Hearing Research 19: 297-356.

[10] Hixon, T. J., J. Mead, et al. (1976). "Dynamics of
the chest wall during speech production: Function
of the thorax, rib cage, diaphragm, and abdomen."
Journal of Speech and Hearing Research 19:
297-356.

(111 Hoit, J. D. a. H. L. L. (2000). "Influence of
Continuous Speaking on Ventilation." Journal of
Speech, Language, and Hearing Research 43(5):
1240.

[12] Huber, J. E. (2007). "Effect of cues to increase
sound pressure level on respiratory kinematic
patterns during connected speech."” Journal of
Speech, Language, and Hearing Research 50(3):
621.

[13] Huber, J. E. a. J. S., 111 (2008). "Age-related
changes to speech breathing with Increased vocal
loudness." Journal of Speech, Language, and
Hearing Research 51(3 ): 651.

[14] Konno, K. and J. Mead (1967). "Measurement of
the separate volume changes of the rib cage and
the abdomen during breathing." Journal of Applied

Physiology 22: 407-422.

[15] McFarland, D. H. (2001). "Respiratory Markers of
Conversational Interaction." Journal of Speech,
Language, and Hearing Research 44(1): 128.

[16] T s (2008). HFI T RATS N (1R T 2200 5.
POCR, bR A

[17] T §h A (2008). T I R A R T 2 T
[ 24 .

[18] WL, ZR7K 22, etal. (2008). PEEE 15 AN [
SCAR B (R P B . AR K2R R ——
2007 F 55 U 42 [ AMLTE S 38 AR 25
NCMMSC HEPI]. dbxt, WA R HIRAL.

(4 ZEm 2o EAEF XRIETR

# o5 o oF Wy 4 100871 B F M 4

yuerr@163.com)

-84 -



T SR T 4R 7 2008

g P Y8 SR 32 A0 {3 FH 187 )

0 5|5

ANKET R —ERNRNAS 2%, BG+H50
SO EIN TALH . 15BN T A= 3 Ak
SR Ao AATD T LRI R DA
AT SR8 o i A 5 A T T T RE ) R R
PUFNE F 47 8 B S AH G broca i X AT wernickle
DX, BUEAE HARRE A 15 5 R 25 R e dg 1
AN N8 5 WL SRR o A 25 i AR
FeRH, MiHE AR (Electroencephalogram, fij#x
EEG) DAL EAT I iy i 0] 20 2 0 SRR L sy
MR A . e EAR S, FHRAH DAY
(Event related potential, fijfk ERP) i id 5 &
I T R AR IR (O3 X, R 2 AN AR
ST RS PRI ) LT, B — PR TR R i 15
B o HITEAM R S K fii 1) 54l A BRYE 21,
T HE S DN G i A v K () A 2 H A B ) AR A
DRI T B AR A A LS, ZERE & LR
1Z3a MY o AR SO B S i F R I AT ERP R
JREREAT TR, ZJEX H AT E R I 51
TN G ERP B AT R R B, RS
44 16 3 M B ( MLAECL/EC2 EEG
Electro-Cap System) [{J3EAAE ] Jrid.

1 JiEEARR Y

AR, sSF K (EEG) Ml & T
Sk g 2 1T PR AR TE S A A B, R R AR LA
R 5 30RO T 5 280 P o e 22 4 M RS B0 o i E
B R LR AE T TH) 0 R A 2 i, K4
e LR AT, IR AT R BEREA Hb e SR
PR BRI R . NER H K EEG IR
(amplitude) Z% 10-1001 v (1 ffR=1 HRA5 11
B JI53 2o 10 B LB 3 5 1ES 0 i FE 2 b B
o FLEE 5, — AT 2 B 10 Bk, ST
KA, L ERP {55 EEG FF4E

2 FMAMHKHEA (ERP) HiARJRH

ki
YANG Ruoxiao
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AR HBAL(ERP) 24 H1 K51 sk 21 EEG
i 8 JE s W A AT 5 AT 0 A AR EE T A 3 1
B HH N AE ST B ME ST RO 5 R 1 i e
P TEAR A, DRI T LA S W H N 2 A 3 O B
BAHC IR HLIE 517, —FBCFH SRATE SR i Ak 2 3 85
S SANAIN S IBNN PRSI pUN
2.1 FFARKHL ERP IREAE X

A SEHAT (ERP) HIE XA CAIRE X
ZAre IR, LA In R 15 %
TAHUE, 7E45 T HESERES R, Ema R
GEATAAT A 5 RS (1) FLAE AR A AR o] B R SR AR G
fro WBESCRYE, FAEAHDC AR FLESMIn—
Fohole s 1R SR, A FH B 2R 0 M ) e — 3B A6
TER D 5 R A AR 1L, H AT ERP (U FR 1%k
SCE X o A g T A L FR AR R A 2
WAL, AW “F 2R I AL
(event-related brain potentials)” [J¥iik (Bh5:
W, PR, 2002).

2.2 IREERP (AR

HARRIMHE (EEG) R4 & AKN, T
— KRBT K 1K) ERP JIRZ1 A 2-10 $04R, b
H &M EEG WA Z/MG 2, W% T EEG 1, —
R ME SRR G R, ok H e S
5T, FTLL ERP 2 EEG L.
221 ERP FEXERK

ERP (1) B AT LA R = AN 510 :
2211 ERPFEEIHHIG

fiH (EEG) J& /T % ks M 4121 158
fiud i FELAE D25 BRI R, T BN AR G LS Bl A
WUN, ARREAESK DR, WA M IoRE [H
A AL IR LR e HES T 1]
— NGO, FEFTIE TS Copen field),
22 W) g 1) AN — BOAH BRI 1 R
(closed field). Flitk, ERP H A8 5z B b 26 i 1)
BTN AT S R A A TR A, (B
TIM& TR H RS L RIT Y, ERP L2
Tk LR o
22.1.2 ERP KIS REIFISE
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ERP A P AT ER R 3B AR I s I 1
SE o TR ERP IR 5 5 B4R F4D A ] 16 Bed
5 ERP [FFANRRPEAE, R ik o ) BE AL AR 1k
(e FTLL, BT LA R I 9 AN aeh v] LA 3k 2 0
M EEG ¥ ERP $EHUH! K
2.2.1.3 ERP RFHiFE R BAL

ERP JEil %) J5iah EEG 3 TSN 211,
WU E N n WG ERP JRIER KT n 17,
RIS AR LA n, A ERP A5 E, RIAE 5 A
— YRS ERP {i. BTLL ERP B FR A 11y
BRI, PIFRIES NG 1T,

2.2.2 ERP H$REZEREFTRE

N EAA 4 ERP AR B R A R
2221 ERPHFREREE

BN ERP [FRAESE .
2.2.2.1.1 X4& ERP ML EM RS

KA ERP I 13k 3508 A R G0 — AN WUk,
A 2 A0 S BRIk B FL R LI F R, X
S e A b A R AR [ s i PR 2 A A
1958 4EHIE 1 10-20 [ B3 i B Il 5% & 4t (Jasper,
1958) 1M B & 11 o

10-20 FR G0 1 D DU 2 Sk Bz FELARE 5 ) R AF G
FEEILL 109%F1 20% KK, KH 2 Scbrkgk: 1
JoMRZe: MEAR BRLANE ML, NRRHP L.
METAE G bR 5 Ml sk si—Fpz, Fz, Cz, Pz il
Oz, Fpz Zii5 Oz Z Ja &gk 4x K11 10%,
oA R P ES  20%. 2) PIANHIE (A i L .
AR AWILF 5 A —T3, C3, Cz, C4 Fl T4,
T3 Fl T4 SMI Y 10%, 4% sSa S b 20%.

2t DL EPER IS 4 L, DL Cz IR
[, 4 /a2 A0 [ B2 R EY 2 Ak, JFAE
Fz. C3. Pz, C4 [a]#-HL—/N AL, IXFF 10-20 R4:
I 20 MCeE R . HoAh Y 16 T, 32 &,
64 F. 128 Tl 256 ‘T HIFKIE 2 AR 10-20 &
g T H o
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(B)

&l 1 (A-C) 10-20 Hpr L 2GSl (A) Rk (B)
sikek; (C) 10-20 [E Pl th R Gt HRAL &

22212 ERP LR EMHEARKE

ERP SZH % (M A B - B0 dE: 1) Peilk
], F PRk AL BE, Bltnge k& 2) F8w,
F - MR 4 R0 P2 P S 0 o 0 S A AR 52565 3D
ki, T RORH TS, A% B B RS
TR

2222 R4 ERP NHISMBA R

TR S bR R H I L FE . ERP 2 A
EEG "H1f), BTl T M EEG HEHUH ERP, #F
BN AR Tt LA 2 Ik R “S7, PR AR R
W= 545 ERP I EEG INPLE N5 71, &
Ja 15 3 — AP ERP {i. ERP w] LLE L & in JiR
i EEG HHRIRMSHIRETE TN ERP 1551
EEG B -5 Mk R %A [ e 196 &, e B &5
(1) ERP 3 JEAERR ORI #OE AR R CH8RAN 2
daxt FIAHIED, I H ERP 3 K55 8 18] () ) [a)
(ks CRIYEARIGD gl e ny, Frbhgd S,
ERP 2B S ks b gl st -K, 1 EEG 4%
R Bt AL 17 O T2, 2t B 0 (1) ERP
e M EEG [ strh iRl ok .

2.2.2.3 ERP ¥dERERE

T 2 FEL3 Al gs T SIS LN ERP S
ISR R AT ERP B4 $E E) i B oR
=K.



Raw FEG
A\ AN AL A
s NN A S

& 2 ERP s:367k K (DOG, Data output gate, i34t

78 )
R R
HEMm
[ |
F BER
R o
b ) T e
[T r.l| M
Hormhe
l / gt II.IFJ T Bk {/x # il
BREL | L ep . ®_ BEE -
s b R B PR Hig o
\\‘1 T e L

K 3 ERP Zdlud iy £ 2 fR =

2.2.3 ERP {550 mi FigR 1

ERP (R SAET: 1) ToG Al 8] 4 9 2
(ms) s 2) T 5 NI ELA AT N fe
GAEIAT 2> A AR FERA SRS, R s st
SEITRERE) BF9T; 3) WA AR o, W PRBER
PORANE

ERP [f 3= Zaf S TR M 43 5%, ERP
e 0] R REIE B ROK SR, E AR A 25 e
BURARRLN 5 B g . 5540, ERP HEER
FHECFAE R SEBUN HL e A, X P77k
Y PR S8 DXy T St A PR

3 MEFIIA KK ERP

FIE 5N LA KK ERP 4y & B4 45
MMN. CPS. (E)LAN. P600/SPS #i! N400.

G, EEE N T)ZET, MMN (mismatch
negativity, JKDCEC 7D S W T i %o W i o) S )
WYy ERJE P AR A AT I B B Ak R T
., MMN 7t 1978 4% B dikiE (R. Naatanen,
Gaillard, & Mantysalo, 1978). Ffi 5 FIHIF 97 % W]
MMN 1] L Jsz et fing et 38 55 28 531 1) i ek v (Risto
Naatanen et al., 1997), [ "e 5 4 H KA i
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T I BT N R — T o R 23 o TR AR STE
R P AE B R IR 5 B R Ry R e R 4k
MMN [JE 25 (Pulvermuller & Shtyrov, 2006).
H MMN [ 5256 th— MG pX R I — R YIbRUER)
Wt J,  (EaX Lo bR e B LA A 5 2 AN [
(AR S, X INE, SRR S 3 R AR S O
Lo JE AR, BUESER T R A, Bt
FEEAEFHLER MMN, 10 R —28 51 N 17248 75
PWOALERE MMN. S 40— FpRIES N 156
RN ERP 4 B I CPS (closure
positive shift), CPS J&7F ¢ T4l i (1) B A5
We R I 44 ) (Steinhauer, Alter, & Friederici,
1999), ‘G HMRE T EHIN LR R %Y, CPS
() R EAE — 5 R B 0 IR DR 3o Rk A AT 1)
YEH . Bl TP0ER CPS W33 T T
(Li & Yang),

(E)LAN F1 P600/SPS & == % Js Wt 1 (1)
ERP j& 4> . (E)LAN ( CEarly) Left anterior
negativity, ZERi i) HA)F AN T Y)
FHOC, U REFEA ) I R I A2, 1y 5K
B B ELIA XA RS, AT R
(E)LAN. fUERAER I LAN o0 7 1515
S ARG N40O, PRI TA Ok A2 5 Agikads I i)
HEZR bR (X #HYe & #F4, 2003). P600/SPS

(Syntactic Positive Shift, ik F¥E#S) & 501k
Hi AR R ILESSHE R 2 J5 500-600ms Y i
J43(Osterhout & Holcomb, 1992), ‘& 7] LL{E £ Fh
A RO L, Wk 3.1 R

% 3.1 P600/SPS R 7=l (R#Ede & #74E, 2003)

FHiE4ER)3E e (Phrase structure anomalies)

The scientist criticized Max’s of proof the theorem.
AL X (syntactic—category ambiguity )
The mental became refining by the goldsmith who
was honored.

A)F R E I [ (Sentence-constituent movement
anomalies)

I wonder which dress the guests at the party were
shocked when the bride wore.

BiAl i A3 & (Verb tense anomalies)

The cats won’t eating the food that Mary leaves them.

mAE i X T2 W, i Kutas Hl
Hillyard(Kutas & Hillyard, 1980)7¢ 1980 4 & B[]
N400 #A.ky 5 e i SN 1 1) 5 B2 i LR b o 7 A
I scss i, A28 R S 7 AN 4
A, AR IE MU B 700ms, BRI A TR, I
o 75 % (W) TR e UK, 25% R) TR R
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— AN A B A BUR AT
SR A5 A ) 7

4 SE% = i E B AL A

JEHER A SCARTE 5 5 S = AT 0 i R
ZY NS ADInstruments 23 7 (K2 S A4 B0 %
X PowerLab il LabChart & Scope #ft:— 21 JT]
F LM R g8, S k. MLAEC2 EEG
Electro-Cap System 2 (large & medium cap),
Electro-Cap International 23 &) 2E 7=, BITR SCHT Ui
ECI i
4.1 SEH6 N HE R G R A RGER 4

T TR FEA o FELE 2R 8 R A R AL B 20 i
RS Al “RERG” AT 4H:

1. HIERE:

a) 165 (JL16ANHE) EC I™ AU i A1
rh Rl FELE % — A

b)  HH%IE ic 2% (Electrode Board Adapter) [ 5
USSP NEI DA |

c)  HkgLH (Body Harness).

d) TR B R e Y HLARZ 24 (quick insert
electrodes) .

e) HIHM2/ Cear electrodes).,

f) M T ek A A2 B AR — bk
[ 4441004 (disposable sponge
disks) .

0) HTHESSFHEERERAR2L

(needle/syringe kits) .
h) SHE2% Celectro-geD.

i) Skl 2 R (head measuring tape) .

B WiHIEEEE Gvory cleaning liquid).
K) —AREAEHUEY] (amanual).

) sk TEH B DVD G

Bl 4 JiwiHiiE 24540 s (MLAEC2 EEG Electro-Cap System
2 (large & medium cap))

2. RERS:

a) l6iiE YOS (GT201 16 Channel
Bio Amp), UIKl5.

b) SSAMHEBCRSIZ (MLA2540 5-Lead
Shielded Bio Amp Cable), 16,

c) LabChartfScopeR4EfH 5 # A, WK 7A

6 SRR ZiZk (MLA2540 5-Lead Shielded Bio
Amp Cable)

(i = e e e e e e e
[Flwor Flwlal 11203 alalel-lolal

T (pagass gaeni - 310

4.2

S = i B R AL A R
Jivi HL IR 28 48 0 48 P 25 R iy LU LA U5 T2
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G CAF BURABER A BT A2, iR DL S)
JLHPAR, EF AR RA S, (HR
RIS B BTN, EAR SO . Af
RPN

1. R WIER #E CInstalling the Electrode
Board Adapter) . 5 FH i ] LU Hi v L H B 0% 2
LRI 4T N TE LS L AH Y L LA

2. AR A i i P R S i L T PO
FARI)— S0y FH IS 1) Bl kb ig
T 2) kSR IR IR 1R T
ANHIAE AL SR TR bR 3) X+ ECI Wit
H, SERHT A EOR BRI ATEVE R K 4) #EA
AR TR BRI, AR AAE MR L
T b, A SR o LR R 0 F B P A
WURS SR 79 A R R R s A 2R

3. WiE g AYRAs (Put the body harness
on the patient). ] 15 AR B XU FHHL T 1T
W SRR SR IS LA R B i, AR b
(R AR T Wiy b, s P BRI
GRG0 R B LR AR S &7 Al A 1

4. W & g K Sk H A K Measure the
circumference of the head ) DL3% K /N 38 1 i H,
M o A LA H R FELIE R G le & 1B B R B
T B RO, W P B RS — e, 4
e AN S T SR (nasion, RSk 56 &
b S RV E ARSI 0 ) b 1 e pd
FIRLEFESE Cinion, B 5 BLEF AR 58 HE 5640
) b 1 gk, IR NS S e T R R
Filo 2 SR FH i e B i A R R, T
DARR 38 S bl 1 25 A e R i TR S s 7 A
PRI, RS Th L 1 o SR e
S W NSRS AL, IR A TE R AR
SEARAN B I L s G SR R R R, e 2
H AL T L5 AR

5. (RFEREIAAL, JFEN T RE R AR A R
JIk'B 25 B2l (Attach the ear electrodes: add gel and
abrade the skin).

6.  LEMNHLIE ) Fpl A1 Fp2 PSS H bl s |
— kPRI HEZR4K (Place disposable sponge disks
around Fpl and Fp2). Fpl A1 Fp2 2 /i H i A7 111
B IS 2 [ A

7. MEFIFRIC Fp £ (Measure and mark the Fp
line). 7EZEH I MUN FELINE 2 T, Ui A SR A5 5]
P PSS RE 25, RIZE 4 RO &Sk A4,

5 K S5 R AN B s R B — A,
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38cm—>3.8cm, i HH SR AR 1) b Sk S K
Tee—r /NS RIEE B, RIS —AN A, ERTRTAL
RTINS YRR, BRI
h Fpl A1 Fp2 fi.

8. AR LA b 4 R Oy ik B R 5 3 1
IO P A P R T 5 PR AT R I AR AR R
w43 [ e AE T CUAR LK Fpl A Fp2 55, SRJ5 FH
W B SR 1) BPATE o oz o i, 35 e e i v
M& (Slip the proper size cap onto the patient’s
head).

9. K HLIE R A B ARl E R ok (Attach
the cap straps to the body harness). fixi HL i Z615 7
BN S ARGRAT , 75 AT R BUS 2L A

10. K Mo PR R (1) FE R B 1 R PRI O TG % 11 i
$ DM 3%E (Connect the cap connector to the
electrode board adapter).

11, FIZRGEFT Ay VE S 2% D B I R I L i) H Al
WIEANFRE ;. D HAE AR A Ao 8 Shi 5
#EFE (Fill each electrode cavity with electro-gel;
rock the blunted needle/syringe rapidly back and
forth) o vV EN- HUE IR )22 T i A dig Je 1 22
TSR, AT ST T E:
A LU GO TS A BT, A A8 il Sk
B, ZJEENFRE, AR LIS R NI H
R — O e 2 R ORFFEHE R, AT
B A P i SRR % SR A EA
SHEE, HTHmsE LS.

12, AT EEARBAST, PRUEREAS AR 1) H B 0 &
T 8K T 3000 Kk 4} ( Check the electrode
impedance; equaling or being lower to 3K ohms are
necessary ) o W0 LRIE AN HUBI (1) L BH HT AR 45 T Bl
fikT- 3000 Wad, 15 WIABEFFaG N IR . Wk
A3 HL A B BB R T 3000 Wi, AR AL L 12
TR AR N IS R SR, T
FLRHPTIN;  an R PH B THOAR AR & 223Kk, I mT A
FH P i A% (Quick Insert Electrode)” #fi
MNILHMALA, FEAESMI E Micropore i [l
ELBMN, 25T LA EOE LA (Electrode
Board Adapter) R BT 1) s HUE FL A, TR
R 4 N PR B P 3 2 113 N H R T 2% 1) 1% A6
B RS AT PR FA A R R,

ZJE TR 2 FE AR R L REL BT SR P 4
N I JE AR F BE BT SR AN G2k, )75 4%
] ECI A W)W BT FA ) A B BTl il 343
SEEETEAKT 3000 KA, Ul iy LLEAT o He
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13, T wl R A {8 AR B A L e i 3
KB, AR A& & —4%. (Move the
patient to the bed or reclining chair for recording).

14, EAGERITURZ AT, eSO R Ja i
TISCE BRI IE T (Place a towel roll under
the patient’s head before starting the recording). X
BB M ISHOE A 1 Bl 1 F I P B R PR ey
PR EE R L JRCE B T IR AL AR I B 7 3 A £
AR A 2 R R

15. 7E1F R IF 4R 0 ST 77 ZR R A il R 5
SRS B | o 2 L NG E [ VAR RN B (i -
(Electro-Cap system check). 1244l e B i
FPEAT, FEERMREER (tap) AR, M5
W R PR R A AN RS, WA S
W ad, nT LA T N — AN . WA AT
BB R B ISR I AR, )RR A 1 o)
WOREIE S RN IER, W i) A Re g e, ]
R ECl A T

16. CEMHLSEI A AR, BB BRI I
HER AN gty s 2 )5 HI T8 TR AR
Wk HopMSk B SiE, adixsst i)y
Bk AT LUAR 7% 5 s Ot 25 Sk B I Ak B ol

(Patient cleanup) .

17, VB H IR AT ik HLE 1 fR 5% (Cap cleaning
and preventive maintenance). ECI Jixi il 2 20 7
REOCSESS G HEATIE DR, 75 ) 25 PR AT ] 73
T DR TR IS (3 IR DL 28, 1) YR
i PR IR BB SR 2R 4 1 A 1) i P I R 2 Y )
(lvory cleaning liquid) %3 Palmolive j&5 37
2) TH VI NOZ T ik e 5 B R gR R 6
A7, TG HUIEGRT B M e, BT 3L P AR R
AR LR Rl FIE S K, s — R ok — I
3) ANELRE AN I LR VR UE, 7RSI LIRIE
PRI o L T e S b (s 4) VAN R R R
Y5 A FRR i R TN I T AT PEFRI IR 7K
HOE D, 1T 3 O A AT I AR 3 Sk — e AN g
#7K; 5) NGB ANGLE S, HRG/K e+
IR, 6) 2 J5 R i FEUE JBCE I, B —
SE T o HE R PR S 23 T B AR IS T S & T A8 AH
B ROERSKLER 4y, MBI EEEE K 6) B
JI W% AR S 454 oG H I AR )7 1 4R A e
(1)1 T HE R

IbAh, SER AT RIS F F) “Pd R A
W (Quick insert electrode)”, Hsi F J7i%n & ),
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B33 T A AR BT AR A A
PALE 17 0 A5 P S 6 = i R 2R 8 I 5

ASGBRAE R I, BRI AR ] S

B A HI T WA DVD SIS i ] o

6 ZHiE

ik LRy ERP T2 KIS 25 M i A2 4k
Pl HiEG s, s ARTEPARL, D BEAT N
SRR, S ORI E 1,
R B RS ARIRRE . MRS IRIR
P27 A dr B A R SR B A IR bt
I HIE . FAEA SN AL (ERP) RS AT 73 A &
g6, SRR . PUT-IRMESR . BRAERIGE. )
REZFEEL AL, A ERP i CEH, 2
P o R0 ] A A AT R R A N2 T i S A U
ITHIWF SR L 5 IF O BRI B
TR N )| /s N 177 N /S NN B e
ARHATT I

S0

11 Jasper, H. (1958). The ten-twenty electrode
system of the International Federation.
Electroencephalography and clinical

neurophysiology, 10, 371-375.

21 Kutas, M., & Hillyard, S. A. (1980). Reading
Senseless Sentences: Brain Potentials Reflect
Semantic Incongruity. Science, 207(4427),
203-205.

@1 Li, W, & Yang, Y. Perception of prosodic
hierarchical boundaries in Mandarin Chinese
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Manuscript.

4] Naatanen, R., Gaillard, A. W. K., & Mantysalo,
S. (1978). Early selective-attention effect on
evoked potential reinterpreted. Acta
Psychologica, 42(4), 313-329.

5] Naatanen, R., Lehtokoski, A., Lennes, M.,
Cheour, M., Huotilainen, M., livonen, A., et al.
(1997). Language-specific phoneme
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magnetic brain responses. Nature, 385, 432-434.
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REEERSHFRERSE

ot
R L | 1k 2k 4k 8k
—. FH BRI S E Hik (Hz)
T (R b SRR v A 2 ROR WitB) | 50 | 59 67 71

HRRA T SER
1.1 FEEHEARHM
b RFEPFLRIEGT R T EERT
2004 4, HupSAr FAb UK LR b —
Mo EEH T EERREETI RIS S AL
KB MAINE RS K 3.6m, % 2.4m,
fm 2.68m, WIERSNK 3.4m, FE 2.2m,
fo24m. SEEEMRATIRS S 2m, 9%
0.9m. F@ A% I A% 0.9m, & 0.6m.

1.2 FHEH K

S F S CA LALS 4 I 75 - 75
PRAL R, ATPRED G S R AL, RS
M JC P e . Z A R — AR . —
AW, A PR 2R o B R RN
100mm, —THCAANAR, —TH Ok 2 FLBE FERR
SRR YN YR ey vp S

Sk E M EIREIH L S A i
1T, LS DU THI 435 S IO, M I A % FH (1 B
AR, B 100mm, I EIR, A
B 7 B BEL JE A ), AN Hb T Ay 75 S S TR, H
BREAERG I B P a b, DU e 15 e 1 B 7 i
b, TREEEDURS b, AR EEER NS
AN A AT AR R P 3 2 (R B ST T SRR i

BT 14 CA ADA3 ANIRG AT ], T4k
JEEE 64mm, B O XCEREH B, R
T, Jor T, [IANR AT
ACBE, Py RETHIN 25mm (KW AR

T T I 7 - P AR R I 7 DI 7S A
R -

WE 7 A 1.06 | 1.03 1.03 1.04

CA TA45 & Jm i 75 WK 75 B 245

iR | 125 | 250 | 500 | 1k 2k
BiF (Hz)

ki (dB) | 30 39 39 45 44

CA AD 4N HIBR 75 1] P 22 ok

I T R S A BRI B R K

T
5 it [
1 CA A4 GBI AR | 59.2
2 BRI BR PR 2 12.1
3 CAAD [fH] 2
4 el 75 i
5 A1 R 7 43
6 CAAD38 fi ]
7 B 12
8 TR 7 B 2m K
9 I KB LAH 14
10 [e] A 7 2m K
11 e 7 el
12 EARestilict)!

L | 63 125 250 500
B (Hz)

fe i (dBY | 27 30 32 41

W7 AR 0.94 1.19 111

CA TA45 4 Ji i 75— AR 7 2

B E R SR AR EE RS RIEEIH
RS [ I R

we | N
el
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1.3 XEEFZERN
S P AR I A B E R A B R
ST DR 5 Ko
1.3.1 HuliMEE
(1) 4y JUa
10*log (B M T 2127 T #)
20*log (4l 75 Hs /22 2% 75 1)

W5y VUK -

150-160 FEI T AL
130-140 I 4

120 IR TS
120-110 Eia

100-90 by i T
90-80 Y AR
80-70 — )

70 HARTIE

60 — RS

50 — I A
40 I IR UG

30 LRI
10 LR
0 Wy 35

R AR T S A AL 2
A FRZHFERH A RIS A
Do A FEELRENS LU ) S e N FE X 24l
PRI ERLDPAT o P P G A 2t
B, R A SRR ftie A TR IEE

Bd4-1 Efititam st

(2) TR B (DA o A T B

FEVRLE ] P S AW R S P B, {5 1E R
i, EWNESIAS LN R, Tt
AR BRI R, A
WARsl T 2, BRI —IK, 75 BERR—
5y, ENTE AR HIRTS, HAEEaN

93

o IXAN BT 3% ok 11 Ik A A2 TR i

T ) ] AZE = A SRR FEE
ARIE T60=K*V/A, FLr T60 FR R A i
), KoM (— 0.161), A RIREN
SRS,V ORIR s AR S IR A
DR 25 m 0 v e e B ) 5 2 FH R 5 A
ATHEAF RN . XA E A W] e A R R AE
i, b ERREAXEH TE NP R
HONT 0.2 I, i ERAT S = 1 A
PR E REOZ 0.8 MR A AT o &on]
Ref 2 MM & R . ok A2
T60=0.161*V/[-S* In (1-a)+4mV]. I T60
FEORIBMAFA] . 0.161 ¥ 2. a #oR=EN
BT - R E . Am R IR 2 A
FEMR FEAHOC I AR B3 S RonEN A
ML VER=EN A PR
THEAS B ) s & S R I i [R] 45 2R 2 0.448
7, LWHBREARIHM LR

1.3.2 MRS K WIRLE 18 (IR & 2D
MRSk BK2033 a5 i giit .
D 2518 0y 53305 S AR 3 ) A TG Mg 75
18dBA, il AR 18] % 0.09s, A {4
UEAE 1R % Sl IR T

1.3.3 BAARKAABIE R (KR & A&
(1) KERBEAAKIE:

ERHLE. ZFPLE 18dBA
EXHLIF. 2 PLE 18dBA
EXHLITF. 2P 19dBA

et , SR8 & VRl UM -
20-25dBA.)

(2) SR FARHEIIARIRGE5 :
ERALC. LG 24-30dBA
ERHUIF ZFPHLC: 47dBA
ERHUIF AFHLIF: 47dBA

(3) SRS AG A IR TR I o ] ) 0
SR AR A BUR /N HAYC T S R Ak

B, AT VR e S TR AR A o T Db AR ) N [

(R o AR ARE & AR R IFARIE2

W R, RIS R AT A 5, DL R

M) & 75 0] 5 S
ST SRR EH A 3.6%2.6m°,

2.2m, #BH 20.6m°, FHF K 46.0 m?;
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HOI S RECh 0.8 FuBg e AT
I TA] R 0.09s. 33X KL I [A] AN 2] 5% 8 7
Mo XA R R AR TR

= BEXFRERN
2.1 HrxE B ERL

B AR T T8 IR A IR TR] R R 1S A2 1 1K
(LIRS 5 JEADXS T I TR R AR A S S
PRSI 5 10 5 1o AT ok AR
Iy, R wav #%3K.

I T R L0 2 88 TR (915 5 e A i
JFOA IR IE SR 5, X2 — MR B
Wil o AR 2 R SRR E BRI T I AN )
PV S S URTE L INE: R 1
BAEAT ARERIZAE R, AT LLJE K Bt AR
TP AR T KA E B Rk
11 ZRAEIR K TR 5 e R (1 2 1%
I, WERFEZ A TR 5 e B R B T )it
UEAR T IR L, — B 2.56-4 £ 115 5
KA Wi, W RIRAE A 5
ARy F_max I, SREESA b,
2*F_max. N 2 JRATT 5 T ok
K MR BA T B IR 5 o0 o TR 5 )
PRI, SRAEAR R 10k T LT, P
N G BRI = i 0 S B A KR i A
Sk FARBCLLR 7o A WFIUA K
U, SRR — R 22k, PR Hl 5 76 v
B BAT LU R RE B, G M 1 0
A B e R 5 A2 [, O 6k At

22 FEEFZBEREAM

J0 IR 2 B S0 = R WA
e EaRERE (Z XD, HEa, AEM
~, ibmR50 ZECA LN . A sk A
& Adobe 723w il (1) 3 /1 Adobe Audition.

WA IAER 2 W XA EGG MR 15
SEIANRRE G, RS SEASNE R
TR, B NEIC A BN S (S
SR TR, FEAEM AT

2.3 XFEFXFREMN LM
2.3.1 fEmastERERI I LAEH
AB TR 27 T S0 A SR SR 0 £ 75 s
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J& Sony /A ] 477 ) Sony electret condenser
microphone (FEMARHL AL ). IXFhifk
FE AR A AL 2 BT SRR AR R A,
5 75 25 N HL B A9 B Tl Ak, AL S 2 N A
1t

Al 7 AR I T2 HRIEPRAT R BT, R
(705 3N <31 ) VAN 7N ) VAN PN EN G E
X FEEA P B AL AR 4R
) P SRR R A 2 i R

TEN AL AR M M2 iy, ARSE A4
— AR PR . T AR ) PR I 2
FE YR SR R S S B 7 1) AR A R R . — T
5, {E 4000Hz DA 0%, 15 R 4 1
599, HEAT LR L 2 TT MRS . A ik
ABh 55 BRE F 07 R B o AR S e T
4000Hz Itf, EARILHBERIIRIIE, £
AP 2 A 25 40 2R 3 B0 b T O 29
40 JEITE R N, S0 1) P B A B
Ira) 75 He G AH ] o 3K/ S50 B N PR A R o e
5 IE T 7 il i) A e o L — 3. A HoAthd
SR A7 BEVE AR R m e o SR R B . BT AR
YOG H G, 25 BT A RE & 1R 9859 1T
AT T P82 FARAIG o T 75 X)X e Jeg P ] FH i 1 12
K2R, Wt Eps:

Wi-14 EEEATEOSNNESEE

AR A PR AR R

A P S IR FR 1) P T A 7 s 11 R A8
LB IOCER, N2 A B AGSTT
Ie) L5 A P IR A o WY LR A% P 4 d LA
[ PEAT A fR i bE . XUE PR R R . 1%
7 s (R iR AR AR bR s . B
VRl B A S 5 = DT A 282 50 AU i 1) 1 A A1
R, VR, EREA R At
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Directivity .
Directivité 15 ML 1%
Richtwirkung

K E A USRI PRI AR bR RS

A 75 24 P R ABURE F (10 02 1 75 05 10 P H
Fetder. e iRE A A, i
PRI —AN A 0.1pa IS5 5 I, A7
T A R . RS R P s
A UAE B s 200 10 75 5 SR A5 v (10 17 e
bbo EAA T S A S R R Y, (H2
WA GRS 2 (R

e 75 a5 PR A3 W I (10 2 A 7 i R
JEEBEARAR AR R o RIS AN ) 4304 1) i
N 5 A 7 g LR PR R/ o S R S
FEAR 7 A I AR AU 98 5, S
TEo Al P AR A M 5 02 P A AT K
P S 0 R 22 T RGP AR A
A
Réponse on fréquence

Frequenzgang
+20

Response in dB
Réponse en dB
Wiedergabe in dB

( u “_;*‘Ui'\ »n“tJ" 1k 2k »-‘n” 10k 20k

Frequency in Hz
Frégquence en Hz
Frequenz in Hz

SR A T TR W 7 2
2 TE DAL L AR B o RSB (K5
TR TR, — RRIRA TR 2 v KA —
AR A L

2.3.2 AFEFEN
— W A BT = E A Ay, B

DA77 N R 15 SR 7 A N
Fyu] R RG] -

Wl

%%
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)

FRET R EHHTH
WAH PR nAHhPEE
- o 2y
A
BeR | @mAEs fth 43
%
W B HEA AL S5

WEERIIREAIRZ, X E N 5s)
HH A 5 N AT M T e 22 1R D e
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FAET IS, #os—ExEt EGG 75, W
SRARGBIESS 5o 1K, FATTh 75 2L &5
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IR PCIRYN D TR TN EREA PN
BT o X TR ANEE R AE S, W
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I, FATAT LAHZEM S & A 5 S5 1R
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o G b5, PR AT o A SRR e v i
RVESCR A e P B A 8 2, ST 0 v 7 ¢
W A% 75 3 55 75 3 i N B 5% SR B IR AL A
T e Ay RN e AL R (R AR s TR
e i B DT F AT B R SR Y
B A 75 A S B BT RS 5

T LA SE B b JRATT 1) B 5 & A 5
KN S 4 TGS 2 BEST
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e —ASE Ry, el USB #HY
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X BN TR RIS, Wil
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IR ARG AN &R IBE S, —
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TR HANE TS RS LAMVE S R
UREl, XS AR FEESNE
PRI R B
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HhE RS A

2.3.4 RELm—PC PLARMARE
Sk BT ) PCHLE IBM A w5 277
) R50 ZZicAHK. IBM RANEICAKIME
Ae R LUy, X EEAIAE IBM il A
L 140 A G 5 BT P S50 P B it LU A /N o
BAMEH G 5 RE A2 Adobe 2>
H)HIVE Y Adobe Audition %k, 3T IT 8 LL
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Jo, SCRIESCH, A AR, R R
TR TEIERRNTRE o KPR 1)k BEAR 4l
WS A R AT LR B R, beiess I
KRN 11k (11025) A1 22k (22050),
MR RAE 2 B, ATRIRAE N 11k F 22K 1)
55 0T LUIE J W IR GR 15 5 B s A3 02 5.5k
11k P 11k OB I 0 8 R ST,
M 22k LA A G 4 S i ot B REEER 1)
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Multi - Speech Model 3700 ZIIEEESDITARLB N

#—

1. #ER

ZIUfETE ST RS (Multi - Speech
Model 3700) /&£ HEMES 45 R /3 M5 1 &R
gt, QWARES N EE AR SR
PUOPHTS BT 2 YR AT TR
e RRRBIE 22 L i AR IR ) 28 i i ir
LB

2. ARG EHZEILHLUT 8 306,
ZHRIUE R 1 - 8 MIFF 2%,

1. Multi - speech ( EFEF)

2. MDVP (Multi - dimensional Voice Profile,
Z YR S TR A

3. Analysis Synthesis Laboratory (i 73#7 55
B4 k)

4. Real - time EGG Analysis (52 75 [T FH 4>
IR Ce

5. Voice Range Profile (%4843 H7#ca4H)

6. Palato meter Database ( Hi, 1457 23 B & 1F
LIEAEHES)

7. Video phonetics (i & A5 IR )

8. Voice Disorders Database (i 281 % 4
)

3. AL NG, BFREW T A
BT -

EIDT  Bulli Syawch Bedad 100

Wil

1AL W Analysls Synthesls Laboratory
 WDVP Valce Program
f&i NDVP Advanzed

94 Analysis Synthesis Laboratory AT
) hnalysis Synthesiz Laboratory Help
& nove

& NP Advanced

@) NDVP Help

B9 Multi-Spesch

@) Multi-Spesch Help

9 Multi-Speech Laumch

fi Palatometer Database

@) Palatonster Datsbase Halp
Real-Tine EGG Analysis

) Real-Time EGG Analysis Help

¥ideo Phonstics

Phonetics Help

ice Disorders
oice Dizorders

m M uli-Speech Meln Frogram
4 Palstometer Datehese
B RealTime GO Analysis

[3]

% Woice Disorders Database

Wideo Phenstics

Database
Database Help
ice Rangs Profile

oice Range Frofile Help

L FL SR

Rith“Multi - Speech Launch”m]#EN R 48
PFE o, R ORTE CE MR, W

98

A E TR
R R SRR ENA N IR, AR
JPES, TR AUSB .

4. RAETRERISr

4.1 ZIHEEIEE M (Multi - speech Main
Program)
m
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[ Y
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4.2 ZHREF IR

2 YETRE IR AT PRI S B RE A B
FUIEHE IR AR AL R (1 P 2P e e
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