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ABSTRACT

This research project presents the utilization of system identification
based on the second-order Volterra (SVF) to separate nonlinear components of
nonlinear echo signals. The algorithm for the identification of the SVF filter
coefficients is proposed and validated using both simulations from a nonlinear pulse-
echo system and experimental ultrasound data. The identified linear and quadratic
kernels are used to decompose the nonlinear signal into linear and quadratic
components. Illustrative examples demonstrate that while the linear kernel
appropriately captures the linear component in the fundamental frequency band, the
quadratic kernel is capable of modeling quadratic components ranging from low to
high frequency. The reduction of input sequences can be done based on the
regularization method. Moreover, the feasibility study shows that the system
identification based on the SVF is capable of separating the second order nonlinearity
embedded under the level of noise signal. This is a significant advantage of the
proposed method over a conventional linear filtering. In addition, we have developed
the algorithm for estimating nonlinearity parameter B/A using the normalized input-
output curve calculated from mean absolute values of second harmonic segments as a
function of excitation at an increasing amplitude level. It is shown that our technique
requires less number of excitation and operates at lower input pressure.
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