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1. Introduction
Our approach for 3D controlled-source electromagnetic modelling in frequency domain using unstructured tetrahedral meshes is under
development. The modeling code works for onshore controlled-source electromagnetic problems. It accounts for electrical conductivity as well as
for magnetic permeability variations in the subsurface.

One aim of the Smart Exploration project is to develop tools for geophysical exploration of challenging geological targets in a time- and cost-effective, as
well as an environmentally-friendly way. Therefore, we design a controlled-source electromagnetic modelling code that resolves the electric conductivity
and magnetic permeability structure of geological exploration targets as accurately as possible.

2. Achievements
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Discussion: 
 

With a sufficiently fine discretisation of the 
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than 1 % deviation from the analytic 

solution.  
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3. Theory
The electromagnetic diffusion equation is solved for the electric field with an edge-based total field formulation. The
governing equation for the vector finite element analysis is the Curl-Curl-Equation in frequency domain for the electric field
(E) with a time dependency of eiωt:
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Nédélec basis functions for tetrahedral elements are used as edge interpolation functions [1]. For the ith edge with length
li of one element using linear interpolation functions Li_start and Li_end of the adjacent nodes 1 and 2, they look as follows:

Ni = (Li_start∇Li_end − Li_end∇Li_start)li (2)

The electric field inside one element is defined as E =
∑6

i=1 NiEi.

The complete equation that has to be solved:˚
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We use Dirichlet boundary conditions. The local system of equations for one element has to be assembled to a global
one and is solved with the direct solver PARDISO [4]:

[A]{E} = {b} (4)
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4. Outlook

• More complicated models (layered, ore bodies)

• More complex settings: borehole & loop settings

• Improving the boundary conditions

• Implementation into the modelling and inversion
framework EMILIA [2]
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Figure 1: Inversion framework EMILIA.
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