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Abstract— Ultrasonic scatterer size estimation and imaging has proven 
to be both feasible and useful for monitoring, diagnosis, and study of 
disease. We are implementing scatterer size imaging and attenuation 
coefficient imaging on a clinical scanner equipped with a research 
interface. The interface provides radio frequency echo data over the 
image of a sample, which are then analyzed offline. Echo data from a 
reference phantom, acquired using the same transducer and scanner 
settings used in acquisition from the sample, accounts for system 
dependencies on the data. Backscatter coefficient and attenuation 
coefficients are estimated for small regions. Scatterer size images are 
generated by performing a modified least squares fit of the backscatter 
estimate to a theoretical model, which relates backscatter to scatterer size. 
Tests in well-characterized phantoms have demonstrated the accuracy of 
the method have revealed limitations. Ultrasonic scatterer size estimates 
generally have large variances due to the inherent noise of the spectral 
estimates used to calculate size. Compounding partially correlated size 
estimates associated with the same tissue, but produced with data 
acquired from different angles of incidence, is an effective way to reduce 
the variance without making dramatic sacrifices in spatial resolution. 
Initial compound acquisitions on the clinical system have been done using 
manually generated scripts supported by the research interface. Results 
confirm theoretical expectations of the improvement in signal to noise 
ratio of scatterer size estimations with selected compounding parameters. 
Additional parameters, including the attenuation coefficient may also be 
derived. 
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I.  INTRODUCTION 
Ultrasonic scatterer size estimation and imaging has 

proven to be both feasible and useful for monitoring, 
diagnosis, and study of disease. The techniques combine 
physically based analytical models for ultrasound scattering 
with backscatter measurements from tissues. For example, 
Hall et al., [1] measured glomerular diameters and found good 
correlation with histology; Garra et al., [2] reported glomerular 
sizes and scatterer spacing were useful for detecting diffuse 
kidney disease. Oelze et al., [3] demonstrated that scatterer 
size measurements and images can differentiate between 
breast carcinoma and fibroadenomas in an animal tumor 
model.  Sommer et al., [4] showed that narrow bandwidth B-
mode images exhibit frequency dependent contrast between 
liver masses and liver parenchyma, suggesting that scatterer 
size images may be useful in this organ as well. 

 
We are implementing scatterer size imaging and attenuation 

coefficient imaging on a clinical scanner equipped with a 
research interface. The interface provides radio frequency echo 
data from a region in a sample; currently data are analyzed 
offline. Echo data from a reference phantom, acquired using 
the same transducer and scanner settings used in acquisition 
from the sample, accounts for system dependencies on the data. 

Backscatter coefficient and attenuation coefficients are 
estimated for small regions. Scatterer size images are generated 
by performing a modified least squares fit of the backscatter 
estimate to a theoretical model, which relates backscatter to 
scatterer size. Attenuation is measured by fitting narrow band, 
log(signal intensity) vs. depth data to a straight line. Extensive 
tests in well-characterized phantoms have demonstrated the 
accuracy of the method, as well as revealed limitations. 

 

II. METHODS 
A “reference phantom” data reduction technique [5] is used 

to determine backscatter coefficients vs. frequency, BSC(ω) 
and attenuation coefficients vs. frequency α(ω), of regions 
within the sample; RF Echo data are acquired from the sample 
(Ss(ω)) and from a calibrated reference (Sr(ω)); The ratio of 
the data from the sample and from the reference effectively 
eliminates system dependencies on the echo data. 

The general approach is to plot log(Ss (ω)/Sr(ω))2 vs. depth. 
Our analysis shows that this ratio may be expressed as: 
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The slope is related to the difference between α(ω) of the 

reference and of the sample. The attenuation coefficient of the 
reference is known; therefore, the slope yields the attenuation 
of the sample. The zero depth intercept yields the ratio of the 
backscatter coefficient, BSC(ω) of the sample to that of the 
reference.  Since the latter is known, BSC (ω) of the sample is 
thus determined. Although this example is for a uniform 
sample, the calculation may also be done over a region starting 
at some depth in the sample. The attenuation coefficient can 
readily be determined using this approach. However, for deeper 
structures, it is necessary to correct for attenuation of overlying 
tissues to get the BSC of the region of interest. Similarly, 
attenuation estimations can be limited by a similar problem, 
namely, attenuation values can be incorrect if the BSC isn’t 
uniform with depth and isn’t properly corrected for. 
 

Size estimation is accomplished by performing a modified 
least squares fit between the measured backscatter coefficient 
from a tissue segment and a theoretical backscatter coefficient, 
which is dependent upon tissue/scattering properties including 
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size.  The scatter size, a, corresponds to the value that 
minimizes the following expression.  

 

( ) ( )[ ]
2

max

min

,1minargˆ ∑ −=
ω

ω
ψωψ aa

n
a  

where 
 

( ) ( ) ( )),log()log(, aBSCBSCa ts ωωωψ −=  
 
and BSCt(ω,a) is a model backscatter coefficient dependent on 
scatterer size. The summation is over the usable bandwidth of 
the backscatter coefficient measurement. Unlike the standard 
least squares fitting technique, this method is insensitive to 
differences between measured and theoretical values by a 
multiplicative constant, and therefore requires no knowledge 
of tissue scattering strength for accurate size estimation.   

 
Figure 1 Scatterer size phantom.  Target 1 has scatterers whose average 
radius is 167 µm. Scatterers in target 2 have a 116 µm radius; those in 
target 3 have a 52 µm radius; and those in target 4 average 26 µm in radius.  

Initial tests of the scatterer size imaging method were done 
using an Acuson 128XP10 scanner and V4 transducer. We 
used a special purpose phantom consisting of polystyrene bead 
scatterers in a gel background (figure 1). The attenuation 
coefficient of the contents of the phantom was 0.5 dB/cm-
MHz. The background material in the phantom had beads 
having a mean diameter of 199 µm.  Four cylinders, each with 
a diameter of 2 cm have a different mean scatterer diameter, 
ranging from 335 µm (#1), 232 µm (#2), 103 µm (#3) and 51 
µm (#4).   

The scanner was set to image at a center frequency of 2.5 
MHz. The 6 dB bandwidth was 40%. RF data were digitized 
using a Gage Applied Science 12100 A/D board for offline 
processing. Scan lines were divided into 4 ms x ~2 mm pixel 
elements and spectra were averaged from multiple images in 
parallel planes to reduce noise.   

A typical scatterer size image is shown in figure 2. The 
color bar is the scatterer radius, estimated from the algorithm 
and displayed in the image. There is good agreement between 
image data and the actual scatterer sizes.  

 
Ultrasonic scatterer size estimates generally have large 

variances due to the inherent noise of the spectral estimates 
used to calculate size. A number of groups have analyzed the 
statistical uncertainty of these estimates, including our own. 
[6] Our analysis and experiments show that size estimate 
precision is a function of: gate length, frequency bandwidth, 

wavenumber, and number of RF echo signal A-lines used.  
The image in Figure 2 was obtained by averaging data over 
several parallel planes, which would only be possible if there 
was translational symmetry in the target. 

 

 
Figure 2   Image of the scatterer size phantom. The scale depicts scatterer 
radii in micrometers.  Seen are target 1 (lower left, 167 µm radius), target 2 
(lower right, 116 µm radius), target 3 (upper left, 52 µm), and target 4 
upper right, 26 µm radius). The background has 100 µm radius scatterers. 

III. SPATIAL COMPOUNDING 
One method that can be used to reduce the severity of this 

problem is to spatially compound partially correlated results 
which are associated with the same tissue, but which are 
produced with data that is taken from different angles of 
incidence. [8] The application of spatial compounding to B-
mode imaging has been investigated extensively, and has 
yielded excellent results. [9] As a result, many modern clinical 
scanners include a compounding option to reduce speckle and 
provide the additional benefit of improved specular reflector 
imaging.  Recent work done by our group has been devoted to 
adapting the spatial compounding technique for use in 
elastography and parametric imaging that involves spectral 
analysis, such as scatterer size and attenuation imaging.  For 
the case of parametric imaging, either the necessary spectral 
estimates can be compounded before parameter estimation, or 
parametric estimates can be generated for each angle of 
incidence and then averaged. 
 

Our initial tests to determine the effect of spatial 
compounding on parametric images used a phased array 
transducer translated over the scanning window of the scatterer 
size phantom of figure 1.  A 3.5 MHz probe and an Aloka 
scanner were used. The signal format of the transducer consists 
of 121 A-lines arranged over a 90° sector, with 0.75° 
increments between A-lines. To simulate the effects of angular 
data acquisition of RF echo signals, the phased array transducer 
was linearly translated over the sample using a precision linear 
stage, so that each location in the sample was scanned from 
multiple angles (Fig. 3). The distance between acquisitions was 
1/2 mm. The echo data in these RF sets were then rearranged 
into angled RF data frames, as indicated in the lower part of 
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Fig 3. Each of these regrouped RF frames was analyzed 
separately to generate a scatterer size image at each angle.  

 

Figure 3 Acquiring compound data using a phased array scanner. Data were 
then regrouped into angled RF frames (lower part of diagram). 

The image pair in Fig 4 illustrates the results of spatial 
compounding for the scatterer size phantom. The size 
estimates were done using a 3.5 MHz transducer. Image 
quality is significantly improved with compounding (right 
side) vs. no compounding (left side).  Note all four targets are 
seen in the image on the right. 

  
Figure 4 Non-compounded scatterer size image (left) and compounded 
image (right) of the scatterer size phantom.  

The standard deviation of the scatterer sizes displayed for 
target “1” (mean diameter = 325 mm) is shown in Fig 5 for 
different degrees of compounding, achieved by increasing the 
maximum angle over which size data were compounded at 
each location. The S.D. decreases with number of lines 
compounded, as expected. Notice that one can skip some 
beam lines without significant loss of compounding effect. 
Evidently, the data for beam lines that are only slightly angled 
from one another are highly correlated for this phased array 
transducer. [7]    

IV. ATTENUATION IMAGING 
Another important acoustic parameter in clinical ultrasound 

imaging is the attenuation coefficient. Currently, clinicians 
recognize and use attenuation in making a diagnosis; however, 
measures are qualitative rather than quantitative. For example, 
when describing clinical signs based on attenuation, users 
employ statements such as  “the mass exhibits shadowing” or 
“the mass exhibits good through transmission.”  Our goals are 

to incorporate methods for determining attenuation locally, 
and in the form of images, into ultrasound machines.  

 
Figure 5 Standard deviation of scatterer size measures for cylinder 1 in the 
scatterer size phantom, vs. the maximum compounding angle. Results are 
shown for 4 angular increments between beam lines, ranging from 0.75o 
(using all beams) to 7.5o.  

Attenuation may be measured locally using the reference 
phantom method, as described above.  When applied to a 
small region, statistical fluctuations of echo signal data affect 
the estimates.  Our analysis shows that ασ , the standard 
deviation of an attenuation estimate, is given approximately by 
the following expression: 

'

'52.7
NNZn
NNk +=σ  

 
where k is the inverse of the signal-to-noise ratio, N and N’ are 
the number of independent beam lines over which echo data 
are analyzed for the estimate from the sample and reference 
phantom, n is the number of independent estimates of (Ss 
(ω)/Sr(ω))2 and Z is the length of the analysis region.  
 
 Our approach is to use both spatial and frequency 
compounding to compute attenuation locally and to form 
attenuation images. [10,11] Spatial compounding is done 
analogously to that described for scatterer size images. 
Frequency compounding assumes the attenuation over a 
limited frequency range varies linear with frequency, f.  β=α/f, 
then becomes a useful attenuation metric, where α is the atten-
uation at frequency f. The β estimates from different frequen-
cies can be compounded. 
 
 Attenuation imaging has been implemented on a Siemens 
Antares machine equipped with an Ultrasound Research 
Interface (URI).  In the present implementation, raw, RF data 
are saved and stored for off-line analysis. Users select a region 
of interest, number of frames of echo data to acquire, and the 
acquisition file name by way of front panel controls.  Other 
scanner parameters, such as gain, transmit focus conditions, 
center frequency, and certain pre-processing settings are set in 
the usual way.  A front panel control initiates the RF 
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acquisition sequence, storing echo data to a file on the Antares 
computer system. The file is downloaded to a Windows 
machine, where the data analysis routines are run.   
 
 The Antares machine allows beam steered B-mode 
acquisitions, where a trackball is use steer the parallel 
ultrasound beam lines from the linear array into different 
angles.  This feature was used to acquire RF data from an 
attenuation phantom, consisting of cylindrical inclusions 
whose attenuation coefficient was 0.78 dB/cm-MHz, within a 
uniform background where the attenuation was 0.49 dB/cm-
MHz.  These values had been obtained using lab apparatus 
applied to test samples of the materials manufactured when the 
phantom was poured.  
 

A URI script was written that utilized trackball generated 
angular increments to shift the beam direction by 
approximately 2 degrees, from –9.5o to +11.5o. At each 
location, a frame of RF echo data was acquired.  The offline 
analysis consisted of producing β=α/f images at each 
acquisition angle, then compounding the resultant images.  A 
VFX13-4 linear array transducer was used. 
 

Fig. 6 presents a gray scale image (top) and an attenuation 
image of a region in the attenuation-contrast phantom 
containing a 1-cm diameter inclusion. Slight shadowing can be 
noted distal to the inclusion I the top image. The inclusion is 
clearly seen in the lower, attenuation vs. frequency slope 
image. The depicted value for the attenuation coefficient in the 
inclusion is approximately 0.7 dB/cm-MHz, closely matching 
the results obtained from test samples. 

 
Figure 6 B-mode (top) and attenuation image of a 1-cm diameter inclusion 
(0.8 dB/cm-MHz) in a uniform background. 

V.  CONCLUSIONS  
In this paper, we describe methods for acquiring both 

scatterer size images and attenuation images, and we report 
quantitative tests of the methods. Compounding scatterer size 
estimates following RF echo data acquisition from the same 
location but different beam angles can substantially improve 
statistical uncertainty in scatterer size images. Results confirm 
theoretical expectations of the improvement in signal to noise 
ratio of scatterer size estimations with selected compounding 
parameters. Both spatial and frequency compounding improve 
local attenuation estimations, and facilitate the generation of 
course attenuation images. 
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