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Abstract—Quantifying the correlation length of the tissue 
microstructure has shown potential for diagnosing between 
benign and malignant tumors.  In order to implement these 
advances in the clinic, the total frequency dependent attenuation 
along the propagation path must be determined on a patient 
specific basis.  Previously, an algorithm was developed to 
estimate this attenuation using echoes from multiple sources.  In 
this study, the developed algorithm was extended to echoes from 
a single source by filtering the echoed signal into multiple 
frequency bands.  This step was needed because it would be 
challenging to scan exactly the same tissue region using multiple 
sources in the clinic.  Computer simulations were conducted to 
verify the attenuation could be determined by filtering the echoes 
from a single source.  The simulations utilized a spherically 
focused single element source (5 cm focal length, f/4, 14 MHz 
center frequency, 50% bandwidth) exposing a homogeneous 
tissue region.  The simulated tissue had Gaussian scattering 
structures with effective radii of 5 to 55 μm (one size per 
simulated case) placed at a density of 250/mm3 (~5 
scatterers/resolution cell for 14 MHz transducer).  The 
attenuation of the tissue was also varied from 0.1 to 0.9 dB/cm-
MHz.  The simulations explored the dependence on scatterer size, 
attenuation, and region of interest (ROI) size.  The computer 
simulations confirmed that the total attenuation along the 
propagation path can be determined by appropriately applying 
multiple filters to the backscattered echoes from a single source.   

Keywords-ultrasound tissue characterization, attenuation 
estimation, correlation length. 

I.  INTRODUCTION  
Quantifying the tissue microstructure scattering correlation 

length by processing ultrasound echoes from tissue regions of 
interest has shown potential for improving many areas of 
diagnostic ultrasound [1-7].  When quantifying the tissue 
microstructure, the backscattered power spectrum from the 
tissue region of interest (ROI) is first compared to the 
backscattered power spectrum of a known target in order 
remove the transmission/filtering characteristics of the 
ultrasound source.  Then, the impact of the frequency 
dependent attenuation along the propagation path leading up to 
the ROI is removed leaving only the backscatter coefficient as 

a function of frequency.  The backscatter coefficient can then 
be compared to an assumed model for the tissue scattering 
yielding an effective scatterer diameter and acoustic 
concentration which can be used to quantify the scattering 
within a particular region.  If the attenuation along the 
propagation path is not correctly included, then the backscatter 
coefficients and subsequent estimates of scatterer diameter and 
acoustic concentration are meaningless.  Therefore, in order to 
quantify the tissue microstructure, the total frequency 
dependent attenuation along the propagation path must be 
accurately determined.  Determination of the total attenuation 
is difficult due to both attenuation and scatterer correlation 
length modifying the backscattered power spectrum [3, 8]. 

Previously many different approaches have been utilized to 
determine the attenuation along the propagation path.  Some 
have restricted their analysis to time domain methods by 
quantifying only the change in backscatter with propagation 
depth [9, 10], but these approaches assume that the tissue is 
homogeneous whereas real tissue is largely inhomogeneous.  
Others have attempted to estimate the total attenuation by first 
decomposing the tissue into smaller homogeneous regions, 
estimating the local attenuation within each region, and then 
summing these attenuations weighted by the length of each 
homogeneous region to obtain an estimate of the total 
attenuation [11, 12].  Unfortunately, summing estimates of the 
local attenuation is challenging due to the large, locally 
homogeneous region sizes needed to accurately estimate the 
local attenuation (~30 to 50λ) [13, 14].  Furthermore, the 
process is highly computationally intensive and prone to errors 
as the errors can accumulate with increasing propagation depth.  
Another approach, termed the Spectral Fit Algorithm, that has 
been attempted involves simultaneously estimating both 
scatterer correlation length and total attenuation from 
backscattered ultrasound echoes [8, 15, 16], but this approach 
is highly dependent on having the correct model for tissue 
scattering. 

Recently, a new algorithm was developed that estimated the 
total attenuation along the propagation path by processing 
echoes from multiple sources used to scan the same tissue 
region [17].  The algorithm only needed echoes from a single 

Supported by NIH Grant CA111289 and Iowa State University.

1954978-1-4244-4390-1/09/$25.00 ©2009 IEEE 2009 IEEE International Ultrasonics Symposium Proceedings

10.1109/ULTSYM.2009.0481



ROI to obtain an estimate of the total attenuation between the 
source and the ROI even though the algorithm did not assume 
that the tissue was homogeneous between the source and the 
ROI.  Furthermore, the algorithm was only weakly dependent 
on the scattering properties of the tissue making it much more 
robust than the Spectral Fit Algorithm.  However, the new 
algorithm could still be improved.  Namely, the algorithm 
required multiple ultrasound sources limiting its future clinical 
utility since it would be challenging to scan the same tissue 
region with multiple ultrasound sources.  In this work, the 
algorithm was derived for implementation using multiple filters 
applied to echoes from a single source.  The performance of the 
algorithm was then verified in computer simulations.   

II. DERIVATION OF ALGORITHM 
After applying a Gaussian filter and correcting for local 

attenuation and diffraction effects in the scattering region, the 
backscattered power spectrum from the tissue is given by, 
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where fc and 2
cσ  correspond to the center frequency and 

bandwidth of the filter while of ′′%  and 2
ωσ% are the spectral peak 

frequency and bandwidth for the echoes returned from the 
tissue.  Equation (1) can be simplified to yield 
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Similarly, if we apply a Gaussian filter to the power spectrum 
returned from a rigid plane (i.e., a reference spectrum) we 
obtain 
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In (5), fo and 2
ωσ  are the peak frequency and bandwidth of the 

reference power spectrum prior to filtering.  After applying the 
filters, the peak frequencies of the back scattered power 
spectrum from the reference and the tissue can be related as 

 ( ) 2 24oc oc T o c c ocf f z An fω ωα σ σ′′− ≅ +% % %  (6) 

where A and n are constants related to the frequency 
dependence of the scattering, zT is the propagation depth, and 
αo is the slope of the total attenuation.  For inhomogeneous 
tissue, αo is a weighted sum of all of the attenuations along the 
propagation path.  Based on (6), it is possible to determine the 
total attenuation along the propagation path by applying 
multiple filters to the backscattered power spectrum from the 
tissue and the reference (i.e., different foc) and calculating 
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for each filter.  Fitting a line to ( )ocfξ  versus foc and finding 
the intercept will then yield αo.   

III. SIMULATION PARAMETERS AND RESULTS 
In order to evaluate the algorithm, computer simulations 

were performed.  In the simulations, a spherically focused 
ultrasound source exposed an attenuating homogeneous half-
space.  The source had a focal length of 5 cm, an f-number of 
4, a center frequency of 14 MHz, and a -3 dB bandwidth on 
transmit of 50 %.  The sound speed of the half-spaces was 1540 
m/s, and the attenuation of the half-spaces was varied from 0.1 
dB/cm-MHz to 0.9 dB/cm-MHz in order to assess the 
dependence of the algorithm on attenuation.  The scattering 
structures within each half-space had Gaussian correlation 

functions (i.e., form factor of ( ) ( )20.827
,

effka

effF f a eγ

⎛ ⎞−⎜ ⎟
⎝ ⎠= ) with an 

aeff from 5 to 55 μm and were positioned at a density of 
250/mm3 (~5 scatterers per resolution cell for 14 MHz 
transducer).   

In these initial simulations, a total of 3 Gaussian filtering 
functions were applied to the power spectra spanning the entire 
usable frequency range.  The center frequencies, fc, for these 
filters were determined automatically by the code from 
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where fmax and fmin correspond to the largest and smallest 
frequencies in the -20 dB bandwidth of the received power 
spectrum.  Once the values of fc were set, the bandwidths of the 
filters, 2

cσ , were determined by finding the percent bandwidth 
that resulted in fmin corresponding to the smallest -10 dB 
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frequency for the first filter.  All of the filters then used the 
same percent bandwidth. 

The first simulations attempted to find the optimal region 
of interest size (ROI) in the axial direction.  This was done by 
using a rectangular windowing function to gate the time 
domain windows about the focus with a length of 2.2 to 8.8 
mm.  The value of ( ) 2

E scatV f⎡ ⎤
⎣ ⎦

 was then determined by 

averaging the power spectrum from 100 independent echoes.  
The accuracy and precision of the total attenuation estimates as 
a function of window length is shown in Fig. 1. 

  
Figure 1.  The (a) accuracy and (b) precision of the algorithm in dB/MHz 
versus window length used to gate the time domain waveforms for half space 
attenuations of 0.1 to 0.9 dB/cm-MHz for a scatterer size of 25 μm when 
averaging the power spectrum from 100 independent echoes. 

In Fig. 1., the accuracy improves with increasing window 
length up to a window length of approximately 6 mm while the 
precision remains relatively constant.  Based on these results, 
we selected a window length of 6.6 mm for the optimal ROI 
size for our transducer in these simulations. 

After determining the optimal ROI size, the dependence on 
the number of independent echoes was determined by varying 
the number of echoes from 10 to 100 echoes with the results 
shown in Fig. 2.  When varying the number of echoes, the 
accuracy of the algorithm is constant while the precision 
improves as the number of echoes increases.  However, the 
improvement in precision is minimal after about 40 to 50 
echoes, therefore 50 echoes was selected as the optimal value 
in the rest of the simulations. 

The performance of the algorithm was then evaluated for 
varying scatterer sizes.  The accuracy and precision of the 
algorithm for the echoes from the half-spaces with an 
attenuation of 0.5 dB/cm-MHz and scatterer effective radii 
from 5 to 55 μm is shown in Fig. 3.  The algorithm is able to 
accurately estimate the total attenuation slope independent of 
scatterer size.  However, there is a slight degradation in the 
accuracy of the algorithm as the scatterer size increases.  This 
is likely due to neglecting higher order terms in 2An ωσ   which 
are proportional to scatterer size. 

 

 
Figure 2. The (a) accuracy and (b) precision of the algorithm in dB/MHz versus 
the number of independent echoes for half space attenuations of 0.1 to 0.9 
dB/cm-MHz for a scatterer size of 25 μm when using a window length of 6.6 
mm to gate the time domain waveform. 

 
Figure 3. Plot of mean and standard deviation of error in attenuation slope in (a) 
% and in (b) dB/MHz versus the effective radius of the scatterers in the half-
space.  The window length used in this simulation was 6.6 mm and 50 
independent echoes were used when estimating the power spectra.  The error 
bars correspond to one standard deviation above and below the mean value.  

IV. DISCUSSION AND CONCLUSIONS 
In our study, we adapted our previously developed 

algorithm for implementation using echoes from a single 
source.  Whereas our earlier algorithm required echoes from 
multiple sources scanning the same tissue region, our new 
algorithm was able to obtain the same results by applying 
multiple Gaussian filters to the echo data from a single source.  
This was the first critical step in extending the algorithm to the 
clinic.  In the future, the algorithm will be extended to array 
sources as opposed to the single element spherically focused 
sources used in our simulations in this study. 
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