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In recent years, digital breast tomosynthesis (DBT) [1] has been used increasingly often for breast cancer 
diagnosis and monitoring. DBT implements the method of computed tomography and resolves the shade 
overlapping problem inherent in traditional X-ray mammography. With steered beam technology [2] and  
polycapillary x-ray sources [3] it becomes principally possible to bring DBT to a higher qualitative level and 
implement plane-layer geometry where breast is clipped between two plates with submillimeter sources and 
detectors. Steered beam and polycapillary technologies allow a narrow ray from any source to be directed 
to any detector. Thus the most important DBT problem of dose optimization for patients is solved through 
minimization of rays rather than minimization of views as in fan-beam or cone-beam tomography.

Our objective is to develop an image reconstruction algorithm which would allow the total number of 
rays to be reduced by a few times without making the quality of tomograms degrade. At this phase of 
research we limit ourselves to 2D geometry, reconstruction of binary images, and a minimal inhomogeneity 
(tumor) 1 mm in size. Our algorithm includes three stages. The first is aimed to determine a minimal set of 
rays required for the initial localization of the inhomogeneity. For this purpose we use a genetic algorithm 
[4]. All crossing and mutation operators we have developed are described in the paper in rather detail. The 
second stage solves inhomogeneity localization with the algebraic reconstruction technique (ART) [5] in 
combination with median filtration [6]. At the third stage the minimal set of rays is extended to include the 
rays that pass through the localized inhomogeneities and a hybrid algorithm is applied for more accurate 
reconstruction. The hybrid algorithm implements an iterative procedure where the ART works first and then 
its results are filtered with use of a convolutional neural network of U-Net architecture [7] for attaining 
regularization and better reconstruction accuracy.

The efficiency of the proposed algorithm is demonstrated by numerical experiments on the reconstruction 
of phantoms with breast tumor models. In the reconstruction of 2–3 tumors, we managed to reduce the number 
of rays by about 3–5 times and reproduce the shape of the tumors rather accurately. Possible modernizations 
of the algorithm are discussed in conclusion.

References
1.	 Fornvik, D. Effect of resolution on the accuracy of tumor size measurement in digital breast tomo-
synthesis [Text] / D. Fornvik, S. Zackrisson, O. Ljungberg et al. // Acta Radiol. – 2010. – Vol. 51, No. 7. –  
P. 736–742.
2.	 Alvare, G. CT Brush and CancerZap!: Two video games for computed tomography dose minimization 
[Text] / G. Alvare, R. Gordon // Theor Biol Med Modell. – 2015. – Vol. 12, No. 1. – Article ID 7.
3.	 Hampai, D. Shaped X-ray beams by channeling in polycapillary optics [Text] / D. Hampai, V. Gugliel-
motti, A. Marcelli et al. // Radiat Phys Chem. – 2020. – Vol. 174, No. 5. – Article ID 108965.
4.	 Goldberg, D. E. Genetic Algorithms in Search, Optimization & Machine Learning [Text]. – Reading : 
Addison-Wesley, 1989.
5.	 Gordon, R. Algebraic reconstruction techniques (ART) for three-dimensional electron microscopy and 
X-ray photography [Text] / R. Gordon, R. Bender, G. T. Herman // J Theor Biol. – 1970. – Vol. 29, No. 3. –  
P. 471–481.
6.	 Lim, J. S. Two-dimensional signal and image processing [Text]. – Englewood Cliffs : Prentice Hall, 
1990.
7.	 Ronneberger, O. U-Net: Convolutional networks for biomedical image segmentation [Text] / O. Ron-
neberger, P. Fischer, T. Brox // Lect Notes Comput Sci. – 2015. – Vol. 9351. – P. 234–241.


