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and Noise using Histogram

Jeong Im Park

Department of Computer Engineering, Korea Maritime University, Pusan, Korea

Abstract

Voice activity detection(VAD), which separates the voice region from
silence or noise region of input speech signal, is one of the indispensable
pre- processing steps in continuous speech recognition, speech coding and
noise estimation/reduction etc. While many successful researches were
conducted continuous speech in noiseless environment or for isolated words
in noisy environment, there are few method of VAD for continuous speech
in heavy noise environment. Since unvoiced consonant signals have very
similar characteristics to those of noise signals, it may result in serious
distortion of unvoiced consonants to estimate and remove the noise
components if voice activity detection and thereafter  noise
estimation/removal is carried out without paying special attention on
unvoiced consonants.

In this dissertation, assuming that the voiced sound regions are removed

by a method developed in our lab, we propose a method to explicitly extract



the boundaries between unvoiced consonant region and noise region so that
more exact VAD could be performed. The proposed method is based on
histogram in frequency domain which was successfully used by Hirsch for
noise estimation, and also on similarity measure of frequency components
between adjacent frames. To evaluate the performance of the proposed
method, experiments on unvoiced consonant boundary detection was carried
out on noisy speech signals of 10dB and 15dB SNR. For all seven kinds of
noised, the overall rate of correct extraction resulted in approximately 90%.

The proposed algorithm could be used for VAD for speech recognition
and speech coding as well as for noise estimation and reduction in heavy

noise environments.
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2.1 (phonemes)
(phoneme)
(3.
(vowel), (consonant), (semi-vowel)
2.1.1 (vowels)
(monophthong) (diphthong)
[4].
21
2.1
Table 2.1 Classification of Korean vowels
1 1] (1iyD —[w] T [u]
1l [€] (Hle) | (4:fed) -1-[0]
H [€]
I [a] 1 [a]




2.1.2 (consonants)
(plosive),
(fricative), (affricate), (nasal), (liquid)
/H1 ﬁ1 HH1 ]::1 E1 EE1 -—-|1 :;]1 ‘]‘]/

, [y, =, wif, lc, &, w/,

[, =, 1/

[, M, | &/

[ =, =, =/

[, v, of

[, [,
ol
2/
22 1)
1) (manner of articulation),
(place of articulation), (aspiration) , (tenseness)



2.2

T able 2.2 Classification of Korean consonants

H [h] = [d] gl
ST [pf] E [t7] = [k7]
i [p] v ft7] k7]
(A
[tk
Ate]
= [m] L [n] ©[n]
=l
2.1.3 (semivowel)
lj, w, uy
ljl, wl, Iyl
g 1jl Iwl
0, v w, u] [, y, u, w]
23
2.3
T able 2.3 Classification of Korean semivowels
j g 98] w
i y w u




2.2 (voiced and unvoiced sounds)

(voiced sound)

(unvoiced sound)

22.1
2.12) 22
21 22 (sec),
(sec),
(Hz),
2.1(a) , 2.1(b) I+
() c ) . @ O
22 (a) : 22 (b) Il
I =1 () C )
21
2) :
(International phonetic Association) (IPA; international phonetic
alphabet) A
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Figure 2.1 (@) Speech wave (up) and spectrogram (down) of the vowd /d of a
male speaker (b) Speech wave (up) and spectrogram (down) of the vowd /& of a

female speaker
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Figure 2.2 (a) Speech wave (up) and spectrogram (down) of the unvoiced
consonant /tg"/ in a male speaker's utterance /tgtorg/ (b) Speech wave
(up) and spectrogram (down) of the unvoiced consonant /tg% in a female
speaker's utterance /tghog’/



2.2.2

24

2.4
Table 2.4 Composition of phonemes and noise silence in a non-voiced

sound region in Korean

N / (all noise silence)
UNU oo
(unv oiced+noise silence+unvoiced)
UN + (unvoiced+noise silence)
NU + (noise silence+unvoiced)
U (all unvoiced)
+ =
uu

(unvoiced+unvoiced = all unvoiced)

- 10 -



(silence)

, N(noise) , U(unvoiced)

uu

- 11 -



3 (unvoiced consonant) (noise)

3
3.1 , 3.2
3.1 (unvoiced consonant)
3.1.1
ETRI  POW (phonetically optimized word) (corpus)
POW 7khz
16khz , 16bit . 40
3,848 POW
1
8 16 470
2 3 200 stop
pause 4 150
350
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Figure 3.1 Duration distribution of unvoiced consonants
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3.2 (noise)

(additive noise)

distortion)
3.2.1
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y(n) = x(n) + n(n)
(3.2

(spectral subtraction)

(convolution)
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3.2.2 5]

[5].

[16]. Hermanski
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Figure 3.7 Normalized power density spectrum of white noise
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Figure 3.12 Normalized power density spectrum of car(volvo) noise
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4.2

Figure 4.2 Overall block diagram of speech region detection
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(4.1)

, 4.2 . N
, N
1 N-1
Xmean = W nZoX(n) (4-1)
X'"(n) = X(N) - Xmean » for all n 4.2)
4.1.2
(10ms 30ms)
16ms(256samples/ frame) : 8ms(128samples/frame)
4.1.3 (Power Spectrum)
x; (n) (Hanning window) w(n) N-point FFT
X (k) Pik (4.6) : i,
k ,
X; (n) = x; (n)w(n) (4.3)

w(n) = —;(1- cos (2 0<n<N- 1 (4.4)

n
N - l))’
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x"™(n)

—> (VR/NVR)

44
Figure 4.4 Block diagram for the detection of boundaries between

voiced region and non voiced region
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Figure 4.5 Block diagram for the detection of noise signal parameter
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N/2
cnt, = kZoflagi,k

(4.22)
_ 1, |6' - PR | > a
flag; , = b
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N/2
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(4.23)
_ 1, |pik'pi-2k|>8k
lag . = , ,
Alag; {0, other wise
4Cnt,
cnt; cntyy
Cnthy? (4.24)
min 1 c

Cntyy, = max (Cntyy L kzocnti,k) (4.24a)

min N
Cnt =

TH B
Cnt#r;_{v = CntTH' Cunv (424b)
Cntr}ﬂs = Cntqy (4.24c)
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5.1
Figure 5.1 Block diagram of simulation for detecting unvoiced and noise

boundaries
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240
40 3
NoiseX - 92
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10dB  15dB

5.2

52.1
5.2
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SNR 54
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Figure 5.2 Clean speech wave of a female speaker's utterance /q-li-s-t*
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Figure 5.3 Noise wave of the F16 flight cockpit

Tie(sec

54 52 F16 ( 5.3) ,
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Figure 5.4 F16 noise(fig. 5.3) added speech wave of fig. 5.2, SNR=10dB
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Figure 5.7 Result of boundary detection in -th NVR of fig. 55



s Cnt _ Cntyy _ Cnthy « ContCnt™ _ WaveData , E/ _ Ey

IIUAUNDIDO

=1 DO

=200000

*
. s * -

0 — 300000
B0E 026 LR HiEg 1016 1046
Timeirms)

58 55 NVR
Figure 5.8 Result of boundary detection in -th NVR of fig. 55

s Cnt;  — Cntyy — Cnthos « ContCnt™ _ WaveData o E - E,

i 250000

© 120 o )

9 300000

e ]

3 oo H 25000

g H - a 1 1 [ ” - - | | o

@ g . M - E,m_ == -

0 =1 OO0
1288 1318 1348 1378 1408 14 1488 1498

Timeirms)

59 55 NVR
Figure 5.9 Result of boundary detection in -th NVR of fig. 55



» Cnty _ cntyly — Cnt}y 4 ContCnt™ _ WaveDatap E™ . E,,

A00000
a
8 120 B
2 BO0000
3 100
3 200000
2 ]
° @
100000
-}
0
0 1 00000
-
204" ees, . % T h; a1 200000
4+f- *
* *ose You u at  *
0 * L ~300000
1776 180E 1835 1855 16D6 1926 1966 1986 2016 20468 2078 2106 235 68
Timeims)
5.10 55 NVR

Figure 5.10 Result of boundary detection in -th NVR of fig. 55

5.10 NVR

51

SNR 10dB 89.7%, 15dB

914%

SNR

Cnt;,  4Cnt,

(stop) (pause)

- 53 -



5.1 NVR
Table 5.1 Result of boundary detection between unvoiced consonant and

noise in NVR by proposed method

(Correct Detection)(%)
SNR=10dB SNR=15dB

Volvo(car) 92.7 94.0
Leopard(car) 945 95.3
F16 873 913
Babble 88.8 927
Factory 86.0 86.7
Pink 9.0 95.3
white 88.8 914

90.30 9255

16ms 40ms
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