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Human Exposure to RF and Microwave
Theoretical
There is a class of problems in the field of human exposure assessment to which the Method of Moments (MoM) is more suitable than the
popular Finite Difference Time Domain (FDTD) technique. This includes problems with large free space regions and / or curved metallic
surfaces and wires. The advantages of an integral equation based technique such as the MoM is that the discretisation is done in terms of
surfaces and not volumes, and therefore free space regions need not be discretised. The MoM is also more suitable to accurately model
curved metallic surfaces and wires. No special boundary condition needs to be applied. The metallic structures are modelled as triangular
patches and wires as line segments. The currents on these are calculated with the MoM solution. 

For treatment of dielectric (lossy or lossless) objects the surface of multiple closed dielectric regions needs to be discretised, using again,
triangular elements. Applying the Surface Equivalence Principle (SEP), the equivalent electric and magnetic currents are calculated with the
MoM. Metallic surfaces, wires and dielectric objects can be combined in one solution with these elements either inside, on the boundary,
or external to any dielectric region.

There is no theoretical restriction on the number of closed dielectric regions that can be treated with the MoM implementation in FEKO,
although highly inhomogeneous objects would lead to severe demands on computational resources.

The fields in any region around the metallic / dielectric
objects are calculated from the surface currents with limited
computational effort. Similarly, the fields (and thus the
Specific Absorption Rate or SAR) can be calculated inside lossy
dielectric objects from the MoM solution.  

Verification
The MoM implementation for metallic surfaces and wires in
FEKO has been verified extensively over the past ten years
by comparison to measurements and other numerical
techniques. An example applicable to base station modelling
is shown here. The near fields on a line in front of a
generic GSM900 base station antenna (dipole array) compare
well with measurements performed using a commercially
available survey meter.   

Energy absorption in lossy, dielectric objects
such as a human being, calculated with the
MoM-SEP implementation in FEKO, has been
verified extensively by comparison to
measurements as well as FDTD codes. One
such verification is the SAR distribution inside
a truncated human upper body phantom.
Simulations are compared
with measurements performed inside a fibre-
glass phantom filled with equivalent muscle
tissue. The excitation is a generic GSM900
base station antenna situated 472mm below
the phantom. Good agreement is observed. 
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Exposure Assessment close to Base Station Antennas  
A more complex, but very probable scenario would be multiple base station antennas in
close proximity to each other and a generic human phantom. This simulation represents
occupational exposure to an RF worker. The whole-body averaged SAR and spatial peak
SAR in the human can be calculated for exposure from both base station antennas. The
human phantom in this example is homogeneous with dielectric properties of muscle
tissue.  This yields accurate SAR exposure results that can be compared to the basic restrictions
published in exposure guidelines and standards.

The solution of this problem at 925MHz was
obtained on a cluster of PCs (using the parallel
implementation of FEKO) within two hours.
Note that changing the position of the human
and / or base stations will not affect the
efficiency of the solution because the free
space need not be discretised with the MoM
technique. An increase in the number of
base stations would slightly increase the
memory usage and solution time while the
addition of another human phantom to the
problem would significantly increase the
computer resource requirements.

Modelling of Humans inside a Car 
The MoM-SEP is also suitable for modelling a human inside a motor
vehicle. The complex curvature of the car body is modelled with
MoM triangular patches. The metallic wires of typical antennas on
or inside a car are modelled with line segments. A generic human
phantom is positioned inside the car. In this case the exposure of
the human as well as the influence of the human on the fields inside
the car (EMC / EMI applications) are of interest. The solution is done
at TETRA frequency with a monopole antenna situated at the back
centre of the roof. It is of practical interest to include more than one
human inside the vehicle but this increases the computational
requirements significantly.

Human exposure to PDAs
This example shows a human phantom in front of a personal
communication device. An extruding helix antenna on the side
of the PDA is modelled with the wire segments of the MoM. The
SAR distribution, whole body averaged SAR and spatial peak
SAR (1g or 10g) can be calculated for the human.


