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Inverse problems emerge frequently in science and engineering. In particular, these problems
play a noteworthy role in the fields of biomedical and geophysical imaging, spanning a broad
range of clinical, functional and operational applications. Many of these problems are classified
as ill-posed, which implies that a naive attempt to resolve these problems may yield non-
unique solutions. In order to overcome the intrinsic ill-posed nature of these problems, two
independent and yet complementary avenues can be considered. One way is by improving the
experimental design. As a result, more discriminating information can be extracted already within
the data acquisition process, and therefore, solution ambiguity is partly diminished. Another
way of enhancing the fidelity of the obtained solutions is by imposition of a-priori information
through regularization. Traditionally, the mathematical interpretation of a-priori knowledge is
considerably subjective. Thus, a way to mathematically prescribe more objective a-priori
information is essential. In this talk, a generic optimal experimental design framework for non-
linear, ill-posed problems is presented. In addition, an implicit regularization learning method is
introduced. Both approaches promote the use of sparsity constraints in empirical Bayesian risk
minimization schemes. The statistical merit and computational considerations are discussed, and
the effectiveness of the methods is demonstrated for neuroimaging and geosciences applications.
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