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Abstract

non-linguistic features are diminished. This representation is called the acoustic universal structure. Every speech

A novel and structural representation of speech is recently proposed, where the dimensions of inevitable

event is described as distribution and distance between any two events is calculated as normalized cross correlation.
Then, a global structure is composed of all the distances. The structure is invariant with any of a single affine trans-
formation, which is the simplest model of the non-linguistic features. This structural representation can be viewed
linguistically as physical implementation of structural phonology and psychologically as speech Gestalt. This paper
introduces a distance measure between two structures. First, the measure is investigated between two structures in
an euclidean space. Next, the measure is obtained approximately between two structures in an noneuclidean space.
Key words the acoustic universal structure, non-linguistic features, structural phonology, Gestalt, distance mea-

sure between two structures
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Fig.1 Structural matching with shifts and rotations

HRERRE2ETHMmE LTHE, omElE2E 213Ny F v
U iR GEBUEAHAAHB & 54l & LTk, FRMERkz
OO E LTRRT 2 L, ZOMIEIIH— DR~
IR LTRETH D, N2IESFHVEBUTHT L e »iFEm 72
g & 72 (HENEEMRSE) . &k, REHMERT 2EA
REBOFEMZERICOVWTIR B 22H L THE Vv,

4. EERERREOEH

4.1 3—7Yv RERMICEIT S EERIER

—RIEM Ac+b 12 k> THEEIZEE v, T A 2T 3
HEIIEOEE &L EE), b 2R THEIMEDY 7
MY T2 222K T5, il kolc, MEzAEL
T2DICIZEMEEEC2M0ERH 55, T TEHET2—
70y FZEBIZET 2 2 >OfE e, BRO &% #HTER TS
&z (K12H), HEEREZBITNICERT 2,

N Xjmx—7 Vv F&E- (HiiZ0) Ao 2250 M Kol
#EZ%, 5% {P,Psy....,Pu}, {Q1,Q2,...,Qu} &T
%, WA P, Q % P=(PiPj)i<ij<m, Q=(QiQj)1<ij<m
LB, BRI A LR PLEIRNLT, 0Q = AOQ; +1b
ZED, WERZER DAL 2RDEHICEL,

A L b ZE LD D(A,b) DiIMEZ, P, Q DEYDH
ZHWTRTZL2EZ 5,

Stepl  {P, P2, ..., Pu}, {Q1,Qo,...,Qun} DEEREE—FHT
OXRDDZ, FT P=0 LT3, RIZ PP, PIELWEICR S X
T Py %ED, RIZPPs, PoPs SIELWMEIC 5 X 91 Ps
LD, TNEGEVIRLT P, Py, ..., Py DEREE KD 2
ZEDBTED, Q1,Q2,...,Qu ITOWTHHETH 2,

Step 2 “HIBENCLD, {P1, P, ..., Pu}, {Q1,Q2,...,Qum}
DELDFE O ICELE S X HICT 5, FITBEBD 2 DO
Wicx LT, NxM 11451 S, T % S=(OP,0P,, ...,0Py),
T:(O©17O©2,...,OQAI) LEET B,

Step 3 N RIEN{THI S'TT!S DA MEZE, EEHDEDT
a1, 00, ..,any £ 5, ZOR, Ko MHEIEMEROR/DME,

M N

2:(5E2+5@f)—2§:¢a

i=1

Yhs, UT, FEOENEGTAES, £ D(A,b) BT 3,

9



M

=) |40Qi - OP, - b’

1

D(A,b)

i

o

(JA0Q:|* + |OP:]* + [b]*)

1

.
1

M M
~23 " A0Q:-OP; -2 (A0Qi - OP) b

i=1 i=1

Dﬂ:

(10QiI* + |OP:|?) 72§:AOQ10P

1 i=1

7

M
=1 i=1

X 5T D(A,b) pS/IMEIC A % & T 4UE, Z4Ud b=0 DIFT
b2, R 2 oOMERRLYEL 2 LS CEAADbYE, —f
ZIAlE X ¢ 5 OS2 USRI (BQ)) DRMAIARN
LaiuE kv, 2hE B(A) =M A0Q, - OP, £5E, A
RE) LD B(A) OREAMEEEBET UL L0,

A=(aap)1<a,8<N> O_Pi:(pai)1§a§Na O_Qi:(Q(xi)1§a§N &

B TEE, cag—zl\fl Paiqpi £ B L, E(A):Zayﬂ CaBlap
Elb, ADEXTITH S LI
Y ais-1=0 (1<a<N) (1)
B
Zaagaa,[;:o (1<a<ad <N) (2)
B

EHT B, &), (2) DT TEA) DEKREEXEZ S, (1),
(2) DA% fo(A), faa(A) & B, Lagrange D RERE
XD, EA) PEE L5 X9 7% A=(aup) IKBWVT, 5
AM(ILa<N) MO N (1La<ad EN)IZEWT,

0
Baus { (A) = AafalA 2 } ()

Z Aaa faa

il Tb0NEET S, HL,
o < a < NDGEIZIE, da = Aa’as
EBWV, (3) ZFtELT,

1<a,B<NTHY, 1<
faar (A) = fa’a(A)

Cap = 2Aalag = Y Aaar@ars =0 (1< a,B<N) (4)

a'#a
%%, ZITN x N3l A %,
ADH (a,') KDy = 2a (a=d")
Aaa (Oé 7& O/)

LERT B L A SHBAITHD, £ (4) kb
AA = (caphrcapen = ST

%92, $2&

A? = AN'A=S'TT'S

Ths, —Ji B(A) i

B(A) =) captap = Tr(S'T'A) = Te(S'TA™") = Tr(A)
o,

LRSI D, STTES OFERME 29T ar, ..,
L, ADFGEZEEZ DT B, ..., 8 ETHUE, 57,...,58%
Jan DIERBZTHD, %7 BE(A) =Y 6 TH
3. 209 % BA) R TRALZOE YT o TH 5,
ko TRO 2 B(A) ORI SN Jar 4D, Thk b
ERAERORMEIDLTO X ) IcEE SN 5,

ﬁi(OH2+OQf)—2§5¢m 5

i=1

CMNcE

(24 a1, ...

~

4.2 #1—7UwF”ﬁE$H%EEﬁE$

AL DEHIVERT 2 HENEME 2 Vs 7 S R
HtxEZ 25 n,m@fmﬁm T U 7 PHEER B A BRI
AR, Zdud, ZDPEL—2 Y v FZ2EH (SRE) T
HY, ZARERDBBTLHHRIZL Rz, #lZ1F Step 1
DEIEDT I 2700, 2 2T, 60BN EFEE VT,
YVHINICERD H IR E 2 ERT 2 08B H 5, 22T,
FEERIICHE S N B 2 TEIC Z DIEEER %2 % 2 2 [7).
HAA 202 AT & o THA SN EFES AR 60 X (A)
&0 (8], FEEEICHGEERE D monophone (5 IKfE 3 77f) %
PR L 72, S RIEMREZ WIS 2 RER DNy F- v V) D
FEPECTER L7z, 2O XIHITLT, Kib&mIcEL DHAAN
HOIC K 2EARDEA L (HRAGD X SFENRR#TH D,
MBI X > THERL 2v) SEEEREMENHESNS, 0
202 MR D RFEHERSE 2 V> CHREER E 2 35 5,

9, —DOOMENICBM I NI IO VWTEZ S, 5,
N Xgta—2 9y FEBNIC M @orisdz L35 (B,
1<i< M), L% Pg & LA, RADBELL S,

——E:PP 7§:PH; (6)

i<j

FEOWEIZ NS F 2 V) Y REEECIRERANIC S AL L v, L
MUY F 2 ) Y HEEOV R Z A EERERE & Ui T
3 &, Bl RO 202 FHORFSHEEZ -85, R (6)
OMAIEE 2 1R TRREZRET 2 (HLGHOHE L, K (6)
DMjA%E M THY, BICPFIRE Lo bDE TRy FLT

25
24 - ¥
&
X ﬁy
ot
$¢#ﬁ*
a
190 % ]
. Corr. =0.997
18 —=— ‘ ‘ ‘ ‘

1.8 1.9 2 241 2.2 2.3 2.4 2.5

B2 NFF ) YEREEO TR ORHE
Fig.2 Properties of square root of Bhattacharyya distance

— 3 —



Corr. = 0.999
1 1.2 1.4 1.6 1.8 2

[ —
1 2 PP x QiQ;
i<j

3 TOREHEICE VW TNY F v ) YO PR AIRF O R
Fig.3 Properties of square root of Bhattacharyya distance found

in two structures

W3, B3 bEKTHS), NFF v YO R%E
T, T (6) WERUMICIHE SN2 L h 5,
ZOo0E (P}, {Qi} &A%, HL Py, £ Qi 1A
FThs (FEEBET 2 sl cEaENns), 202 f#
HORFEREGIIN LT, UTORXNERIICRZT 5,

M M

1

i ZPin X QiQ; =~ ZPiPG X QiQac (7)
i<j i

FEBIC 202 A HAANCH LT, H—XY 7y F2FHAET
TAEED 2 NITW L CEX 2RO DR 3 TH 5,
®(6), X (7) &0, UTOBHRALEI NS,

% > (PP - QiQ;)° (8)

1<J

M
1 2 2
7 ZPin — 2P P; X QiQ; + Q:iQ;
i<j
M
z}ZEHf—2BR;x@QG+@QJ

= > (PP -Q:Qo)’ (©)

=® (8) IFFERMIEEEATIIZ X7 bV L RA L, fT7IME%
X7 MVHDOL—7) v FHEHEE LTRO b DITHET %,
= (9) OVENRIRZ E 2 2, T (9) 13D DR Dt HEEE
FOHRTOMIE, e I ZHERICETINHTH S, 5,
TOORBEOELPERL L) ICHFEES 7 FIEDE (20
ROELZ O LT5, B1ZHR), 20%, WETsREMA
WEL L L), TN OMEEELED ICREIE, |6
BN ERDFAZRET S, %8, 0, ZE1ICH5 L)
LP0Q; THD, ZIT|0; oI ngai,

P,0-Qi0|~PQ; (ML, v 7 &)

THY, LY 7 MSkoT S, (0] IR E < iU

M M
S (PP -Q@ =Y POl (10)
i<j i

DIEALS %, WEED S 7 P SEENEAZ, WG MESAHHRIE
EHMEAZ KBTS L2 %22 L, R (10) & LETEA
BT 2 S8R EIE % ) 7B OB ZNIEHEO THE (DI
fii) 5, MLLR[9] % SAT [10] 23{T7% ) I ALHEE 24T 9 2 &
%<, F£i, HEFEOVMNEREBEZENICHCTIZ, ke
WEDHIRDOAII X > THIPND I LEEBKT S,

nE, RO)IKBEVWTP=Qc=0 t75%¢L,

M M
> (0P* +0@.") ~2) 0P x 0G;
i=1 i=1

L h, Xo®dr s b (10) Lo EbN S,
5. ¥ & ®

MEXEIICRR I N EFHRBN L T, 2 D ORGSR
WA L7z, 2—27 Y v FZEMICH B 2 DOREEICOWTIINE
TEMIBEMEDSRATANC R F 228, JE2—2 ) v FEMIZE VT
SRS LSRR EOMEIC LD, 2—2 Y v P2
MIcE T 2L ZDE EMHTHILIETER Y, 22T
FEBRIVICH & N A TEBERE O R IS I D T, TR I R
MIEERERE 2 S L7z, fEHRELT, NYF 2 ) YHEEOYST
WRCHEMREE T, HEHTHZ —>DR7 PV ERLELTH
W z2—79y PR, G0y 7+ EREZRONRT
27 (fh) ORI OR/IMEZERITE 2 2 E MR
N, Bz, HETI02—27 Y v FIHEE
RPN REZR O EWREN, 7 7A T LMEEE IR
e h, LPCREAEZZD2—2 Y v FHEEDSHHIE 2 P
N RZR 7%\, LPCREE D L7 72 7 MRZED 503
42 OBEAEUIIZE VLT ) FEOERE - BEZ RSO —D
MIZILH B EEZ2UE, ZOWHEHMTING THEERELLORS
) LVLIBRICBLTERRBMETH 2,

X 3

[1] K. Johnson and J. W. Mullennix, Talker Variability in
Speech Processing, Academic Press (1997)

(2] WIBFHCR, “EEEOEBERE D C-T, Hl@, 1-2-10,
pp.243-246 (2004)

[3] fEHE—, “Rarenr a7 Tk BEHERRETHEAR?,
WAL, vol.45, no.10, pp.1005-1011 (2004)

[4] H. A. Gleason, An introduction to descriptive linguistics,
New York: Holt, Rinehart & Winston (1961)

(5] ZEAMMEWIM, “REEFEOEI L ZHUHIEHE T 280 b
DEM”, fBEGE SP2005 (2005-5, FEERTFE)

[6] M. Pitz et al., “Vocal tract normalization as linear transfor-
mation of MFCC,” Proc. Eurospeech, pp.1445-1448 (2003)

(7] Z=WMEW, “HHEOEENEEMEDEACERL 7 SHEEE
HOHBRE”, BEREEYREFIIYS, SP2003-180,
pp-31-36 (2004)

8] HAMEWIE, 3 CALL ME% i E LA HARARKEA
2 & BHiA LIFEGEE S 7 — 9 R— A DMWY, HAHE LY
FCEE, vol.27, mo.3, pp.259-272 (2004)

[9] C. J. Leggetter et al., “Maximum likelihood linear regres-
sion for speaker adaptation of continuous density hidden
Markov models,” Computer Speech and Language, vol.9,
pp.171-185 (1995)

[10] T. Anastasakos, et al., “A compact model for speaker-
adaptive training,” Proc. ICSLP’96, vol.2, pp.1137-1140
(1996)



