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Abstract—For the problem of acoustic echo cancellation 
(AEC) with nonlinear distortions, we propose to use a linear 
adaptive filter that maximizes the Correntropy similarity 
measure instead of the conventional minimization of the mean 
squared error (MSE) criterion. The maximum Correntropy 
criterion (MCC) offers robustness to outliers and impulsive 
noise, which is interesting for the case of speech signal coupled 
with nonlinearities. To assess the performance of the 
algorithm, we consider a hard-clipping memoryless saturation 
nonlinearity. Our simulation results show very interesting 
performance of the normalized MCC-based linear adaptive 
filter for the echo return loss enhancement (ERLE) and 
misalignment measures compared to the MSE-based 
normalized least mean squares (NLMS) approach. 
Furthermore, the NMCC adaptive filter has a similar 
computational complexity as the NLMS algorithm, which 
makes it very attractive in practical implementations 

Keywords— acoustic echo cancellation, nonlinear systems, 
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I. INTRODUCTION

We use speech communication systems very often in our 
daily life via services operating over cellular networks and 
the internet. A very annoying type of distortion in these 
systems is the acoustic echo, which occurs due to the 
reflection of acoustic waves on the surfaces of the room and 
surrounding objects. Linear acoustic echo cancellation 
(AEC) systems are widely used, and aim to cancel the echo 
effect by adaptively identifying the time varying room 
impulse response (RIR), which is generally modeled by a 
linear finite impulse response (FIR) filter [1]. Linear adaptive 
filtering algorithms like the least mean squares (LMS) and its 
variants, and the recursive least squares (RLS) are commonly 
used [2]. However, other components of the echo-path like 
the analog amplifier and the loudspeaker exhibit non-
negligible nonlinear behavior when driven near their 
saturation region,  thereby introducing nonlinear distortions, 
leading to poor echo cancellation performance of linear 
adaptive filtering algorithms due to their inability to model 
nonlinearities.  

To address the problem of nonlinearities in the echo-path, 
nonlinear acoustic echo cancellation (NL-AEC) methods 
are used. The basic idea is to introduce a nonlinear 
model in cascade with the linear filter modeling the 
RIR, and adaptively identify the models parameters. 
The nonlinear model is expected to approximate the 
behavior of the real nonlinear components to yield 
good practical results. Nonlinear models based on 
Volterra expansions [3], polynomial expansions [4][5], 
saturation-like nonlinearities 

[6]-[9] and others [10]-[12] have been proposed. In other 
approaches, additional hardware components like 
voltage/current sensors [13] and accelerometers [14] are used 
to capture the nonlinearities from the loudspeaker and use it 
to feed the linear adaptive filter. 

It is important to mention that most of these methods are 
computationally complex to implement in practice, or require 
the use of additional hardware, which is not compatible with 
most of the already available speech communication systems 
in the market. 

In this paper, we approach the problem of nonlinear 
distortions as a problem of presence of outliers in the 
optimization process, which are caused by high amplitude 
samples of the speech signal being distorted by the nonlinear 
components of the system. In this perspective, the process of 
identifying the linear RIR using a linear adaptive filter robust 
to outliers would provide interesting improvements 
compared to the conventional linear adaptive filters. We will 
compare the performance of the correntropy similarity 
measure against the popular mean squared error (MSE) 
criterion [15] used by traditional adaptive filters.  

The rest of this paper is organized as follows: the 
acoustic echo cancellation problem with nonlinear 
distortions, and the hard-clipping memoryless saturation are 
presented in Section II. Section III covers the selected 
outliers-robust linear adaptive filter. In Section IV, 
simulation results and discussions are given. Finally, we 
draw our conclusion in Section V. Nonlinear Modeling and 
Inverse Filter 

II. ACOUSTIC ECHO CANCELLATION PROBLEM

The block diagram of the linear acoustic echo 
cancellation system in the presence of nonlinear distortions is 
shown in Fig. 1. The main sources of nonlinearities are the 
analog amplifier and the loudspeaker in the downlink path 
[5]. The far-end input signal ( )x n  is first affected by a 

nonlinear transformation ( )f •  before being linearly 

convolved with the room impulse response ( )h n . At the 

microphone, the echo path signal ( )d n  is superimposed with 

a corrupting background noise 0 ( )e n  . The resulting signal 

( )y n  is used by the canceller as a reference entry with the 
goal of estimating the echo path which is commonly 
achieved by minimizing the power of the error signal ( )e n , 
thereby aim to cancel the return of the far-end signal and its 
delayed versions to the source. 
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At the echo path level, the system equations are described 
as follows: 

The time-variant FIR filter which models the linear 
RIR ( )nh , and the input vector ( )nx  is denoted as 

0 1 1( ) [ ( ), ( ), ..., ( )]T
Ln h n h n h n−=h (1)

( ) [ ( ), ( 1), ..., ( 1)]Tn x n x n x n L= − − +x (2)

where L is the length of the truncated RIR, 

The nonlinear mapping of the input signal yields 

( ) ( ) ( )( ) ( ) , ( 1) , ..., ( 1)
T

n f x n f x n f x n L= − − +  v (3) 

 The received signal at the microphone is expressed as 

0( ) ( ) ( ) ( )Td n n n e n= +h v (4) 

At the canceller level 

0 1 1( ) [ ( ), ( ), ..., ( )]T
Ln w n w n w n−=w (5) 

is the FIR weights vector used to estimate ( )nh , and the 

filter output is expressed as 

ˆ( ) ( ) ( )Td n n n= w x (6)

and the estimation error is given by 

ˆ( ) ( ) ( )e n y n d n= − (7) 

 This error signal is used by the adaptive filtering 
algorithm to update the coefficients vector ( )nw . The LMS 
algorithm adapts the coefficients vector as follows: 

( 1) ( ) ( ) ( )n n e n nμ+ = +w w x (8)

where μ  is the learning rate. 

As mention in Section I, different models have been 
proposed to model the nonlinear distortion introduced by the 
amplifier and the loudspeaker. Here, we will consider the 
hard-clipping saturation model, which is a memoryless 
nonlinearity defined as follows [5][6]: 

( )
,   ( )

( ) ( ),    ( )

,     ( )

a x n a

f x n x n a x n a

a x n a

− ≤ −
= − < <
 ≥

(9)

where a  is the clipping threshold. This memoryless function 
mimics the behavior of amplifiers, where a linear response is 
obtained when the instantaneous input signal level is within a 
given operating range, and an abrupt clipping is observed 
when the clipping threshold is exceeded. This behavior is 
also observed in miniature loudspeakers. 

III. THE MAXIMUM CORRENTROPY CRITERION

The LMS algorithm and variants are widely used linear 
adaptive filtering algorithms. They are based on the 
minimization of the MSE cost function, which is not robust 
against outliers and impulsive noise in the error signal. A 
very interesting alternative similarity measure is the 
Correntropy [15], which measures the localized similarity 
between two arbitrary random scalar variables, it is defined 
by:  

[ ]( , ) ( )V X Y E k X Yσ σ= −  (10)

where (.)kσ is a positive definite kernel, and σ  being the
width of the kernel.

By taking a normalized Gaussian kernel with standard 
deviationσ : 

( )2

2

1
( , ) exp

22

X Y
V X Y Eσ σπσ

  −
  = −

    
(11)

When compared to the MSE measure, the authors [16] 
obtained improved performance for the application of system 
identification in the presence of an additive impulsive noise, 
and adaptive noise cancellation with a corruptive non-
stationary noise.  The following development is reproduced 
from the same paper. 

If we consider the cost function for the AEC problem of 
figure 1 as the Correntropy between the desired signal 

( )y n and the FIR filter output ˆ( )d n , with a normalized 
Gaussian kernel, and replacing the expectation operator by 
the sample estimator, we obtain 

Fig. 1.  Linear Acoustic echo cancellation system in the presence of 
nonlinear distortions. 
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which is equivalent to: 

( )2

2
1

( ) ( ) ( )1 1
( ) exp

22

Tn

i n N

y i n i
J n

N σπσ = − +
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(13) 

Taking the gradient ( )J n  of with respect to ( )nw : 

2

23
1

1 1 ( )
( ) exp ( ) ( )

22

n

i n N

e i
J n e i i

N σπσ = − +

  
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Maximizing the cost function iteratively is performed by 
taking a small step μ  in the direction of the gradient: 

2
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(15)

By taking the approximation 1N =  (inspired by the 
stochastic gradient), the final weights vector updating 
becomes: 

2

23

( )
( 1) ( ) exp ( ) ( )

22

e n
n n e n n

μ
σπσ

 
+ = + − 

 
w w x (16) 

From the last equation, we can see that obtained 
algorithm is basically an LMS with variable step size, which 
is controlled by the error and the kernel width σ . The 
exponential function penalizes the weighs vector updating 
process when outliers and impulsive behaviours of the 
desired signal are observed. We expect this interesting 
feature to be very useful in the context of acoustic echo 
cancellation with nonlinear distortions which are caused by 
high amplitude samples of the speech signal being distorted 
by the nonlinear components of the system.  

Another interesting characteristic of the MCC-based 
adaptive filter over many other robust algorithms is its low 
computational complexity which is equivalent to the LMS 
linear complexity O(L), making it very attractive in practical 
implementations.      

IV. SIMULATION RESULTS

We consider the linear acoustic echo cancellation 
problem with presence of nonlinear distortions, depicted in 
Fig. 1. We will compare the performance of the normalized 
LMS (NLMS) and the normalized version of MCC-based 
linear adaptive filter presented in Section III (NMCC), by 

introducing the same normalization factor 
1

( ) ( )T n n δ+x x
 for 

both algorithms, where δ  is a small regularization 
parameter. 

A length of 128L =  is considered for both the RIR [17] 
and the linear adaptive FIRs. The input signal is a male 
speech sampled at 8 kHz sampling rate. 

The performance of the algorithms is evaluated for the 
echo return loss enhancement (ERLE) and the normalized 
misalignment, defined respectively as 

1
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The results are smoothed for visual clarity, with 
5000l = .

We will assess the ERLE performance for different levels
of nonlinear distortions, which is measured by the signal-to-
distortion ratio: 

2

10 2
( )

SDR = 10 log ( ) ( )n

n n

x

f x x

dB
σ

σ −

(19)

The tuning parameters of the adaptive filtering 
algorithms have been obtained empirically for the best 
average ERLE for SDR = ∞ , then kept unchanged for the 
remaining simulations. A step size of 0.2NLMSμ = , 

31.02 10NMCCμ −= × , 0.08σ = , and a regularization

parameter of 310δ −=  for both methods were used during all 
simulations. A fixed clipping threshold of 0.8a =  and a 
variable power of the speech signal were considered to 
achieve the desired SDR. The background noise is modeled 
with an additive white Gaussian noise (AWGN) with a 
SNR=40 dB. 

Fig. 2.a and Fig. 3.a shows the ERLE and misalignment 
performance for SDR = ∞ , respectively. This is equivalent to 
a pure linear system with zero nonlinear distortion. This 
situation is observed when the hard-clipping saturation 
function is operating in the linear region. The NMCC and the 
NLMS archive almost similar performance with an average 
ERLE of 31.00 dB and 31.04 dB, respectively. An almost 
identical misalignment was obtained for both methods. 

Fig. 2.b and Fig. 3.b presents the ERLE and 
misalignment performance for SDR=10 dB, respectively. 
The proposed NMCC plots a better ERLE curve with an 
average ERLE of 23.73 dB, compared to the NLMS where 
an average ERLE of 22.47 dB was obtained. An average gain 
of 1.26 dB was achieved for the ERLE and 4.15 dB in 
misalignment.  

Fig. 2.c and Fig. 3.c covers the ERLE and misalignment 
results for SDR=7 dB, respectively. The NMCC outperforms 
the NLMS by an average gain of 1.55 dB. An average ERLE 
of 20.68 dB is achieved by the NMCC, while the NLMS 



shows with an average ERLE of 19.13 dB. An average gain 
of 6.77 dB was achieved at the misalignment level. 

For lower SDRs, the average performance gap increases 
slowly. However, the overall ERLE degrades considerably, 
which results in poor echo cancellation. In addition, the 
quality of the speech gets extremely affected by the hard-
clipping saturation, which results in loud rough clipping 
sounds. 

V. CONCLUSION 

We have shown through simulations that the maximum 
Correntropy criterion is a very good alternative for the 
conventional mean squared error criteria in the context of 
acoustic echo cancellation with nonlinear distortions. 
Superior performance has been achieved for the hard-
clipping memoryless nonlinearity with different nonlinearity 
levels. Another interesting characteristic of the studied 
method is the computational complexity order, which is 
similar to the baseline NLMS algorithm. 
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