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INSTRUMENT-INDEPENDENT ACOUSTIC BACKSCATTER COEFFICIENT IMAGING
Evan J . Bocte--, James A . Zagzebski,
Ernest L . Madsen and Timothy J . Hall 2
Department of Medical Physics
University of Wisconsin
Madison, WI 53706

This paper presents an adaptation of a method for determining
acoustic backscatter coefficients to produce quantitative
ultrasound images . Backscattered echo signals are recorded from
a region to be imaged and backscatter coefficients are
determined and related to spatial position . The values of the
backscatter coefficients are then translated into a gray scale
image . Testing of this imaging technique has been performedd
using tissue-mimicking phantoms which contain sections having
backscatter coefficients different from that of the surrounding
material . The technique has also been tested using a phantom in
which a fat-mimicking layer is interposed between the acoustic
window and the main body of the phantom . The images produced
were found to be quantitatively accurate throughout the phantom,
including the sections with differing backscatter . Quantitative
accuracy did not suffer when the fat-mimicking layer was
. nzae Acaaamic Nuns .
present .
Key words : Backscatter coefficient ; quantitative imaging ; tissue
characterization ; tissue-mimicking phantoms ;
ultrasound .
INTRODUCTION
In clinical ultrasound imaging, scattering of sound by soft
tissue parenchyma is a dominant mechanism involved in
visualizing normal and abnormal structure . Spatial variations
in scattering result in changes in mean echo signal amplitudes
as an ultrasound beam is scanned over a region of interest .
These amplitude changes produce local variations in average
brightness on a gray scale display, enabling adjacent tissues
having different scattering strengths to be distinguished . In
spite of the importance of scattering, current pulse-echo
ultrasound instruments provide only qualitative information on
acoustic scattering properties in tissues . Absolute scattering
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levels are not available in clinical studies because instrument .
related factors, including the transducer and the pulserreceiver electronics, operator dependencies, and ultrasound
pulse propagation in tissues, are not accounted for
quantitatively in the image formation process . Thus, the extent
to which variations in ultrasonic scattering might be associated
with the presence of diffuse or localized disease is not known
at this time .
The parameter commonly used for quantifying acoustic
scattering of tissues is the backscatter coefficient [1] . This
quantity is defined as the differential scattering cross sectior
[2] per unit volume for a scattering angle of 180 degrees . Iis an intrinsic property of the scattering medium, effects of
instrumentation and overlying tissues being eliminated in the
data analysis . Backscatter coefficients have been reported for
tissue mimicking materials [3-51 and a number of excised tissues
such as blood [6],
normal and abnormal liver [7] and breast
tissue [8] .
A method exists [9] for determining acoustic backscatter
coefficients which not only accounts for instrumentation
dependencies but also yields accurate results when the
scattering volume is anywhere in the field of the transducer .
The accuracy of this method has been verified for a wide range
of experimental conditions [51, including conditions that are
encountered in clinical studies [9] .
Thus, the general
versatility and overall accuracy of this method for measuring
backscatter coefficients opens up the possibility for producing
quantitative backscatter coefficient images . Such images would
depict intrinsic properties of the tissues scanned, allowing
more direct intercomparisons of imaging studies from different
laboratories and, could lead to more accurate diagnostic tests
based on subtle variations in acoustic parameters .
The purpose of the work described here is to combine this
method of data reduction with instrumentation and algorithms for
forming quantitative backscatter coefficient images . In
addition, tests of the accuracy of backscatter coefficient
images are done using tissue-mimicking phantoms for which the
scattering has been computed using expressions derived by Faran
Also, testing the method under more clinically[10] .
significant conditi .ons is done with a tissue-mimicking phantom
having a fat-mimicking layer positioned between the acoustic
window and the main body of the phantom .
The possibility of producing machine-independent backscatter
coefficient images was addressed previously by O'Donnell [11] .
The work described in the present paper differs from that of
O'Donnell and other workers [6,7] in that no approximations
regarding the transducer beam profile or the treatment of a time
gate employed during data acquisition are utilized . A
transducer pressure beam model verified experimentally [12,13]
to be accurate is used in the present data analysis . The time
gate is accounted for rigorously, avoiding the approximation of
replacing it with a range-dependent function throughout the
field of interrogation . The faithful representation of the time
gate results in a convolution of frequency-dependent transducer
functions with the Fourier transform of the time gate in the
expression for the backscatter coefficient [9] .
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DATA ACQUISITION AND REDUCTION
The data acquisition and reduction procedures extend those
described in Madsen et al [9] for the narrow band case . The
basic difference is that the scattering object interrogated
occupies essentially all of the volume beyond the face of the
transducer, and backscatter coefficients are computed over the
entire region . Combining this with an adequate spatial
distribution of beam axes allows computation of backscatter
coefficients over an imaging "slice ." Conversion to gray levels
then yields machine-independent backscatter coefficient imaging .
Figure 1 illustrates the experimental configuration used . An
ultrasound transducer is translated perpendicularly to the beam
axis in a raster fashion over a rectangular lattice of
positions . For each position of the transducer, (specified by
indices m and n) a long duration echo signal wave train is
digitized and then broken into contiguous segments, each segment
identified with the index 1 . The lth segment is designated
Vs(t ;l,m,n) . The Fourier transform of each segment is then
determined and used in the data analysis .

IL

Wavefomm. segmenting gates

Vs (t ;1,m,n)
"UVT
segment

1

Fig . 1 Data acquisition system used for the testing of
backscatter coefficient imaging . A transducer, in
contact with the phantom, is excited by a narrow band
sine wave burst . The echo signals are digitized and
stored on a computer disk . Each wave train is indexed
by the transverse, m and lateral, n position of the
transducer on the phantom . Data analysis consists of
segmenting the waveform into contiguous time gates and
determining the Fourier transform of each segment . Each
temporal segment is indexed by a subscript 1 .
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Backscatter coefficients are determined utilizing the basic
relationship from reference [4] .
The backscatter coefficient at
angular frequency w o , corresponding to a lattice position 1',
m', n' , is given by
1_
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where V s ((O0 ;l,m,n) is the Fourier transform of Vs (t ;1,m,n) at
frequency wo for the signal segment 1 and the transducer position
(m, n) , while 1', m' and n' specify the center position of the
volume over which averaging is performed and the spatial
position with which 71(Wo)1,,m,, , is identified . The values AL, Am
and AN are the number of discrete steps which are spanned by
the summation .
The value of the denominator, a, ((A,), in Ea . (1) is given by
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In Eq . 2, i is the duration of the signal segment which is
Fourier analyzed .
The integral over volume A includes all
scatterers in the pressure field . For each a 1 (wo ), the region
contributing to this integral is determined by the onset and
termination of the lthsegment of the digitized wave train and by
the pressure beam distribution . The zero of the clock is set at
the center of the Its temporal segment (for each value of 1),
and this is expressed explicitly via subscripts on T and Bo .
T1(w) is a frequency-dependent receiver transfer function
relating the instantaneous force on the transducer to the signal
voltage at frequency w . B o 1(W) is a set of complex superposition
coefficients (per unit frequency) corresponding to the
transmitted ultrasonic pulse . The product T1(W)B01(w) is
determined for each instrumental configuration and transducer
excitation voltage by recording the echo signal from a reference
reflector and analyzing this signal in the fashion described in
reference [4] .
The sine function (sinc(x) ~sin[1cx]/[7cx])
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corresponds to the rectangular "gating" produced by dividing the
echo voltage signal into segments .
The function A0 (r
? , w) is a normalized
pressure distribution, obtained by solving

0 (r,w)
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where ? is a vector from the origin of the coordinate system to
-2' is a vector from the origin of the coordinate
a field point ;
system to ds, a transducer surface element, and S is the surface
defining the entire radiating element . The complex wavenumber,
k, is defined by

k=-

w
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(4)

where c(w) is the speed of sound and a(w) the attenuation
coefficient .
In all previous applications of this method of data
reduction, only a single value of 1 was involved in each
determination of the backscatter coefficient . Thus, in those
cases
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or, in the form expressed previously

II(C01)=

[4,5,9],
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The value BSE(l,m,n)-~Jvs (w" ; l, m,n)~~z/al(wo) is defined in this
work as a BackScatter Estimator (BSE) . Each BEE involves a
volume of scatterers corresponding to indices 1, m and n . In
figure 2 a set of spatial positions associated with the BSES i,s
depicted, where each point is identified with a specific 1, m
and n .
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Fig . 2 Illustration of the
rectangular lattice of
spatial points with
which BSEs are
associated . Each point
specified by the
indices 1, m and n .

When all experimental factors are properly accounted for, the
BSEs depend only upon the frequency (wo ), the scatterers within
the volume and the orientation of the scatterers with respect to
the insonifying transducer . However, the BSEs have statistical
fluctuations in the same manner as the ultrasonic signal . The
backscatter coefficient is the mean value from a set of BSEs .
The averaging of BSEs to determine 71 is a principle step both in
this work (Eq . (1)) and in previous applications [4] .
The
primary difference between prior work and this report is that
here the averaging is performed over a local three dimensional
neighborhood .
Once a set of backscatter coefficients fl(W 0 ) I' m ' s ' has been
determined, each member is assigned a gray scale value . These
gray level forms can then be used to construct a two dimensional
image by appropriate choice of the set of 1', m' and n' .
EXPERIMENTAL TESTS OF BACKSCATTER COEFFICIENT IMAGING
Testing of the technique has been performed using three
ultrasonically tissue-mimicking phantoms . These are illustrated
in figure 3 . The tissue-mimicking material in each phantom
consists of a water-based gel in which graphite powder was added
to provide tissue-like attenuation [147 and glass beads were
introduced to produce ultrasonic scattering . The graphite used
is so finely powdered that it contributes negligibly to
scattering and therefore only provides a large component of the
absorption coefficient . In contrast, the glass beads have a
large enough diameter distribution and small enough
concentration (number per unit volume) that they contribute
essentially to scattering only . With the construction of each
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Fig . 3 Phantoms used for
testing backscatter
coefficient imaging .
Phantoms A and B have
two 2 .1 diameter
cylindrical volumes
which have different
scattering levels as
the backgrounds,
A
central plane of
phantom C has two low
scattering spheres of
different diameters .
Phantom C also has a
2 .5 cm fat-mimicking
layer on one end,
simulating a
subcutaneous fat layer .

Low scattering spheres

phantom, cylindrically shaped test cylinders of the tissuemimicking materials were also made . These test cylinders were
used in measuring the ultrasonic speed and attenuation
coefficients using a narrow band substitution technique [15] .
The values of the attenuation coefficients were fitted with a
function of the form

a(f) =a 1 f + a 2
where f is the ultrasound frequency . Results of this fitting as
well as the ultrasonic speed and density of each phantom are
shown In table 1 .
The glass bead scatterers in each macroscopically uniform
section of the phantoms are spatially randomly distributed . The
approximate size distribution and concentration of scatterers
(number per unit volume) is known and therefore an estimate of
the acoustic backscatter coefficient can be made using the
theory of Faran
(10] .
Each phantom has two oppositely
positioned scanning windows, consisting of hO am thick SaranT
wrap .
Phantom A in figure 3, contains two 2 .1 cm diameter
cylindrical volumes for which the backscatter coefficient
differs from that of the background . These cylindrical volumes
are mounted within the phantom box so that their central axes
are parallel to the scanning windows . The concentration of
glass beads in one cylinder is twice that of the background
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Table 1 . Ultrasonic speeds, attenuationn and densities for the
tissue-mimicking (TM) materials in the three phantoms . The
attenuation coefficients are represented with the function
a(f)=a1f+a 2 1 2 , where f is the frequency and a l , and a2 are
constants resulting from curve-fitting to experimental values .
TM material
Phantom A

Speed of sound
Attenuation
(cm/s)
Ul tae/cTi~nxz~
(X2 tdeicmimxz 2 )
1538
0 .480
0 .016

Density
(gm/cm3 )
1 .03

Phantom B

1525

0 .483

0 .018

1 .03

Phantom C
(nonfat)
Fat-mimicking
material on C

1557

0 .530

0 .000

1 .03

1459

0 .658

- 0 .036

0 .94

material and therefore its backscatter coefficient is 3 dB above
that of the background . The concentration of glass beads in the
other cylinder is half that of the background, resulting in a
scattering level 3 dB below that of the background .
Phantom B is o£ similar construction and the background
backscatter coefficient is similar to that in phantom A .
Phantom B also has two 2 .1 cm diameter cylindrical volumes, one
having a backscatter coefficient 6 dB below that of the
background and the other a much lower one, estimated to be 15 to
18 dB below that of the background material .
Phantom C has two low scattering (about 18 dB below the
background) spherical volumes positioned in the central plane of
the container . These spheres are 13 mm and 6 mm in diameter . A
unique feature of this phantom is a fat-mimicking layer that is
positioned beLween one of the acoustic windows and the main body
of the phantom . This fat-mimicking layer has similar acoustic
properties as body wall fat (see table 1) . The fat-mimicking
layer serves to test backscatter coefficient imaging under
conditions which are similar to those encountered when imaging a
patient .
Three focused transducers were used to record echo signals .
Their nominal frequencies, radii of curvature and projected
radii were determined using techniques described previously
[12,13] and are listed in table 2 .

Table 2 . Geometric parameters of the three transducers -used for
tests of backscatter coefficient imaging .
Transducer
nominal frequency
(MHz)
2 .25
3 .5
5 .0

Radius of curvature

Projected radius

(cm)
13 .7
9 .6
8 .5

(mm)
9 .1
9 .6
9 .3
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During data acquisition, the transducer was moved across the
phantom (under computer control) in a raster fashion . The probe
was excited using tone bursts which were usually 3 µs in
duration . Echo signal wave trains for each transducer position
were amplified, digitized at 50 megasamples per second using a
LeCroy TR8828C transient recorder, and stored on a magnetic
disk . -Typically, 75 to 100 wave trains of 100 µs in duration
were collected from each of 4 parallel planes . The spacing
between each transducer position was 1 mm .
The analysis consists of segmenting signal wave trains,
computing Fourier transforms of the signal for each segment, andd
applying Eq . (1) to these data . In all cases, the backscatter
coefficient was determined at the same frequency (mo ) used to
excite the transducer . The attenuation coefficients and
ultrasonic speeds for each phantom (table 1) were used in the
complex wavenumber (Eq .
(4)) during the data reduction .
Normally, the time gate or segment duration was 3 µs .
The
resulting data set consists of a three dimensional matrix of
4xl00x30 BSE3 .
The averaging of BSES occurred over a cube having 4 mm sides,
corresponding to 64 BSES . This cube was shifted by one row or
column for each determination of t7(w„) IW ,Using this process
with the data set mentioned above, a matrix of 97x27 values of
T](w„) was generated .
Once aa set of T1(w„)'s were determined, the values were used
to map a gray scale of 256 levels to an image . The user could
then select a polygonal region of interest on the image from
which a mean backscatter coefficient would be determined .

RESULTS
In figure 4a, b and c are shown backscatter coefficient
images of phantom A at frequencies of 2 .5, 3 .5 and 5 .0 MHz
respectively . Backscatter coefficients obtained for different
sections of the phantom are presented in table 3, demonstrating
the quantitative accuracy of these images . In column 2 are
shown calculated backscatter coefficients computed using Faran's
expressions [10] for the background material . The measured
backscatter coefficients (column 3) are within six percent of
the computed values . In columns 4 and 5 are shown backscatter
coefficients for the lower and higher scatter cylinders,
expressed in dB relative to the background . These values were
determined by selecting a circular region of interest in the
cylinders as shown in the image, and computing the mean
backscatter coefficient for that region .
Backscatter coefficient images of phantom B are shown in
figure 5 . As in the case of phantom A, figure 5a, b and c are
images at 2 .5, 3 .5 and 5 MHz respectively . Backscatter
coefficients obtained for different sections of phantom B are
summarized in table 4 . Although there are somewhat greater
deviations between experimental values and predictions based or,
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Fig . 4 Backscatter coefficient images of Phantom A with the
frequency of analysis equal to 2 .5 MHz(a), 3 .5 MHz(b),
and 5 MHz(c) .
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Table 3 . Experimentally determined backscatter coefficients for
phantom A compared with values calculated using the theory of
Faran [101 .
Frequency
WO

(MHz)

Backscatter coefficient
of background

Backscatter coefficients
in cylindrical volumes i

(cm -1 sr1)

dB relative to background

Calculated E

erimen al

-3 dB

+3 dB

2 .5

2 .73x10-4

2 .56x10 - 4

-2 .9

+3 .1

3 .5

9 .33 10 4

9 .80 10 4

-2 .6

+3 .4

5 .0

3 .03x10 3

3 .5

Fig . 5 Backscatter coefficient images of Phantom B with the
frequency of analysis equal to 2 .5 MHz(a), 3 .5 MHz(b),
and 5 MHz(c) .
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(Fig . 5 continued)

theoretical computations for the 5 MHz data, the experimental
results are still within 25 percent of the predicted results for
the frequencies employed . There is some fading of the
brigthness (suggesting a decrease in the backscatter
coefficient) as a function of depth in the 5 MHz image (figure
5c) . The most likely explanation is that a small error in the
attenuation coefficient estimation propagated through the data
reduction, giving this result . This is discussed in more detail
in the next section .
In figure 6a is shown an image of phantom C taken with the
transducer placed on the acoustic window in contact with the
tissue-mimicking body of the phantom . The image in figure 6b is
similar, except the transducer beam propagated through the fatmimicking layer before reaching the main body of the phantom .
The frequency of analysis in both cases was 2 .5 MHz . Both
images have a similar overall appearance . The 13 mm diameter
low-scattering sphere can be seen in the lower right on each
image . The computed backscatter coefficient for the background
(calculated using Faran's expressions [10]) is 6 .39x10-4 cm -1 sr- 1 .

Table 4 . Experimentally determined backscatter coefficients for
phantom B compared with values calculated using the theory of
Faran [101 .
Frequency
WO

(MHz)

Backscatter coefficient
of background

Backscatter coefficients
in cylindrical volumes in

(cm lsr -1 )

dB relative to background

Calculated Experimental

2 .5

2 .73x10-4

2 .83x10" 4

3 .5

9 .33x10-4

5 .0

3 .03x10-3

--6 dB
-4 .9

-16 .2

9 .87xl0 - 4

-5 .7

-16 .9

2 .33x10 -3

-7 .2

-16 .8
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Fig . 6

Backscatter coefficient images of Phantom C at 2 .5 MHz
with (a) the transducer placed on the acoustic window
without the fat layer and (b) with the beam propagating
through the fat-mimicking layer .

For the image in figure 6a, the average background
backscatter coefficient is 5 percent below that value . The
average background backscatter coefficient for the image in
figure 6b is 11 percent below the theoretical value .
DISCUSSION

The results demonstrate that quantitatively accurate
instrument-independent backscatter coefficient images can be
obtained using a method of data analysis that rigorously
accounts for all experimental conditions involved in obtaining
echo data from a phantom . Backscatter coefficient imaging
through a fat-mimicking layer did not alter the character of the
image when the speed of sound of the fat layer as well as losses
due to the attenuation of the fat layer were included in the
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acoustic beam profile model . These results open up the
possibility of producing clinical images of the ultrasonic
backscatter coefficient . This is being pursued using a clinical
B-mode scanner .
Backscatter coefficient images are subject to the same
statistical processes which result in speckle for B-mode images .
This is why the images shown here have a "textured" appearance .
The pixel-to-pixel variation in the backscatter coefficient
images are reduced from that found in B-mode imaging because 64
backscatter estimators are averaged to determine the backscatter
coefficient for each pixel . If the number of statistically
independent backscatter estimators used to determine the
backscatter coefficient is increased by N, the speckle standard
deviation is reduced by 'W.
The number of statistically
independent ESEs however, is not equal to the number of BSEs for
a given averaging . For the cluster of 4x4x4=64 BSEs used in our
study the number of statistically independent backscatter
estimators for each pixel were estimated using approximations
for the beam width of each transducer . These estimates are 8,
27 and 64 for the 2 .5 MHz, 3 .5 MHz and 5 MHz transducers,
respectively .
The gray level fluctuations in these images are accentuated
because the displayed dynamic range in figures 4-6 are much
narrower than that normally used for B-mode imaging (about 8 to
10 dB versus 40 to 60 dB) . Additionally, the gray scale
mappings for these backscatter coefficient images are linear,
not logarithmically compressed as are B-mode images . Future
work will explore different display formats . Nevertheless, the
images appear to be quantitatively correct across regions
(cylindrical volumes and backgrounds) which have different
scattering properties .
The resolution in the present backscatter coefficient images
is not competitive with that of standard B-mode ultrasound
imaging . Just as in the case of B-mode imaging, the lateral
resolution in the backscatter coefficient images is ultimately
limited by the beam width whereas axial resolution is limited by
the pulse duration . The lower resolution in the backscatter
coefficient images results in part because the displayed
backscatter coefficients are local spatial . averages of BSEs . It
is expected that sacrifices in Parameters such as resolution
will result when actual absolute tissue characterizing
parameters are displayed in images . However, it should also be
pointed out that another contributing element to lower
resolution in the present images is that in this phase of our
testing, we have used long duration narrow band pulses and long
"time gates" in the analysis ; these conditions correspond to
those for which accurate results of this method have previously
By restricting the analysis to long
been reported [4,5,9] .
pulse and time gate durations, the axial resolution has not been
optimized in these images . Recent studies [16] using clinicaltype broad band pulses and "time gates" of less than 0 .5 µs
indicate that both quantitative accuracy and backscatter
coefficient imaging with considerably improved axial resolution
may be attainable .
Measurement of the backscatter coefficient requires
simultaneous determination of attenuation coefficients in order

134

BACKSCATTER COEFFICIENT IMAGING

Figure 7 vividly illustrates this
to obtain meaningful results .
point and also demonstrates one method being explored for
Presented are the mean
obtaining the attenuation coefficient .
backscatter coefficients averaged over all pixels within a given
The frequency of
depth range, versus distance into the phantom .
analysis is 2 .5 MHz . When the correct value for the attenuation
coefficient slope was used in the data reduction, the mean
backscatter coefficient value is seen to be essentially
independent of depth .
When a five percent underestimate or a
five percent overestimate in the attenuation coefficient slope
was used, significant andd easily detectable deviations from a
depth independent backscatter coefficient are noted .
Deviations from depth independence due to errors in the
attenuation coefficient are accentuated when a higher frequency
This is likely the cause of the variations
transducer is used .
seen in figures 4c and 5c .
In this work, the values of a1 and
a2 were obtained from a linear least squares fit of measured
values of a(f)/f versus f, where f is the ultrasonic frequency .
using estimates for the uncertainty in our measurements of
ultrasonic attenuation as presented by Madsen et al[15], and a
routine by Bevington[17], estimates of the standard deviation of
a1 and a2 were made . For al, this was roughly 100 of al, while
the standard deviation of a2 was approximately 40% of a2 . This

Depth in phantom (cm)
Fig . 7

Mean Hackscatter coefficients at the designates depth in
Phantom C, plotted as a function of depth in the phantom
for three different attenuation coefficients used in the
data reduction . The frequency of analysis was 2 .5 MHz .
The mean backscatter coefficients are normalized to the
:nearr backscatter coefficient at the sha=_owest depth .
The squares correspond to data reduction using the slope
of the attenuation coefficient at 2 .5 MHz as measured
using the technique described in reference [15] . The
diamonds (triangles) correspond to data reduction using
an attenuation coefficient slope which is five percent
higher (lower) than that used to determine the values
represented by the squares .
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error in a2 has a larger effect on the attenuation estimates at
higher frequencies .
For example, _L the actual value of a 2 in
Phantom A was 40% higher than the estimate, the value for
a(f)=alf + a2f2 at 2 .5 MHz would be approximately 3 lower than
the actual value .
However, at 5 51Iz a(f) would be about : 6% too
low .
For regions where backscatter and attenuation are
reasonably assumed to be constant, an iterative approach,
reducing data with different values for the attenuation
coefficient slope until a uniform image is obtained should yield
both the backscatter coefficient_ and the attenuation coefficient
slope at the frequency of analysis . This approach can be taken
for several different frequencies to obtain the frequency
dependence of the attenuation coefficient .
Finally, the BSEs are useful in ways beyond the scope of this
paper . The backscatter estimators could be used in statistical
studies of backscatter fluctuations .
The statistical2
distribution of the BSEs are possibly related to a number of
physical aspects of the scattering process including the average
spacing between scatterers [18] .
The advantage of the use of
the backscatter estimators in this application is that results
would be instrument independent . It is also possible that
images of higher moments of this distribution would be
diagnostically significant . The possible . significance of the
above statistical analysis is under investigation .
SUMMARY
We have developed a technique to produce quantitative,
instrument-independent ultrasound images based on a methodd of
data reduction used to measure the acoustic backscatter
coefficient . The gray level of each pixel corresponds to a
unique small range of backscatter coefficient values . This
technique has been . tested experimentally for accuracy using
tissue-mimicking phantoms, including a phantom with a simulated
subcutaneous fat layer . The method results in quantitatively
correct images even in regions of the phantoms in which the
actual backscatter coefficient is elevated or depressed relative
to that of the background tissue-mimicking material . The
accuracy was within 15 percent of the estimated backscatter
coefficient for a majority of the data sets and was within 25
percent of the estimated value for all images .
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