Learning a microlocal prior
for limited-angle tomography

Siiri Rautio®, Rashmi Murthy, Tatiana A. Bubba, Matti Lassas and Samuli Siltanen =

Department of Mathematics and Statistics, University of Helsinki

siiri.rautio@helsinki.fi

UNIVERSITY OF HELSINKI

Limited-angle tomography is a highly ill-posed linear inverse problem. Reconstructions typically suffer from severe stretching of features along the
central direction of projections, leading to poor separation between slices perpendicular to the central direction. A new method is introduced, based on
machine learning and geometry, producing an estimate for interfaces between regions of different X-ray attenuation. The estimate can be presented on
top of the reconstruction, indicating more reliably the true form and extent of features. The method uses directional edge detection, implemented using
complex wavelets and enhanced with morphological operations. By using machine learning, the visible part of the wavefront set is first extracted and
then extended to the full domain, filling in the parts of the wavefront set that would otherwise be hidden due to the lack of measurement directions.

The inverse problem of reconstructing a tomo-
osraphic image f € R™ based on X-ray measure- 0)
ments m € R™ is modeled by
m = Af + ¢, (1)
where A € R™*™ is a linear forward opera- O
tor and € > 0 models additive Gaussian noise. .
We consider regularized solutions to the inverse
problems, achieved by minimizing the following
functional: )
fg =< argmin —HAf ml|2 + pl|Weflh ¢, (2) P
_ feR™, f>0 y
where pu > 0 serves as a regularization parame-
ter.
The PDFP algorithm |1] can be used to itera- O
tively solve the above minimization problem:
y*tt =Po(f* — 77 G(EW) — A(We)TvP),
Vk—l_l — ([ — ET/A)(WCyk_I_l -+ Vk)?
fErl = Po(FF — 77 G(EF)) — A(W)TviFT1), o

where P is the Euclidean projection, 7 and A (a) (b) (c) (d)
are positive parameters, G(f) = 2| Af — m)]|3,

1 > 0 represents the regularization parameter (a) Ground truth slice. (b) Tomosynthesis recon-

and 7T is the soft-thresholding operator struction.  (c) PDFP reconstruction with learned

boundary estimate. (d) Boundary estimate curve.
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1. Reconstruction using the PDFP algorithm with complex wavelet regularization. 2. Compute the
finest scale complex wavelet coefficients |2] and take their absolute value. 3. Clean the coefficients
using morphological opening with oriented line structuring elements. 4. Use a neural network to
threshold the coeflicients into a binary format. 5. Compute an initial guess of the microlocal prior,
by dilating the binary subbands with custom-made structuring elements. 6. Use a network to predict
the wavetront set in all six subbands. 7. Combine the information to form the singular support. 8.
Compute the morphological skeleton of the singular support, estimating its boundary. 9. Add the
learned boundary estimate on top of the reconstruction.
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(a) Ground truth slice. (b) Tomosynthesis recon-

(d)

struction. (c) PDFP reconstruction with learned
boundary estimate. (d) Boundary estimate curve.
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