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"The voice of beauty speaks softly; it creeps only into the
most fully awakened souls”
- Friedrich Nietzsche
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Abstract

There are several voice communication systems that are used nowadays which are capable of
maintain voice calls between two users in real time. Telephones are widely used all around the
world in an unlimited kind of situations. All of these situations expose the microphone (or mi-
crophones) of the phones to different and unpredictable noises, as street noise, sea noise, rain
noise, wind noise, unwanted voices, car motors, etc. As microphones capture all the sounds
around it, including the wanted voice and the unwanted noises, it is necessary to implement
digital real time filters capable of attenuate as much as possible all the surrounding noises.

It exists a large quantity of noise reduction methods that have been used in the calling algo-
rithms of phones. Even if these methods have had, in general, a good performance, there is
still a research being done in this area in order to improve the current results. Because of this,
the multichannel methods were created (using multiple microphones) as well as new algorithms
that pretend to have a better noise reduction than the single channel methods. Most of these
methods require a speech presence probability (SPP) method to achieve the noise reduction.

The following document presents a research about different SPP methods as well as a com-
parison between these. This includes an explanation on how theses algorithm work, a Matlab
implementation using real voice and noise recordings and objective tests of the filter.

Key Words: Noise suppression, Speech processing, Speech enhancement, Adaptive signal processing,

Active filters, Digital filters, Noise, Low-frequency noise, Noise cancellation, Signal to noise ratio.



Contents

Acknowledgment vi
1 Introduction 2
2 State of Art 3
2.1 Single Channel Algorithms . . . . . . . . .. .. ... ... ... ... ... ... 3
2.1.1 Voiced Activity Detection (VAD) . . . . . . . . . . ... .. .. ..... 3

2.1.2  Spectral subtraction . . . . . . . .. ... 4

2.1.3  Talkerisolation . . . .. ... ... ... ... ... 5

2.2 Multiple Channel Algorithms . . . . . . .. .. ... ... ... 5
2.2.1  Sources separation . . . . . . . . ..o u e 5

2.2.2  Beamforming . . . . . . ... 6

2.2.3  Coherence and Speech Presence Probability . . . . . ... .. ... ... 6

2.2.4 Multi-Channel Wiener Filter . . . . ... ... ... ... .. ...... 6

3 The Problem and its Background 7
3.1 Signal Model . . . . . ... 7

3.2 Multi-Channel Wiener Filter . . . . . . . . . . . . ... ... .. ... ...... 8
3.2.1 Filter Formulation . . . . . . . .. ... 8

3.2.2 Formulation of MW F)\ and Estimation of Correlation Matrices . . . . . 9

3.3 Speech Presence Probability . . . . . . ... ... oo 12

4 Speech Presence Probability Implementation 14
4.1 Implementation . . . . . . . . ... 14
4.2 Stagnation . . . . . . . . ... e e 15

5 Evaluation 17
5.1 Algorithm . . . . . . . . . . 17

5.2 DataBase . . . . . . 17

5.3 Perceptual Evaluation of Speech Quality . . . .. ... ... ... ... .. ... 18
54 Results . . . . . e 19

6 Conclusions and Recommendations 23

6.1 Conclusions . . . . . . . . ., 23



Contents 1
6.2 Recommendations . . . . . . . . s, 23
7 Bibliography 25



1 Introduction

Nowadays the use of the mobile phones is generalized all around the world and it has become
a device which is used in all contexts of life. Phone calls are done in all different kinds of en-
vironments, exposing the microphone (or microphones) to a large kind of noises. It is required
that the noises captured by the microphone system is not transmitted in the phone call, because
of this, digital real time filters are used. This complete process is often called voice enhancement.

Several works in the frequency domain have used arrays with multiple microphones to improve
the previous singles channel approaches. One of these research is the one found in [18], there
it is proposed a multichannel speech enhancement method based on the Wiener filter which is
incorporated to a single channel filter that is used as reference. This algorithm has proved to
have better performance in noisy situations over the conventional single channel methods.

As most of the speech enhancement methods, the one based on the multichannel Wiener fil-
ter, needs one Voice Activity Detector (VAD) to perform the calculation of the noise and voice
correlation matrices. In [18] they propose a variation which uses a Speech Presence Probability
(SPP) method to achieve this. The SPP contains the information of how likely it is that there is
presence of voice in a frequency bin.

As several VAD and SPP methods have been developed for different algorithms, the goal of this
project is to do a research of different of this methods, implement them on Matlab for a multi-
channel Wiener filter, do the right tests and show the dependency of this filter from the SPP or
VAD block.

This document will be divided in 5 parts: problem and its background, where the basis of the
multichannel Wiener filter algorithm are shown; Literature Review, where some previous work
on the area will be found; Implementation, where it will be shown how the filter was imple-
mented and testes; results, with comparison of the different variables and conclusions.



2 State of Art

Several methods have been developed in order to have a better speech enhancement. The state
of art will be divided in two groups of algorithms: single channel and multiple channel. It is
important to note that this algorithms can be mixed to obtain different kinds of noise reduction
methods.

2.1 Single Channel Algorithms

2.1.1 Voiced Activity Detection (VAD)

Many methods of speech enhancement use the VAD method to make a difference between
silence and speech periods. This periods are always differentiated by each of the STFT frames
processed. The voiced sounds are periodic and usually have more energy that unvoiced sounds,
also, unvoiced sounds are more noise-like and have more energy than silence segments.

The VAD can be used in many implementations as speech recognition, voice compression, noise
estimation and suppression, and echo cancellation. For this, some methods have been devel-
oped. Probably the simplest VAD is Energy Level Detection [4], in which the initial noise spec-
trum, mean, and variance are calculated assuming the initial frames are only noise. After this, the
thresholds are calculated for speech and noise decisions and all statistics are gradually updated
when a noise frame is detected. The process diagram can be seen in figure 2-1.

Some other methods can be found in [4], [14],[13], [5],[10]. Some of them are listed:

- Zero crossing rates: these can be calculated for each frame and compared with a threshold.
The zero crossing rate of noise is assumed to be considerably larger than the one of speech.
This assumption works well at high SNR values, but has problems at low SNR and in the
presence of periodic noise.

- Periodicity: The detector uses a least-squares periodicity estimator, LSPE, on the input
signal and triggers when a significant amount of periodicity is found.

- Speech Presence Probability (SPP): it is shown [5] that it is possible to create a limited
maximum likelihood estimator, then use it for the estimation of the a priori signal-to-noise
ratio (SNR), and this resulting noise power estimate can be updated when the a posteriori
SNR is below a certain threshold and, finally, this threshold can be seen as a voice activity
detector.
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Figure 2-1: VAD with energy detection[4].

2.1.2 Spectral subtraction

This algorithm uses the short-term spectral magnitude of the noisy speech and estimate or ref-
erence of the noise signal. Most of the single channel spectral subtraction methods use a VAD
to determine if there is silence or not in order to get an accurate noise estimate and the noise
is assumed to be short term stationary so that noise from silence frames can be used to remove
noise from voiced frames as shown in figure 2-2.

Microphone

Noise . .
. ) — Filter Design — E_nhanCEd
Estimation signal

A

Update

VAD ™ Noise

Figure 2-2: Basic Spectral Subtraction.

Many articles show different ways of using the spectral subtraction as [3], [6], [16], [1].

The spectral subtraction always uses a VAD. This is used to know the noise power only in the
silence periods and this information is used to erase the noise from the speech as we can see in
the figure 2-3.
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Figure 2-3: Single Channel Spectral Subtraction.

2.1.3 Talker isolation

It is necessary to isolate the desired speech from other speech sources and noise. In this case,
separating the sources is crucial since the desired and undesired speech have similar spectra and
comparable amplitudes.

It is used the frequency and amplitude continuity to track the desired talker. Binaural spatial
cues are used to discriminate pitch frequencies that are too close to resolve spectrally. In [8]
they show an example using a combination of techniques for advanced pitch tracking and talker
isolation, it is used frequency and amplitude continuity to track the desired talker.

2.2 Multiple Channel Algorithms

2.2.1 Sources separation

The separation of sources is an approach in which the source signals are estimated from the
mixed signals observed in each channel. This technique is used in sound systems in order to
erase noise or to erase the cross-talking in communications. This system can be modeled as
seen in figure 2-4 (with 2 sources).

mixing system unmixing system

Figure 2-4: Separation of sources system configuration.

Many methods have been developed to achieve a proper separation of sources. In [16] it is
shown a method in which, as some other methods like [2] and [9], every filter of the unmixing
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system (W;;) is found by an estimation of the mixing system (/;;).

2.2.2 Beamforming

Beamforming is the term used for steering an array of sensors (microphones) to have unity gain
in the direction of the desired source and attenuate the signals with origin in other directions.
Source localization can be important to improve the effect of beamforming [4]. This can be used
as a noise reduction method due to it’s capacity of localization, that means that the noise (which
comes from different directions than the voice) will be attenuated.

The technique of beamforming is used to capture multiple sound inputs s(¢) in the farfield and,
after filtering and addition obtain a reference signal Z [4].

One technique called the "delay and sum beamformer” , which is probably the simplest, con-
sist in apply a phase delay to the input signals to steer the main lobe directivity to an specific
direction.

2.2.3 Coherence and Speech Presence Probability

In [10] is proposed one noise estimation method based in the speech presence probability value
showed in [5] and the coherence function, which behaves as a measure of spectral similarity
between signals. The coherence function, due to the noise characteristics of noise in diffuse
field, has low values for noisy segments and a high value for speech segments.

2.2.4 Multi-Channel Wiener Filter

The Wiener filter is a filter used to produce an estimate of a desired or target, assuming known
stationary signal and noise spectra, and additive noise. The goal of the this filter is to find a
statistical estimate of an unknown signal using a reference signal as an input and filtering this
signal to produce the estimate as an output. In [18] it is proposed a multichannel method which
also uses one single channel method as reference. This algorithm will be described in detail later
since it was chosen for implementation.



3 The Problem and its Background

As it was shown in the introduction, this work pretends to prove several VAD and SPP methods
for the multichannel Wiener filter algorithm for speech enhancement. In this chapter will be
explained how this filter works and why it is important to test the performance of the SPP block.

3.1 Signal Model

To maintain mathematical coherence during the document, the signal model will always be as it
follows:
The microphone signals will be denoted as:
Yi(k,n),l=1,... M
Where £ is the frequency bin index, n is the frame index and M is the number of microphones.
So, the input signals are given by:
Yo (k,n) = Xp(k,n) + Vi, (k,n)
Where X, and V,, are the target signal and the uncorrelated noise components. The goal is to
remove the unwanted noise and preserve the target signal, this can be done by using a filter set
w(k, n) to obtain:
Z(k,n) = w" (k,n)y(k,n)

Where Z is the output signal and y(k, n) is a vector given as:

y(k,n) = [Yi(k,n),Ya(k,n), ..., Yar(k,n)]"
y(k,n) =x(k,n) + v(k,n)

The correlation matrices of noisy speech, clean speech and noise are defined as:
R, = E{yy"} e "M

R, = E{xx"} ¢ ¢"*M

R, = E{w} ¢ ¢M*M
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3.2 Multi-Channel Wiener Filter

Many of the real time implementations of the multichannel Wiener filter (MWF) have estima-
tion problems caused mainly for using a voice activity detector (VAD), which may fail in adverse
environments and the use of second order clean speech statistics, which usually causes overes-
timation errors. In this document it will be described the algorithm proposed in [18], first using
the hard VAD and then using a SPP. Also, in order to have a better performance it will be cho-
sen one of the input signals from the microphone array and will be filtered by a single channel
algorithm and this new signal will be used as reference (the complete block diagram is shown
in figure 3-1). Finally it will be shown the objective tests that were applied to this algorithm in
order to show a comparison with other methods.

1 Chanel Noise Reduction

Y, ®
Choose — Compute SPP ) Gwmsic
v Reference
z FrT 2 p[ l)?re,
<
Y .
@ p— 1Y Correl.atlon Matrix ¢
S Matrices
=3 . #
9 B B xy
s R| R |
= FFT 7 Wuwr
M-1 Compute Apply
Filter Filter

Figure 3-1: Block diagram for multichannel Wiener filter.

3.2.1 Filter Formulation

It is expected to estimate the speech signal based on an minimum mean square error criterion
as:
: H 2

Wywr = argming E{| X,.y —w"y|*} (3-1)
If it is taken the assumption of uncorrelation between speech and noise, it is possible to modify
the criterion of the MWF as:

: H,2 H, |2
Wywr = argming E{|X,c; — w'x|*} + pE{|X,ef —wv|"}

A larger p value here indicates more residual noise reduction at the expense of higher speech
distortion. The solution of MW F), can then be obtained as:
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WuwE, = [Rx + MRU]—IRmeref (3-2)

Where e,.; = [0...010...0]7 is a M-element zero vector with the unity corresponds to the m®"
element of the microphones.
In first place, the update of the correlation matrices can be done like:

[ R = (1= Rl — 1]+ auylaly [ _
o:{ Ryfn] = Ryl — 1 o

A

oy { Bl =0 Rl 14yl 50
Rv[n] = Rv[n - 1]

Where H, and H; denote the periods of absence and presence of speech. This periods are
determined by the use of a VAD algorithm. The choice of the smoothing factors a must be done
carefully taking care if the degree of stationarity of speech and noise signals.

In equation (3-2) itis needed an estimation of R, which could be obtained form R, —R,,, but this
estimation might have some errors caused by the complex valued matrices, which will lead to a
bad estimation. This estimation could be improved by obtaining a pre-determined R, estimate
with a calibration sequence, or by implementing a mathematical model, these methods rely on
the a priori information, which makes them less stable and difficult to use for final users.

3.2.2 Formulation of MW F), and Estimation of Correlation Matrices

To minimize the error from equation (3-1), another criterion to minimize the noise power is
proposed. For this, one weighed sum can be find as:

W, = argming (1 — XN E{|X,; — wy*} + ME{|wv[*})

Where A is a weighting value between 0 and 1, this solution is given by:

WMWEF, = [(1 - )‘>Ry + Rv]_l(l - )\)ryz (3-5)

A=1—p
where r,, = E{yX/, }. Using this consideration, it is avoided the estimation of R, and the
value of A can be set as 1 — p where p is the SPP of the signal. Also, it is proposed to avoid the
decision by the VAD to estimate the correlation matrices and to use instead a modified SPP (p)
with which the matrices can be estimated as:

~

Ru[n] = (1 = Gu[n])Ro[n — 1] + dy[n]y[nly”[n] (3-6)

A

R, [n] = (1 - &, [n))R, [n — 1] + &, [nlylnly” [n] (3-7)
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Where &, and &, are given by:

and

Oy = Qyp

Where o, and o, are the fixed smoothing factors for noise and noisy correlation matrices and p
is the value of the speech presence probability.

Smoothing the filter

In the first implementation, as proposed in [18], the output signal tends to have musical noises.
To solve this, it is proposed to do a smoothing process over the whole filter Wy r, as:

WMWFA(kyn) = OéwWMWFA(k?,TL — 1) + (]_ — Ozw)[(]_ — /\)Ry + RU]_I(l — )\)rya: (3-8)

Which leads to an important musical noise reduction.

Single-Channel Reference

From equation (3-5), we can see that this method needs the estimate of the speech reference
X,ef, to achieve this, it is proposed to estimate X,.; by using a single-channel speech enhance-
ment method and to use one microphone as a reference. With this, it is possible to define:

Ty = YG(Xi0p + V)

Where X,.; = H,¢S, in which H,.y is the acoustic transfer function of the target speech signal
S, at the reference channel. In this equation G is a spectral weighting gain function, which
involves the computation of the a posteriori and a priori SNR estimates. Also, to avoid musical
noise, it is proposed to update recursively ,,(n) as:

~

Iyo(n) = (1 — ag)tye(n — 1) + agy(n) X7 ¢ (n) (3-9)

Where «, is the smoothing factor for target speech signal, and Xre ¢ = G(X,er +V,) indicates
the clean speech estimate from the reference microphone. This estimate can be done with any
of the existent speech enhancement methods, but it is recommended to use one in which the
speech distortion can be controlled and set it as small as possible. In this case it will be used
the one found in [17]. This method works as follows:
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Sigmoid function with a priori SNR

In order to find X’ref it is needed to chose one of the channels as a reference, in our case the
input of the closest microphone to the source can be chosen. This signal must be filtered with
one method of speech enhancement.

In[17]itis proposed to use a gain function which can be easily controlled and that has a flexible
shape. In this case we use the modified sigmoid gain function:

L — eapl~ag(k,n)] 1
L+ expl—ai§(k,n)] 1+ exp(—az[§(k, n) —c])
Where ¢ is the a priori SNR defined as

(3-10)

Gusia(k,n) =

) = i

Which can be estimated as a function of the a posteriori SNR and an instantaneous a priori SNR,
the a posteriori SNR and applying a recursive smoothing procedure:

Einst(k,n) = maz{y(k,n) — 1,0}
using the fact that X (k,n — 1) = Gusia(k,n)Y (k,n —1):

é(ka n) = OéSNRG?\/ISIG’(k’ n— 1)’7(]{:7” - 1) + (1 - aSNR)Sinst(k7n>

The variance in the a priori SNR estimate can lead to audible musical noise due to the higher
sensitivity to changes. In order to reduce such musical noise, a first order recursive smoothing
procedure, as shown in [19], can be applied in the a posteriori SNR estimation:

-3

With:

@, (k.n) = ay @, (k,n — 1) + (1 - a,)|Y (k,n)?

The resulting function of equation (3-10) can have different shapes as shown in 3-2 according
to the choice of the constants aj, as and ¢, for this implementation the values were chosen as
function MSIG-fix3:

ay = 15
az = 0.6351
c=0.2243
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Functions Parameters Fitted curve
a) a» c

MSIG-fix1 2.3918 0.2120 —1.7071 LSA

MSIG-fix2 11.6869 0.4337 0.7556 WF

MSIG-fix3 15 0.6351 0.2243 SIG

Gain (dB)

+ - WF
P -—o—LsA

| e SIG(a2=1, c=0.7)
.| —&— MSIG-fix1 (a1=2.3918, a2=0.2120, c=—-1.7071)
—#— MSIG-fix2 (a1=11.6869, a2=0.4337, c=0.7556)
| ——— MSIGfix3 (a1=15, a2=0.6351, c=0.2243)

-5 0 5 10 15
¢ (dB)

Figure 3-2: Different shapes of the gain function, taken from [17].

3.3 Speech Presence Probability

Several authors have made important research on SPP methods.

All real time audio processing algorithms are implemented with short time Fourier transforma-
tions (STFT). The speech presence probability method, has as output a vector of the same size
than each frame vector, each element of this vector is a real number with values from 0 to 1
which denote the probability of finding voice in each frequency bin. In this case 0 is the lowest
probability of finding voice and 1 is the highest. In the figure 3-3 it is shown the spectrogram of
a clean female voice signal and in figure 3-4 it is shown all the SPP vectors of this signal.

It is possible to see that, in an ideal SPP (absence of noise), the output has the value of 1 in
each bin where there is presence of speech in the signal. Note that in an ideal case all speech
presence values should be 1 and this does not depend on the magnitude of the voice energy in
the signal, following the same logic, in silent segments or nose segments, the values should be
0.

In this project, different algorithms for finding the SPP will be tested under different SNR con-
ditions. For testing this, the SNR of the output of the MWF will be compared for each SPP
algorithm.
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Figure 3-4: Speech presence probability of a clean voice audio file.



4 Speech Presence Probability
Implementation

In this chapter it will be shown how the SPP method found in [5] can be implemented in Matlab
so that the different variations in the algorithm can be tested later.

Microphone

Y, P

O—» FFT . SPP
» (DV

Figure 4-1: Block diagram of SPP method.

4.1 Implementation

Under the assumption that a soft decision VAD might be more precise than the hard decision,
the following algorithm will be included in the multi-channel noise reduction method. Following
this, the SPP was found as proposed in [5]:

1
- Y1 (k,n)|? °
(1 + (1 + gopt)el’p (—;ILVI((,{,”ZID gfptpi1)>
Where p is the variable that takes values between 0 and 1 indicating the probability of voice

presence (0 means no voice, 1 means total certitude of voice) and &, is a fixed a priori SNR, Y}
is the input, @y is the noise power density, and:

4-1)

Oy spp(k,n) = pOy.spp(k,n — 1) + (1 — p)|Yi(k,n)|? (4-2)

After this, the value of ®y gpp is integrated to the estimated noise power density:

Oy (k,n) = ansppPyv(k,n —1) + (1 — anspp)Py.spp(k,n) (4-3)

In[11]itis proposed a similar method in which the value of p is modeled as a sigmoid function,
with this, it is possible to adjust its slope (as;,) and mean (cy;4). The value of p wil be given as:
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1

p= (4-4)
Y1 (k,n)|?
(1 eon (~ass (a5 — o))
where:
o gopt
Usig = gopt 11
P(H, Eopt + 1
Csig = lOg ( P(<.7‘[1) (1 - fopt)) Ig .
op

In this project both SPP methods will be tested and compared when they are used with as part
of the MWF noise reduction method.

4.2 Stagnation

This algorithms give a very close estimation of the ideal SPP, but, it is susceptible to have stag-
nation problems. It can be seen that if the spectral noise power is underestimated, in equation
(4-1), it may lead to p = 1 even if the power of the input is low with respect to the real and
unknown noise power. In this case the equation (4-2) won’t update the noise power anymore
and the noise will remain underestimated. This is know as stagnation.

Both described methods also propose a way to avoid stagnation which will be explained in this
chapter and part of the testing algorithms.

Tracking Time Average

The algorithm showed in [5] propose to force a lower the value of p when it’s time average is
higher than certain threshold. This means, if p has high values for too long it’s forced to a lower
one, this can be expressed as:

)= { min(0.5,p) p> 0.9 (4-5)

p else

3 Regions

In [11], the SPP was categorized in three regions which control the update speed of the noise
PSD estimate from equation 4-3 as follows:

’

r={ if 03<p<06 (4-6)

| min(Bs, p) if p>06
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After, finding the right 7, the smoothing value « is found with the following equation:

—2.2R

Clrm) =a =€ (4-7)
The proposed time values for 2; are:
P, = 50ms
P, = 80ms

P; = 240ms



5 Evaluation

In this chapter it is shown the steps for implementing the MFW, the evaluation score that will
be use for testing it and the results of testing it under different conditions.

5.1 Algorithm

The MWF noise reduction method was implemented in Matlab following these steps:

1. Compute the auto and cross PSD of both inputs.

2. Find the single microphone SPP p and noise PSD with (4-1) or (4-4) and (4-2)

3. Apply a single channel noise reduction method to the reference.

4. Obtain correlation matrices with (3-6) and (3-7).

5. Obtain the estimated matrix I, with (3-9) using the filtered reference of step 3.
6. Obtain filter Wy, with (3-8).

7. Obtain Z as Z(k,n) = Wiy p, (k,n)y(k, n).

The MWF was implemented in Matlab with both previously showed SPP algorithms and with
both methods to avoid stagnation. Here it will be shown how to evaluate the performance of
this implementation and the results of it.

5.2 Data Base

To test in the most accurately possible way all the noise reduction methods, it is necessary to
have a proper data base and a proper algorithm to run the measurement metric. For this is was
used a radio studio with 4 microphones, one main speaker and a set of several speakers.

The data base consists of 10 voices (5 female and 5 male) and 5 different kind of usual noises.
The main speaker and microphones were arranged as shown in figure 5-1 where D = 50cm and
d = 10cm. The main speaker was reproducing the clean voice files and the set of speakers was
placed all around the studio to create a good simulation of spatially homogeneous distributed
noise.
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Figure 5-1: Microphone array and audio source positions.

5.3 Perceptual Evaluation of Speech Quality

As shown in [15], the measure of PESQ (Perceptual Evaluation of Speech Quality) is a measure
which evaluates the similarity between two speech signals in a perceptual scale. This means that
a high value of PESQ means a good speech enhancement method.

The score of PESQ is given in dBs, where the higher score means better speech enhancement.

The Matlab code capable of performing the PESQ evaluation between two signals was taken
from [7].

In order to obtain accurate scores, two files from the voice data base were taken (one female
voice and one male voice) and two from the noise database and each voice was mixed with each
noise in a range of SNR of [-30d B, 15dB]. These signals were taken as imputs for the different
filters, and then the output of each filter was plotted and compared with the other methods and
with the original noisy signal.
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5.4 Results

The results of the evaluation process are shown in figures 5-2, 5-3, 5-4, 5-5. The method labeled
as "Gerk” refers to the one found in [5] and the one labeled as "Yong” refers to the one found in
[12] and the label "Noisy” is the noisy input with no filter. The use of these methods with each
of the algorithms to avoid stagnation and their combination were plotted and their PESQ score
is displayed.

PESQ Evaluation
T

PESQ Score

1 1 1 1 1 1 1
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Input SNR (dB)

Figure 5-2: PESQ results for female voice and car noise audios.

It can be seen in all figures that the combination of "Yong” with the 3 regions method leads
to an important voice degradation and its PESQ values are always lower than the noisy input,
however when this method is used with the tracking time algorithm, the score increases and
there is speech enhancement. This can be caused by the speed in which this method updates
the SPP value not being compatible with the 3 regions. In this case, combining both algorithms
for avoiding stagnation doesn’t improve the value.

It can also be seen that when the method "Gerk” is combined with the 3 regions algorithm, the
performance for low SNR values is always enhancing the speech but when the SNR gets higher,
the scores decreases because of speech degradation. The tracking time method can help to fix
this, it is shown that this method has high PESQ values for high SNR input values also when
mixed with the 3 regions method.

In general, the method shown in [5] shows a better performance when being implemented with
the MWF. Also it can be noticed that the 3 regions method tends to have better performance for
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Figure 5-3: PESQ results for male voice and car noise audios.
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Figure 5-4: PESQ results for female voice and street noise audios.
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Figure 5-5: PESQ results for male voice and street noise audios.

low SNR input values over the tracking time method but this is reversed for higher SNR values.
In general, mixing these two algorithms for avoiding stagnation leads to good speech enhance-
ment results. It is just important to notice that the tracking method will have more memory
storage.

In the figure 5-6 is shown the input and output spectogram of one of the test. There it is noto-
rious how big part of the noise is attenuated while preserving the voice. In figure 5-7 the SPP
values of this case are show, it is notorious that there is voice over-estimation (noise taken as
voice), but not under-estimation (most of the voice is detected), which is one of the conditions
for having a correct reference for the multichannel filter.
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6.1 Conclusions

In this document it was presented a detailed illustration of the Multichannel Wiener Filter as
well as a description of each of it’s blocks and how to implement them. Special attention was
given to the Speech Presence Probability block and different algorithms for it were tested. The
overall result shows that the method proposed in [5] when tracking time average and with the
3 regions method for avoiding stagnation.

The method proposed in [12] showed that is not compatible with the 3 regions method and the
result of this was a lower PESQ score than the noisy input, which means that was only degrading
the voice. However, when used with the tracking time average method, the results were better,
but still worst that [5].

The only consideration that may be done at the moment of choosing an algorithm for avoiding
stagnation for [5] is that the time tracking average needs more storage memory due to it's need
to save the complete vector of the smoothed SPP for every frame, which could lead to higher
costs depending the implementation.

6.2 Recommendations

This complete document can be used a guide for future projects, here it can be found step by
step how to implement a multichannel noise filter, a single channel noise filter, two speech pres-
ence probability methods with two different algorithms for avoiding stagnation and references
on how to test any speech enhancement method. All of this can save important time for further
research.

Also, because of the big amount of blocks that this method has, it is always possible to try to
find optimum values for different situations. In the future, values like the a priori SNR and
smoothing times can be tested and arranged for more specific situations.

These kind of algorithms is be important for communications systems and this document can be
used as help for coding speech enhancement projects in mobile phones, car hands-free systems,
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computers, microphone arrays for public speeches and many others.

Finally, the data base and the code are open to be used for tests.
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