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ABSTRACT

In this paper, the classification of Korean voiced sound into vowel, nasal and voiced consonant
is studied. First ‘using available pitch extraction algorithm, speech is classified as two classes: voiced and
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unvoiced sounds. And then voiced sound is classified as one of vowel, nasal and voiced consonant, and

unvoiced sound as one of actual unvoiced sound and silence by using only normalized first-order auto-

correlation coefficient, zero-crossing rate, LOG energy and valley of LOG energy contov as features.

For classified vowel, recognition of Korean vowels in continuous speech is considercd Oniy one

frame{ 128 samples) is taken as a reference, so that memory size is reduced and recognition time is saved.

New features, UP & DOWN and modified zero-crossing rate are defined and successfully applied.

LPC parameters and power spectrum are also used as features. And performance of each feature is cal-

culated. With best combination of these features and two step recognition, high recognition rate(92%)

is achieved.

1. M 2

A4 °_*‘41°: Az ele) A4 Fadk REoke} 3§
Ve eadye] g cbghe] 4lE

Aep2~@ gFofoll aal 4+ T2 T} ‘-’-sl SUL
chof ol 4lol) Sgh o F b LES I
48 A 27 who] sbslol 247wt
Hell 2% g AAg g vk

g skl kel FAd4-E A FILTER

BANK, LPC 24 %ol 2j5ted FEATUREE +%
sl2, 713 PATTERN 3t DISTANCE £ #l4bahod
ol ¢ apabek, EFE AI7Ee) 2fol & a RSyl 25t
| DYNAMIC PROGRAMMING 71¥o] =454
c}6~B8 o) uly o clo] Frt g4 BE i FL
Al g8 g 4 o Ank gho] 7 F/kgel vzl

QA A 4e] Zulek MEMORY $-49) 3ol, 214

N

Tl e} odolsh sl maled oGt 2E BA)

o] gleh, 53 o)ed AIAHE 55 4T
@ ) FE A vebubAl Sieh

U EA Qa:ﬂ%wvw ZA edsbed
shubo) wAb7t 4 w2 nekel T g olEeh 5 A
L, Ags WA Tl oldte] FAHL zysteietsi
Yep shvie) 23] shelelx B 4 el

}, ol Al fell),

) OfDje] WE : arols] H4ah, FA e

ojo] W3tE shef sl B4 84 & g
T cho]dE o]Fc},

tl

o) A7hatn, 443

ofoll ks) ghdeli b alojol slabel Thsh &
o S44ol glol M2E <4 ALGORITHMS 4



Aeshel 2
212 et ) whEgleds 9w wgh
o] o}“l‘ el =12ke) glch
2} AU {ACCENT)®| 2|nl4t T34k ¢hel
}owAH S AbE Sl AL el 3l
sol el F gt sal ARRs ok 1500
of Bz} /b3l 2705 Sxfoll 4 90% 2] ¢ A o
5 Molx odufiv
ol o] 3T e Ea A S44d 3t o) 3
Ooary) vho] chglell o|gh uheje
shar E4 cbglol 23t wbe i G
<

eaflofat ghol. ref7] gs)

lo

o
Jx

| A=l gk AT} 8
sy, odf-fol gluds)ale o 24 kol B4
st ALGORITHM 2| »jdte)] S A xlv) £ 5 28

Aol et FA |- @2 4bike|l of & DATA :Ti*-:

4FEATURE % %41 £4, 42 & PARAMETER

o kel 8Axlef,

¥ EZll e GH Helo
A&"EQI'% i_g" G
GORITHM 3 g4 01*49l g £ 4] 5l 2.8 ql 4
ol Fated oA THqe

I
|o
R
X
Yol
L)
N o
oio )
|o
e
A
4
&l
2
_: -
=
ol

kol 4.5
PATTERNS
g [ .., otera 21 4
or} :‘! T % \,°'| = _‘,-{
a8 aasked wkejoll 2|gk mbe] ql4l
¢4 £FPATTERN | wlof<a
FAH suen [ waa ] welaa | 3]

WIREE TR @S ¥ 3 ¥ (19861

100 O—————0
90 --"‘_/‘/Q/W

80

* g0
504

40

'
t
1
i
]
¥
t
1
)
|
|
1
]
I
|
M :
1
1
1
i

200270 400 600 B00 1200 1400 1187
LSS BT R G|
A3 ghd AREXg AR Rab vl 5205,

Aol obell el atdgt g 24 ke
TAE AlREE  olon THS olRu 4 A%
F4E 4 54 =92 Helske Aol /b3l
vl ¥ % 4L $48 748 ¥ Loz A
T lch SR I3 fAEo] Art
FrAdzbL vkl o1, fE % f4dE Afgeay
Flet,

ol Aol 4+

Fr 2SS olg2hto)l FfEbe ¢y
Al sk7l $18)s

BspNl 1A AP Al (C 1), 9 azs(ZCR),
LOG e zI(LE) % LOG olua2) 37 RS
(VA)ubg ARgglcf, %*3-&%— 4 71%2) PITCH
AEL Sl 2ls) 42 %m FAEeRE Uy
of ¥, FHHFL ® %, & o R4 2o
FHake), TR olax h‘% 2+ LOG ol x| & 4}
%vskefl A FHga FLo2 w49
% PITCH7} 25ms 7}x| 7| A} ol -Foll & - F4
%—% “t-£3 9= 1FRAME$ 256 SAMPLE (32
ms) % 3}2, F4&S5 oba EFE @l ¢ FRA-
ME-$ 128 SAMPLE (l6ms) & #ltl. o8& s}

& sleatel, daelEE 7kt



9Fol WEEA 4 B AT

0“ glo'l'{-l %':—Dlhol R%OIV]- %‘éj’l» Z}%_ﬁ_pl_ AJSI_
A om g Aifsrs i AbaA)4

Cl=¥5(n)5(n—1)/¥$'(n) (1}

b A9 1ol Artete

CEEREES

ZCR=1/2- ;ABS(SIGN(S(n+ 1))

~ SIGN (S (n))) (2)

2| EAloll 93t ¥F=slch. AAx+ 42 THCI
=0.975, THZCR=118 A Ygc}, FA3} =
Batgeo] & A2 AL A4l dedl, #—L— 3

e
St A gl 2 e T #e Al

|
Waleiets gL gldd chobd WE3he
Aol 71 wffF-ofl ollrf ol QA4 Fasl7h A alc),
b e Eabs)e dAEEE 229 o 509
128 SAMPLE2] FRAME (80ms ) Wioll 4 92 043
W 571 FRAMEdi4 16 SAMPLE % WINDOW
< FekdA LOG el q=)

Q

LE=10-LOG({1/16 - g: S*m) ) (3

F A4t 1S 0) Ex HulglE A AG A

2771 FEATURE

VA=LE(1+LE {40) — 2 - MIN(LE(1})
—ABS (LE{l}—LE (40) ) {4)

ol g8l %43} AL AE el AAAE 2
7+ THWZ =30, THVA=6 22 AYc},

31

old7tal B5r5l Aol wis] F3 FEo g
SMOOTRING % gtc}, o|=) SMOOTHING & 371
°| FRAME &

4 ¢} 75‘""’1‘ E 1L o|r) il

7RIS SR Wl 2 gtae]EE a9
%'+ FRAME| =
g A5 43 Aolrl. o] H-& SMOOTHINGs}
71 o) 2| ZA=ztel wl, SMOOTHING & #¢ o %
T2 2L AlLFE vielz|o] old] A4z ] kg o}
44 model 22+ SMOOTHINGY § §4st=)
So| gk RBak BAo|c},

L FRAME 3/ 2%

!
l 3o XA g fel At YEold MEDIAN <4 —|

BRC I AT °°|/11F wifol 7| FEATURE
VA> 6ol § 4l <, VAS 6o/l MEDIAN 24

37¢] FRAME e| #h7s te| Ag Sk gl
Fgolal YED wHoZ o

342) FRAME{ s}A <

o v
sk = epd BE g .g fr4le] =&

J2l4 SMOOTHING % el

B1 SMOOTHING A | =3 =}

L R A Rt
25 {48) | 140 3 - t 4
u]-& {88) 34 51 - - 3
:‘;%%3?} . i ) - -
4500 1 1 7 29 1
el | - - - - |20

H2 SMOOTHING ¥° #4438} 222 sty Azl

2 g g | M rasls 5

& 4 3 ) .
gt | 2 : 3




32

4.

njo
re
1z

4.1 FEATURE 8 =&
1} @i

71 ¥4 ¢l FEATURE®) &b Fupf S44 o

Loggz xgs-l-w. o) chgsl TR ojfrm

a) T T35 Aol Fik Tgolehk (oli"o|
2 obabAl chepubet,

o & = .4 ‘.
A5 2 Fubgot 4 A+ 4

UP & DOWN-"-‘1/2-¥(SIGN(S(n+1:} ~8(n))

—SIGN(S{n) —S{n— 1))} {5}

3) T Gaakg
A Mol A=l dmabge zg
E

vhE 2t oebR M SAMPL

4} LPC ANALYSIS

LPC PARAMETER ol 41+ &l /tx] FEATURE
A% 4 odoh /b alEAQ 29 shva: L
PC #5228 FORMANT € T3kt 22 5 418 v

sl et

5} x& SPECTRUM
Fo{3 FRAME-$- DFT 3}lo] T3} of

A4S siwsbsivh e Fab T g S o] deloR

e 4 Hew) 549 .

4.2 DISTANCE MEASURE

& %ol 4+ REFERENCE PATTERN 2] -1
Ag 7hegh FTeolvl flell Bge| HiLgE %) FR
AME (128 SAMPLES ) ab2- 2L-&3518ick o) 79
vl F.e] Gefel Moz Fef oifsta) el {
Al gk g 4 olv) relal 3 2}z FEATURE

el A= FAZ§ Fabel dAE dgls)

4L Aol w4 W)t A U
A oleh ol Akl HEE Bkl Tl

$|#A LINEAR TIME ALIGNMENT == DYNAM-
IC TIME WARPINGo| S.9/sigivl, &£ o
Miz el B4E & FRAME SR &4l o %ol
TIME ALIGNMENT ##l4= #4sla) el 2L
Aub ol | ol W 7S 3

Ha

g 4 9ok
slel 42 FEATURE ] wistel 914 4483 3
92r2 4 FEATURE #sle} DISTANCE

MEASURE 7 welzich,

1) CROSS-CORRELATION
REFERENCE PATTERNs} TEST PATTERN

2+ 42 CROSS-CORRELATION3}o {453
Z-A3kc), o] Zho ZlvF 7 el & oodgka Wb

A ek,

2} MEAN SQUARE ROOT

REFERENCE, PATTERNxt TEST PATTERN
ske] g Al g4k Rl BEgel, o] 3
.5 ot

& ol oatel AR,

rr
fle

3} VARINNCE DISTANCE

AR YR o ehgat o) 3 )
ol fris H4ol HoIl walel ofarg @ Wl sl
315kl ok



@3] Aggol el AF AT

R(n): REFERENCE FRAME

T(n}: TEST FRAME

OF: OFFSET TO PREVENT BEING
DEVIDED BY ZERO

AVERAGE= g‘. ({ R(n}+0OF) /(T(n) + OF))
(6)
VARIANCE DIFFERENCE=
2 ((R(n}4 OF) —(T{n) +OF)—AVG) !
(7

4) ITAKURA DISTANCE
LPC 7|20l 5hed Ab&a}sieHs,

4.3 B4 &Y%

A2 Aes FEATURE 2| ZAAA el o] 4% FEA-

TURE 2 7t 28¢ S48 53~59 3ep, +3

23 qmigs) .
N
ot 27.9 4.8
| 19.1 5.5
i3 13.0 3.6
+ 12.2 1.8
o] 12.1 35
o) 15.7 3.2
HF4 UP & DOWN 2 %4l
W |EEEd|d oA s
of 38.4 4.9 53.4 .8
| 32.2 7.4 40.3 16.4
2 20,3 10.3 35.9 12,9
5 21.2 8.9 37.0 13.8
o] 49.9 10.8 70.0 316
ol 32.9 9.7 41. 4 22.6

33

#5 44 dmdge A M=3)

B | EFEEa| A | A £

o} 26.8 5.0 34.0 17.0

o] 18.0 5.0 24,2 12. 1

2 11.8 2.0 13.2 5.5

+ 1.2 1.5 13.2 5.5

o 9.6 1.9 12.4 7.2

ol 13.8 1.7 15.9 12.5
s Qd@mabg o) A “ol”sh Coll"v Abebal ®eiAl
=44 nodFa ok A g4 A o) Fol A
T AR gAsE A4t A goeez a3
o3 wa-§2) %l %xg% s]-&3tey ERROR& =7
Wi 4ol

4.4 Q14 Y

M2 A eg FEATURE # 7ZAlzl 2ejn 71E
2| FEATURES & ~r&dte] 914 24-& 434
o}, =z Fa3 ¥ 49 FEATURE2) PERFOR-
MANCE & 44 »a #6~83 ek

o] #2] a4 Zstoll 4 ojwjgt FEATUREX vb5
o2l uhZ3l elgl QA S S RoFz Xflch L
le- 27l 4+ 7H3 & ERROR 7 24 3tsieh
B Y9N aE te"R X QA4sHE T
< E3l7 41 279 Asld PERFOR-

B 6 LPC PARAMETER(ITAKURA DISTANCE).

3 5
of 20 0
o 11 1
L 17
2 9 3
o} 2 15
=) 1 7
45 43 sl 4% 150 1%




34
¥7 A% SPECTRUM(MEAN SQUARE ROOT)
;&J K3
ol 20 0
o} 7 5
2 4 15
+ 11 1
o) 11 6
oll 5 3
58 % 143 165, Q’Vj
E8 16BAND A% SPECTRUM, OFFSET =
=1000( VARIANCE DISTANCE) .
:sl k-3
of 5 15
o 10 2
2 8 11
- 7 5
o) 17 0
o 4 q
5l 37 al 48 1 60, 0%
H9 X< FEATURE % AAIa& ap&4 A%
B e R
of 20 0
o 12 0
2 11 8
&+ 12 0
o] 17 0
o 7 1 .
80 8 Q) AlE 190, 9% J

MANCE 7} ¥ FEATURE 2

R U
Eert

Lah el A3k "o, "e” v97% Q1 dg yvg
<t-§¢- FEATURE §2| 6:t® 2] #sled DIS-

TANCE 2 Taio #2 +

92 144 67212

MEE Rl 5 & 398 (1986)

AFs FANE o 2 shFAE2) HFELY A
b 0.60]8kel ol el 23 gl4-E pshglch
T Al AAEE 92% s SIZ ERROR 44
Ve el @ Fsl] g},

5.8 &

X =ddlde 1-&de A 3L Adxel
2] chel 4ol sl A v E2] PITCH %2
ol A A FATH FAGeE Yy ¥ 2
w4zt Ahge

3k 4 FHLey

905w

e

SN

rlo
Ho
P

FobE YR NSl 2 b XS ¥
4% % R2 Aol SRS Az Ay
g2 Aol 2ol EAse WYy
el EAl ol f 4zl Abge) Agole Egat
ol gl ETE MelE el WYY S

e W

ol Al Foiisl Hfell Hel4] L8 3 FRAME
L2 witstsy THRESHOLD 9 472 FEATURE
& skl olad shold Ty A4 Wt A
vl Fe A E qlglel L oAl gL gke)
-‘?;—*3% -'r-aw e
< Yeolgich

DATA« 4 o 2] 7} 2] SEIC R

WESle EE alde] 715y ote

2 R sk obulel ool A4 %
Farvbd E o] U9 49l el gt 4 9
EREERS

L. L.R. Rabiner and R.W. Schafer, “Digital Pro-
cessing of Speech Signals”, Englewood Cliffe,
N.J., Prentice-Hall, 1978.

2. J.D. Markel, “The SIFT Algorithm for Funda-
mental Frequency Estimation”, [EEE Trans.
on Audio Electroacoust., Vol. AU-20, Dec. 1972.



ol A 4-gel 4ol et AP

B.S. Atal and L.R. Rabiner, “‘Pattern Recognition
Approach to Voiced-Unvoiced-Silence Classifica-
tion with Application to Speech Recognition”,
[EEE Trans. on Acoutics, Speech and Signal
Processing, Vol. ASSP-24, No. 8, pp.201-212,
June 1976.

L.R. Rabiner and M.R. Samber, “Application of
an LPC Distance Measure to the Voiced-Unvoic-
ed-Silence Detection Problem™, IEEE Trans. on
Acoustics, Speech and Signal Processing, Vol.
ASSP-25, No. 4, August 1977,

F. ltakura, “Minimum Prediction Residual
Principle Applied to Speech Regnition”, IEEE
Trans. on Acoutics, Speech and Signal Proces-
sing, Vol. ASSP-28, No. 1, pp.67-72, Feb. 1975.
H. Sakoe and S. Chiba, “Dynamic Programming
Algorithm Optimization for Spoken Word
Recognition”, IEEE. Trans. on Acoutics, Speech
and Signal Processing, Vol. ASSP-26, Ne. 1,
pp-48-49.

C.S. Myers and L.R. Rabiner, “A Comparative
Study of Several Dynamic Time-Warping Algori-

35

thm for Connected Word Recognition”, BSTJ,
pp.11389-1409.

8., C.S. Myers, L.R. Rabiner and A.E. Rosenberg,
“On the Use of Dynamic Time Warping for
Word Spotting and Connected Word Recoghi-
tion”, BSTJ, Vol. 60, No. 3, pp.303-325, Matr.
1981.

9.2 4% "z 24 2F <ol atak 47 o
gzl 3 2] ], Vol. 15, No. 6. Dec. 1978,

10, &b, 2 &4, o ofel, 54 e ol g o
F& 3R] 2L wAS AL A E gl4al W g
A", gk 2} FE3|al, Vol. 19, No. 3, June
1982.

UL Sleh d2f], “qbRole] gada 4P ¥
A4a14h, 1983,

12,8 %, "Fol S, AEEpak, 1985

14, g3 7l Al sl T4, "3 20317 pp. S5~
28, Avug. 1975,

15, % s, "3, ghabalabgl FAlo] B3 2A"
pp. 1924, & =pF%3 43, Vol. 11, No, 1,
Feb. 1984,



