Gmsh for Computational Electromagnetics
I am using time-domain computational electromagnetics techniques such as the TLM (Transmission Line Matrix) method for the simulation of microwave components such as microstrip resonators, patch antennas, etc.
The initial pre-processing step is to discretize the problem space into 3D rectangular cuboid cells and then extract mechanical and material details such as cell location, cell dimensions, cell surface type (PEC perfect electric conductor, PMC perfect magnetic conductor or normal), cell neighbours and cell material type (air, PCB (printed circuit board), plastic, dielectric etc). Once this cell database is available, the electrical equations of the TLM technique are applied to each cell and the simulation results are obtained.
The cell size varies from around 0.1mm (depending on the smallest mechanical detail to be modelled) to around 5mm (depending on the microwave frequency). The number of cells is very large – typically 100 cells in each of X, Y & Z direction result in around 1 million cells. A few million cells in a simulation is not uncommon.
To reduce the number of cells, small (fine) cells are used in the region of interest while large (coarse) cells are used in far away boundary regions for which multi-gridding is extensively used.

Normally, every cell (except boundary cells) will have only one neighbour-cell in each of the six directions viz. +X, -X, +Y, -Y, +Z & -Z. However, with multi-gridding, a single large cell will be flush-aligned with several small cells e.g. a large cell of size lx0  x  ly0  x  lz0 may have in the +X direction my  x  mz  small cells of size lx1  x  (ly0 / my)  x  (lz0 / mz). The same may be true in the other directions.
With the above introductory comments, my problem statement is as under:

i) The complete problem space is a rectangular cuboid with opposite corners at (0,0,0) and (LX, LY, LZ).
ii) This problem space is subdivided into smaller rectangular cuboid regions.
iii) A general cuboid region of size (lxc  x  lyc  x  lzc) with material code Mc and opposite corners at (xc, yc, zc) and (xc + lxc, yc + lyc, zc + lzc) is to be divided into nxc  x  nyc  x  nzc identical cells having dimensions of (lxc / nxc, lyc / nyc, lzc / nzc) and material code Mc. Each cell is to be assigned a unique cell number.
iv) In this manner the entire problem space is covered.

v) The surfaces of the cells may be normal (default) or PEC (perfect electric conductor) or PMC (perfect magnetic conductor). This is specified as stating that all cells whose, say, X faces are on a rectangular plane with opposite corners at (xd, yd, zd) and (xd, yd + lyd, zd + lzd) would have X faces of type PEC or PMC as the case may be. Similar specifications may be applicable for Y & Z faces.
vi) From the above space discretization, the following data is to be obtained (in an ASCII text file) for each cell:

a) Cell number ‘nc’
b) Cell origin ‘(nxc, nyc, nzc)’
c) Cell dimensions ‘(nlxc, nlyc, nlzc)’
d) Cell material code ‘nm’

e) Cell +X surface type viz. normal or PEC or PMC

f) Similar surface information for –X, +Y, -Y, +Z & -Z surfaces
g) Cell +X neighbour – i)
None if cell is a +X boundary cell

ii) Single neighbour cell number for single neighbour (default)

iii) Multiple neighbours cell numbers for multiple neighbours (+X direction multigridding).
h) Similar neighbour information for –X, +Y, -Y, +Z & -Z directions.
i) Using the information in (g) & (h) above, following boundary cell information is to be generated:

j) Whether the cell is a +X surface boundary cell i.e. cell having no +X neighbours but having –X, +Y,-Y, +Z &-Z neighbours.

k) Similarly, whether the cell is a –X or +Y or –Y or +Z or –Z surface boundary cell (6 types of surface boundary cells corresponding to the 6 surfaces of the problem space).
l) Whether the cell is a +X+Y edge boundary cell i.e. cell having no +X and +Y neighbours but having –X, -Y, +Z &-Z neighbours.
m) Similarly, whether the cell is a +X-Y or –X+Y or –X-Y or +Y+Z or +Y–Z or –Y+Z or –Y-Z or +Z+X or +Z-X or -Z+X or -Z-X edge boundary cell (12 types of edge boundary cells corresponding to the 12 edges of the problem space).

n) Whether the cell is a +X+Y+Z corner boundary cell i.e. cell having no +X, +Y & +Z neighbours but having –X, -Y &-Z neighbours.
o) Similarly, whether the cell is a +X+Y-Z or +X-Y+Z or +X-Y-Z or -X+Y+Z or -X+Y-Z or –X-Y+Z or -X+Y-Z corner boundary cell (8 types of corner boundary cells corresponding to the 8 corners of the problem space).
vii) Since the number of cells is very large, certain error checks should be done:

a) Check that the entire problem space has been discretized – the volume of the problem space should be equal to the sum of the volumes of all individual cells.
b) Check that no cell is outside the problem space – all the 8 corners of each individual cell should either lie on the boundary of the problem space or within the boundary space.

c) Check that cells are flush-aligned with each other – i.e. if two cells are neighbours in a given direction, they should have the same cell dimensions and cell origins in a plane perpendicular to the given direction e.g. in the X direction two neighbouring cells should have the same Y & Z dimensions and the same Y & Z values for their cell origins.
d) Similarly, if multi-gridding is present in a given direction, then in a plane perpendicular to the given direction the large (coarse) cell dimensions should equal the sum of the small (fine) neighbouring cell dimensions e.g. in the X direction the Y & Z dimensions of the large cell should equal the sum of the small neighbouring cells Y & Z dimensions. Also the Y & Z values of the cell origin of the large cell should be the same as the Y & Z values of the cell origin of the neighbouring cell having the smallest Y & Z values of the cell origin.
Professor G.N.Mulay,

Head of Electronics & Telecommunication Department,

Maharashtra Institute of Technology,

Kothrud, Pune 411038, India.

