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A Vowel Recognition Method for a Sequence of Vow -

els Based on a Linear Model.

Tomio TAKARA®

Satoshi IMAL™™

Summary

Coarticuration of a sequence of vowels is normalized by a linear model of the

coarticulation.

An auditory response of ¥, in ¥ ¥, ¥ type connected vowels is

modeled as a linear function of the acoustical features of the preceeding ¥, ¥, ,

and the following » .

The coefficients of the function are determined by the

method of least squares using training data. The error rate of the recognition
test using the model is lower by 7.5% than that of the test not using the model.
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Fig 1. Examples of Vowel Space Parameter.
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BT A =5 THIL, 25 £ — 7 DBRS TR Table 1  Example of the Predicled
Flosg v LTTO v LA bDTH B Value and the Residue

BRI A FOLULT, CCTRORTD AN Using the Linear Model.
SHEA =T b BRIV, A ARIIR <7 b s, (Speaker Y1, = /a/ )

DFTAT =20 b (10kHz % ¥ 7Y ¥ 7, 12 §7=0.0044  'm7=0.2678

oy MRFIL, 2565875 v 7~ YEEEIA, FFTiC ARES #H E% fiti ¥ i‘lil{ﬁﬁ pigilFSe

&£5) % A VEBBIUE LTSHEL, <7 fu j R, R; §
2R TREE L, ChicsieRl, coMf 1 ~.7655 -.7416 -.0239
I LI bDTH B, 2 ~.7655 -.7026 -.0629
REPHFDIYR~I b V& LT, TTTH, A 3 ~.0652 —.0862 0210
HEIRHI6L ORI LA BUGEH O 4 w2 <2 + D) g -3352 -g:;’g —383;

o ~ . vt T adx -.

mE AN L 6 -4455  -.4097  -.0359
2-1 EFLODHE 7 .1491 0203 .1288
8 .1491 0590 .0901
ABEHFHOPE LC, B3RS v, vE LY 9 7464 .7883 -.0419
BHIF, DREDIET v, FHELDTHEOENE LT, 10 7464 1768 -.0299
Lk F v ERN TS, 1l —-.0652 -.0627 -.0126
B 1 IR Lic & 5 RS RIES 5 4 — 5 OB 551 ig :2322 :g;‘i‘l’ ‘g:gg
sty Y EERMLEEBBLT, MU 3LRED3 y Caith eass e
DOFFDLERZICLORIBT B, OV &, ¥, , 15 1491 2121 — 0831
BDV ORFWLOBERENIA -5 1 7v—0 16 1491 2220 -.0729
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ELTH, Vo OBI~SPE 7 7 ROBBHF R~y 23 1491 1500 - 0009
N VOREEER ST A — 5B HR Mz, CRSENNT, 24 .1491 .1859 -.0368
A &R &Eic L vm, &6 2RDB, 25 7464 7536 -.0072
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Table 2  Results of the Recognition

Test Using the Isolated
Vowels for the Targets.(a).
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Table 3 Example of the Predicted
Value and the Residue
Using the Variable In-
crease — Decrease Method.
(Speaker YL i=/g/)

§7=00047  R2=0.2678

EMES | BEM T TisE
j ,R" Ri ej
1 -.7655 =.7512 -.0143
2 ~.7655 -.7203 -.0452
3 -.0652 -.0790 0138
4 -.0652 -.0819 0167
5 —.4455 ~.3429 -.1027
6 -.4455 -.4193 -.0263
1 1491 0214 1277
8 1491 0510 .0980
9 7464 8221 -.0757
10 7464 7716 -.0252
11 -.0652 -.0515 -.0137
12 -.0652 -.0296 —.0356
13 -.4455 ~.5189 .0733
14 -.4455 -.6217 1762
15 1491 2228 -.0737
16 1491 2178 -.0687
17 7464 8393 -.0929
18 7464 7253 0211
19 -.7655 -.7411 —.0244
20 -.7655 -.7384 =.0271
21 ~.4455 -.4599 0144
22 -.4485 -.4914 0459
23 1481 .1593 -.0103
24 1491 .2023 -.05632
25 7464 7016 0447
26 7464 6127 1337
27 -.7656 -.6761 -.0894
28 ~.7655 =.7470 -~.0185
29 ~.0652 -.1627 0975
30 -.0652 -.0943 0291
31 1491 1279 0212
32 ~.1491 1575 -.0084
33 7464 7753 -.0289
34 7464 .6427 1037
35 -.7655 -.7789 0134
36 -.7655 -.8241 0586
37 -.0652 -.0381 -.0271
38 -.0652 -.0534 -.0118
39 —.4455 -.3323 -.1133
40 ~.4465 =.3430 -.1026
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Table 4  Results of the Recognition

Test Using the Isolated
Vowels for the Targets.(b).
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Results of the Recognition
Test Using the Averaged
Vowels for the Targets.(a).

Table 5

AR
BIEE (O Y NEBSANED
ADMES
YRS closed test 2 (80)
YI HA
open test 2 (80)
Y1 0(40) 2 (40
H 4 (160)

HA 0(40) 2 (400
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Table 6 Results of the Recognition

Test Using the Averaged
Vowels for the Targets.(b).

mytLces
ammeade (A vaRR|ANEO

IPMOEROH Y 1 THH 130, HATHEH 139

ZOMMBROESKEZONS, bbb, T
[ MR E 4 3T, hRBEE O J ~a
13352 7 2T 5 'R OESHBAM 1 Cish,
BFAOBEICKT B ABMOWA, WIEFEE FIEHT
ETBHHLDARELBENOTH Do 'RDEDIR
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L ST, s, s VDT ENOR LK
SHEFHOLFINEEE (BIERE) R OBS ROCHS S

ATIREE
FHAEE closed test 3 (80)
YI HA
open test 2 (80)
Y1 0(40) 2 (40)
& 5 (160)

HA 0(40) 3 (40

FIRIMDIEAD 15

{3) SaMIEE DB AR
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T F R BIRT L EHMTES,

TR, Lo MjatLi-e7 ) CTHERALL
DR & L TR RAT 5. 8%
KURROFEIINROEEME LR ET S .

WHMRBOSERER TICRT . CORBRERS &1L
T aE, THIMORAOEIR 1 ~3 XML,
AR 1D LT Edbh B,



74 : BB EFvic s ZREUG PO BEORE | WA - 5

Table 7 Results of the Recognition
Test Using the Averaged

Vowels for the Targets.(c).

IREIZER D H BHACERRH:
MM (1 v NREATTRD

AN REE
RS closed test 1 (80)
Y1 HA
open test 2 (80)
YI 0(40) 2 (40)
i 3 (160}
HA 0(40) 1 (40}
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Table 8 Results of the Recognition Tests of Five Speakers.

(B2ME0 (BB (RANED
SIZ BT 2RO
ADBETH
2YREE ; " closed test 2 (200)
YI YA!MT HA KS
open test 2 (2000
YI YAl O o . 0 2 o0
i 40400
MT HA KS| 0 0 io 2 o

FAMDESOH Y1, YATEER: 39,
MT, HA, KSTHH® 1}

EmE 99.0%

Wik L eFa
AR &EE
EERRAES . los ’
YI YA iMT HA Ks closed test 5 (200)
open test 3(200)
YI YA 0 1 0 2 0
it 8 (400)
MT HA KS| 0 1 i1 3 o

MOS0 15

MR 98.0%
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28DFF (Y1, HA) OXERE 3 NRRE£EH ¥
BAVIKE S 3, T TORRERBIC LTPRE
EORRTYLORE R Y5 A -5 2T 5, —
HOFEORGEM T A — 9 2 BE 7 7R EITM
BER L, ChiEB g v 5, EDIGHOE
HEM NS5 A— 9B AN v &L, AT1¥s v EE
Woey vEORID2—2 Y » FEBEIIIL, AT
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5 yHOTEELABAT, Chi2lliT. Tk
T, BRUSY D5 2 —SRAORIE (=55}
& x 6 fFEAMN T X — 5B THba

EMNERADIERER I ICTRT, LOBRE, K6l
LURT LT BL, BEROBL, 6, RTX
NENWT EXbd, [T B/57 4 — 5 DIRANEK
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Table 9  Results of the Recognition
Test Using the Reference
Pattern of Vowsl Space
Parameter of the Center

Vowels.

REHK (I 73RBEANED

AN REsE
YI HA

a1 ER 3 closed test 3 (80)

open test 6 (80)

Y1 0(40) 4(40)

it 9 (160)
HA 2 (40) 3 (400
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WERWBHFENERTHAL LERL, KT, 2D
EFNEMRIEL, EFVvORERANCOVTHEL
o 5 ROPMELEOTHAMEMVIERTIR, 2
Ry Py F Y IOHETRNRINSETHHD
gL, MBMtLze=7rE2M0 558 TI38.0%,
RBUEEFMEROAHETRPOB LE T K
i, I I HESHORCOWTHERIL,
HESRSEHRICE L TIHROERRHERAT L E
BEYUTHB L EER LI,

LSwoRE & LT, BEhLEBBMICRING S
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