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Extraction of Unvoiced Consonant Regions from Fluent Korean
Speech in Noisy Environments
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Voice activity detection (VAD) is a process that separates the voice region from silence or noise region of input speech
signal, Since unvoiced consonant signals have very similar characteristics to those of noise signals, it may result
‘n serious distortion of unvoiced consonants, or in erroneous noise estimation to carry out VAD without paying special
attention on unvoiced consonants, In this paper, we propose a method to extract in an explicit way the boundaries
setween unvoiced consonant and noise in fluent speech so that more exact VAD could be performed, The proposed
nethod is based on histogram in frequency domain which was successfully used by Hirsch for noise estimation, and
ilso on similarity measure of frequency components between adjacent frames To evaluate the performance of the
sroposed msthod, experiments on unvoiced consonant boundary extraction was performed on seven kinds of noisy
speech signals of 10 dB and 15 dB SNR respectively,
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Fig. 1. (a) Clean speech waveform of a female speaker’s
utterance/a~li-s-tro-tel-te-s—e/, (b} factory noise
added speech waveform of (a) (SNR=10 dB), (¢}
spectrogram of {b}.
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optimized word) ¥ (corpus) oA & 27} 5% 2) 3}
22| 5574 ol vl ZA L8 54 diole 2407
8 F3I5t ARSI 2 Hio]E & NoiseX—9290A4)
A2} AL (Leopard®} Volve), B18)7] 2249 2L
(F16), o8] Aol 29 (Babble), 339 7]4 2L
(Factory), B2 & 59 670 9 £ 33 B4 2,
@)z 3ol AolA) 2 24 dolgE A3t
243 diolet: 16 b2 WSYEUL FE dlofEe 20
W= S Eglen], & 77| glojE RF 16 bitE ¥A
3161k, SNRE 10 dB} 15 dBO) 5 7HA] AL-E 13iE}
Act,

3 2ol 272 16 ns o 2 st o, =Y 744
2 8 msZ 33ch. WA T ©9l9] wlojejof) A
(Hanning Window)-& 483t § 256327]2 FFTE 3 ot
< Fo By 298 polgvt oheoE Vol A
Pt H o2 NVRAA] F9A 23 B39 FAE AE
3tart.

B 2¢ A9 5 92 FA 2 Zaolo, 1Y
37k 19 4= 712 AA} Aket whEeE e FA 9
A (distance) & F-& FHER el Aolrt,

A& 3822 dele =) 7139 F ulo) HigEhe
+16 msE AAHAT. ZE F2FF) diste SNR 10
dBol| A= B 82,4%, 15 dBS] AL= W 89,4%9) 5
282 Vel 29 33} o)A A sk hges 3
2 Ak 71 ZA Aole] 27} iR £16 ms w|Th
QAo e} ¢33 A0E ¥4t o8 S8
of B13] babble F-AA F2E0] W& AL o3 Al
So| $A4A 2= 4213 babble 2] BA0) $4 A%



281 PISRYRIAX] 22N H4E (2003)

§§§§§§g

8

8

8

o A
-100 -80 -0 —-40 -20 0 20 40 6 0 100
Cistance[msec]

8 3 7159 QR SHOR 32 ZA(2) M| (SNR=15 dB)
Fig. 3. Distances between reference and detected bound-
aries {SNR=15 dB).

gﬁggggg

33 4 71IEZAe Ko UHoR F2 A9 Hel (SNR=10 dB)
Fig. 4. Distances between reference and detected bound-
aries (SNR=10 dB).

2} FARL7| Wigo|d

L7&9] difio] Wit i 34 P& AR
AT AR Uehyc, 98 24 450 oYt 2% &
Ae deel gle #R3IME veiths 24l

Yo RS 2508 Fym, o) mjo] s 3
717k A 8] AT o W2 Sl R iR RS
223 23 F&0 7IeE B8] Aostr] oy,

B3 B9 T RS Aol & G2 A g
© A0 2 AR L Y= S WSt LE B
U3t 32 518 LAE HE AR R A 22 E
o] @ol e A2 7|digrt

VLZE

2 =RolAE FSUB} 42 38H0)e) @4 of
B AL B2 A 2%t 349 Azt

P EAL B8, U8 30 ZE A R EE 7
9] BAE &= P& ARSI AT ol
A ol ARl 24 EAM A, R4S P 3
o} AA BN EAE Hr} thadlslg on A9
44 A AT A FE0] of# @ FAEXA
ot AT A & $HL Ut BAE 2
7] $i% sletalE $52 el SIAEIHE oj431%
oo 229 weto g YRS #7e Zge) 84
g FAAAEY) 771 2t A4 E Y Tt
zFdoz FRc}, Y ZHzhoj dis] 54 B
¥ 3T A &L Y8l RSN B LA B}

= 540} v lejule &8 A% AF FAE
= S At AUt Y] A& Bisk
71 A3 S343% HYEZT 671R]e AR
SNRZ 10 dB9} 15 dBZ Zejdte] H7idig o) 22
£2 gdstact. FE9 TR we ohd Zpol7} glo
L} B 2 F 10 dBof| M= 82.4%, 15 dBY A= 89, %42]
F25¢ Ui,

FEE FS FUIA A EE 451 A3
s g T3 FAARAE 749 S&4do| glo]
& FRA B ARl AAE A0S s
a2} 84 30l A7 FE (musical tone)o] Hot
7] 2 of T b7 A2 A A S ol A=
2o} A7t dasiet, 2 el e AU ¢
+4IYL EE, Bot A8 AL 43 240l 7Vsd)
B FEREAE 4 9 A3 AAE YA E o8-8
T & AL 7jgE},

2 2

2 A7 YIALSE BR1ARS) $EH XY
2 Wot s gzt

gu1Rd

1. J. G, and Wilpon, L, R Rabiner and T, B, Martin, “An
improved word—delection algorithm tor telephone—quality
speech incorporating both synlactic and semantic constraints,”
AT&T tech, J, 63 (3), 479798, March 1984,

2, L, R Rabiner and B, H, Juang, Fundamenials of Speech
Recognition, Prentice Hall, 1993,

3. J. C. Junqua, “A robust algorithm tor word boundary
detection in the presence in ot noise,” /EEE, Transactions



NSHIANM L2 HEEY [UXIS 120 S W 292

on Speech and Audio Processing, 2 (3), July 1994, X'III’ Qra
4. H. G. Hirsch, “Estimation of noise spectrum and its applica-
tion to SNR estimation and speech enhancement,” Technicat

Report TR-93~012, international Computer Science Instilute, % A 9 (Jeong-Im Park)
Berkeley, USA, 1993, 1999&-_::‘ fﬁt_ﬁﬂm BRefE @ @
5. 5157, IRl BEE 0ISH 980 ST el HEA YN B ooy loie HNE BEUSH (BE
£ a7, YR, ARESHE M=, 2000,
6, D,-G, Ha and O.—K. Shin, “Adaptation of pitch information o3t § % (Dong-Gyung Ha)
in vowe! feature extraction for speech recognition,” EALPIT2000, 1907; BAIGNUCHSD ARERENY B (BAD
324~329, 2000, 200113 EIEMUUET EH HAESH (SULA
7. R4, YU, WA, "4 x| dEEAl oF 34 59 20013~ Bk AU R AR

SRUB." M2 SYSM Y MSH2| 24 =T, SCAS-8
{1}, 133~137, 1992,

8. R Chengalvarayan, “Robusl energy normalization using
speech/nonspeech discri-minator for german connecled
digit recogniti-on,” ELUROSPEECH, 61-63, 1999,

9. WEel FAETUE o[8% RS Y2 AA =&, ¢
2oiYcstne, AFEHEE T M=, 2004,

19, 8. A, Liu, “Landmark detection for distinctive feature— based
speech recagnition,” J Acoust Soc. Am, 100 (5), 3417-
3430, November, 1996,

o Al & 2 (Ok-Keun Shin)

1981 MZdi%tn MXLB3 H (Bl

1983 Ll HxIBEla) (BEAA)

1989 T@A Université de Franche—Gomié
ZAD

19831~ 1995\ ATAFAPTA HUAATR

19953 ~ #f.  SISBUHD MSHHYRTUR

Ras
¥ ZEAEOE MEXE], SHAEXR], 2424




