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Hybrid projection methods for solution decomposition in large-scale Bayesian inverse problems
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# Z: We develop hybrid projection methods for computing solutions to large-scale inverse
problems, where the solution represents a sum of different stochastic components. Such scenarios
arise in many imaging applications (e.g., anomaly detection in atmospheric emissions tomography)
where the reconstructed solution can be represented as a combination of two or more components
and each component contains different smoothness or stochastic properties. In a deterministic
inversion or inverse modeling framework, these assumptions correspond to different regularization
terms for each solution in the sum. Although various prior assumptions can be included in our
framework, we focus on the scenario where the solution is a sum of a sparse solution and a smooth




solution. For computing solution estimates, we develop hybrid projection methods for solution
decomposition that are based on a combined flexible and generalized Golub—Kahan process. This
approach integrates techniques from the generalized Golub—Kahan bidiagonalization and the
flexible Krylov methods. The benefits of the proposed methods are that the decomposition of the
solution can be done iteratively, and the regularization terms and regularization parameters are
adaptively chosen at each iteration. Numerical results from photoacoustic tomography and
atmospheric inverse modeling demonstrate the potential for these methods to be used for anomaly
detection.

Multi-contrast in vivo optical tomography
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2 : Multi-contrast imaging technology is of great value in biomedical research and clinical
diagnosis. Taking magnetic resonance imaging (MRI) as an example, the multi-contrast data
generated by its multi-sequence scanning can meet the diverse clinical diagnostic needs through
the complementary integration of structural and functional information. In the field of optical
imaging, multi-contrast technology can not only enhance the data dimension, but also break
through the bottleneck of quantification: for example, the deviation of optical
absorption/scattering coefficients in fluorescence imaging will significantly affect the three-
dimensional quantitative reconstruction of fluorescent probes, and the multi-contrast strategy of
synchronously acquiring optical coefficients and fluorescence distribution can effectively solve
this problem. This study integrates structured light illumination, single-photon avalanche diodes
(SPADs) array detection and pulsed laser modulation to construct a multi-contrast optical
tomography system (SHMOT). The system can simultaneously achieve high-precision
reconstruction of tissue surface, three-dimensional analysis of optical absorption/scattering
coefficients, and visualization of quantitative distribution of exogenous fluorescent probes. After
the reliability of the system was verified by digital simulation and phantom experiments, SHMOT
has been successfully applied to in vivo tumor microenvironment imaging and dynamic
monitoring of thermal ablation temperature field in mice. This technology shows clear clinical
application potential in fluorescence-guided surgical navigation and non-invasive brain-computer
interfaces.
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