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X-RAY TOMOGRAPHY

In x-ray tomography one aims to reconstruct the inner struc-
ture of an object from its x-ray projection images taken from
a set of different directions.

Practical issues: Radiation dose in medical applications, imag-
ing time and other restrictions in measurement settings.

Question: Can we get a useful reconstruction from a sparse
set of projection images?

Mathematically, the problem can be formulated as follows:

Problem: Solve the strongly ill-posed linear equation

Ax = m. (1)

This is an inverse problem that needs regularization for the
inversion.

REGULARIZATION

Sparse derivative: x should have sparse derivative in the
sense that ‖Dx‖1 is small with D a finite difference matrix.

Nonnegativity: x must be non-negative (x ≥ 0).

Combine these conditions with (1) to get:

Final problem: find the regularized solution as the minimizer

argmin
x≥0
{‖Ax−m‖22 + α‖Dx‖1}, (2)

where α > 0 is a so-called regularization parameter. This
problem is known as total variation regularization.

Challenges in solving (2):

• the objective functional is not differentiable,
•dimension of the problem is very high (especially in 3D),
• the problem is constrained.

We overcome the non-differentiability by slightly smoothen-
ing the objective.

The other two points will be handled by a projected gradient
method known as projected Barzilai-Borwein method.

RESULTS

Compare the proposed method with the widely used filtered
back-projection (FBP) method.

A simulated example with 20 projection images, relative L1

errors of the reconstructions given in percentages:

Original image FBP Proposed method

42%400%

A real data example; reconstructions of the cross-section of a
walnut computed from 60 and 30 x-ray projection images:

“Ground truth” FBP Proposed method

CONCLUSION

Pros and cons of the proposed method:

+ reconstructs the main features of an object from sparse pro-
jection data,

+ relatively inexpensive computationally – applicable to com-
putationally demanding 3D x-ray tomography,

+provides simple means for solving the constrained total vari-
ation minimization,

–smoothening the total variation penalty leads to somewhat
“blurred” reconstructions,

–slow convergence of the gradient-based minimization method.
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