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Abstract
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Abstract :

Modern uitrasonic imaging modalities employ nonlinear phenomena to enhance
diagnostic capabilities in medical applications. Nonlinear signal separation is a key factor in
this success. Consequently, applications of Volterra ﬁliers for nonlinear ulfrasound imaging
are studied and results are preserited in this report. The properties of Volterra filters that
affect imaging qualities both in terms of contrast and spatial resolution are analyzed and
used to formulate the design approach of Volterra filter for improving the quality of ultrasound
images based on the investigated properties. The important finding is a novel design
approach of a quadratic filter that allows for two degrees of freedom in optimizing time and
frequency resolution independently. That is, axial resolution can be maintained while contrast
resolution is maximized. Thus, it overcomes the trade-off in time frequency resolution
problem appearing in linear bandpass filtering, which has only one degree of freedom in filter
optimization. For example, in order to increase contrast resolution in linear bandpass filtering,
the passband width of filter must be decreased. This unavoidably degrades axial resolution.
Evaluation of the approach is demonstrated using a flow phantom target containing
ultrasound ceontrast agent and a quality assurance ultrasound phantom consisting of
resolution targets. Results show that the proposed method allows for obtaining the quadratic
image with high contrast resclution and no apparent loss in axial resolution. In addition, a
preliminary study of system identification based on Volterra filters applied in a nonlinsar
medical ultrasound system was carried out. The feasibility study shows that the system
identification based on the second-order Volterra filter is capable of separating the second
order nonlinearity embedded under the level of noise signal. This is a significant advantage
of the method over a conventional linear filtering. Applications in practical use that the
advantage of this new proposed method may allow for include medical diagnosis and tissue
characterization.
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