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! Acostic impulse response (AIR)
2 hands-free
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! Acoustic

2 Nonlinear transformations

® cosine

* Sigmoid function

% Nonlinear Acoustic Echo Cancellation(NAEC)
® time changes

" spline

% interpolation
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! Wiener-Hammerstein

2VFS

* Real-time

* Functional link

® Feature space

® Single-layer feeforward neural networks

" Functional link artificial neural networks (FLANNSs)
8 pattern recognition
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! Multi-layer perceptron artificial neural networks
2 Acoustic Echo Cancellation (AEC)
3 coupling
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! system identification

2 equalization

® Echo Canceller

* Digital signal processing (DSP)
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! hands-set

? teleconference

® video conferencing

* Impedance mismatch
% Local Loop

® hybrid
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! echo suppressors
2 Adaptive Echo Canceller
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L active channel detection
2 far-end
% hear-end
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L trunk
2 4 wire local loop
% packet
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! Echo Return Loss Enhancement (ERLE)
2 Mean Square Error (MSE)
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! Functional Link adaptive filter(FLAF)
® SFLAF
® Collaborative FLAF(CFLAF)
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! Machine learning
2 Functional Expantion Block (FEB)
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! Orthogonal polynomials
2 Trigonometric Polinomials
* Sigmoid and Gaussian functions
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! Dynamic
2 Memoryless
® Functiona Link with memory
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! Gradient descent
2 Stochastic Gradient
% scalable
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Abstract

Presence of nonlinear component of circuit affects the performance of
conventional acoustic echo canceller and has negative impact on the quality
of voice telecommunication. To solve this problem, nonlinear acoustic echo
cancellers are used which are obtained from modeling of nonlinear paths
and sound improvement. In this thesis, a new class of nonlinear adaptive
algorithms based on functional link adaptive filters is proposed for
nonlinear models of acoustic channel. Due to the flexible architecture,
these algorithms are an efficient solutions to model effective nonlinearities
on acoustic signal. Chebyshev, trigonometric and Legendre mathematical
functions are used for input expansion. The separation between the linear
and nonlinear components in collaborative and split adaptive filters,
leading to two different adaptive filters. The linear one with the purpose of
estimating the acoustic impulse response, and the nonlinear one just with
duty of nonlinearities modeling which is robust against various degrees of
nonlinearity. With this method, performance of convergence is improved
dramatically. The Collaborative model with prevention of gradient
nonlinear noises when the system is linear, has a good performance in any
echo conditions. Thus, architectures based on this foundation can be
considered as an effective solution for acoustic channels model. The results
obtained in this thesis show that adaptive algorithms based on Chebyshev
and trigonometric functional links have a good performance for nonlinear

echo cancellation purpose and can correct the echo up to 50dB.

Keywords: Nonlinear acoustic echo, echo canceller, adaptive filter,
Chebyshev functional link, Chebyshev and trigonometric functional link,

Legendre functional link.
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