
“On the use of filters and morphological operators for topology optimization
of microwave devices”

Martin Berggren Department of Computing Science, Ume̊a University,
Sweden

Abstract

A standard way of carrying out design optimization is called density-
based topology optimization, where the values of a design variable 0 ≤
ρ ≤ 1 is determined at each point in the region subject to design. The
extremal values of ρ indicates that the point is occupied solely by one of
two materials, say air or metal. The desired end result is usually that,
at each point, ρ attains either 0 (“white”) or 1 (“black”), although some
presence of intermediate values is tolerated, at least prior to convergence
of the algorithms, due to the use of gradient-based optimization methods.
The end result will be a function ρ that can be viewed as an image of
the optimized device. Not surprisingly, image-processing-like tools are
therefore increasingly exploited in algorithms for density-based topology
optimization.

Methods of this type are by now quite mature for the design of elastic
structures, but substantially less effort has been directed towards electro-
magnetic applications such as the design of metallic microwave devices.
The main reason appears to be the ohmic barrier problem, which stems
from the fact that materials with zero or infinite conductivity are lossless,
but finite conductivity yields substantial ohmic losses in the material.
When the optimization problem is formulated in a way that encourages
low-loss devices, the ohmic barrier will make it difficult for a gradient-
based algorithm to switch continuously between zero and infinite con-
ductivities. Here we show how nonlinear filters based on integral f (or
quasiarithmetic) means can be used for two purposes. First, the filter
together with a continuation procedure can be used to manage the ohmic
barrier. Second, a nonlinear filter can be used to approximate morpho-
logical operators in order to avoid scattered material distributions and
scattered holes in the material. The case study is a radiating surfaces in a
transitional element between a coaxial cable and a wave guide operating
in the microwave regime.

1


