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Abstract 
In ultrasonic imaging systems, the patterns of detected echoes, often complex and non-stationary, 
correspond to the shape, size, and orientation of the reflectors and the scattering properties of the 
propagation path.  Therefore, signal modeling and parameter estimation of the nonstationary ultrasonic 
echoes is critical for image analysis, target detection, object recognition, deconvolution and data 
compression.   Here we present (1) modeling and classification of reverberant echoes, (2) time-frequency 
analysis and chirplet echo estimations, (3) statistical signal processing techniques based on split-spectrum 
processing for detecting flaw echoes masked by high grain scattering noise, and (4) system-on-chip 
realization of detection and estimation algorithms using reconfigurable FPGA devices. In particular, we 
present case studies such as detecting defects in steam generator tubes used in nuclear power plants, 
pulse-echo wavelet estimation, and flaw detection in large grained materials. 
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