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ABSTRACT 

 

This research studies a design of quadratic filter for contrast-assisted ultrasonic 

imaging in order to enhance imaging qualities. The interaction between the transmitted ultrasound 

energy and ultrasound contrast agents (UCAs) leads to fundamental and harmonic frequencies 

scattering, especially the second harmonic. Based on the differences in frequency of ultrasound 

data from two different media, ultrasound signals are classified into two classes, i.e., UCA and 

tissue. The appropriate property of quadratic filter for separating quadratic components from 

UCA is to have passband in the 2-D frequency domain where the contrast-to-tissue ratio of UCA 

over surrounding tissue is maximum. In addition, quadratic filter is designed as two-dimensional 

(2-D) linear-phase FIR filter. The desired amplitude response of this quadratic filter has centro-

symmetric property and can be designed by 2-D normalized Gaussian distribution. The design 

parameters for quadratic normalized Gaussian filter consist of centre point and variance. Its 2-D 

impulse response is obtained using inverse discrete Fourier transform. Quadratic filters from the 

proposed design method are evaluated using both in-vitro (L-shaped phantom) and in-vivo (pig2s 

kidney data) ultrasound data. The appropriate standard deviation and two centre points of 

quadratic filter for L-shaped phantom are 0.40, (-3.30, 3.30) and (3.30, -3.30) MHz, respectively. 

The CTR value of quadratic L-shaped image is 37.3 dB compared to -1.1 dB from the B-mode 

image. For pig2s kidney data, CTR value of the original B-mode image is -1.5 dB. However, the 

quadratic image of pig2s kidney produced using 2D normalized Gaussian filter with centre points 

(-3.30, 3.30) and (3.30, -3.30) MHz, and standard deviation 0.34 provides CTR 24.8 dB. It is 

shown that the images produced from output signals of the new design are superior to the original 

B-mode both in terms of contrast and spatial resolution.  


