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∗Université du Québec à Chicoutimi, 555 Bd de l’Université
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ABSTRACT. This paper deals with a gradient-based frequency domain optical tomography method
where the collimated source direction is taken into account in the computation of both the forward and
the adjoint models. The forward model is based on the least square finite element method associated
to the discrete ordinates method where no empirical stabilization is needed. In this first part of the
study, the forward model is highlighted with an easy handling of complex boundary condition through
a penalization method. Gradient computation from an adjoint method is developed rigorously in a
continuous manner through a Lagrangian formalism for the deduction of the adjoint equation and the
gradient of the objective function. The proposed formulation can be easily generalized to stationary
and time domain optical tomography by keeping the same expressions.

INTRODUCTION

During the last decades, increasing developments have been achieved in non-invasive clinical con-
trols and medical diagnostics techniques such as magnetic resonance imaging and positron emission
tomography, to name a few. Among these methods, near infrared optical tomography has been emerg-
ing as a promising diagnostic tool as this method requires a relatively low-cost system development
with a reasonable accuracy compared to other methods. In addition, the method does not make any
damage to biological tissues as the intensity of light source used for probing is a near infrared ra-
diation in the range between 600 and 900 nm. These developments were made possible thanks to
advances in the theoretical understanding of the interaction between light and optical properties of
semi-transparent media such as human tissues. On the other hand, the improvement of light detec-
tion systems as well as light sources that irradiate the tissues, was necessary in order to put these
techniques into practice.

Recently, major studies were carried out using the frequency domain formulation of the full radiative
transfer equation [1–3]. This formulation gives an alternative to scientists to avoid technical limi-
tations in the use of the time-domain radiative transfer equation approach [4]. Lately an increasing
attention was given to the finite element formulation in solving the radiative transfer equation due
to its simplicity, its flexibility and its property of being able to handle complex geometries. From a
standard Galerkin formulation, a number of studies have been done to improve the accuracy of these
models such as the Streamline Diffusion Petrov Galerkin [5], the least square formulation [6] and the
Discontinuous Galerkin formulation [7], to name a few.

We have shown in a comparative study [8] that the least square and the Discontinuous Galerkin formu-
lations give quite the same accuracy when the intensity is separated into its collimated and scattered
parts [9]. The Discontinuous Galerkin formulation is well known to handle strong discontinuities,
however this method is not suitable for boundary readings because the solutions are not well defined
on boundaries. In addition, the discretization of the Discontinuous Galerkin formulation usually leads
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