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Korean Word Speech Recognition Using Vowel String

Kwang-Seok Hong*

Summary

A large vocabulary speech recognition system needs to use data driven word hypothesis, since it is
difficult to achieve that accuracy in an acceptable amount of time. Pattern matching using spectrum
distance measure has been used mainly in existing methods of the selection of candidate words. Using
such approach, processing time increases, moreover, it is difficult to cope with variation due to
individuality of a speaker and effect of coarticulation between phonemes.

In this paper, therefore, the speech recognition of the continuous word using rules is proposed. The
input signal of speech is segmented according to word and syllable using the rule by the property of
LSP-formant., The two method for deminishing the number of candidatures is proposed. One, which
determine the number of syllable, and the other, which use a serial of vowel that has recognized as
vowels in a word before. The effectiveness of the vowel string is confirmed by applying the above

proposal in a station name recognition system of the subway.
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RE Z7] ol Toll HFREH ALl Gol FA
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Nedl B EEBUL B #Ee ko] &3
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FAHe BN & FIA sl HE(Matsunagay st
Kohda, 1978}3 &®E 4ol HRAE ByiLsl~] 4
o] BE& dov|7] 4& EXEE 2§52 3t F
A3t HE(ltahashisl Yokoyama, 1984), B F1t
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Table 1. Word data.

B4 A, A 4d, W, ok 3, A
abed, dedl, A, A4 4o, Ada,
ohd, 7, @4, A%, AEF I, 4E ¢
T3, 379, 474, uhl, A4, sl oy
2, Y, WY, AL A4, AL A
AT, 48, A Aed, Agucdy, 49, A
diql, AdislE, A3, A4A, yske), dya, A
&, AlAL wle}, Aldh, ololabAe], AN, A]H,
AN, 4A4E, AE A=Y, oo, Add, 2
. AE A", 7=, AR, Ag4 179, 2
749, F4 Fh £ FIbg, oA, B4,
2A, 332, R, 4ddF, T,
2 FE3Y 252, 7Y, ¥, 44, 83
S8, FA2, o4, g wE, oY, diopu],
9 FFH FULEA BH omd, =H4, ¢
W, FHE SAELER FodF FAUF
=4 =84 F237h 3257 nsEog, &
2%, A, =4, BUH, SYHE, 49,
=33, 335, $% 4, EA=247h €223
7h EA2YF, AEE, AXF AP 94 o9
% 4%, BE AL 95T Jd5ITH A
AW, &4 =dl, 37, 3%, J¥, e,
A, 2ge{uld, g4, AL, HAH, YA, ¢
A, of, Mg Fz g4

A,

o
»3 2
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ot Hek(E3 4, 1990) 2 RIET) Ml ¥ BF
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MHsted 7 B e HAlel o st Eiksle Hikol
.
Table 1o4 B ulo} o] & AN BB
EAI 2ol FHT 151709 BEF BEF2 4H
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BE7lel 471€d HEY MRS AsAe &
st ok ey BEEe 47} YolA4E 1 HE
+ Bfisted HWERE 13¢F 2HBEQY BERnl A
JH=1-H/RF1S BEE 2134024 EERHDE
289l 0.16%0l a3} (of, 1989)

=3 BFEE Bl v L€ BETIE $A ¢
a A BEE dohdich slrisle X Hw B
BEY BBALWAANE 17 2§22 BEslz &
& 15170 BESol 907 HEE: RIETIE v g
EHEE mEddE RYE Zed

Fig. 1o R&71E FIMQ BELS W 288 8
A= ebdsich HRel A s thfER A A
<€ Ml ¥ LSP-formant 47g $ich. XHEL M3
By, SWECE S@dE D55 millsle 3%
e &S BEsle] HZERIMO) Qs BEHEE
st DTW & Bi7sle] HZEIRE o). S9) B
ZE2F 109) S8 i BEnsiAl "ok

Fig. 1ol 4 £48 BZEo| MIERNLS R & BB
HZEo] Boln HFanfol ol BHIERML Saprl
2L HEe oz HHY Aot =3 BEF|
o) % HERMS HEE wEls BTl 2 B
e} Bolch

DEml ¥ BB E BEFIE ML B X
Bl oJ3led &S BAsA €coh a8 B
Ko ks VA VIV VIR WIS YV TV VIR V)
EF BRAY Jola BFS TEHENFY MHES 2oy
of 4 L}Fe] EHE Frfto| ¥t sl7| = Fo 323l
| Rl ERE 1F 24 g o) 5Bt = # Aol
o3t Hkech sedei Yol o7t BAMHEE WAE
€2Hel Fch oluf & Rl W3kl KT AT
€ ohg3 22 dizhA) kel o RrEdHG Ad
| EHL f1F Zolst 60ms LALQl HEiBeluk 37
Batch FHAs DEY FEEM Halal gojo}
Pob. AdA = HAel dsld REES ERE o F

Speech input

[ LSP-formant analysis—l

l syllable segnentationl word “the whole
lexicon word

vowel
vowel extraction lexicon
and recognition
word
lexicon |[:syllable
number

candidate word vowel
decision string
1
l DT'—]— word :vowel
lexicon string

decision rule
word output
Fig. 1. Word Recognition System
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Rolch. & 1510e] BEE 2892 TEIH 11374
o BEVEA BESdd

"R 2 ER

RS ¢ BRd FREWE Fig. 200 veld v}
o} o] gE gt vlo]lag il ol FRE
+ 4KHz 55500 Helol o8 fHRY ¥, [BM
-PC¢} interface®t ADC0800& A 8bit 10KHzz
AE7sld 2, powerst ZCR 223 Byfd A o] W
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sledaze] Fsigicl digitalsle &% QAEE
< E4¥UHE (-2 o8 EEESNT ¥ 103
LSPAl4:, power, LSP-formant& #H|s} ol &
z3YdL 10ms2 HHsida, Za|Ysjolds EB
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1
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Power
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pre-

|— post
emphasis

processing

Fig. 2. Procedure of speech analysis.
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7 600 & A BT ol & 2071, B 154140
of BrE ot

=29 XA BEFEe Bl dolAde BREIA
e HE NMEA ¥n FHE Ukt ol F
RBE AAde KEERK =Felzte slrte] 3
2 ot}

1. MOME oM W K R

& KMol A= LSP-formant(¥2} 4}, 1990)& F
Rl BERE, E@EA Aadelc]da) Aol
€ ME BET HES ERBA 2 Aol F
At WEE vl

X% dlolel= EEBE EMAlsde KPMHL
#5ted #HFo] FEEsln e KBBAM oloj2E
F3ted EHig AFElol Akt odrlol M= BEE
By, Fakpr Madslol 4ot BEF) kol BAG
TEEE ot

1) BZEEr Alacislold K 3 &R
REY BFEHL Mool dueFe] HRl
€ RERsl7 $18lod Table 20 U= THEE B3
K& sialch 20709 MTER o244 o7 &3le
HEYE ¥ 54719 EFoln, HF&@HBE 15070 ol

Table 2. Continuous speech data.

Guf g TR,
AAL £ FA 8,
A AR AL
A4z g3 AL,
Ly B3 AL,
ALFZE AR FA 2.
F297 ZHR.
FEETA FH2.
3 ¢ FH1..
Fl Ad T4 8.
ad §$4 FA 8.
WA 3 FA1,
THEZEEZ FHa.
A4 53 FH L.
£A2 A7} FA L.
Eejojd FH8.
A9 53 F4Aa.
AgAle] FAa,
FA Al AL
A=Y 3 FA4.

BAY XEo2YH HEE Sl d: KR
& Ae A Bk s,

1B¥6% : LSP-formant®} =48] /8.
1x} LSP-formantz} 1913 PW>} 40 [
£
DM o) tHIRE IR Y 1 ERESHE.
Bl B HRE WA 017 90ms 2o}
HEx
XEERE FIRY 2 BfEmT.
4R LI B9l 558 9o 28FE ot g o
A& 183E B8
2070e] BAFE WEE EMstd Alalelojdg
&R+ Table 33 7l Table 304 S+ Efigeln,
E€ olge|c}

2EPE

JEE
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Table 3. Segmentation results for sentence

Table 5. Segmentation results for sentence

speech speech
S E | insertion error | defection error S E | insertion error | defection error
step 1 6/54 (11. 11%) 0/54 (0%) step 1 20/150(13. 3%) 22/150(14. 7%)
step 2 1/54( 1.85%) 0/54 (0%) step 2 4/150( 2. 7%) 10/150( 6. 7%)
step 3 0/54 (0%) 0/54 (0%)

o] WEHRE Bol MFolA BEF St K
B EAsetels] Beabolyel Rl W XEFR
£ FAY S8/t 2o EREY Madsie|do] HHE
L0

=Y Rz BEY 15109 Bl disld e
Table 49} dch. o] 58 494 2E HE7 BN
2 Aadsolde] sin JI4€ bz 3

Table 4. Segmentation results for word speech

Table 6. Segmentation results for word speech

S E | insettion error | defection error
step 1 59/392(15. 1%) 49/392 (12. 5%)
step 2 11/392( 2. 8%) 23/392( 5. 9%)

1507F H#53 B¥eyd EAN 7} 47, BN~}
1070 B4A315lxe, Table 6ol v HZFEE BM sl
Xs%atgleol # 3927 HW@T A 1100, K&
o] 23747} B4E3gct o) LSP-formant& FiH
o Y Flczd HES F &RE Usidia
Ut

S E | insertion error | defection error
step 1 38/151(25. 2%) 0(0%)
step 2 5/151( 3. 3%) 0(0%)
step 3 0/151(0%) 0(0%)

3 BE7 il MW o /R
BEFE FIRsl RAEEE ST EZTERE

2) HaEr Aasisle]ld K o RR

HEHy Aads)eld mE 317 #3le] A
H dlelele REER 2071 o MBRGE B 1517
¥ FlA st M-S Wi 3ot HFEHELr Aads]
oldofl 4 (FAE elolel= LSP-formantst 34,
BeR]d o] MEE FIMH =8 & R e E
Y Fine ALY HEE MRsle Y& FRE
# &Finel WE LE= 37 o ol FEHAANAY
ERY EFE 2sixle etk

188 - 13} LSP-formant§& A3 Alaas]e] A,
1] mallelo] AEMS K8 HMEH.
KR o] o} 24} LSP-formant & FIA 3§ Al
s o)A,

Fi#hel 7o)t 300msecy Al 23} LSP-
formante] REME 8. 227} Histeld
Jalol &, (&, o2i3te] &Ml k)

Table Sl € & B3l KWsigded &

280 -

¥ 5.8 B57E ok Esksl fhlbiste] BEsie
7} Bl =lnch o7lolA EHE dojele &
@Ry Aladsleldeld FAE diojelE adlE
Fimsted] xEel W Mg A ol FEodld &
EY HEFRE HEUc Aadeioldd HielA
12} LSP-formant 9] firff 7} 1213t (LSPHES] 1309}
23bato)) of fEfESlE ERIGHE RIFFZ £
/abel ¢ FH 8./ Sn BAsle] EEY Fig. 3
$ 3 A 13 LSP-formant2] #5:8 /4el/AA /|
/o /0 /7) BEEsA rE=le] 9leon] 2319} 3l
BE F8ol s YA & & Uk /8R/AA
E o) /V/ /7 s sragsle] glad A /
HE REREe BBz £T AEEHH oy
ok /FA /AT /F/9 /AR/R SRS Qe
ol /AN /9 //NA9 /st B
ghyt7] wl Eofl oz =o] qleh. 28y 23ke} 34}
LSP-formant} 5-8sle| 917) wj Zof 33} Axl9 ¥
HES FAsld F@E LY + A 899 =¥
FiEtrz ogd ¥4 29 BFRE hLez A
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A Y FE e 1i LSP-formant”} Eil
) B FoA 239} 3} LSP-formants} % &l o]
Ut BEMUGE g2 HHizsld BFIFIZ 9o
Fig. 3o 4 3§39 7l2odd 392 dojde Al
aHEY Xolm, 2ol 2¢he &AF 28Y 3
Ad Feldh

v} oenl

..‘ll .

aydlae,

¢} I O DS DU U BY DY DY I S 1
(1] [¥] 1.9

Fig. 3. Continuous Word Speech.

2 BMEZERTE NS S &R

EMUE FRENS RANL 28 298 B
Eohd WM ch HEMNB BFEE LSP-formant &
FIAY S Aadslold & QHEN 49 &
el A4 § Thed 1ol HEEE FHBS L B
Wgi ) MES} B Yoz BEMES ol
& Htkg M, £ LSP-formant§ FIAY &
WML Aadsiold ERoe ¥e JEMoz B
59 BEFIE DolEel 2 BHEM hated KA
of XBE% 349} LSP-formant] #ERXEE WEsH
o REFIE BEYY GERME HEY BEIE
FAse MERACD vy HEY BENH —K
e RAMEE WU 1 o8 B BRE
mol ANMIEE DIW HE 8 73 St
P MEE S MBI RTUD. oY HEd
RO shod MMME FREME BT asd
LSP-formant§ Fifistel WEY BEFlo| WE

ftol gle AT £H8 BB Hile] DTWHRE
B ME ERE RITV DTW R et
ol s & LSPHRIELE BEM 3l

1) &idlst DTWell 2|3 MEER KXW 9 &
£ 3
kel DTWel ¢ MERRe HEE 248y
of SERMIES RME M sl RBEENE s
2z} e ot} o Bl At HililE FAHA &
2 2 RHsH MR & ot EBikste 968 bk
st BEAe Hikt Hpes FHzda &
E W& W) FEBE AR RlE Mot B
e A O 2)o Al K& il
B 18 58 2 Hi HEc FEsd L 1044
gEfstgen UnixE 8449 Bl § BHE
ot ole 2&W UEWL @i Eol hEA o
29 BREAE S o FAT Aeldh FHik 29 AS
ZE HES gEedd g 14 EAsd MR
o REMFL F Hk TF KNNE€ EHHe
o K=2& &Mt

Table 7. Word recognition results for word

speech
M R recogition rate
method 1 150/151 (99. 3%)
method 2 149/151(98. 7%)

Table 7ol 4 M& Jikolx R BB, JHik
1¢ el o) BF 48 139070 EAsIg 2 ik 2
45370 iRl € (FAlEch a2u EREE
Blie Ao ZR7FAVA dede A% 4+ U
o XEEWM SHY BEE Wiavlclstz ¢ i
B BRE Table 8o Jepuigict

Table 8. Word recognition results for sentence

speech
M R recognition rate
method 3 54/54 (100%)
method 4 54/54 (100%)
method 5 52/54 (96. 3%)

-386-



BE7IE AAY REE WETRE

B 3% RE REAEES He Y B2 2 B
304 & 45309 B el ezstad ol HE 4
€ HEAS FHBU BN o s TazE o 5
AzA 1&@W] B £ 30, 2@ 27340,
IHEWL 1234, 4EEL 2490, SHEIL 2770, 6565
< e @A EAAY K 5t KR
HEEE Tl AY KBt SH 7Y &
HRE YA FEel Zeole 300ms 2 3z
HHH H@Aleld AL 40ms2 stgich olm &1
Y HEe /H/3 /AT Sl Ao
slo] 4] FEifel Maolel st BAETAE BasA
X3 ki E EFEU7) o ook

2) BE7IE FIAY HEZRS K% ¥ BR
D&71€ FIMY HELZB Hopttes #Esl7)
Y Xl A £AE vlolele 20709 XFEY X
R HEE Sl 540 BES [FAesg
of XM BEF|TE FAsled Eiasle 5
BOTE D R B BETE BET 5189
¥ 508 O5i: 2) ol dsled KT

Speech input

syllable segmentation

word ‘the whole
lexicon word

vovel |—{ vowel extraction
lexicon and recognition

Y

candidate word —1 vovel string l
decision
1

I oY word ‘vowel
lexicon string

decision rule

word output

Fig. 4. Word Recognition System

77tk 19 SLB+E Fig 40 o3 @Kol wtabd K
B2, Jik 29 i+ Fig. 1ol o3 #higkel aaja
Ko Jik 14 EMERE LSP-formants
Hrated BZERALY, HE@B(r2 #lacisjoldsigich
& BPEE B Mool Ay Sl [
& hhilizled D7) BERAN DTWE FIH shed
BZEZEE st ol Riihhllio)l RATREY = 248
HFEAL s gl

Table 9. Word recognition results for sentence

speech
M R recognition rate
method 1 51/54 (94. 4%)
method 2 49/54 (90. 7%)

Table 9ol BZEZIZ K% &RE Jehdsich K
& 2o Mt FHEE TU ool BAd 58 2
7€ BAsA Rsld Banrd ER o=zl BE
d od7jel A& 275} B E

WERHELES R} 9 Zelzl 60ms Lt AT B
B=E slgdn FHUA 0HZL, £ ER JH 3
& Bakol XYl E g =24 RES] FEEM
o] 1,2.33} LSP-formantZ sluels HItA Y BF
Flo] A RES BEsA Z319 rejectsie] A
o4 BHEDME 1= F 3ok o] KRN F
EE TY e IR E S #i- DHEZRF K
L o oA BEE aA L£Esied BE
ol IS MM w2y TRl Holxm,
Beitol dfbsind kMol Folxl v o5l o
Add+ #Hitd Red

7 B R ZBLeEM A1 2kE Table 10
of Jetuigict 1HMEE BERINANS & HE9}
ey sifioln, 2BPEE FWMilol oY MIERN
3 ey silleld. =4 3BT MIEY EF
o) ¢ BZERESL A M2l $EiHo) gt Aol %3
g A /1, L/RTC] S3te AL 7Y MR
2, /1, /%Gl &3le AL ¢ME A /1 1/
HFE 4B Sl olaslAR #ed /A, T/, /
FoAL /R AL VAL ST,
L, A/%FIL A7 A MEA mgsta Yo 28/
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Table 10. Normalized word recognition time

comparison word word number recognition. time
step 1 whole word 151X 3(453) 453/453(1.0 )
step 2 1 syllable 1xX3( 3) 3/453(0. 007)
2 syllable 91x3(273) 273/453(0. 603)
3 syllable 41x3(123) 123/453(0. 272)
4 syllable 8x3( 24) 24/453(0. 053)
5 syllable 9x3( 27) 27/453 (0. 060)
6 syllable 1X3( 3 3/453(0. 007)
step 3 /¥, }/ group 7X3( 21) 21/453(0. 046)
/1. +/ group+1 4x3(12) 12/453(0. 026)
/4, T/ group+6 3x3( 9 9/453 (0. 020}
/v, A/ group+12 2X3( 6) 6/453(0.013)
the rest group+90 1x3( 3) 3/453(0. 007)
| VAA e vAA AT VA R LTAVA T AV ' d 18+ 42 8

IR VARV e o VARV o VARE S O P P
—-—J-/ e I Y A N A e ]
HEA @Esle g 299 YojAle 25 T B
Z& ol7] W&ol BETo] BB € 2 kel THE
stch. Table 100141 2+ wiol Zro] LML &
SHHE BRAste £MEZe tetste 58l
KRS 12 sho] vboiz] SEBSL HoezEgich

W =

LSP-formant®] ¥#8& FIA st HHAl] 2§ B
FES, FMIS Aadeleld, F@Pst DTWE
FIAY HESRIN BETS AN BEERER
THeaoh B3 AL FAT BEERS 58
7 BEE ®BY + Ut LSP-formant F7EREMH o]
RBEEE A2 o i FEsy] Wil 2 f
2 BES SRl WHEY HHles B3R KR

B 8 mRelM: BARA R /2N R

R stdedl, 53 RABEE Fol7] A8 RelA
REY BESY FOWE fAsl B8 REEE
BE HES HEY + Uz FOHE2YH ERY
ol 718 FIM st B RAEENE ¢ + 3
e KBS Rodlch 53 RBEAE AIAY HE
DTW RS stAyn ERME RES e Hls
BAsr] ol Foll MYEQ MMM GWe JHH L
A gt w23 Kl (EAT BE= 15170 F (£
el o] 4l o= BE ArAdE o Emot
slels Rl £ aA BBE T2 Yrudxs K
He Zed

XFEe2 FH HAlE FIAst BFEE MadE
¥, MRS RAEEFEE o057 flsld BET
€ E@sto] EMstA ol HLB HRF st
£ WET giltez file oz A-ER
59 HEE AXM ool & Aoz A4
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