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Computed tomography is still being intensively studied and widely used to solve a number of industrial and medical
applications. The simultaneous algebraic reconstruction technique (SART) and Bayesian inference reconstruction
(BIR) are considered as advantageous iteration methods that are most suitable for improving the quality of the
reconstructed 3D-images. The paper deals with the parallel iterative algorithms to ensure the reconstruction of three-
dimensional images of the breast, recovered from a limited set of noisy X-ray projections. Algebraic method of
reconstruction with simultaneous iterations — SART and iterative method for statistical reconstruction of BIR are
deemed to be the most preferred iterative methods. We believe that these methods are particularly useful for improving
the quality of breast reconstructed image. We use the graphics processor (GPU) to accelerate the process of
reconstruction. Preliminary results show that all investigated methods are useful in breast reconstruction layered
images. However, it was found that the method of classical tomosynthesis SAA is less efficient than iterative methods
SART and BIR as the worst suppress the anatomical noise. Despite the fact that the estimated ratio of the contrast /
noise ratio in the presence of internal structures with low contrast is higher for classical tomosynthesis method the SAA,
its effectiveness in the presence of highly structured background is low. In our opinion the best results can be achieved
using statistical iterative reconstruction BIR.
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Introduction

Digital tomographic mammography is a prom-
ising technology that can provide a three-dimen-
sional structural information with using the three-di-
mensional reconstruction of the breast image
from a set of two-dimensional projection mam-
mography [1-2]. As was shown in [3] tomograph-
ic mammography can significantly reduce the ef-
fect of «camouflage» of overlapping breast tissue
and improve the detection of damaged areas.
Manufacturers of numeral mammography sys-
tems have developed tomographic mammograph
prototypes and conduct clinical tests in order to
find advantages that they can provide in compari-
son with the conventional digital mammography.
The concept of using traditional tomosynthesis
for the purpose of tomographic mammography
was proposed in [4]. Later, it was developed in [5].

The number of X-ray projections is restricted
by the general X-ray dose that is received by a pa-
tient when collecting them; this dose must be
comparable to the one received by a patient during
standard mammography (i. e., two digital X-ray

images). Essentially, the reconstruction of a 3D
breast image is limited-angle cone beam tomogra-
phyParallelization reconstruction algorithm was
based on the use of graphics library OpenGL [8, 9].

Materials and methods
1. Tomographic mammography

In order to check the feasibility of the cone
beam tomographic reconstruction of a breast giv-
en a limited viewing angle, the following methods
are used: SART, SAA, and BIR. The efficiency of
the methods is checked by reconstructing the fol-
lowing 3D-images of three different medical mam-
mographic phantoms: 1) CIRS Model 015 Mam-
mographic Accreditation Phantom (ACR phan-
tom); 2) Mammography BR3D Phantom; and
3) MTM-100 Tissue-Equivalent Phantom. The
experimental X-ray projections (mammograms)
were obtained using Mammoscan mammography
apparatus (ADANI) that is equipped with a spe-
cial manipulator for rotating the medical model
objects (phantoms) under study. The system of the
X-ray data collection involves a special manipula-
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(¢) BIR

(b) SART

Fig. 1.1. Comparison of (a) the central projection and the reconstructed layers of the ACR phantom that are obtained using
(b) SART, (¢) BIR, and (d) SAA

& BIR

(d)_SAA

Fig. 1.2. Comparison of (a) the central projection and the reconstructed layers of the BR3D phantom that are obtained using
(b) SART, (c) BIR, and (d) SAA

tor that rotates medical physical phantoms around
a horizontal axis. The X-ray projection images lo-
cated within the angular range 20° are collected
for the 21-st angle with the stepping 2°. Fig. 1.1
and 1.2 show the results of reconstructing three
medical phantoms (characteristic layers of 3D-im-
ages are presented).

In order to estimate the reconstructed images,
the contrast and RMS are calculated and the con-
trast/noise ratio (CNR) for selected structural ele-
ments, such as masses and calcifications located
in the focal plane, is determined. The contrast/
noise ratio is calculated as follows:

CNR = Ifeature _IBG ,

SJ:1e
where 7, and Iy are the average intensities of
pixels of the object and background, respectively,
and op; is the RMS value of the intensity of back-
ground pixels. The background region required
for estimating the noise level is chosen depending
on the maximal internal object to be examined.
A square region of size 55x55 pixels, which is
away from all internal objects and outer boundar-
ies of the 3D-image under study, is used. This re-
gion is located in the layer where the internal ob-
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Fig. 1.3. Profiles intensities of voxels along the lines passing through C7 calcification in the images obtained by the methods
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Fig. 1.4. CNR profiles calcifications C7. Methods of SART, BIR, SAA
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Fig. 1.5. CNR profiles for the «masses» M12. Methods of SART, BIR, SAA

ject is. The region of size 10x10 pixels with the
center coincident with the center of the calcifica-
tion is used to estimate the parameters of the cal-
cifications. In order to obtain the required esti-
mates, the ACR mammographic accreditation
phantom is proved to be the most suitable for all
the reconstruction methods. First, note that SAA
reconstructs internal objects with low contrast and
considerably smoothens their borders, while both
iteration methods (SART and BIR) reconstruct
the internal features with much better contrast and
distinguish the edges of inhomogeneities more
clearly. On the other hand, SAA provides a smooth-
er background image with very low noise, while
both iteration methods considerably increase the
noise level.

Fig. 1.3 shows the profiles of pixels intensities
along the lines passing through the center of the

calcification (number 7; below C7) for SAA, SART,
and BIR. Fig. 1.4 shows that the best of the con-
trast/noise ratio for calcifications image provides
a method of statistical iterative reconstruction.

2. Reconstruction of the breast image using
the methods BIR and FBP for projections of
real patients

The mammography projection data has been
provided by University Medical Center Mann-
heim. We are experienced in this work a heuristic
iterative algorithm on theoretical grounds close to
the algorithm published in [10] but differs primar-
ily by the fact that we use the correction of the
current approach by minimizing the residuals for
the radial integrals, not intensities. The proposed
reconstruction algorithm (Bayesian Inference En-
gine, BIR) [11] can be written as
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Fig. 2.2. The orthogonal cross-sectional images xoy for slice number 28. Simens reconstruction (left) and BIR reconstruc-
tion (right)
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(2.1)

where x&k) — the value of the j-th component of

the vector of unknowns at the k-th iteration, 4 =

elements of the projection matrix, p; — the value of

the measured radial integral in the pixel number i,

L0 — sequence relaxation parameter values (0 <
AP <1).

Correction algorithm represented by the for-
mula (2.1) is nearly as convenient for paralleliza-
tion via graphics library OpenGL, as well as a well-
known algorithm SART [6]. Fig. 2.1 shows the
projection breast of one of the patients for angles
—1,04° and 0,32°. For tomographic reconstruc-
tions were used 25 X-ray projections. All the pro-
jections are arranged in an angular range of 50
degrees. Results of reconstructions are shown be-
low in Fig. 2.2.

3. Results

The traditional shift-and-add (SAA) tomosyn-
thesis is established to be less efficient than SART
and BIR in terms of the anatomical-noise reduc-
tion and blurring of reconstructed 3D images be-
tween conjugate layers. Despite the fact that the
estimated contrast-noise ratio, given internal
structures with low contrast, is higher for SAA as
compared to SART and BIR, its efficiency is very
low given the highly structured background. In
our opinion, optimal results can be achieved using
BIR.

The experiments with the ACR phantom show
that SAA provides less noisy images of low-con-
trast internal objects (masses) with a higher con-
tras—noise ratio (see Fig. 1.5) as compared to
SART and BIR. However, both iteration methods
provide the considerable improvement of the con-
trast of the reconstructed images that involve both
high-contrast and low-contrast internal inclusions
and considerably reduce the blurring between lay-
ers and the corresponding artifacts.
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The experiments with the BR3D medical phan-
tom, which has a complex heterogeneous back-
ground that simulates the internal structure of the
breast, show that SAA results in sharp blurring
artifacts along the motion of the X-ray source
and, therefore, considerably reduces the contrast
and spatial resolution of the internal structure of
the reconstructed 3D images (see Fig. 1.2). Thus,
the main advantages of both iteration methods are
1) the considerably better contrast for both the in-
ternal objects of the mass type and the high-densi-
ty internal object of the calcification type and
2) reduction of the blurring between horizontal
layers of reconstructed 3D-images and the overall
number of various artifacts.

After analyzing the results of breast recon-
struction using the standard method of FBP (Si-
mens) and statistical iterative method BIR radiol-
ogists came to the underwritten opinion. Radiolo-
gists think that the BIR case looks much better
when it comes to representation of the parenchy-
ma, and glandularity (given that the glandular tis-
sues have a different contrast than the fattier tis-
sues; one can better differentiate between them).
They also said that the resolution seemed to be
higher for the BIR. The spiculated lesion is evi-
dent at both reconstructions (would most likely be
detected at both), but may appear more dense at
the BIR. In-plane artifacts appear for both meth-

ods for instance for the calc in the center of the
mass, but seem somewhat decreased for the BIR
method. Out-of-plane artifacts evidently appear
for calcifications for both methods. Radiologists
think that the lesion in the FBP looks more ‘flat’,
while it appears more 3D-like in the Bayesian;
sharper edges in the FBP; more soft appearance in
the Bayesian. This is shown in Figure 2.2. The in-
plane artifacts also seem to be more pronounced
in the FBP for the coarse calcification. The FBP
generally seem to be more noisy.

Conclusions

The authors developed three-dimensional ima-
ge reconstruction algorithms for a circular scan
pattern in the conical X-ray beam. It is shown
that by using the GPU and OpenGL libraries can
be more than an order to increase the speed of
the algorithm, and the simultaneous use of the
regularization method anisotropic total variation
provided significant reduction in the noise com-
ponent while maintaining good contrast of the
reconstructed image. In this paper the authors
proposed to develop a parallel heuristic algo-
rithm for the reconstruction of the circular scan
pattern in the conical X-ray beam. For the recon-
struction of the image of the breast is the most
preferred method of statistical iterative recon-
struction BIR.
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TOMOIrPA®UYECKAA MAMMOIPA®UA U TOMOCUHTE3
C UCNOAb30BAHUEM OPENGL

ITHY «HMncmumym npuxiaonoi pusuxu HAH Benapycuy
2BenopyccKuii HAQyUOHANbHbLI MEXHUYECKULl YHUEePCUmMent

Komnvromepnas momoepagus npodonscaem unmencugHo ucciedo8amuvcsl U WUPOKO UCTONb308aMbCS O pelenus pas-
JIUYHBIX UHOYCMPUATLHBIX U MEOUYUHCKUX npodnem. AneebpauiecKkuti Memoo peKOHCMPYKYUY ¢ 0OHOBPEMEHHbIMU UMepaylis-
mu (SART) u baiiecosckas umepayuonnas pexoncmpykyus (BIR) sensiomces nepedogvbimu umepayuoHHblMu Memooamu, Ko-
mopwie Hauboee noOX00sIM O YYHULeHUS. KA4eCmead PeKOHCMPYUPOBAHHBIX MPeXMepHbIX uzobpaicenuil. B pabome paccmo-
mpenvl napaienbble UMmepayuoHHble aneopummel, obecneyudaiouue peKoHCMpPYKYUIo mpexmepHoix U300padiceHuli Monoy-
HOIL Jicene3bl, B0CCMAHOBNIEHHBIX U3 0ZPAHUYEHHO20 HAOOPA 3aUYMIEHHbIX PEHM2eHOBCKUX NnpoeKyull. Aneebpauyeckuti memoo
PeKoHCcmpyKyuu ¢ 0OHospemennvimu umepayusimu — SART u umepayuonnwiii Memoo cmamucmuyeckoli pekonempykyuu BIR
paccmampusaromes 30eco Kaxk npeonoymumenvivle umepayuonivle memoovl. Mvl cuumaem, 4umo smu memoobsl AGNAIOMCA
6NOIHE NPUSOOHBIMU OISl YIYYUEHUS KAYeCmea PEeKOHCMPYUpyeMblX Uz00padiceHutl MonouHou Jcenesvl. [l ycKopeHus npo-
yecca peKoHCmpyKyuu Mol ucnonvyem epaguyeckuii npoyeccop (GPU). Ilpedsapumenshvie pe3ynomanivl NOKA3bl8aont, 4mo
6ce uccnedyemvle Memoovl AGISOMCS NPUSOOHBIMU 0151 NOCTOUHOU PEKOHCMPYKYULU U300padiCceHuti Mono4Hou dcenesvl. OOHa-
KO ObL10 YCMAaHOBIEHO, YUMo MemooO KAaccuyeckoeo momocunmesa SAA aensemes menee 3ghpexmuenvim, uem umepayuonnvle
memoovt SART u BIR, max xax xysice nooagisem anamomudeckutl wiym. Hecmomps na mo, umo oyenennoe OmHoueHUe KOH-
mpacm/wym npu HaTuYUU 6HYMPEeHHUX CIMPYKMyp ¢ HU3KUM KOHMPACMOoM Aeisdemcs bonee 8blcOKUM O Menmood Kiaccuye-
ckozco momocunmesa SAA, e2o d¢p@exmuenocmsb 6 NPUCYMCMBUU CUTLHO CHPYKMYPUPOBAHHO20 (POHA AGAAEMCA HUBKOU.
Io nawemy mHenuio onmumanbHvle pe3yabmamsl Mo2yn 0vimbs OOCMUSHYMbl NPU UCHOTb308AHUU CINAMUCIMUYECKOT umepa-
yuonHnou pexoncmpykyuu BIR.

Knroueswvie cnosa: Konuueckas sviyuciumensHas momoepapus, pekoHcmpyKkyus uzoopasicenut, 06pabomka uzobpaoice-
Hutl, yIyyuenue u300pariceHull.
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