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Novel contributions

• Extension of the use of the quasi-Helmholtz projectors for open structures that contain

junctions. This study shows that the method can be applied to all kind of structures:

closed object as well as open objects with junctions.

• Numerical experiments concerning the scalability of algebraic multigrid solvers, for

inverting 𝜮𝑇𝜮, shows that the simulations can be achieved in a quasi-linear number of

operations in order to use the method in a fast solver.

Addressed research questions/problems

• The electric field integral equation (EFIE) is widely used in computational EM for

simulating radiation problems with perfectly electrically conducting (PEC) objects.

→ This formulation suffers from ill-conditioning issues at low-frequency.

• The loops and stars decomposition consists in splitting the current into solenoidal and non-

solenoidal parts that allows to get rid of the ill-conditioning by rescaling the equation with

respect to those two contributions.

→ The identification of the global loops may be a challenging step of the method,

even in the absence of junctions.

• The quasi-Helmholtz projectors avoid to identify the loops by computing a projector over

the non-solenoidal subspace. In addition, its orthogonal projector gives the projection over

the solenoidal subspace. The projectors are used to build a well-conditioned system.

• This method has been developed and tested on closed structures.

→ How to extend it to more complex geometries?

Research context and motivation
• Several application scenarios of high industrial impact, including the modelling and design

of high-speed circuitry and moderate to low frequency devices is a fundamentally

important challenge in advanced electromagnetics industry.

• In fact, if the frequency of operation in these scenarios is too high to leverage on quasi-

static solvers, it is still low enough for breaking the majority of available simulation

packages. The problem becomes even more challenging in the presence of spatially

multiscale geometries where regions of very fine details cohabit with large surfaces and

reflectors.

• This project will tackle this problem by proposing a new family of low-frequency solvers

which will be able to continuously enable predictions from extremely low frequency

scenarios till the middle frequency range.

Adopted methodologies

• First numerical experiments were done to observe the applicability of the quasi-Helmholtz

projectors to complex structures: 1) Use of the software gmsh for constituting a bench of

structures with particular interest (variable number of junctions). 2) Implementation in the

laboratory’s software Atreyu to adapt the computation to those cases. 3) Collect of the data

showing the efficiency of the method for those new problems.

• Then, we focused on the scalability of this method with respect to an increasing number of

sheets per junction and to the refinement of the mesh: 1) Implementation of an in-house

algebraic multigrid solver. 2) Benchmark with an increasing number of junctions and an

increasing discretization. 3) Data analysis and interpretation.

Future work

• Parallelization (High performance calculus)

• Extension to formulations modelling dielectrics (PMCHWT)

• Industrial applications with the industrial partner.
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Radar Cross Section obtained with and without 

preconditioning with a frequency of 1 ⋅ 104 Hz

(plane wave excitation).

Number of iterations achieved by AGMG for increasing 

discretization with a residual error below 1 ⋅ 10−8.

Additional nodal loops appear around 

the vertices of a junction, connecting 

the sheets pair by pair. 

Increasing

number of sheets 

per junctions.
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Discretization with RWGs


