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Abstract-The attenuation of an ultrasound pulse within tissue can 
be estimated from either the amplitude decay or the frequency down- 
shift of returning echoes. This paper compares the results of both anal- 
yses applied to ultrasound B-scan echoes from the livers of 49 individ- 
uals. The amplitude decay of the backscattered signal Fourier 
components with depth was used to calculate attenuation coefficients. 
In addition, the frequency downshift of the same backscattered signals 
was estimated using both zero-crossing and spectral centroid methods. 
The analysis employed multiple regions of interest, each approximately 
5 X 4 cm in dimension, from one or more liver B scans of each indi- 
vidual. The results show that the frequency-domain estimators yield 
consistently higher attenuation coefficients, with higher variability 
compared to the amplitude decay method. Explanations for the appar- 
ent bias and variability of the frequency-shift estimators include the 
assumptions regarding tissue and signal which may not be met in prac- 
tice, and the effects of low-frequency electronic noise on spectral esti- 
mates. 

INTRODUCTION 
NE APPROACH to ultrasonic characterization of tis- 0 sue utilizes quantitative measurements of attenuation 

and backscatter coefficients of normal or diseased tissues. 
Attenuation measurements have been studied by a number 
of groups [1]-[15] using various techniques and different 
assumptions regarding the frequency dependence of atten- 
uation and pulse-spectral shape. One group of techniques 
begins with an assumption that attenuation increases lin- 
early with frequency 

CY = Of (1)  
where the single-parameter f l  is used as a measure of at- 
tenuation. This model is limited in its ability to represent 
tissue attenuation [4], [ 161, and therefore leads to system- 
atic, frequency-dependent errors [ 121. Nonetheless, (1) 
has served as the starting point for a number of estimation 
techniques. One of the first of of of 
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tion of normal livers [2], [7] closely matching the atten- 
uation coefficients of excised mammalian livers [4], [ 161, 
[19], and has been useful in tissue characterization and 
attenuation imaging applied to normal and diseased livers 
[3], [7]. In this paper, the attenuation estimates derived 
from amplitude decay are compared with the parametric 
estimations of 0, using data from B-scan liver examina- 
tions of 49 individuals. 

METHODS 
The ultrasonic imaging system used in our study is the 

Octoson (Ausonics, Inc., Australia). In this system, the 
acoustic energy is transmitted and received by up to eight 
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Fig. 2. Comparison of attenuation values estimated from amplitude decay 
and centroid shift. The dashed line is the line of identity and error bars 
in upper left represent 
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Fig. 5. Representative data. (a) Average spectral magnitudes from four 

depths within liver. The data show a generally decreasing amplitude with 
increasing depth. (b) Decay of average pressure amplitude at 2.5 MHz, 
versus depth within liver region of interest. The dashed line is least square 
error fit of an exponential to the observations. (c) Frequency shifts versus 
depth using centroid estimator (top curves) and zero crossing. The dashed 
lines are least-square error fits to a linear frequency shift with depth. (d) 
Bandwidth as measured by standard deviation of averaged spectra versus 
depth. The dashed line is a least-square error fit to a linear function. 
Almost all cases showed a slight but consistent increase in bandwidth 
with increasing depth, even though theory predicts a constant or decreas- 
ing bandwidth. 
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