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ABSTRACT

The backscatter coefficient (BSC) quantifies the frequency-dependent reflectivity of tissues. Accurate estimation
of the BSC requires knowledge of the attenuation coefficient slope (ACS) of tissues in the beam path between
the transducer and the insonified region of interest, namely, the total attenuation. In this study, the total atten-
uation is calculated as the cumulative sum of values of a local attenuation map devised using full angular spatial
compounding (FASC). The BSC was parameterized through the integrated backscatter coefficient (iBSC) obtain-
ing iBSC maps. Experimental validation of the proposed approach consisted of scanning two cylindrical physical
phantoms with off-centered inclusions having different ACS and BSC values than the background. Additional
iBSC maps were computed assuming an uniform ACS map of 0.5 dB/cm/MHz (which is a value assumed for soft
tissues) instead of the FASC-ACS map. Finally a iBSC map was obtained using an ideal ACS map formed with
ground truth ACS values and knowledge of inclusion true position. The results were comparable when using the
FASC-ACS map or the ideal ACS map in term of inclusion detectability and estimation accuracy. The use of the
uniform ACS map resulted in some cases with very high fractional error (>9 dB), which highlights the relevance
of accurate compensation for total attenuation. These results suggest that BSCs can be reliably estimated using
total attenuation compensation from FASC-ACS maps.
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1. INTRODUCTION

The frequency-dependent backscatter coefficient (BSC) describes how a medium reflects the incident ultrasonic
energy. The BSC has shown promise for improving diagnosis of disease in the liver, lymph-nodes, thyroid, breast,
among others tissues. Nevertheless, in vivo BSC estimation requires compensation for the ultrasonic attenuation
occurring in the beam path between the transducer and the region of interest, i.e., the total attenuation. Being
that the attenuation of the interrogated media is often unknown, the total attenuation compensation approaches
include, for example, neglecting the impact of attenuation; simultaneous derivation of total attenuation and
BSC; or cumulative sum of attenuation in the beam path based of values from the attenuation coefficient slope,
e.g., a pre-selected value for soft tissues or the values from a estimated local attenuation map. The latter
method is the most appropriate for providing a local attenuation map with sufficient accuracy. Moreover, in
BSC estimation the full angular spatial compounding (FASC), which has potential application in breast cancer
assessment given the full angular availability of this type of tissue, provides a reduction of variance in mapping
the BSC in tissue-mimicking phantoms with low attenuation coefficient slope (ACS<0.1 dB/cm/MHz),%? i.e.,
when total attenuation could be neglected. In the present work the BSC of non-negligible attenuating media is
presented and estimated in a FASC setup. The total attenuation was computed using a local attenuation map
derived using the FASC approach.
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2. METHODS
2.1 Ultrasonic parameters estimation

The BSC of a region of interest (ROI) can be estimated from the power spectra of gated backscattered RF
echo signals within the ROI acquired with a ultrasound transducer. The frequency (f) dependent BSC of a
ROI located at depth z can be obtained from the power spectrum S(f,z) after compensation of effects from
system/transducer P(f), the beam diffraction D(f, z), and the total attenuation A(f,z) with

S(f,2) = P(f)D(f,2)A(f, 2) B(f), (1)

where B(f) if the BSC. The planar reflector method by Chen et al. (Ref 3) performs a calibration of system
acquisition when flat or weakly focused single-element transducers and compensation of the beam diffraction
effects with analytic expressions.? Hence, only total attenuation remains unknown. As shown in Fig. 1, the
backscattered signal from a ROI might cross several media; hence, the averaged power spectrum from an ROI
can be affected by the attenuating properties of multiple layers. In the case of a soft tissue we can either assume
the value 0.5 dB/cm/MHz, i.e., a uniform attenuation map or calculate the total attenuation using a estimated
local attenuation map. To improve the quality of the estimated local attenuation maps the FASC* approach
is used. Up to N acquisitions are performed and the value of a pixel is obtained after as the median value of
the the single views estimates. In this work, the effects of the size of N was tested using different amount of
averaging: 3, 6, 10, 15, and 30 views.

PC/ADC card H Pulser/Receiver

Figure 1. Diagram of acquisition of ultrasonic radio-frequency data in a water tank of a cylindrical phantom with an
inclusion. For computing quantitative ultrasonic parameters of a ROI all the attenuation values of blocks between
transducer and ROT are needed. A transducer in our setup was moved laterally to obtain a 2D image and the sample was
rotated to obtain 360° coverage.

The total attenuation corresponding to every region of interest was computed using the FASC-ACS map
obtained from N individual views. For each individual view an attenuation map was computed using the
spectral-log-difference method*® with 30Ax30\ data-blocks and 87.5% overlap. For comparison purposes the
BSC was estimated with a pre-selected ACS map of uniform ACS=0.5 dB/cm/MHz (which is a common value
used in soft tissues) and with the ideal ACS map constructed with the ground truth values and true locations of
the inclusion.

2.2 Data sets

The experimental data set was obtained from two cylindrical agar-based tissue-mimicking phantoms, A and B,
designed with a 7-cm diameter background with an embedded 2.5-cm diameter inclusion which had different
attenuating and scattering properties than the background (attenuation and scattering controlled by different
amount of graphite powder). Data acquisition was performed using a micro-positioning system with a lateral step
size of 0.5 mm. A 7.5 MHz, f/4 single-element transducer driven by an Olympus Panametrics 5900 pulser /receiver
(Olympus Corporation, Waltham, MA) as well as a UF3-4121 14-bit digitizer PCI-X card (Strategic Test Corpo-
ration, Woburn, MA) was used to collect the data. For this transducer, the analysis bandwidth chosen (f1,,fn)
was (4,9) MHz. The ACS ground truth values (in dB/cm/MHz) of Aine, Abkg, Bine, Bokg were 0.41, 0.75, 0.54,
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and 1.04, respectively. These values were obtained from independent additional samples having the same con-
centration of graphite powder and scatterers and scanned using the insertion-loss method. Ground truth values
of BSC were obtained with small samples using the planar reflector method?® but using additional small samples
such that the compensation of attenuation was almost negligible. The BSC was estimated with 10Ax 10X data
blocks with 75% overlap.

2.3 Integrated backscatter coefficient
The integrated backscatter coefficient (iBSC) was computed as

f

BSC(x7) = — - / " BSC(f x,2)df, )
fu—Jfu s

for every pixel located at position (x,z). Compounding of the N single views was performed in the BSCs obtained

for a pixel in every available view before calculating the iBSC in equation (2). The contrast-to-noise ratio (CNR)

was computed from the iBSC maps using the mean (p) and standard deviation (o) of the iBSC values of the

inclusion and a region in the background with same size as

CNR — _ Minc — Hbke (3)
\V Uinc2 + Ubkg2
The iBSC maps were further compared with the iBSCigea; map (Fig. 2) obtained from the ground truth values
of BSCs by
iB
AFE(x,2)=10log1g < iBSC(x.2) >

iBSCideal(X,Z) (4)

where AFE stands for absolute fractional error.
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Figure 2. Ideal iBSC maps used for computing the absolute fractional error. Left: phantom A. Right: phantom B.

3. RESULTS

The attenuation maps for phantom A and B are shown are shown in Fig. 3, using RF data from a single view or
multiple view. The inclusion borders are clearer when using more views in FASC. Numerically, the accuracy of
values of the inclusion and background does not change dramatically; however, the standard deviation of ACS
values for both inclusion and background decreases monotonically with the number of views (Fig. 4).

The iBSC maps obtained using the FASC-ACS map or a uniform ACS map for total attenuation compensation
are shown in Fig. 5 and 6 for phantoms A and B, respectively. Notice that BSCs were averaged spatially with
FASC approach as well depending on the number of angles (either 3, 6, 10, 15 or 30) but it can be observed that
using a uniform ACS map for total attenuation compensation did not result in much improvement in the iBSC
maps. However, using FASC in both the ACS maps and for BSC estimation, resulted in rapid improvement of
image quality with increasing number of views.
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Figure 3. Attenuation images of physical phantoms A (top) and B (bottom). Starting from the left the images correspond
to no compounding, and compounding of 3, 6, 10, 15, and 30 views. The increasing number of angles allow better depiction
of the inclusion.
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Figure 4. Mean and standard deviation of ACS of inclusion and background versus number number of angles used in
FASC-ACS. The increasing number of angles mainly reduce the standard deviation within the attenuation images.

Moreover, in Fig. 6 several artifacts can be observed. First, the uniform map of 0.5 dB/cm/MHz values for
compensation can produce under compensation in the inclusion of phantom B because this value is much lower
than the ground truth value 1.04 dB/cm/MHz. Another advantage of FASC is that artifacts observed in single
view iBSC maps at deeper regions (around 10 cm depth or more) are mitigated with the median averaging of
the FASC approach.

In Fig. 7, we showed the iBSC maps constructed using an ideal ACS map and maximum spatial averaging
(30 views) which resemble more to the ideal BSC maps from Fig. 2. However, in practice the perfect knowledge
of local attenuation maps is not possible. Therefore, using the FASC-ACS for total attenuation compensation is
the best approach.

The iBSC contrast between the inclusion and background was the lowest when using the uniform ACS map
(see Fig. 8). Using the FASC-ACS map the contrast increased rapidly with the number of views N. However,
using the uniform ACS map did not change drastically the CNR values vs N. For the maximum number of
views, N=30, the iBSC map obtained when using the uniform ACS map (CNR=1.32) was worse than the iBSC
map obtained when using the FASC-ACS map (CNR=3.05) or the ideal ACS map (CNR=4.42). Likewise, the
contrast of the iBSC map when using the uniform ACS map was very low (CNR=0.132) compared to the CNR,
of iBSC maps obtained when using the FASC-ACS map (CNR=2.29) or the ideal ACS map (CNR=2.86).

In terms of accuracy, the mean of the fractional error for regions inside and outside the inclusion are provided
in Fig. 9. In general using the FASC-ACS map or the ideal ACS map generated less fractional error, i.e., more
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Figure 5. Top: Phantom A iBSC maps using for total attenuation FASC-ACS maps (top) or uniform ACS maps (bottom).
No compounding and compounding of 3, 6, 10, 15, and 30 views are presented. Better contrast-to-noise ratio is obtained
with the FASC-ACS maps (CNR=3.05 for 30 views FASC) than its uniform map counterpart (CNR=1.32).
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Figure 6. Top: Phantom B iBSC maps using for total attenuation FASC-ACS maps (top) or uniform ACS maps (bottom).
No compounding and compounding of 3, 6, 10, 15, and 30 views are presented. Better contrast-to-noise ratio is obtained
with the FASC-ACS maps (CNR=2.29 for 30 views FASC) than its uniform map counterpart (CNR=0.132).
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Figure 7. iBSC maps (using maximum spatial averaging of BSCs, 30) obtained using an ideal ACS map (ground truth
ACS values and correct location of the inclusion). Left half: phantom A. Right half: phantom B.
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accurate, except in the inclusion of phantom A. This atypical result might be explained because the data blocks
within the inclusion will have had their beam path crossing mainly the background with ACS=0.41 dB/cm/MHz
and partially the inclusion with ACS=0.75 dB/cm/MHz, hence the uniform value used ACS=0.5 dB/cm/MHz
was relatively close to the average of these actual values.
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Figure 8. Contrast-to-nosie ratio of inclusion and background. The FASC-ACS map improves the CNR a factor of 2.3 for
phantom A (left) and a factor of 17 for phantom B (right) with respect to the uniform map. Both approaches are mainly
inferior to the use of the ideal ACS map.
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Figure 9. Mean values of absolute fractional error (AFE) in dB for the inclusion and background. The largest errors seems
to occur when using the uniform ACS map; e.g., for the background of phantom A (AFE>2.5 dB) or the inclusion of
phantom B (AFE>9 dB).

4. DISCUSSION AND CONCLUSION

The usefulness of the full angular spatial compounding for improved spectral-based tissue characterization was
explored in this study for BSC estimation of non-negligible attenuating media.

The full angular approach resulted in accurate and precise estimates of ACS that can be effectively used
for total attenuation compensation instead of using a pre-selected uniform attenuation value. Moreover, the
study demonstrates that the iBSC mapping using the FASC-ACS map described most of the desired contrast
of scattering properties similar to the ideal case. These results are significant because in practice the ideal
ACS maps will not be available for attenuation compensation. Therefore, the use of FASC-ACS maps is an
appropriate alternative. The performance obtained with this approach was comparable to the results obtained
when using the actual ground truth attenuation maps and outperformed the case where iBSC was obtained using
pre-selected uniform ACS maps.
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