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ABSTRACT

Fluorescence diffuse optical tomography (FDOT) is an imaging modality that uses

near infrared (NIR) light to excite the fluorophore injected into the tissue, and to

reconstruct the fluorophore concentration from boundary measurements. FDOT im-

age reconstruction is a highly ill-posed inverse problem. However, the fluorophore

distribution in FDOT images is often very sparse. This thesis aims to develop meth-

ods and algorithms that exploit the sparsity of fluorophore distribution to address

the ill-posedness of the FDOT image reconstruction problem.

The first part of the thesis focuses on designing sparsity promoting regulariza-

tion combined with specific a priori information for FDOT image reconstruction.

The second part of the thesis focuses on addressing the ill-posedness of the FDOT

inverse problem in the compressive sensing (CS) framework. CS theory guarantees

exact recovery of sparse signals if the underlying forward sensing matrix is inco-

herent. We introduce two methods to reduce the coherence of the FDOT forward

sensing matrix, and thereby to improve the image reconstruction performance: (1)

We design a preconditioning matrix applied to the FDOT forward sensing matrix

at the image reconstruction stage. (2) We design CS-based light illumination and

detection patterns that can be applied at the data acquisition stage. We demon-

strate the performance of our methods in 3D numerical simulations, and using real

data obtained from a phantom experiment.

Finally, we note that while our interest lies primarily in the FDOT imaging

problem, the methods and algorithms developed in this thesis are also applicable to

other partial differential equation-based inverse coefficient estimation problems.
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