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Abstract: Two issues relating to the modelling of human 
heads are addressed in this paper. First, the electrical 
properties of head tissues are studied. The inhomogeneity 
inherited in each tissue, which has so far been ignored in the 
literature, is discussed. A head model comprising tissue 
inhomogeneity is constructed using the so-called pseudo 
conductivity method. Second, in order to study the 
relationship between the model and the computed solution, a 
set of simulations are carried out based on the above model. 
The result shows that there is no significant difference in the 
statistic parameters between models that are constructed using 
a variety of pseudo conductivity assignments based on a 
common normal distribution function. This observation is 
promising as it means that it is not necessary to find out the 
exact head model from the statistic aspect in EEG forward 
computation. 

I. Introduction 
The function of the brain is encoded in its spatio-temporal 

behaviour which can be extracted from the dynamics of the 
macroscopic quantities measured by the EEG. However, the 
spatial resolution of EEG is very poor, therefore methods 
based on the use of realistic head models are employed to 
improve the EEG spatial resolution. Various head models 
have been used, and the complexity of the corresponding 
potential calculations increases with the head model accuracy. 
There are two main aspects in head modelling. One is to 
obtain an anatomically accurate model. Another is to account 
for local variations in head tissues. This study focuses on the 
second aspect and on evaluating the relationship between the 
constructed models and computation accuracy. 

II. Methods 
The most common numerical method used for solving the 

equations governing the distribution of electrical activity in a 
human head is the Finite Element Method (FEM). In the FEM 
computation, the human head is modelled as a large number 
of elements; each representing a different area of the head 
with its own unique conductivity. Existing FEM models 
assume uniform conductivities within tissues. However, in 
reality, the elements within each tissue type may have 
different conductivities, since they may contain different 
proportions of blood vessels, white matter, grey matter, etc.. 
Experimentally measured values of conductivity for grey 
matter increase as a function of the measuring signal 
frequency (e.g., 0.33Sm-' at 5Hz, 0.43Sm-' at kHz, etc.). 
White matter has a conductivity of 1.76Sm-' at 5Hz, and is 
anisotropic with the ratio of conductivities varying between 
5.7-9.4. In the skull, the element conductivity may differ for 

elements composed of different parts of cancellous bone, 
compact bone, and some bone marrow. Its resistivity (the 
inverse of conductivity) varies between 1360SZcm and 
21400SZcm, with a mean of 7560SZcm and a standard 
deviation of 4230SZcm as reported [l]. Given that the 
conductivities of the elements for the same tissue are 
relatively close in comparison with those for different tissues, 
the conductivities of the elements in a tissue can therefore be 
assumed to follow the normal distribution. A range of 
conductivity values - the pseudo conductivities - can then be 
generated for each tissue to fit the distribution which is 
specifically defined by the relevant p (mean) and CJ (standard 
deviation). These pseudo conductivities are then allocated to 
the component elements belonging to that tissue. From this 
allocation, an inhomogeneous model can be developed. 

In order to fully test the computation method, it would be 
desirable to compare the simulation results with data obtained 
from a real head for the same conditions. Unfortunately, such 
a comparison is not possible. An alternative approach is to 
study how the head model affects the computation accuracy. 
For this purpose, many head models are built, each 
comprising a unique set of pseudo conductivity values; all 
derived from the same common normal distribution functions 
for the various tissues. It is presumed that one of these models 
is a close approximation of the real head. The results of the 
various models are compared. 

III Results 
From the comparisons performed on the above set of 

models, it is observed that there is no significant difference in 
the statistical parameters (relative-difference) of the results 
and that computed potential distributions are very similar. 

IV. Conclusions 
The effect of different pseudo conductivity assignments 

on the computed potentials can be ignored if the values are 
derived from the same normal distribution function. This 
conclusion is promising since it implies that it is not 
necessary to determine the exact head model from the statistic 
aspect in EEG forward computation. Conversely this also 
proves that it is not possible to obtain a unique solution in the 
EEG inverse computation if the conditions are not sufficiently 
constrained. 
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