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ABSTRACT.  The paper deals with the solution of radiative transfer equation that takes into account a 
high degree of scattering anisotropy. The solution is built upon the representation of the light field 
inside a scattering medium as a superposition of the most anisotropic part and a smooth regular part. 
The first of them is calculated analytically using the smoothness of the solution angular spectrum. The 
regular part is obtained from a radiative transfer equation boundary problem with the anisotropic part 
as a source function by discrete ordinates method with a scaling transformation and a matrix-operator 
method applied. 

INTRODUCTION 

For the interpretation of results the increased measurement precision of the optical remote sensing 
systems demands the development of the solution methods of the radiative transfer equation (RTE) 
without any prior limitations on the medium properties including the high degree of scattering ani-
sotropy [1]. All the numerical methods of the radiative transfer equation solution are based on the 
replacement of scattering integral by the finite sum. The main problem of such scattering integral 
representation is the presence of singularities in the radiance angular distribution (RAD): they can 
not be included in any quadrature formula in essence [2]. To solve this problem various methods are 
used by different researchers [3]. The physical model of the radiative transfer theory is the ray ap-
proximation [4, 5]. The ray optics is a rigorous closed theory; it can be developed on the phenome-
nological basis as the theory of the light field of the responses of the optical detector placed in the 
certain point of this field. In the ray any break in the boundary conditions spreads into the depth of 
medium and generates the singularities in RAD. Scattering in the medium gives along with the sin-
gularities an anisotropic part in RAD. The difficulties in the calculation of the anisotropic part of 
the solution led to various truncation methods of the scattering anisotropy that is not completely 
true: in the general 3D medium geometry the core of the problem is not the scattering, but the pres-
ence of singularities in the RAD. It was shown in [2] that the most effective and accurate way of 
including the singularities in the quadrature formula is their analytical, may be approximate repre-
sentation and an analytical integration – the method of the singularities elimination. 

For eliminating the anisotropic part of the solution we offered here to use the small angle approxi-
mation in Goudsmit-Saunderson [6] form. It results in a boundary-value problem for the regular 
part of the radiative transfer equation (RTE) of the solution that is similar to the problem with direct 
non-scattered light elimination [7], but with the source function on the right-hand side of the equa-
tion and modified boundary conditions. The solution of the obtained equation for the regular part is 
found by the discrete ordinates method. In case of the plane-parallel geometry this problem has the 
analytical solution as a matrix exponential. The final solution in this case has the form of the trans-
fer matrix through a slab with a column of sources. On the basis of the matrix-operator method it 
allows proceeding to the solution of the problem for the case of a plane-parallel slab composed of 
several homogeneous layers. 
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