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Abstract—The role of a double talk detector (DTD) in
acoustic echo cancelation (AEC) system is to detect the
presence of near-end speech signal with the microphone signal
and freeze the filter adaptation to aveid the adaptive
algorithm divergence. This paper presents a DTD based on an
enhanced Geigel algorithm where a modified form of decision
variable is proposed. The aim is to improve the behavior of
Geigel algorithm, evaluate performances of the proposed
method, and compare it to conventional Geigel algorithm.
Recursive Least Squares (RLS) algorithm is used in this case
as an adaptive filter which it requires a good DTD due to its
fast convergence and its sensitivity to double talk situations.

Keywords—Acoustic echo cancellation; Adaptive filtering;
RLS algorithm; DTD; Geigel algorithm.

I. INTRODUCTION

The acoustic echo cancellation (AEC) is one of more
important problems in communication systems. The
researchers have to improve the performances of AEC
systems to make in better conditions the quality of
communication, especially with the increasing use of
communications devices in hands-free mode [1, 2].

An acoustic echo canceller (figure 1) removes echo
signal y(n) resulting from the coupling between far-end
speech signal x(r) and the echo path h which returned to the

microphone when the loudspeaker is used. The general
concept is to use an adaptive filter to identify the echo path,
where the output of adaptive filter y(n) is then subtracted

from microphone signal d(n) in order to transmit finally

the near-end signal v(n) without echo disturbance [3].

The microphone signal is given by:

d(n)=y(n)+v(n)
=h"x, (n)+v(n)

(1)

With: h=[h0 By by Jimpulse response of echo

path; x(n) = [x(n) x(n=1) ... x(n—=L+1) J vector of L last

samples of the far-end signal x(n), where L is the order of

h filter.
We have:
) =w"x(n) )
Where:
W= [wo W o Wi J is the adaptive filter vector.
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Thereby we get the error signal:
e(n)=d(n)—y(n) 3)

Many algorithms have been used to update the adaptive
filter coefficients and allow a good convergence to the
optimal solution, like as least mean squares (LMS) based
algorithms and recursive least squares (RLS) based
algorithms [4, 5]. In fact, each of these algorithms has its
advantages; the RLS algorithms have a fast convergence
rate and a high computational complexity, while the LMS
algorithms have a low complexity and less convergence
rate [6, 7].

The most challenge in AEC beside the convergence rate
(misalignment) and reduction of computational complexity
is the problem of the double talk detection. The main task
of a DTD is to halt the filter coefficients updating during
the presence of near-end speech to avoid filter divergence
[8]. Figure 2 shows the implementation of DTD in AEC
system. Many techniques have been used in order to
improve behavior of DTD, i.e. Geigel algorithm [9],
normalized cross correlation between different available
signals [10-12] and more other recent methods [13][14]. An
efficient DTD must react fast to the presence of near-end
speech and allows resuming of adaptive filter updating
when double-talk (DT) is finished. The simplest algorithm
used to detect DT situations, is Geigel algorithm [9] which
has been used first in network echo cancellation. This
algorithm improves a good behavior; however for AEC it
presents some problems due especially to its misalignment.

In this paper we propose a modified form of decision
variable in order to enhance its performances using in this
case RLS algorithm.

This article is organized as follows: section 2 gives the
mathematical formulation of RLS algorithm; section 3
presents the Geigel algorithm and the proposed
modification; and finally results are discussed in section 4.
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Fig. 1. General concept of AEC.
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Fig. 2. Implementation of Geigel DTD in AEC system.

II.  RLS ALGORITHM
The RLS algorithm search the w which minimize the
weighted quadratic error:

Jny=Y A" [e@)]

i=0

- Zn:/i'“' [d(i) —wfx(i)]z )

i=0
The relations defined the conventional RLS algorithm
are showed in table 1.

TABLE I RLS ALGORITHM SUMMARY.

Parameters:
p = filter order

A = forgetting factor
0 = regularization paramerter
Initialization:
WO = 0

P(0)=6""1

Computation:
For: n=1,2,...compute
2(n) =P(n—-1)x"(n)
1
A+x" (n)z(n) 2t
a(n) = d(n)-w]_x(n)

Wi =Wy + af(}’l)k(l’l)

k(n) =

P(n) = %[P(n ~1)—k(n)z" (n)]

II. GEIGEL DOUBLE-TALK DETECTION
Geigel algorithm [9] is a very simple algorithm, it is
based on the level comparison between far-end signal x(#)
and microphone signald(n), the decision variable is
defined as:

_ max{lx(m)],[x(2 =D}, |x(1 =251 = L + D[}
)

6(; (n) (%)

The DT is declared whenever &, <T

Where T is a detection threshold and L is the length of
far-end signal bloc.

These two parameters describe the DTD performances
and must be chosen properly, one simple chose of L. is to
take the same length of adaptive filter L [8].

We propose in this work to use in the denominator of
decision variable, the mean of the L, last samples of

microphone signal.

£ = max {lx(n)l ,|x(n - 1)| ,|x(n - 2)| . ,|x(n -Lg+ 1)|} ©)
P mean{d(w).]d(n-D].|d(n=2)|......[d(n - Lg + D}

IV. RESULTS AND DISCUSSION

Simulations are performed using signals depicted in
figure 3, near-end and far-end signal are a recorded audio
sequences composed of 33000 samples (4.12 seconds)
sampled at 8 KHz. To simplify simulations, we have used a
short echo path (128 taps).
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Fig. 3. Speech signals used in simulations.

First of all, we have to fix two parameters (Lg and 7 in
this case) of the proposed DTD. Several values of L, and
T are tested with forgetting factor A=0.999. Figure 4 and 5
show the comparison between misalignment curves where
the best result is obtained with L; =12.L and T =45.
These values are chosen for the remaining simulations.
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Fig. 4. Misalignment curves for different L values.

To confirm the efficiency of the proposed method and
the impact of DTD on the global performances of an AEC
system, we use the normalized misalignment and Echo

Return Loss Enhancement (ERLE) criteria defined as:
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Fig. 5. Misalignment curves for different T values.

To compare the proposed and conventional methods, we
use the binary decision variable calculated as following:
when DT is detected, B=1; when DT is not detected, B=0.

Obtained result is illustrated in figure 6, we can remark
that Geigel algorithm make several wrong detections more
than proposed method, this wrong detection affect the AEC
performances and hold the adaptive filter convergence.

50

Where ||w(n)—h|| denotes the Euclidian distance between filter

coefficients w and real echo path h.
Obtained results are showed in figure 7 and 8.

The residual echo depicted in figure 9 is calculated as
following:

residual echo(n) =e(n) —v(n) )
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Fig. 7. Comparison of misalignment of different methods.
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Fig. 9. Comparison of residual echo of different methods.

Obtained results with different evaluations confirm the
necessity of DTD in AEC system and show the superiority
of the proposed method compared to conventional Geigel
algorithm. The convergence of conventional Geigel is slow
due to the large periods of wrong detections shown in
figure 6. Furthermore the residual echo is more significant
without DTD and with conventional Geigel DTD. Proposed
method in DT situations, presents the best misalignment.

V. CONCLUSION

The presence of a good DTD in an AEC system is
essential especially in the case of an adaptive algorithm
with a fast convergence rate like the RLS. In this context
we have proposed a modified form of decision variable of
the conventional Geigel algorithm in order to improve its
performances which directly affect performances and
quality of communication systems. Obtained results

confirm the superiority of the proposed method compared
to conventional one.
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