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Abstract – In this paper, a triangular facets based, highly
accurate, and adaptive finite-difference time-domain
(FDTD) mesh generation technique is presented. There
are two innovations in the implementation of this technique. One is adaptive mesh lines placement method.
The mesh lines are automatically set to be dense where
the object has fine structure and sparse where the object
has rough structure based on the incremental placement
of the triangular mesh vertices. The other is ray column tracing method. Ray columns in the normal direction of the coordinate plane are employed to intersect
the surface facets to make the mesh generation results
highly accurate. The generating FDTD results of the
numerical examples show that the proposed technique
can well-restore objects with complex edge structures.
The simulation results are in good agreement with the
theoretical results.
Index Terms – Adaptive, FDTD, mesh generation, ray
column tracing.

I. INTRODUCTION
The finite-difference time-domain (FDTD) algorithm is implemented by calculating the electric and
magnetic fields on each Yee cell [1-3]. The Yee cells,
whose sizes and related material parameters are simultaneously employed in the iterative formulas of the FDTD
algorithm, must be established before FDTD simulation.
Unlike unstructured meshes [4, 5], which can be easily
obtained by computer-aided design (CAD) or some open
source programs, there are relatively few ways to obtain
the structured cuboid meshes. Therefore, the transformation from unstructured meshes to structured meshes has
attracted much attention [6-13].
Since the ray tracing method (RTM) was proposed
by Sun in 1993 [6], it has been widely used in mesh
generation for FDTD simulation. The RTMs proposed
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before mainly casted single ray to intersect the surface
facets for each two-dimensional (2D) grid on the projection plane. This kind of processing may lead to missing
mapping at the edge of the target. In practice, edge structure of a target may have a great influence on its overall
electromagnetic performance [14-16]. For example, slot
design at the edge of patch antennas can not only realize miniaturization but also reduce antenna radar cross
section (RCS). In addition, the biologically inspired
antennas usually have complex edge structures. Therefore, the precision of edge mesh conversion needs to be
considered.
For complex objects, if a uniform mesh generation
method (UMGM) is employed, there will be a problem
of large number of mesh cells, compared with employing
a non-uniform mesh generation method (NUMGM). The
increase in the number of mesh cells caused by using the
UMGM than the NUMGM then can result in problems
such as high memory consumption and long simulation
time. Therefore, in contrast to the UMGM, the NUMGM
is more suitable for complex objects mesh generation.
A key step in NUMGM is to place proper mesh lines
[[12], 17-20]. In reference [12], a non-uniform mesh
lines placement method is presented for multi-object
scenarios. An NUMGM for overlapping objects was
proposed by Kanai in reference [17]. The NUMGMs
proposed before were implemented based on the condition that the bounding box of each object was known. In
other words, they solved a complex problem by breaking it down into a group of individual objects. The
non-uniform mesh lines were placed by setting reasonable grid sizes in the overlapping part and the adjacent part of the objects. However, in the field of electromagnetism, some electromagnetic devices, such as
multi-frequency antenna, broad band frequency selective
surface (FSS), are too complex to be easily and quickly
separated into several independent objects. Therefore,

https://doi.org/10.13052/2022.ACES.J.370101
1054-4887 © ACES

MOU, CHEN: AN ADAPTIVE AND HIGHLY ACCURATE FDTD MESH GENERATION TECHNIQUE FOR OBJECTS

an adaptive mesh lines placement method based on the
incremental placement of the triangular mesh vertices is
proposed in this paper. Obviously, the choice of triangulation in the preparation of the triangulated mesh is critical to the performance of the proposed NUMGM. We
choose Altair FEKO v2019.1 [21] to get the triangular
meshes. Since FEKO is a mature commercial electromagnetic simulation software and has been globally used
in high-frequency electromagnetic simulation for over
20 years, the triangular mesh generation results of it are
reliable.
In this paper, an adaptive FDTD mesh generation
technique is proposed. This technique presents high
accuracy in FDTD mesh generation, especially at the
edge part of the target. Two key methods are employed
to achieve this capability. One is ray column tracing
method (RCTM), and the other is adaptive mesh lines
placement method. Numerical examples are given and
discretized. The simulation and theoretical results show
that the proposed mesh generation technique can properly restore the target with fine structure, especially at
the edge part.

II. RAY COLUMN TRACING METHOD
For RTM, generally, a single ray perpendicular to
a grid on the coordinate plane is employed to intersect
the plane where the triangular facet is located [6]. The
triangular facets mentioned in this section are obtained
by .STL files exported from CAD software. The specific
operation is to build a model in CAD and save it as. STL
format. As shown in Figure 1, the shaded part without
slash lines are the Yee cells transformed by RTM, while
the shaded part with slash lines are the Yee cells of missing marks.
In this paper, RCTM is proposed. For each grid on
the coordinate plane, multiple rays in the normal direc-

Fig. 1. The transformed Yee cells of the 2D triangle by
RTM.

Fig. 2. Triangular facet ABC and its projection DEF.

tion are selected to intersect the facets in one tracing
process. Taking one triangular facet as an example, the
RCTM is described in detail as follows.
First, project the triangular facet ABC. onto XOY
plane and denote its projection as DEF, as shown in
Figure 2.
Second, find out the maximum and minimum values
of triangle DEF in the x-direction and confirm the starting and ending mesh numbers in the x-direction accordingly. Denote the starting number as xs and the ending
number as xe . Taking the grids numbered i in the xdirection as examples, calculate the intersection points
of their two adjacent grid lines and the three sides of
triangle DEF. Determine the maximum and minimum
y values of these intersection points and mark the grids
between them as shown in Figure 3(a). In this way, the
triangle DEF is discretized as shown in Figure 3(b).
Third, for the grids inside triangle DEF, obtain the
intersections of the rays perpendicular to the four nodes
of each grid and triangle ABC, respectively. For the grids
at the edge of triangle DEF, figure out the intersection
points of their adjacent grid lines and the three sides of
triangle DEF first and then obtain the intersections of
the rays perpendicular to these points and triangle ABC
severally. The three-dimensional (3D) RCTM is shown
in Figure 4.
Take a hexagonal star ring as an example to illustrate
the validity of the proposed RCTM in edge mesh generation. The hexagonal star ring is shown in Figure 5(a),
and its triangulation is shown in Figure 5(b).
Figures 6 and 7 show the resulting Yee cells of
the hexagonal star ring obtained by RTM and RCTM,
respectively. The mesh size in Figure 6 is 5 mm, and the
mesh size in Figure 7 is 2 mm.
It can be seen from Figure 6 that, when the mesh
size is 5 mm, there are obvious missing marks in the
discretization result obtained by RTM. Although the
Yee cells transformed by RCTM are not completely
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Fig. 5. The structure and triangulationof the hexagonal
star ring: (a) the structure and (b) the triangulation.
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Fig. 3. 2D ray column tracing method.(a) The
discretization result of grids numbered i in the xdirection and (b) the discretization result of the triangle
DEF.
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RCTM is obviously improved compared with that of
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Figures 10(a) and (b) show the overall and local
structures of a parabolic antenna. The parabolic antenna

Fig. 9. The cylinder and its triangulation.
(5) Finally, for the intervals greater than dmax on the
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coordinate axes, divide them equally with the value of
d. Taking an internal whose length L is an example, let
the integer N = ceil (L/dmax), then d = L/N.
Figures 10(a) and (b) show the overall and local
structures of a parabolic antenna. The parabolic antenna
is fed by a horn antenna and it works at the center
frequency of 2.45 GHz. As shown in Figures 10(a) and
(b), the maximum size of the antenna is the diameter of
the parabola, which is 600 mm, and the minimum size
of the antenna is the diameter of the coaxial probe inner
conductor, which is 2 mm. The ratio of the maximum
size to the minimum size is 300.

Figure 12 that the ACES
adaptive
mesh lines
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Vol. placement
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method proposed in this paper can set dense meshes in
the fine part and sparse meshes in the other part. The
discretization results are in good agreement with the
antenna model.

Fig. 10. The structure of the parabolic antenna: (a) the
overall structure and (b) the structure of the horn antenna.
(a)
(a)
(b)
Fig. 10. The structure of the parabolic antenna: (a) the
overall structure and (b) the structure of the horn
antenna.
Figure 11 shows the triangulation of the parabolic
antenna obtained from FEKO 2019.1. FEKO software
has its own mesh function. When we build a model in
FEKO and set it to the working frequency, the software
will automatically generate the appropriate triangular
meshes.

(b)

(c)

Fig. 12. The discretization results of the parabolic
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Figure 11 shows the triangulation of the parabolic
The mesh size of the UMGM is 0.5 mm. The maximum
antenna obtained from FEKO 2019.1. FEKO software
and minimum mesh sizes of the NUMGM are 6.1 and
has its own mesh function. When we build a model
0.5 mm. We can see from Table 1 that the number of
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Table 1: The total mesh numbers of the parabolic antenna
generated by UMGM and NUMGM
UMGM
NUMGM
Mesh number
529205
102776

IV. NUMERICAL EXAMPLES AND
SIMULATION RESULTS
Numerical examples are given to illustrate the efficiency of the adaptive mesh generation technique proposed in this paper. The first example is a metal
sphere, and the second example is a band-stop FSS. The
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Fig. 13. The structure and Yee cells of the sphere: (a) the
structure and triangulation of the sphere and (b) the Yee
cells distribution of the sphere.
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that the FDTD result is in good agreement with the
result obtained by CST Studio Suite 2020 [23]. CST
Studio Suite is a high-performance 3D EM analysis
software package for designing, analyzing, and
optimizing electromagnetic components and systems.

RCTM makes the mesh generation technique have high
accuracy in edge
structure mesh transformation.
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Second, according to the vertex coordinates of the
triangular facets, adaptive mesh lines placement method
is illustrated. For an object with fine structure, the mesh
lines placement method can automatically set dense
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