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ABSTRACT. This second part deals with the application of the presented formulations for the re-
construction of optical properties in frequency domain optical tomography with the finite element
method. We use the Limited memory BFGS algorithm with an inexact line search in order to avoid
numerous evaluations of the objective function. Normalization of the objective function with mea-
surements and independent scaling of its gradient are used to improve the quality of the reconstruction.
The results show a better recovering of both the absorption and scattering coefficients.

INTRODUCTION

Optical tomography is an inverse method of probing semi-transparent media with the help of light
sources [1]. It consists in recovering the spatial distribution of the optical properties inside a medium
by analyzing light intensities measured at boundary surface. These optical properties are mainly
absorption and scattering coefficients, which can reflect the physiological state of human body leading
to medical diagnosis. Many works have been done in this area among which the frequency domain
is the most used. The reconstruction is done through a minimization of an objective function which
is the mean square discrepancy between the measurements and the predictions of a forward model
of light transport inside the medium at detectors locations. As a non linear inverse problem, a robust
reconstruction scheme has to be used with a fast and accurate forward model of light transport.

Nowadays, attention is paid to the algorithm for the reconstruction scheme where gradient-based
optimization techniques have proven to be computationally efficient [2]. In these methods, a line
search is carried out at each iteration in order to find an optimal step length along a descent direction.
In the first applications in optimization, exact line search methods were dominant. Now, inexact
line search techniques are used more and more [3], and we rarely see new methods presented which
require exact line search. An inexact line search avoids the numerous evaluations of the objective
function in order to find the optimal step length [4].

In part I, we have proposed a forward model for frequency domain optical tomography based on
the least square finite element method and the discrete ordinates method where the light intensity is
divided into its collimated and scattered parts. The computation of the objective function gradient
with adjoint method was also highlighted.

This second part takes advantage of the proposed formulations to set up a gradient-based reconstruc-
tion scheme. The algorithm used is based on the Limited memory BFGS scheme [3] with an inexact
line search of Armijo type [5]. Numerical tests are done to show the efficiency of the proposed method
in recovering optical properties of scattering and absorbing media with collimated sources.
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