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Radiation-induced acoustic computed tomography (RACT) is an evolving biomedical imaging
modality that aims to reconstruct the radiation energy deposition in tissues. Traditional back-
projection (BP) reconstructions carry noisy and limited-view artifacts. Model-based algorithms
have been demonstrated to overcome the drawbacks of BPs. However, model-based algorithms
are relatively more complex to develop and computationally demanding. Furthermore, while a
plethora of novel algorithms has been developed over the past decade, most of these algorithms
are either not accessible, readily available, or hard to implement for researchers who are not well
versed in programming. We developed a user-friendly MATLAB-based graphical user interface
(GUI; RACT2D) that facilitates back-projection and model-based image reconstructions for two-
dimensional RACT problems. We included numerical and experimental X-ray-induced acoustic
datasets to demonstrate the capabilities of the GUI. The developed algorithms support parallel
computing for evaluating reconstructions using the cores of the computer, thus further acceler-
ating the reconstruction speed. We also share the MATLAB-based codes for evaluating RACT
reconstructions, which users with MATLAB programming expertise can further modify to suit
their needs. The shared GUI and codes can be of interest to researchers across the globe and assist
them in efficient evaluation of improved RACT reconstructions.
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1. Introduction

Radiation-induced acoustic computed tomography
(RACT) is a noninvasive imaging technique that
uses radiation (such as X-ray,'® laser,”'? micro-
wave, 710 and ion'"?Y) pulses to irradiate tissues
and ultrasonic transducers to sense the resulting
ultrasound (US) waves originated by the thermo-
elastic expansion and contraction of the tissues.
Transducers can be arranged in a variety of planar
or volumetric arrays — i.e., linear, circular, and
spherical — in accordance with the physical con-
straints of different imaging targets, granting a
greater variety in clinical usage. The data generated
by the transducers require substantial post-proces-
sing and analytical computation to produce the
reconstructed maps of the energy deposition (ED)
in the tissue.

Photoacoustic tomography (PAT)’'? employs
lasers for the excitation of the tissues and has been
used to image soft tissues. However, due to the high
optical scattering in tissues, the imaging depth of
PAT is limited to a few centimeters.?! In contrast,
owing to a significantly lower scattering, X-rays and
ion beams can penetrate much deeper into the tis-
sue. Therefore, X-ray-induced acoustic tomography
(XACT)"® and proto-/iono-acoustic tomography
(PrAT/IAT)' 2" image deeper into the tissue and
have been researched extensively over the last 10
years. X-rays and proton beams are commonly used
in clinical radiation therapy for cancer treatment
where intense X-ray/ion beams are guided toward
the tumor to destroy the malignant cells.?>** Ac-
curate dose delivery at the tumor site is crucial for
the procedure’s success. Themost commonly studied
application of XACT and PrAT/IAT is in-vivo dose
monitoring during radiation therapy.”?>* ™’ Re-
search also shows the potential of XACT/PrAT/
IAT for radiological biomedical imaging and non-
destructive evaluation of materials.?' 3"

Back-projections (BPs) are the most commonly
used algorithm to evaluate reconstructions in
RACT.**% A BP reconstruction is achieved by the
cumulative addition of data from each detector
back-projected based on the acoustic time of flight.
The model-based (MB) algorithms facilitate

incorporating sound speed variations, finite aper-
ture, sensor directivity, and regularizing priors.
Studies in the literature on RACT?**~*! demonstrate
that MB algorithms reduce limited-view and noisy
artifacts compared to the traditional BP algo-
rithms. MB schemes are based on a model that
relates the radiation energy deposition (RED) to
the collected US signals. To reduce the computa-
tional demands associated with three-dimensional
RACT, circular transducer arrays are commonly
employed to collect the in-plane US waves which
facilitates reconstruction of the two-dimensional
RED map.?”*?2 MB reconstructions commonly
require explicit computation and storage of the
model-matrix, which is inefficient and demands
huge computational memory for problems where
high resolution is desired. MB reconstructions in the
graphical user interface (GUI) were evaluated via
the LSQR (least squares with QR-factorization)
minimization function in MATLAB, which facil-
itates utilizing functions for on-the-run matrix—
vector multiplications, thus circumventing the
computation and storage of the measurement ma-
trix. A computationally efficient, noniterative
model-back-projection (MBP)*" algorithm has also
been included in the GUI, giving users the oppor-
tunity to compare the BP, MBP, and LSQR
reconstructions side by side.

While several reconstruction algorithms for
RACT have been developed by the researchers,
there is a lack of open-source and easy to implement
algorithms. K-wave toolbox?? is the most used
software for simulating US propagation and RACT
reconstruction. There are some toolboxes®*** for
achieving multispectral optoacoustic image recon-
struction. However, using these toolboxes requires
significant coding expertise. Recently, Omidi et al.
developed a MATLAB-based graphical package®
for photoacoustic simulation and image recon-
struction. However, this toolbox lacks the capability
for model-based image reconstruction. To provide a
convenient and quick apparatus for performing such
reconstructions that can be used by technicians,
doctors, and researchers alike, we have created a
GUI capable of evaluating three 2D imaging
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reconstructions: BP, MBP, and LSQR method. In
addition to the multiple reconstruction methods,
the GUI enables users to choose the reconstruction
grid (size and grid resolution) and can perform user-
directed signal filtering for improved imagery. It
also provides users with the choice between Lapla-
cian and Tikhonov regularization while evaluating
the LSQR reconstructions. The GUI is capable of
quick processing of photoacoustic data regardless of
transducer location and offers the user a multitude
of modifiable parameters for variable reconstruc-
tions. To the best of our knowledge, this is the first
GUI for performing MB image reconstructions in
RACT. We also sharethe MATLAB-based codes for
evaluating RACT reconstructions, which users with
MATLAB programming expertise can further
modify to suit their needs. The GUI installer, codes,
and the sample data have been uploaded on our
website:  https://truelab.som.uci.edu/softwares/
ract2d-toolbox/.

The rest of this paper is structured as follows.
Section 2 deals with the theory behind the radia-
tion-induced US, the MB algorithm, and its imple-
mentation in the GUI In Sec. 2, we also elaborate
on the method used for creating the GUI, while the
components of the GUI and their usage along with
the datasets included in the GUI and the corre-
sponding reconstruction results are discussed in
Sec. 3. Concluding remarks are offered in Sec. 4.

2. Materials and Methods
2.1.

The radiation-induced acoustic waves propagation
due to radiation energy deposition in the tissues is

Mathematical formulation
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defined by?®
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where ' is the Gruneisen parameter, v is the sound
speed in tissue, and H is the RED map. The solu-
tion to Eq. (1) in a 2D problem setting can be
expressed as®’
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where S’(r,t) represents a circular segment cen-
tered at a detector location r and radius |r —r'| =
vt [Fig. 1(a)]. The detailed calculations demon-
strating the construction of model-matrix M from
Eq. (2) can be found in our earlier publication.®” In
the discrete domain, Eq. (2) can be written as

p= Mh, (3)

with M [size: (Ny - N;) x NJ, p [size: (Ng- N;) x 1],
and h (size: N x 1) being the model-matrix, discrete
RA measurement vector, and discrete domain re-
presentation of the RED, respectively. Here, N; and
N, are the total numbers of detectors and time
samples, while N represents the total number of
nodes in the discretized RED map. The RACT re-
construction problem is to compute the RED map

(h) from the RA measurement vector (p,,...), which

can be written as a regularized least-square (LS)
optimization as follows>?40:

h = arg||p,.., — M3 + || RR|3, (4)

detector

integration

Fig. 1.

(a) Arc for calculating the integral in Eq. (3) at time ¢, (b) the true vascular structure for which the numerical dataset has

been generated, and (c) the photograph of the phantom for which XACT experimental measurements were collected and included

with the GUIL
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where || - ||, implies the L?-norm. R and A are the
regularization matrix and parameter, respectively.
The two regularizers used in the GUI are the
Tikhonov regularization (R = I, with I being the
identity matrix) and the Laplacian regularization
(R= L, with L being the incidence matrix; con-
struction of the incidence matrix L is detailed in the
Appendix). The solution to the optimization prob-
lem in Eq. (4) is

h=(MT'M+NRTR)*MTp, .. (5

To avoid the computation and storage burden
associated with solving Eq. (5), the GUI uses
MATLAB’s “Isqr” function to solve Eq. (4) itera-
tively, directly computing { Mu and M7Tv} instead
of constructing/using M explicitly. Here, u is a
vector of size (N x 1), while v is a vector of
size (Ny - N; x 1). These vectors are updated during
the LSQR iterations which employ Mu and M7Tv
evaluations to calculate the updated u and v
vectors.

For efficient evaluation of Mu and MTv during
the iterations, certain quantities [E (contributing
triangular elements), N (corresponding finite-
element basis functions), and T' (corresponding time
samples)] for all the detectors are computed be-
forehand,* and used throughout the LSQR mini-
mization. The GUI also provides the noniterative,
MBP reconstruction, characterized by*’

= MTQmeas' (6)

|

2.2,

The graphical user interface application was cre-
ated through MATLAB’s 2021a GUI Development
Environment (GUIDE) toolkit and a built-in
MATLARB application compiler. The interface uti-
lizes multiple text edit classes for user input and
static edit classes for easy-to-read code feedback. A
series of callback functions are strung together to
collect user data and specifications upon entry for
further computation after select pushbuttons are
activated. User-determined MATLAB files and
text inputs are called into a local variable before
being stored in the UI globally as an hObject
within the handles structure, allowing them to pass
from function to function. Instantiations of the
global variables are created before use in parallel

Methods used in preparing the GUI

for loops, which are employed for accelerated
reconstructions.

All text inputs activate a callback function for
retrieval before reconstruction begins. For ease of
use, initial computation begins once the user con-
firms their inputs, permitting the user to change
inputs whenever they want without laboriously re-
entering every other value. In all regions where the
code may take more than a couple of seconds to run,
a loading display is created using a “uifigure” to
inform the user that the application is still running.
A display button for each of the three reconstruc-
tions, namely BP, MBP, and LSQR reconstruction,
needs to be selected before each reconstruction
method’s code is performed and the triangular sur-
face plot (trisurf) is displayed.

The algorithm demonstrated in Sec. 2.1 is
employed for evaluating the MB reconstructions.
The region of interest (ROI) is first discretized using
the Delaunay triangulation function. Therefore the
domain size and grid resolution, and the number of
quadrature points for evaluating the integrals in
Eq. (3) must be chosen by the user. Before performing
the MB image reconstructions, the GUI performs pre-
computation of the quantities E{iz =1,..., N},
N{z’d =1,...,N;},and T{id =1,...,N,} and stores
them. The pre-computed quantities are then used to
evaluate the model-based reconstructions efficiently.

3. Results and Discussion
3.1.

Upon launching the “Image_Reconstruction_2D”
application, the window shown in Fig. 2 appears
displaying two main panels: one for user inputs and
the other for three different reconstruction outputs:
BP, MBP, and LSQR reconstruction.

The top panel includes both mandatory and op-
tional inputs while the bottom panel exhibits three
different types of image reconstruction plots and a
text box for possible errors in the inputs that would
cause an unclear plot or stalled code.

To optimize intuitive usage, text boxes are dis-
abled until a user specifies the type of input they
desire and serve to guide the user through the input
panel for smooth operation. An additional text fig-
ure on the bottom of the output panel functions to
warn users of missing or incompatible inputs as well
as provide additional information for possible pro-
blems in the reconstruction.

The GUI and its components
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3.1.1. Measurements and detection geometry

mputs

The panel for loading the detection geometry and
measurement data is shown in Fig. 3(a), and the
corresponding excerpts from the code are shown in
Figs. 3(b)-3(d). To use the GUI, the user must have
a discrete XA /PA data received by the ultrasonic
transducers in the form of a .mat file and the sam-
pling frequency used. For proper functioning of the
GUI, the data should be in the form of a matrix
with dimensions N; x N;, with N; and N, being the
number of detectors and the number of time sam-
ples acquired at the sampling rate/frequency Fj,
respectively. The main components for defining the
detection geometry are the region of interest (which
includes the excitation area and where the recon-
struction is desired) and the location of the detector

Sensor Data

elements with respect to the ROI. For simplicity,
the ROI is chosen to be a rectangle and the detec-
tion coordinates need to be calculated considering
the center of the ROI as the origin. The detector
coordinates should be loaded by the user as a .mat
file consisting of a matrix of dimensions N, X 2,
where the two columns carry the z- and y-coordi-
nates of the detectors. For the ease of the users, if
the measurements were made using a ring array,
they only need to provide its radius. The next input
is the speed of sound propagation in the medium,
which is needed for time-of-flight calculations in the
reconstruction algorithms. The ROI is discretized
into a regular finite-element grid and the user needs
to provide the grid resolution. Choice of grid reso-
lution is a crucial aspect in deciding the computa-
tional efficiency and the reconstruction results.

Browse Sensor Data

Reconstruction Area (m}) Variables Detector Array
x length medium sound speed (m/s) () Ring Array
Radius (m)
length
veng sampling frequency (Hz) () Other Array
grid Browse Detectors

resolution

% Defining the Region of interest

Grid.X = 2.5e-2; Grid.Y = 2.5e-2; %size of domain of interest [in m]
Grid.h = 1e-3/8; % Grid resolution [m]

% Domain discretization

[Grid.cords,Grid.tri] = Triangulation2D(Grid.X,Grid.Y,Grid.h);

% Defining Detector Geometry:--------

% 128 elements placed on a circle of radius [5.@cm]

r_det = 5e-2; d_theta=2*pi/128;

Det.cords = r_det*[cos([@:d_theta:2*pi-d_theta])', sin([@:d_theta:2*pi-d_theta])"'];
% *** ysers may also load a .mat file with the detector co-ordinates in a
% matrix of size (# of detecors x 2). Column 1&2: x&y co-ordinates ***

Det.Fs=20e6;

vs = 1580; % speed of sound in medium [m/s]
Det.t_mat = TimeVector(Grid.cords,Det,vs);

% Load Data [a matrix of size: # of detectors x # of time samples]
load('D:\Prabodh\RACT2D CodesJune2@22\Data\P_mmt_blood vessel 20MHz_128ele ring.mat')

P_mat= P_mat_data; % [size: 128 x 1082]

Fig. 3.

(a) Input panel of the GUI; and excerpts from the shared code for (b) defining the ROL, (c) defining the detection geometry,

and (d) loading the RA measurement dataset to be used for reconstructions.
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It should be chosen small enough so that it is able to
represent the thinnest structures expected in the
ROI, but a very small grid resolution adversely
affects the reconstruction speed and may also lead
to “Out of Memory” error.

3.1.2.

Before passing the data to the reconstruction algo-
rithms, filtering of the signals is often desired, es-
pecially for any noisy high-frequency components of
the signal. The toolbox offers bandpass filtering (by
defining the maximum and minimum frequencies in
the band) as well as filtering using a user-defined
filter, to be provided as input in the GUI [Fig. 4(a)];

Filtering

Filtering

A GUI for model-based RACT

the corresponding excerpt from the code is provided
in Fig. 4(b), and the effect of filtering is demon-
strated in Fig. 4(c).

3.1.3.  Parameters for model-based

reconstructions

The MB algorithm used by the GUI is based on our
recent work.?® For performing MB reconstructions,
quadrature points for computing the circular line
integral in Eq. (3) for evaluating the elements of the
matrix M and a regularization parameter to com-
pute the regularized LSQR reconstruction are
needed. While the users may choose their own
values for these two parameters, the default value of

Is filtering needed?

(iYes {JNo

() Bandpass Filtering

Min freg.(Hz)

() Other Filter

Max freq. (Hz)

Browse Vectors

% ¥EEEEx* Giong] Filtering *#¥*#*x*

Filt.choice="No'; % No/custom/bandpass

if strcmp(Filt.choice, 'bandpass') ==

Filter

disp('User input: frequencies Fcl and Fc2 [Hz] for the frequnecy band')

Fcl=1le6; % lower limit (<= Fs/2)
Fc2=5e6; % upper limit (<= Fs/2)

Filt.filt=BandPAssFilter(Fcl1,Fc2,Det.Fs,P_mat);

elseif stremp(Filt.choice, 'custom’) ==1

disp('User input: Loading a filtering vector');
Filt.filt=custom_filter; % vector of size [# of time samples/2 x 1]

end

if strcmp(Filt.choice, 'bandpass') ==1 || strcmp(Filt.checice, 'custom') ==
P_mat=Sigfiltering(Filt.filt,P_mat);

else
disp('No filtering done')

end

Fig. 4.
filtering of a typical RA signal.

(a) Signal filtering panel of the GUIL, (b) the piece of MATLAB code for performing the filtering, and (c) an illustration of
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Fig. 4.

the number of quadrature points is 1000, and the
default regularization parameter is ||p . [|*/N with
N being the total number of nodes in the recon-
struction domain. Figure 5(a) demonstrates the

Model-Based Algorithm

Time [s]

(Continued)

GUI panel where the users have to provide
the parameters needed to perform the MB recon-
structions. The corresponding excerpt from the
code is provided in Fig. 5(b) and the codes for

Model BP and LSQR wanted? () Yes () No

O Custom Quadrature Points

1000 () Default

O Custom Regularization Parameter

() Default

Regularization Type

() Laplacian Regularizer (O Tikhanov Regularizer

% Parameters for Model-based reconstructions
Model.quad = 1000;
Model.lambda = 1e22; %
Model.Reg = 'Laplacian' ; %Laplacian/None/Tikhonov
if strcmp(Model.Reg, 'Laplacian')==
[Lap,Inc] = makelLaplacian(Grid);
Model.RegMat=Inc;
elseif strcmp(Model.Reg, 'Tikhonov')==
Model.RegMat=speye(size(Grid.cords,1));
else
disp('No regularization')
Model.RegMat=[1];
end

(b)

Fig. 5.
MF-LSQR reconstructions.

Pre-compute

% Fxkxkxkrpracomputed variables BREXxkkEkEE

% PreComp.E,PreComp.N,PreComp.T

% [Pandey et al, IEEE TUFFC 68.12 (2021)]
PreComp=Precomputing(Grid,Det,vs,model.quad);

% MBP Reconstruction
rec.MBP=MBPEval(Grid,Det,model,PreComp,vs,P_mat);

% MF-LSQR reconstruction

A_sysmat_m = @(x) RegMtMuProdFn(x,Grid,Det,model,PreComp,vs);
rec.MFLSQR =gmres(A_sysmat_m,rec.MBP(:),[],1e-6,10);

()

Inputs for model-based reconstructions in the (a) GUL (b) MATLAB code, and (c) the code for evaluating the MBP and
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Number of LSQR Iterations
15 O Default

Compute LSQR
Elapsed Time Save
1

08

06

0.4

0.2

04 0.6 0.8 1 0

% Visualizing the reconstructions
Grid.tril=Grid.tri(:,:);

figure, trisurf(Grid.tril,Grid.cords(:,1),Grid.cords(:

axis tight
title('BP reconstruction');
view([® 90]), colormap(hot)

0

0.8 1 0 0.2 0.4 0.6 0.8 1

;2),rec.BP(:)); shading interp;

figure, trisurf(Grid.tril,Grid.cords(:,1),Grid.cords(:,2),rec.MBP(:)); shading interp;

axis tight
title("MBP reconstruction');
view([@ 99]), colormap(hot)

figure, trisurf(Grid.tril,Grid.cords(:,1),Grid.cords(:,2),rec.MFLSQR(:)); shading interp;

axis tight
title('MF-LSQR reconstruction');
view([® 90]), colormap(hot)

Fig. 6.

pre-computing the quantities {£, N,T} and eval-
uating the MBP and MF-LSQR reconstructions
are shown in Fig. 5(c). The panel displaying
the reconstructed images in the GUI is shown in
Fig. 6(a) and the code for viewing these images is
provided in Fig. 6(b). In order to evaluate the MB
reconstructions, the user needs to provide the
number of quadrature points on the arc for com-
puting the integral in Eq. (3). A compiled list with
an explanation of each input variable can be found
in Table 1.

3.2. Datasets included in the GUI and

reconstruction results

To display the capabilities of the application, a
demo synthetic and an experimental RACT dataset
have been included with the GUI. The synthetic
data was generated from a vascular-shaped RED
map [Fig. 1(b)] and the experimental XACT data
was obtained from a gelatin-based phantom with a
T-shaped target as shown in Fig 1(c). The detector

(b)

(a) Display panel of the GUI and (b) the piece of code for viewing the reconstructions.

grid is a circular array with 128 equally spaced
elements and 5-cm radius, concentric with the RED.
The detector coordinates are stored in a .mat file
labeled “DetCordsbecmRingArray.mat”. Synthetic
RA data were computed at spatial resolution
h = 0.03 mm and sampling frequency F, = 20 MHz,
with quadrature points N, ~ 2000 using the model
from Eq. (3).

For performing the reconstruction in the GUI,
the ROI was chosen as a 2.5cm X 2.5cm square
with a grid resolution of 0.2 mm. Sound speed in the
medium was kept at 1500 m/s, which is the same
speed as in water and soft tissue. For MBP and
LSQR, the quadrature points and the regularization
parameter were kept at the default values. The BP,
MBP, and MF-LSQR reconstructions using the
complete-frequency BW are shown in Fig. 7(a). The
reconstructions from 0-2-MHz and 0-5-MHz
bandpass-filtered signals are shown in Figs. 7(b)
and 7(c), respectively. Figure 7(d) demonstrates the
reconstructions obtained from signals after being
filtered using the provided user-defined Gaussian

2245004-9
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Table 1. List of inputs.
Input variable(s) Variable(s) in code Format /unit Data type Comments
z-length, y-length Grid.X, Grid.Y m Double Determine the entire length of the
reconstruction area’s z- and
y-axes
Grid resolution Grid.h m Double Determines the pixel size
Medium sound speed Vs m/s Double The material property of the
medium of acoustic propagation.
The default medium for
demonstrations has been water/
soft tissues at 1500 m/s
Sampling frequency Det.Fs Hz Double Number of samples taken by the
transducers in a second
Transducers — Ring array r_det m Double Determines the radius of a ring
radius array. The radius should be
greater than the radius of the
circumcircle to the
reconstruction area
Transducers — Unique Det.cords .mat file, size: Double For any other unique transducer
array number of array pattern. Each row carries
transducers x 2 the z- and y-coordinates of a
transducer
Bandpass filtering — Min Filt.Fcl, Filt.Fc2 Hz Double Maximum filtering frequency
and max frequencies should not exceed half of the
sampling frequency
Unique filtering vector Filt filt User-defined.mat file Double For any unique filtering vector
Quadrature points Model.quad Double Number of quadrature points,
default value is 1000
Regularization parameter Model.lambda, Double Default value: [|p, ...[I?/N; N is the
total number of nodes in the ROI
Type of regularization Model.Reg Radio button Laplacian or Tikhonov

filter (filename: “filt_3MHz 80BW_Gaussian.mat”,
central frequency: 3 MHz, and FWHM: 2.4 MHz).
The correlation of the reconstructions with respect
to the true phantom was evaluated to quantify the
reconstruction accuracy and provided at the bot-
tom of each image (only in this paper; not part of
the GUI). The BP and MBP in all the test cases
have low correlation coefficients because these
algorithms only provide the structural information
and the reconstructed images lack the quantitative
information. The MF-LSQR algorithm on the
other hand is a quantitative reconstruction algo-
rithm and hence yields high correlation values.
Among all the MF-LSQR reconstructions, the one
corresponding to 2-MHz low-pass filtering has the
highest correlation because it omits the high-
frequency fluctuations and yields a smooth image
of the target.

The second dataset shared with the GUI was
obtained from an XACT experiment using a
128-element ring array transducer (radius: 5cm)

with 5-MHz central frequency (> 60% bandwidth)
at 40-MHz sampling frequency. A T-shaped lead
target was positioned near the center of a gelatin
phantom. The phantom was concentric with the
ring array and the setup was placed in a water tank
and 30-ns X-ray pulses were used to irradiate the
phantom. For more experimental details, readers
may refer to Sec. IV in Ref. 36. Figure 8 displays the
reconstruction results obtained from the BP, MBP,
and LSQR algorithms using the XACT data. The
quality of the reconstructions is quantified via the
contrast-to-noise ratio (CNR). The target region is
chosen as the smaller square and the background
region is chosen as the large rectangle as marked in
the LSQR image of Fig. 8. The CNR values for each
of these reconstructions are provided at the bottom
of the respective images (only in this paper; not part
of the GUI). As expected, the MF-LSQR algorithm
reduces the noisy artifacts in the reconstructed
image and hence yields the highest CNR, while the
performances of BP and MBP are comparable.
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Fig. 7. Reconstructions of the vascular structure with (a) full-frequency BW, (b) 0-2-MHz and (c) 0-5-MHz bandpass-filtered
signals, and (d) Gaussian-filtered (central frequency: 3 MHz, FWHM: 2.4 MHz) signal. First column: BP, second column: MBP, and

third column: LSQR.

3.2.1.

Saving the reconstructed results and
data

In the display panel presented in Fig. 6, a save
button is available to save each individual plot
(including the color bar and axes) as an image file.
The variables computed during the reconstructions,

which are needed to visualize and further process
the images, can also be exported as an external
MATLAB file. The variables which are stored are
tabulated in Table 2

A text box above each of the reconstruction plot
displays the time taken in evaluating it. The images
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Fig. 8. Reconstructions from experimental XACT data. First column: BP, second column: MBP, and third column: LSQR.

Table 2. The saved variables in the GUI.

Saved variable

Function

Grid.cords The x- and y-coordinates of all the nodes in the reconstruction domain

Grid.tri Delaunay triangulation from the points in a matrix p_d. tri_d is a three-column matrix where each row contains
the row indices of the input points that make up a triangle in the triangulation

Grid.h Grid resolution

Filt The filter used for signal processing

Rec.BP BP reconstruction (size: Nodes_d x 1)

Rec.LSQR LSQR reconstruction (size: Nodes_d x 1)

Rec.MBP MBP reconstruction (size: Nodes_d x 1)

The reconstructed image can be viewed in MATLAB using the following command: figure, trisurf(Grid.tri, Grid.cords(:,1),

Grid.cords(:,2), Rec.LSQR); shading interp.

demonstrated in this paper were computed on a
workstation with an AMD Ryzen™ Threadripper™
3960X 24-core processor (3.79 GHz) with 256-GB
RAM. The reconstruction algorithms were written
to enable the cores to perform the computations in
parallel.

3.2.2.

The term MBP was first reported by Ding et al.*’
Although the name includes the term “back-
projection”, the operator corresponding to MBP
evaluation given in Algorithm 2 of our previous
work®® is computationally more involving than BP,
and hence takes longer to evaluate the reconstruc-
tions. The matrix-free evaluation of the LSQR
minimizer enables to compute 2D and 3D recon-
structions with low memory demands. The GUI and
codes demonstrated in this paper correspond to the
2D reconstructions only. The work on the model-
based 3D reconstruction algorithms is ongoing.
Moreover, this work does not include GPU

Discussion

acceleration. Future work will be focused on
GPU-accelerated evaluations of 2D and 3D recon-
structions. While the MB algorithms are computa-
tionally demanding, enabling parallel computation
significantly reduces the computation time. All the
algorithms used in the GUI are executed on the
CPU only. The BP algorithm being computation-
ally straightforward can easily be accelerated using
GPUs. Efforts on GPU acceleration of the BP and
MB algorithms are ongoing, and we expect the fu-
ture versions to include the GUI computation
capability.

Recently, Hofmann et al.’® showed that the
model-matrix from experimental calibration mea-
surements can incorporate several experimental
attributes such as detector spatial response,
sound-speed variations, acoustic attenuation, etc.
Therefore, such a model-matrix is expected to
improve the reconstruction quality. At present, our
GUI does not offer the flexibility to incorporate such
a model-matrix, but it will be included in the future
release of the GUIL In our recent work,”” we
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demonstrated model-based 3D XACT reconstruc-
tions and the future version of GUI will also have
the 3D reconstruction capability.

4. Conclusion

Radiation-induced acoustic tomographic problems
aim to reconstruct the radiation energy deposition
in the tissue, from boundary acoustic measure-
ments. While the traditional back-projection algo-
rithm is easy to implement, it carries noise and
limited-view artifacts. The model-based algorithms
are mathematically rigorous and computationally
demanding but are known to ameliorate these
artifacts. We developed an easy-to-use GUI that
facilitates the users to perform traditional BP and
model-based 2D image reconstructions simply by
clicking a button. In this paper, we demonstrated
the use of the developed GUI using numerical and
experimental XACT datasets. The algorithms en-
able using the cores of the computer to evaluate the
reconstructions in parallel, thus making the com-
putations more efficient.
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Appendix A.

The incidence matrix B is of the size = number of
edges x number of nodes in the discretized domain.
The elements of this matrix are defined as

—1 if edge e; leaves vertex v;,
Bjj=41 if edge e; enters vertex v;,
0  otherwise.
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