
 

Dynamical machine learning accurately
reconstructs volume interiors with limited-
angle data
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(a) A schematic on the limited-angle tomography. Each illumination angle in an
angular axis corresponds to a time step in an analogous temporal axis. (b) An
optical apparatus used for experiments under the strong scattering condition. (c)
Qualitative comparison on reconstructions of conventional inverse algorithms
(FBP: filtered backprojection, FBP + TV: TV-regularized filtered
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backprojection; TwIST) and the proposed algorithm based on recurrent neural
network (RNN). Each column shows a two-dimensional cross-section along an
axis. (d) Qualitative comparison on reconstructions of static machine learning
approaches (Baseline (0.5 M) and Baseline (21 M); Baseline (0.5 M) referring to
Goy et al, Proc. Natl. Acad. Soc., 116(40), pp. 19848-19856 (2019)) and the
dynamical machine learning approach. Credit: Iksung Kang, Alexandre Goy, and
George Barbastathis

Tomographic reconstruction of an object's interior volume from limited
angular views is a challenging problem with practical applications in
biological imaging, failure analysis of integrated circuits, etc. A team at
MIT presents a dynamical machine learning approach for this important
problem and shows the method's performance in two
problems—tomography under weak and strong scattering conditions.
The wide applicability of this technique holds its promise for a number
of other challenging inverse problems.

A wide range of objects, from biological cells to integrated circuits, are
tomographically imaged to identify their interior structures. Volumetric
reconstruction of the objects' interiors is of practical implications, for
instance, quantitative phase imaging of the cells and failure analysis of
the circuits to validate their designs. Limiting the tomographic angular
range is often desirable to reduce the time of radiation exposure and
avoid any devastating effects upon the samples, or even unavoidable due
to the structure of objects like in the case of tomosynthesis for
mammography. However, tomographic reconstruction from limited
angular views is not always welcome in an algorithmic sense, as it
inevitably introduces artifacts and ambiguities to the reconstructions and
thus, decreases overall reconstruction fidelity.

In a new paper published in Light: Science & Applications, a team at
Massachusetts Institute of Technology, led by Professor George
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Barbastathis in the Department of Mechanical Engineering, has
developed a dynamical machine learning approach to tackle this
important problem, which takes a radically different path from most
conventional inverse algorithms. They demonstrate the new method's
performance in two problems, limited-angle tomography under weak and
strong scattering conditions.

Depending on the degree of scattering due to the objects, the complexity
of the problem is determined. It is often the case that hard X-rays are
employed to image most materials, including biological tissues that the
rays can be well approximated as straight lines without a large deviation
because the materials weakly scatter the light. The next level of
complexity arises when the light is more strongly scattered with objects
with complex structures. The MIT team says their approach exploits
"machine learning for a generic 3D refractive index reconstruction
independent of the type of scattering."

"Our motivation is that, as the angle of illumination is changed, the light
goes through the same scattering volume, but the scattering events, weak
or strong, follow a different sequence. At the same time, the raw image
obtained from a new angle of illumination adds information to the
tomographic problem, but that information is constrained by the
previously obtained patterns. We interpret this as similar to a dynamical
system, where the output is constrained by the history of earlier inputs as
time evolves and new inputs arrive," they added.

Recurrent neural network (RNN) architecture was their choice to
implement their idea viewing the problem of limited-angle tomography
as a dynamical system as the RNNs are often used to process data with
dynamics. Here, the MIT team regards their raw images also as a
sequence as the images are obtained one after the other. They note "our
RNN architecture processes the raw images recurrently so that each raw
image from a new angle improves over the reconstructions obtained
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from the previous angles."

"The new method's performance in the two problems that we tackled,
tomography under weak (Radon) and strong scattering, indicates its
promise for a number of other equally or more challenging inverse
problems. Thus, we anticipate this publication to have significant impact
beyond the immediate context that we are addressing here," they noted.

  More information: Iksung Kang et al, Dynamical machine learning
volumetric reconstruction of objects' interiors from limited angular
views, Light: Science & Applications (2021). DOI:
10.1038/s41377-021-00512-x
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