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Optimal and Bayesian regularized hypothesis
testing in statistical inverse problems

In many inverse problems, one is not primarily interested in the whole solution u†, but in specific
features of it that can be described by a family of linear functionals of u†. We perform statistical
inference for such features by means of hypothesis testing.

This problem has recently been treated by multiscale methods based upon unbiased estimates of
those functionals [1]. Constructing hypothesis tests using unbiased estimators, however, has two
severe drawbacks: Firstly, unbiased estimators only exist for sufficiently smooth linear functionals,
and secondly, they suffer from a huge variance due to the ill-posedness of the problem, so that the
corresponding tests have bad detection properties.

One way to overcome both of these issues is by considering hypothesis tests with maximal power
among a class of tests based upon linear estimators with a given level of significance. While the
construction of such optimal tests requires knowledge of the true solution u†, we present a way to
compute approximately optimal hypothesis tests adaptively.

Another way to overcome aforementioned issues is by considering the problem from a Bayesian
point of view, assigning a prior distribution to u†, and using the resulting posterior distribu-
tion to define regularized hypothesis tests. We study both of these approaches analytically and
numerically for linear inverse problems and compare them with unregularized hypothesis testing.
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