Proceedings of the 11th WSEAS International Conference on COMPUTERS, Agios Nikolaos, Crete Island, Greece, July 26-28, 2007 481

Voice Activity Detection Using Laplacian M odel and UMP Test

KEUN WON JANG, DONG KOOK KIM
Chonnam National University
Department of Electronics and Computer Engineering
300 Yongbong-dong, Buk-gu, Gwangju, 500-757
KOREA

JOON-HYUK CHANG
Inha University
Department of Electronic Engineering
253, Yonghyun-dong, Nam-gu, Incheon, 402-751
KOREA

Abstract: This paper presents a new voice activity detection (VAD) method using the Laplacian distribution and a uniformly
most powerful (UMP) test. The UMP test is employed to derive the new decision rule based on likelihood ratio test (LRT).
The proposed method provide the decision rule by comparing the sum of magnitude of real and imaginary parts of the noisy
spectral component to the adaptive threshold estimated from the noise statistics. Experimental results show that the proposed

VAD agorithm based on the Laplacian and the UMP test outperformsthe conventional scheme at alow SNR.
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1 Introduction

Voice activity detection (VAD) refersto the classical prob-
lem of distinguishing active speech from nonspeech and
has various applications such as speech coding, speech
enhancement, and echo cancelation. Recently, many sta-
tistical model-based VAD algorithms in which the likeli-
hood ratio test (LRT) is applied to a set of hypotheses have
been developed [1]-[4]. These methods adopt the statisti-
cal models which operate in the discrete Fourier transform
(DFT) domain. Usually the distributions of noisy speech
and noi se spectraare assumed to be complex Gaussians[1].
Chang et. al., utilized the complex Laplacian and Gamma
probability density functions (pdfs) to model the distribu-
tions of noisy speech and noise spectra, and showed that
VAD based on these di stributions was better than that based
on the complex Gaussian distribution [2], [3]. Recently
we proposed a new VAD technique based on the Gaussian
and auniformly most powerful (UM P) test which compares
the magnitude of the noisy speech spectral to the threshold
which depends only on the noise statistics and the false-
alarm probability to detect the speech or nonspeech [4].

In this paper, we further extend the ideas of the previ-
ous UMP technique[4] by incorporating the Laplacian pdf
instead of the Gaussian. We apply the UMP test to derive
the new decision rule which requiresthe distribution for the
sum of magnitude of real and imaginary parts of the noisy
speech spectral. The proposed method depends only on the
magnitude of real and imaginary parts of the noisy spectral
component and the threshold based on the estimated noise
statistics, which is computationally efficient in its imple-
mentation. Experimental results indicate that the proposed
VAD algorithm based on the Laplacian and the UMP test
shows better results compared with the conventional algo-
rithmsat alow SNR.

2 Likelihood Ratio Test for VAD

We assume that a noise n is added to a speech signa s,
with their sum being denoted by z. Given two hypotheses
H, and Hy, which, respectively, indicate speech absence
and presence, it is assumed that

Hy: speechabsent : X(t) = N(t) (@)
H,: speechpresent : X(t) = N(&)+S(¢)

inwhich, X(t) = [Xo(t),X:1(t),..., X 1(8)]7,
N@t) = [No(t), M(®), ..., N1 ()" and S(t)
= [So(t), S1(t),...,Sam—1(t)]T are the DFT coefficients
at frame ¢ of the noisy speech, noise, and clean speech,
respectively. Also, M istotal number of frequency bins,
and T is transposed matrix.

We consider the statistical model-based VAD using the
Laplacian pdf for speech signal [2], [3]. The real and imag-
inary parts of each DFT coefficients are assumed to be dis-
tributed according to area Laplacian pdf. Let X gy and
X1y denote the real and imaginary parts, respectively, of
the DFT coefficient X . If boththereal andimaginary parts
have the same variance, their distributions are given by

1 2| Xi(m)l

p(Xk(r)) = o exp {—% 2
x x
1 2| X ()l

p( X)) = o exp {—T() 3
x x

where o, isthe variances of X,. If the real and imaginary
parts of X, are further assumed to be independent, the dis-
tribution p(X,) of X} turns out to be

p(Xk) = p(Xr(r)) - P(Xk(r)) (4)
L, {_2(|Xk(R)| + [ Xwn)) } 5

Oz Oz
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From (5), the distribution of the DFT coefficients under the
respective hypotheses are given by

1 2(1 X, + | X,
P o) = exp <2kl D L
An,k )\mk
1 2(| X () [HXk(n))

Xi|Hy)= eXpi— 7

P( k| 1) Xo i Ak X { ,7>\s,k+>\n,k (7)

where A; ;. and A, ,denote the variances of S;, and Ny,
respectively.

For VAD based on the assumed statistical models, the
likelihood ratio (LR) for the kth frequency is given by

_ p(Xi|Hy)
M= (X ) ©

1 > \/>\sk+>\nk_\/>\nk
— 2X,_ ’ ’ ’ 9
1 +£k exp{ k( \/As,k +>\n,k\/>\n,k )}( )

where X, = |Xk(R)| + |Xk(1)| and &, = As7k/An7k, and
& iscaled thea priori SNR [5]. The decision ruleis con-
structed as the geometric mean of the LRs computed for the
individual frequency bins such that

| M= o
- >
log A = 17 kz:% log Akﬁon (10)

with » denoting the threshold of detection.

3 Likelihood Ratio Test Based on
UMP Test

3.1 VAD Based on UMP Test

In this section, we present a new statistical model-based
VAD method for the Laplacian pdf using the UMP test. To
find the new decision rule, the decision statistic in (9) can
be rewritten as

>\n,k .
As,k + An,k

~ (11)
exp QXk( \/As,k + An,k \/An,k)
\/As,k + >\n,k \/An,k

where the value of A, ; is unknown parameter, athough
apriori we know that A5, > 0. We assume that the noise
variance, A, isknown, which can be estimated during pe-
riods of nonspeech activity [5]. Then, the LRT isto decide
H, if

A =

\/As,k + An,k - \/An,k
\/As,k + >\n,k \/An,k

Sinceit isknownthat A ; > 0 and A, ; > 0, after taking
the logarithm and some manipulation, we have finally the
new decision rule as follows:

Xi > (13)

>\n k v
- e 2X..
>\s,k + >\n,k P { k(

)}>n-(12)

where

. \/As,k+>\n,k \/An,k <1n 77_1

77k_\/As,k + An,k_\/An,k

n 7’\5’“}‘””“}) . (19)
An,k

Clearly, rather than comparing a test statistic like the
LR to a threshold, the presented VAD method compares
the sum of magnitude of real and imaginary parts of the
noisy spectral component to a threshold 7. But the key
guestion is whether we can implement this detector with-
out the estimate of the value of A, ;. The X} does not
depend on A, ; but it appears that the threshold 7, does.
If X, islarge, then the speech signal is probably present.
But to prevent the noise from causing the large X}, we
have to adjust the threshold n;, to control the probability
of false alarm (FA), Pr 4, with larger threshold values re-
ducing Pp 4. Over al possible detectors that have a given
Pr 4, this detector is optimal in that it yields the highest
detection probability, Pp, for any value of A, ;, aslong as
s,k > 0, Thistype of test, when it exists, is called aUMP
test [6]. But the UMP test is not adopted in the case of
—00 < Ag 1 < 00, which means that two-sided problems
never producethe UMP tests. For the UMP test to exist, the
parameter test must be one-sided test [6]. After finding the
threshold based onthe Pr 4, the decision ruleis established
from the arithmetic mean of the magnitude and threshold of
kth frequency bins, respectively, which is given by

1 Mg, 1 M
T NkZ D (15)
=1 Hot o

In order to determine the detection performance, the
distribution for the X of the noisy spectral component
should be found. The distribution of X}, for kth frequency
bin can be derived as follows :

S 4X, 2X
P(X;)=— -
( k) )\w,k exp ( ’—As,k
where U (X},) denotesthe unit-step function. With this pdf,

the distributions of the noisy spectral components condi-
tioned on Hy and H, are given by

> U(Xk) (16)

P(XelHy) = 2 exp (— 24 >U(Xk> (17)

An,k \/An,k

4Xy,
As,lc + An,k

( 92X,
exp | —

(18)
AV >\s,k + >\n,k> U(Xk) -

The key problem now becomes one of determining the op-
timal threshold in some best manner. Specifically, we de-
scribe how to find the threshold below.

P(Xp|Hy) =
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3.2 Decision of Threshold

Since the threshold in (14) depends on the variances A i,
and A, i, it is very important to control the threshold ac-
cording to the noise statistics to improve the detection per-
formance. To find the threshold, we can use thefalse-alarm
probability, Pr 4, [6]. A false alarm is realized when the
sum of magnitude of real and imaginary parts of the spec-
tral component is larger than the threshold, given the null
hypothesisis present. By considering the assumed pdf (17)
under the null hypothesis, the false-alarm probability can
be derived as

Pra = Pr{X;>ny:Ho} (19)
_ 2 o [ — 2k
= (\/m—l—l)ep( m) (20)

By letting 7, = 2mi/+/An.x, and rearranging terms, we
have

M = —In(Ppa) +In(n, +1) . (21)

To find the m the fixed point iteration method [6] is used
asfollows:

Memsr = —I0(Ppa) +1In(n,, + 1) (22)

For the given Pr 4, we can find the final threshold n; =
M. /Anie /2.0 by iterating with , , = 1 and the number
of iteration, N. According to this result, we can discover
that the threshold depends only on the noise statistics and
false-alarm probability.

3.3 Discussion

The proposed UM P-based VAD approach is similar to that
in [4]. [4] uses the Gaussian pdf for the speech signal
while this scheme uses the Laplacian and the UMP test.
Both methods requires the adaptive threshold which de-
pends only on the noise statistics and the false-alarm prob-
ability. The UMP test-based decision rule derived from the
Gaussian pdf is given by

| Xel > me (23)

where the threshold, n, = /=2, In(Pra) [4]. This
VAD method compares the magnitude of the noisy spectral

component to a threshold 7,

In order to implement the proposed VAD algorithm for
various noise environments, several factors such asthe sum
of magnitude, threshold, and the noise power need to be
considered . It iswell known that the smoothing parameter
using aforgetting factor and a hang-over scheme improves
the detection performance [1], [3]. Therefore, the X, and
threshold in (13) are modified to incorporate the forgetting
factor schemes such that

Xi(t) = (1= Xg,) - Xi(t) + Ag, - Xt — 1) (24)
M(t) = (L= Ap) - ne () + Agy - (= 1) (29)

where A g, and \,, are the forgetting factors for the sum
of magnitude of real and imaginary parts and threshold, re-
spectively.

4 Experimental results

To verify the improved performance of proposed algo-
rithms, we compared the speech detection and false-alarm
probabilities (Pp and Pr4) for each VAD agorithm. We
define Pp as the ratio of correct speech decisions to the
hand-marked speech frames, while P4 as that of false
speech decisions to the hand-marked noise frames. To
obtain Pp and Pr4, we made reference decisions for a
clean speech material of 456 s long by labeling manu-
aly at every 10 ms frame. The percentage of the speech
sounds is 58.2%, which consists of 44.8% voiced sounds
and 13.4% unvoiced sounds. To make a noisy signal, we
added the babble, factory and white noises from NOISEX-
92 database [7] to the clean speech waveform with varying
SNR. The VAD test was performed for each 10 ms frame.
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Figure 1: ROC curves for the Gaussian, Laplacian, Gaus-
sian UMP and Laplacian UMP test approaches with the
babble noise at 0 dB, 5 dB, 10 dB, 15 dB SNR, respec-
tively.

The performance of each approach was measured in
terms of the receiver operating characteristic (ROC) curve
which shows the tradeoff between Pp and Pr 4. The ROC
curves are presented by figures comparing the proposed al-
gorithm with the conventional algorithms such as Gaussian
[1], Laplacian [2] and Gaussian UMP [4]. Figs. 1, 2 and 3
are ROC curves in babble, factory and white noises where
the SNRs are 0 dB, 5 dB, 10 dB and 15 dB, respectively.
The proposed VAD algorithm was implemented with the
forgetting factor scheme while keeping Az, = 0.9 and
A = 0.2, through the various experiments. In the case
of the babble and factory noises, which are shown in Figs.
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Figure 2: ROC curves for the Gaussian, Laplacian, Gaus-
sian UMP and Laplacian UM Ptest approacheswith thefac-
tory noiseat 0 dB, 5dB, 10dB, 15 dB SNR, respectively.

1 and 2, the UMP-based VAD a gorithms outperformed the
Gaussian and Laplacian approaches. In a high SNR, The
ROC curves of UMP-based VAD tend to have lower per-
formance than Gaussian-based and L aplacian-based meth-
ods in very smal Pr4 (below about 0.06) but we could
confirm that UMP-based methods have much more excel-
lent performance when Pr4 > 0.06. From Fig. 3, which
showed the results for the white noise, the UMP-based al-
gorithms yielded a performance superior to the Gaussian
method when Pr 4 > 0.06 at all SNRswhileasimilar per-
formance to the Laplacian method. Also from the figures,
we can find that the L aplacian-based UMP has a better per-
formance improvement than the Gaussian-based UMP in
a low SNR while it has a similar performance in a high
SNR. From the experimental results, it is evident that the
proposed method based on the UMP outperforms the con-
ventional algorithm in the babble and factory noise envi-
ronmentswhen SNR is low.

5 Conclusion

We have presented a new VAD algorithm based on the
Laplacian distribution and UMP test to detect the speech
or nonspeech from the input noisy signal. We have applied
the UMP test to find the new decision rule based on LRT as
well as the distribution of the magnitude of the noisy spec-
tral components. The efficient decision rule is derived to
compare the arithmetic mean of the sum of magnitude of
real and imaginary parts with the threshold which depends
only on the noise statistics and the false-alarm probability.
It has been found that the UM P test-based VAD algorithms
using Laplacian outperformed the conventional algorithm
in the environments such as babble and factory noise envi-
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Figure 3: ROC curves for the Gaussian, Laplacian, Gaus-
sian UMP and Laplacian UMP test approaches with the
white noiseat 0dB, 5dB, 10dB, 15 dB SNR, respectively.
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