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The modern high-accuracy algorithm of radiation transmission computation through a turbid medium 
slab based on the analytical solution of the discretized radiative transfer equation (RTE) is presented. The 
radiative transfer equation is grounded on the ray approximation, which inevitably generates singularities 
in the  spatial – angular distribution of the light field. The discretization of equation is possible only after 
the analytical elimination of the solution anisotropic part including all singularities of the exact solution.

The discretization efficiency is determined by the possibility of the scattering integral representation as 
the single integral using the addition theorem for the spherical functions. In case of vectorial RTE the  
polarization reference planes of incident and scattered rays do not coincide that demands the usage of 
rotator.  That  disturbs  the  transformation  symmetry  for  the  different  Stokes  parameters  and  makes 
impossible the usage of the addition theorem. It can be overcome by the passage to the circular basis and 
the usage of the generalized spherical  functions,  for which there  is the special  form of the addition 
theorem. However in this case all the coefficients in RTE become complex that impedes the usage of 
numerical  methods.  Therefore  after  the  addition  theorem  application  we  return  to  the  Stokes 
representation that allows discretizing RTE.

The discretized RTE takes the form of the  system of the ordinary linear differential equations with 
constant coefficients with the boundary conditions, which can be transformed to the matrix form. This 
system has an analytical solution in the form of matrix exponent. Solving the obtained expression relative 
to the reflected and transmitted radiation we get the transfer matrix of slab.  The approach described 
possesses the property of invariance: the expression for two adjoining layers is equivalent to the original, 
and the matrix elements are expressed through the original for the layers .

For the algorithm realization on the computer,  there is a demand  to solve the eigenvalue problem and 
multiply  the  matrices,  i.e.  the  usage  of  the  linear  algebra  package.  The  efficiency  of  realization  is 
determined first of all by the sizes of the matrix entering into the expression, which are determined by the 
numbers  of  the  discrete  ordinates.  The  size  of  these  matrices  can  be  reduced  using  the  different 
procedures of the scattering matrix elements truncation, where the most effective method is delta-M. But 
all the truncation procedures lead to the distortion of the original problem (suppression of the coarse 
particle fraction) and result in the errors and oscillations in the small-angle area. We propose the method 
of  the accurate solution of RTE based on the  anisotropic part elimination. Nearby the singularity the 
angular spectrum of the radiance distribution decreases slowly that allows stating the equation describing 
the solution for anisotropic part. This equation has an analytical solution – small angle modification of the 
spherical harmonic method (MSH). 

This algorithm allows solving effectively the problems of the anisotropic scattering. However often 
there are peaks of the phase function in other directions, for example, in the rainbow and glory regions. 
The best solution of these problems is the usage of propagator  for the field representation inside the slab 
with the subsequent use of  iterations.
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