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Abstract

As a sub-system of the speech understanding system, we developed a classification method of
spoken words in continuous speech for many speakers.
Speech wave is converted into a time series of short time spectra by 20-channel filter bank

and is segmented into four groups: silence, unvoiced-nonfricative, unvoiced-nonplosive, and

voiced group. The unvoiced groups are classified into a unit of phoneme by heuristic algorithms

and voiced group by Bayes rule.

To normalize the variation of reference patterns among speakers, vowel patterns are learned

by the non-supervised learning method.

The optimum matching between a just recognized phoneme string and a phoneme string of

a given word in the word dictionary is performed by utilizing the phoneme similarity matrix

and Dynamic Programming.

According to the results tested upon 1,500 samples of isolated digits, spoken by 20 male

speakers, about 97% were correctly recognized and, in case of the system adapting for each

speaker, 98% correctly recognized.
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Fig.1 Biock diagram of spoken words recognition.
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Table 1 Results of vowel recognition by various
classification methods

quadratic

- s linear
method cityblock Euclidian discriminant |discriminant
distance distance Function function
speaker— i
independent 86.3% 87.4% | 91.8% 93.09%
(common)
speaker- \ ]
?e%gng!jntl) . 91.8% 92.29% 95.0% ‘ 95.0%
individua

Table 2 Results of vowel recognition by quadratic
discriminant functions in parts used for
standard samples extraction

standard pattern error ratio

method

. . i i
mean ‘ covariance a ‘ 1 ‘ u ‘ e 1 o total
|

{a) common l common 0.0%'9. 1%‘6, 894(7. 6%‘5, 0%54. 7%

(b) individual] common 0.4 il‘s 4.0 0.0 2.0 15

(¢) | individual | individual 0.4 0.8 1.1 Jo.0 0.0 0.5
1
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Fig. 3 An example of phoneme recognition result.
(a): power of input speech (b): degree of spectra
change (c): voiced part (d): transitional part
(e): first candidate (f): second candidate (g): con-
fident degree of first candidate (x100)  (h): seg-
ment duration (x10ms) (i): input speech (arith-
metic expression: 11+2x3)
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AF BZR = HHEAL Hv ELRE) OTBBY
HEERLTHS. (c)WMD R <2 b VERS,

3.1.2 TR~ x DE/LEAERT. 2 X (/tasu/) ©
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BoLBOEE TRE LICHNC 80 (& (560 HEE)
OEERHOFHRBIRR, BELES BT &
BFFE BETEORICERLLTENZ N 86%,
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DFEFERD. CNSOBRD LT B/, EED 2
DOFHEHOEUELINOD 2 DOFWDR R +
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COEMBREL BB XOBIRANC LS i &
J OBV NZI L L2 BENHBY. o
B(i, j) #EFETFEEREFROT < TORTICHL
TRH 3. LKEUER BRET, jOEEFSTOE
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OHETR, BENERTRCHENEN B LIzZ0
WL ODIINIDORIE). D B, j) OB
& OBPE SGE J) £ 05 100 DREORICE 3
EHIBBEBUTRDE. TFH T
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PEAKAEANTOEVDOT, SHANBREEBER
LTHES S BUEE ST 1.

Table 3 L FHEEBELEOH £ 577, “In” DM
BEETEE (%3D) OFMIT, “Out” oismiishi
FRICHET 5. BRER /#/ B, BEPETHE
FERESToN30EHCHOREUFHRTH 5.

42 HEH®

HMEOHINL, BIINAFISIKROREST
ZHBLRAMTCLICHYT 3. 2OHRMEICH
LT BRo—<FHIOTHENHLS LI HEREL
A&7 3. sTHEBRMAEMER, EHEREO—&Y
REBEUEL2RTDIOTH-1o. —HFHBFO—HOET
BT 203 VT F R M- THEOERASZY
(AERE) BHEPHOBTHRANOBVOBIDVEND
DB, ZHCHILT 3 D ICHBFOFHRERIC
“Ik(c) LWHHERTEEEIND I (EFHRETES)
DEIFER b LEDEAHFRI c(0<c<1) 2 /AT 5.
FHBIMTHNSINAE j 2/ 2 v (B—BETE
HE J, BLBEMERE | FERTHOEEES

+llog( 13+ 5,1 ) PLTB) & HOHEHED FEOER (EFHR
2 2|1 7|2 | 24|12 % I, BIERE ¢ BIEHROBEAFREE c LT 3) &
Table 3 Phoneme similarity matrix
In\o“"i P u | e y\of m | o ) p | ot k { . - | s
a 100 36‘51169t75\51‘55 58 5 5 5| 5| 5| 5
i 36 100 | 83 1 73 | 56 | 72 7 85 50 | 50 .- | 51 5 5 l
w | st | 8| 10| 7| & | 8 | 8 89 s| 5| 5| 5| 5 51 .
e 69‘;73|74‘1oo 69‘59|69 74‘ 5 | 5] 5\ 5. 5] 5
° 5| 56| s | e | 100 | o s | =, 5| 5| 5 5| 5| 5|
m 61 82 9 ’ 69 N | 100 92 86 5| 5, 5 5| 5 5 |
n 65 8 | 93} 79 5| ez 100 88 51 5 | 5\ 5, 5 5 -
7 58‘95‘99\84‘851se)ss“loo‘ssias|sstao‘ 5 | 5}
* 5] 5| s 5 5| 5 5 5| 100 | 100 | 100, 5| 5| 5| -
: i | [ 1 | i I
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Table 4 Example of entries in the Word Dictionary

Word |Symbol |  Phoneme Representation Dordbion | Cution
ichi | 1|1 /0.0) © Pre(1.0) 350ms| 100ms
] 2 [ni 300_[100
| san 3 |saN 550|200
yn | 4 [Y3090N 450 | 150
90 5 lg0 300 | 100
mke | 6 [7/p0.85) © /k(0.95) * Tht1.0) [ 460 | 100
nana| 7 [" 2/N(0.85)"/al0.85) 8/N(0.85) | 550 | 200
hachi| 8 |h a/N(0.85) */c(1.0) © T/c(1.0) [ 500 | 150
kyu | 9 [7/(0.95) k/(0.95) Yu(0.95) U | 500 | 200
rei | O |'/p(0.85)€ i/ (0.95) 400 | 100

BRIE LicBaiR, BUEEZXRRATERT 3.
Sk c: J, 1, p)
(81, J)
[ ex Sk, J)
T oS, T)+(1—p)x S(I, 1)
pxexSk,J)+(1—p)xcxS(k,1)
Pite S k,c: J,1, p) ZMBUT Sofs, j) LEBL T &
29 %. Tabled i 10 ¥F D HEHRE Ol 2 T4
(OEARIR®ER, BIFHOBNIDIT c=01THEYT
3). HBHERMIEST 5> W ANTRFOMEE
BROMGEHEHOB/ NMBEROMIKIVEAR, <
v FYIBEE (RE) 2R3 BERTEHREZD
BEARER, FAE UCHBHEERANCE D HE
HiCHEEINBY.
4.3 DP [tk 3FHIMODTyF VY
HEXEDDS 3 HEOTFEA LB /- FEP
X LTHrIEsdnEslohics s, £ORED
B (REF/RRa7LESLR) 2HET IHLENSD
5. LCZTik THBOHERO—DOFRE BT
FIo—D20FR (27 2V 1) oxisicy LT,
4.2 TRRIFHRCEIOBEUEEARD 5. FBOME
PO—DDFRY, HPEOBINTFEI L HIESTS
hTdi&id, ehooB|UELENTET 2. —
MEAMKICHI 22371, BREOBEOESHON
PELBESKICHI > THEFEZ L b (Fig. 5
REBR). ] LEHT . bowaAELMSSTI
MLUT BORBOWRIATEZZOREOLELTS. C
OIS STRECEUT, FRBIFOEI»S AT
EYHLEZONIROFBEREL-
1. HEPFOREBLUBER, BIEHESIGOM
w35 3FHMURNLASST 5.
2. BEDOFEIR, BIFEShOERT S 2HE
HUR ERIGTTS.
3. BEho#EkiT 2 SERIL, BIFEINO1E

i b

HERMEsF .

4 BAFEINOELRT 5 3 FHEOMBRIE DT
2 250ms A2 3BA, HEPORRELR
CBEFIR, Co3FHEMESFIO.

5 RAEHESIOD 3 FHOBGRMESS, 100 ms
ZBIBVEAR, HEPOERTRIOFRL
i ERBISSF U

6. HRMOTHIMNHEEMGHRNEOBENT B
BIEENERES T o 3BARB R 2 TERL
3.

BEZNSOHIRIL, HEFBEORRICLYHHIKE
ET&5. /o &2 Table 4 DHERB/DTOHA
ROFHRIGR I ZORBE, AHRFBR1LLD®
WHIBRICT 5.

BRERN L HENETOF EHBEOTEI OB
RISMIE 33, DP OF¥KAEEI C ick > THER
FROES RWLNTHEES W 5. L, j) 28%
PO OHEOFHRIND i BET T LHBYBTHEND 5
REECORB vy FYIRaATESTRE, BEBOD i
ZEOFELMBFOBARSDVTIE, i>2 0L &,

L(s, jy=max{Li(3, 5), L2(3, j), Ls(i, 7), L(i, ),

L3, 7) Le(i, j)}
TRHOSNB. T

Li(i, j)=L*{i—1, )+ Sz, )

Loi, j)=L(i—1, j—1)+So(s, 5)

Li(i, j)=L*GE—1, j—1)

+ {So(i, j—1)+So(s, 7)}/2

La(i, )=L(i—1, j—2)

+{So(é, §—1)+So(s, 7)}/2

Ls(i, ))=L*(:-1, j—2)

+ {So(Z, §—2)+ So(i, j—1)+So(i, j)}/3

Le(i, j)=L(i—1, j—3)

+{So(Z, 1 —2)+Soli, j—1)+So(z, j)}/3

T&H 3. 721 L L*, j)=max{Li, §), La(i, 7),
L4, j), Ls(i, j), Le(i, j)} TRIBRDOHIR 3 O&Micxt
IS4 3. %k LA, 1D=So1,1), L(,2)={Sq(1,1)
+So(L, 2)}/2, L(1, 3)={So(1, 1)+ So(1, 2)+ So(1, 3)}
B Th3 FEOEAR L(EjH=max{Li(, j),
Lo(4, j), Lsli, 7), La(s, ;) TKd 5B, Ly, L, -,
Le 3, WS oEEICHIET 260 7T Fig. 4 (X
HBR) KU I2HESTDE r, re, -, 76 TS
T3.

MUBMEETFEORBICETR, =y Fv/ahs
HEREOTHIE (FHBE) %, BIEHRNEL
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recognized phoneme string
Fig. 4 Kinds of matching route

Jo LT3 &, TOHEICHTZAEIR L, jo)lie T
Bzohs BUWHRTHITRTOEFIHLTA
EERD, BEEOLELH OMELHIREELT .
Fig. 5 RBME (A V] O <wv F Y IHERLT
AV
BRHESFORSS L UCEREETORLEDORE
OBRHIL, COFEERET 2 LT LTHIN

6 19),20)

5. HFPEAEOMIIEEM

HHEEEORBMBIHR LU LOF L, MM
EEFORBICENLETEYLERNT 2720, BF
EW (4F, = Hv, 3¥, I, wg, FF, NF
Fav, LA FRIZV-EREE) ORBOEREL
7o OB s — v EEREELE 2, 10 £
BEUNRE LS50 HBETELEUHEEREE,
Bt 2,450 BEEEM SR, TD 10205 10 FEKS
mRE FEE1) L6 rA%iRESERE (3K 2)
Zhictho B 10 L& 5ERE GEHR3) Licd
®, L5000 Y Y FALTRBREB LS. TER
Biz—BHE T —SRBgE Lk FEWER/NEEG

Input strin

first candidate
second candidate
degree of confidence

Dictionary k .',’,' !

matching score

u
r
u e
{ |
9 K i
: a
I
ké
P2 o * e mu

AEE#FESE - EREANEBUEETFEO#I 657

Table 5 Recognition rate of spoken numerals

test samples test samples test samples
method No. 1 No. 2 ’ No. 3
fg;:::;;em 96.49% 97.1% 97.6%
v 97.4% 9.2% /

£ (MELCOM-70) =& L7zht5> KUIPNET %
WU TR ER (NEAC-2200/250) D 7 7 £ MiCH
# U7, WHBERIE T~ T NEAC-2200/250 THZ
Wote., HFHEOHEIL, Tabled LR ULTH 3.
#:H %4 Table5 iCR3. ETEEFEISHD (speaker-
dependent) DML, FFJEETLO ZHEERE A -V
ZROIBATHVEERBIIL > TN, BHER
i3, REOKMOZEB XUZEFICXIEMENEL,
REEFEZICH LT 7% to@sRsB o hre.
T —vorERELENTNE, 98% DL
BHRLBEILRBBETH 5.
FHRBIEROE_RECE—RBOEEEOHAA
i, FHEBIEOEE AL HEOFBROM LT
RKEEHTH-> 1P, BEFRBOTAVITY X L%
EHTEALL, B ENMCREEROUESS
ENMHERTEETS Y2 7 A2 3KHERELTY
621).

6. © ¥ U

FERER AT L0—REUVTHRLICREEESE
OEBT M BETHOBIKICOVTR~</. T
DOF R, REBMOXTAISFRBINCLI-TE
D, MEREEO<y F Y RET ARG, &
7oMRT 2 EEEOHEML CLBISR S EVED
57, MENECRWMARLEINESTL LLVEK
HEH 5.

B SROEZ0SBOKFETH I LT, #il
s 7% 2R Eid, T T THBRICHELSIIL

100 33 100 90 100 89 100

Score =672/7=96.0

Fig. 5 Graphic representation of word matching and matching score
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HETECILTOREEHTSH 5 2 &2 RLTH
3. $FENOERNSZ -V ERATACERE -
T 98% VLo#iEsBohzscLitirli. ¢h
5> DORBMRIZ, 4ROMEFFORBMEICHLT
BEELRREEZ 20 EINE. XSKCODF
EiL, ERHETEORBLERSTETICEET S+
~7— FORIBICFB CE, TEERY R 7 LAICIE—
EHERTH 3V,

AW TRRICEFHEF D S O BERIER, oz
Flresd -~ ORBMCHERTHREEDNE. LV EH
BRBANFEAREIT S-0IC, Bi3h7-HEIRD
ETH3.

1. FEBIMENOBIL (2.t k OB,

2. BEBFORFEHICIZIFBFCAEEZLTRHVA

B BEERFE -V OTHEEED.
3. HEBEOMAZERERLU-EERHEOTHMBEM
BOBRES L REEEY.

4. RBFRINOFI%RBEREZR LI XRRERL 2y F

vy,

5. HMEWHOFAEOREIL.

ZhS5IDOTIE, BERDTHETSTETH 3.
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