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Abstract – A novel implicit adaptive FDTD mesh gener-
ation method based on tetrahedrons is proposed in this
paper. According to the vertex coordinates of tetrahe-
drons which make up an object, non-uniform grid lines
are generated first. These grid lines are constrained by
the structure of the object and follow three rules men-
tioned in the paper. The first rule is to find demarcation
points of the object and drop grid lines on these points.
The second rule is to make sure all mesh sizes are less
than one-tenth of the wavelength by adding more grid
lines. The last rule is to densify mesh at the fine struc-
ture of the object. Then by comparing the positional rela-
tionship between center points of Yee cells and tetrahe-
drons, the object can be discretized by Yee cells. Finally,
numerical examples are given to verify the validity and
accuracy of this novel method.

Index Terms – Adaptive mesh generation, FDTD, tetra-
hedron.

I. INTRODUCTION
Maxwell’s equations reveal the universal law of

electromagnetic phenomena in nature. All electromag-
netic problems can be attributed to the solution of
Maxwell’s equations when given boundary conditions.
The finite-difference time-domain (FDTD) method, as
one of the three common electromagnetic field numerical
calculation methods, starts from Maxwell’s curl equa-
tions in differential form and uses Yee cells to get results
[1]. Electric field and magnetic field are distributed alter-
nately in space and time, and they are solved gradu-
ally in time. The FDTD algorithm is widely used in
time domain analysis of electromagnetic scattering and
antenna design because it is easy to comprehend and
implement [2].

When using the FDTD method to study the electro-
magnetic characteristics of a target, the discrete object
model consisting of Yee cells is needed. For a simple

model, Yee cells can be obtained by dividing the model
manually. However, for a complex model, it is very com-
plicated to generate Yee cells artificially and easy to
produce errors. Therefore, using the theory of computer
graphics and computer-aided computation to generate
Yee cells is necessary [3].

Currently, there are not so many types of commer-
cial software on the market that generate Yee cells. Some
famous graphics software such as AutoCAD, Solid-
Works, or Gmsh are used to construct three-dimensional
(3D) models of targets and to provide triangular or tetra-
hedral meshes in different file formats [4]. Thus, some
scholars have already proposed a part of theory and
approaches to convert other mesh formats into Yee cells.
In 1993, W. Sun proposed a ray tracing method of 3D
FDTD surface mesh generation based on triangular mesh
[5]. In 1996, W. Heinrich proposed an optimal FDTD
mesh generation method, which laid the foundation for
the emergence of adaptive mesh, but this method could
only solve the simple shape model with relatively regular
shape [6].

In recent years, the number of generation meth-
ods for Yee cells based on tetrahedral mesh has also
increased. Y. Gong proposed a scheme using the the-
ory of convex geometry to judge the position relation-
ship between Yee cell and each tetrahedral element of
the object [7]. However, each judgment needs to com-
pare eight vertices of Yee cell and discuss six circum-
stances, which is time consuming and complex. Liang
Hui proposed an improved method which only needs to
judge the position relationship between the center point
of Yee cells and the tetrahedron [8]. The target model
was reconstructed by Yee cells effectively without mul-
tiple calculation, but only a sphere example was veri-
fied. Besides, this method was only suitable for convex
bodies and cannot be used to handle more complicated
structures. Z. Yu also adopted an algorithm to judge the
positional relationship between points and tetrahedrons,
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and verified an aircraft model by Yee cells [9]. Nonethe-
less, only uniform mesh is used in the paper, while how
to divide the object with non-uniform mesh is not men-
tioned. But non-uniform mesh is also needed in practice
because it can save total calculation time while ensuring
the accuracy of subdivision.

Therefore, a novel and effective method which can
convert the tetrahedral data into Yee cells is proposed in
this paper. According to the tetrahedral mesh data, we
find the coordinates of demarcation points and drop grid
lines on them. In addition, we guarantee all mesh sizes
are less than one-tenth of the wavelength, and we densify
mesh only at the precise structure of the object. Finally,
the non-uniform Yee cells meshes are generated. Three
examples are given to prove the accuracy of the subdivi-
sion method.

II. ADAPTIVE MESH GENERATION
There are two steps for the adaptive mesh genera-

tion based on tetrahedral data. The first step is to divide
the target object with non-uniform grid lines. The second
step is to discretize the target object by Yee cells.

A. Generate non-uniform grid lines
In this section, the method of how to place grid lines

reasonably is presented. At present, many sorts of com-
puter aided design (CAD) software can provide tetrahe-
dral meshes, which can be used as front-end data for
non-uniform grid lines placement. Gmsh is a commercial
finite element mesh generator, which supports reading of
various file formats and can generate tetrahedral meshes
automatically. The tetrahedral data exported from Gmsh
includes the coordinates of all vertex and vertex index
numbers of each tetrahedron.

First, the 3D boundary of the target should be found
to determine the setting range of non-uniform grid lines.
According to the vertex coordinates, we can easily find
the maximum and the minimum values of the object
along x-, y-, z-axes. Depending on these values, an opti-
mal bounding box can be constructed as shown in Fig. 1.

Fig. 1. The optimal bounding box.

All grid lines should be limited in this box to reduce the
dividing time and internal storage.

The next step is to place adaptive grid lines in the
box. There are three rules for the subdivision.

The first rule is to make sure grid lines fall on
demarcation points. We find a novel way to seek out
the demarcation points depending on the data of tetrahe-
drons. The coordinates of these points are all the places
where objects have right-angle structures. Bringing in
these points can make the partition more accurate, and
this method is suitable for many different shapes of
objects. For an object having slit structure, we can accu-
rately locate the position of the gap, and get the width
and length of the gap. For the object similar to the struc-
ture of a rectangular patch antenna, the position of the
patch, as well as the width and length of the lines, can
also be found precisely. Take a model for example. Two
cuboid boxes are nested together. The outer cuboid box
has a hollow structure in the middle, while the inner
cuboid box is solid. Figure 2 shows the cross section
of this model on the x-z plane. The yellow part repre-
sents the outer entity box, the blue part represents the
inner one, and the orange dots represent the demarcation
points.

Fig. 2. The cross section to illustrate demarcation points.

It can be easily seen that these orange dots are the
key points that distinguish the physical object from the
air, where the structural changes happen. If the coordi-
nates of these points can be obtained and the grid lines
are guaranteed to fall in these points, the accuracy of
subdivision can be improved. Although these points can
be clearly seen from Fig. 2, we can only use the front-
end data of tetrahedrons without seeing the model, so an
algorithm is needed to implement it.

Take the x direction for example. A tetrahedron has
four points and four surfaces. Three points in different
positions can determine a plane. If three points of a tetra-
hedron have the same coordinates on the x-axis, the sur-
face formed by these three points of this tetrahedron must
be perpendicular to the x-axis. At this time, record the
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coordinate value of this surface in the x direction and
store it in an array. As is shown in Fig. 3, record the x
coordinate value of surface ABC.

 
 
Fig. 3. The algorithm to find demarcation points. 

 

After traversing all tetrahedrons and getting all 

qualified x coordinate values in the array, we sort this 

array and eliminate the duplicate values. Then we get the 

final demarcation points in the x direction. The 

demarcation points in the y and z directions can be 

obtained in the same way as those in the x direction. 

After finding the demarcation points and putting grid 

lines on these points, a sketch map is shown in Fig. 4. 

 
Fig. 4. The grid lines after the first rule. 

 

The second rule is to find the upper limit for the size 

of the maximum mesh. Taking wavelength as the 

benchmark, it is to find the minimum number of grids in 

each coordinate direction per wavelength, while the 

wavelength refers to the highest frequency of simulation. 

According to the FDTD algorithm, this number means 

the spatial sampling rate for the input signal, so it has a 

strong influence on the quality of the results and on the 

calculation time. Increasing it leads to a higher accuracy, 

but unfortunately it also increases the total calculation 

time. A good compromise between calculation time and 

the achievable accuracy is the default value of ten. 

Therefore, the size of the maximum mesh should be less 

than one-tenth of the wavelength. 

In order to satisfy the second rule, we have to add 

new grid lines. Because the intervals of the grid lines 

obtained based on the first rule may be greater or less 

than one-tenth of wavelength. For the grids less than one-

tenth of wavelength, no processing is required. For the 

grids larger than one-tenth of wavelength, new grid lines 

have to be added evenly until all of them are less than 

one-tenth of wavelength. The process can be described 

from Fig. 5 (a) to Fig. 5 (b). 

 
(a) 

 
(b) 

 

Fig. 5. The grid lines after processing the second rule: (a) 

Original schematic diagram, (b) grid lines added. 

 

The third rule is to adjust the mesh size depending 

on the tetrahedrons because the density of tetrahedrons 

corresponds to the fineness of the object structure. In 

addition, we believe that the tetrahedral mesh obtained 

by Gmsh is reasonable and accurate. It is wise to use 

small grids where the tetrahedrons are dense and large 

grids where the tetrahedrons are sparse. Therefore, we 

come up with a new algorithm. 

Take the x direction for example. As shown in Fig. 

6, if a tetrahedron ABCD falls completely between two 

adjacent grid lines in the x direction, it indicates that this 

grid is imprecise. A new grid line should be added in the 

middle of this grid which splits it into two new grids, and 

both are half of the original grid. 

 
Fig. 6. The algorithm description of the third rule. 

 

Continue judging whether the tetrahedron still falls 

completely in the new grid. If so, do that step again, and 

this time the grid size becomes a quarter of the original 

one. Until the tetrahedron does not fall completely into 

only one grid, the work is done.  

Fig. 3. The algorithm to find demarcation points.

After traversing all tetrahedrons and getting all qual-
ified x coordinate values in the array, we sort this array
and eliminate the duplicate values. Then we get the final
demarcation points in the x direction. The demarcation
points in the y and z directions can be obtained in the
same way as those in the x direction. After finding the
demarcation points and putting grid lines on these points,
a sketch map is shown in Fig. 4.

Fig. 4. The grid lines after the first rule.

The second rule is to find the upper limit for the
size of the maximum mesh. Taking wavelength as the
benchmark, it is to find the minimum number of grids
in each coordinate direction per wavelength, while the
wavelength refers to the highest frequency of simulation.
According to the FDTD algorithm, this number means
the spatial sampling rate for the input signal, so it has a
strong influence on the quality of the results and on the
calculation time. Increasing it leads to a higher accuracy,
but unfortunately it also increases the total calculation
time. A good compromise between calculation time and
the achievable accuracy is the default value of ten. There-
fore, the size of the maximum mesh should be less than
one-tenth of the wavelength.

In order to satisfy the second rule, we have to add
new grid lines. Because the intervals of the grid lines

obtained based on the first rule may be greater or less
than one-tenth of wavelength. For the grids less than one-
tenth of wavelength, no processing is required. For the
grids larger than one-tenth of wavelength, new grid lines
have to be added evenly until all of them are less than
one-tenth of wavelength. The process can be described
from Figs. 5 (a) and 5 (b).

(a)

(b)

Fig. 5. The grid lines after processing the second rule: (a)
Original schematic diagram and (b) grid lines added.

The third rule is to adjust the mesh size depending
on the tetrahedrons because the density of tetrahedrons
corresponds to the fineness of the object structure. In
addition, we believe that the tetrahedral mesh obtained
by Gmsh is reasonable and accurate. It is wise to use
small grids where the tetrahedrons are dense and large
grids where the tetrahedrons are sparse. Therefore, we
come up with a new algorithm.

Take the x direction for example. As shown in Fig. 6,
if a tetrahedron ABCD falls completely between two
adjacent grid lines in the x direction, it indicates that this
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Fig. 6. The algorithm description of the third rule.

grid is imprecise. A new grid line should be added in the
middle of this grid which splits it into two new grids, and
both are half of the original grid.

Continue judging whether the tetrahedron still falls
completely in the new grid. If so, do that step again, and
this time the grid size becomes a quarter of the original
one. Until the tetrahedron does not fall completely into
only one grid, the work is done.

The previous model is still used to illustrate this pro-
cess. In Fig. 7 (a), supposing a tetrahedron ABCD (only

(a)

(b)

Fig. 7. The process for the third rule: (a) Original
schematic diagram and (b) grid line added.

three points A, B, C are shown in the cross section) falls
completely in a grid, it means that this grid is imprecise.
A new grid line should be added as shown in Fig. 7 (b).

In addition, we also consider an extreme case so as
to make the algorithm more general and robust. If a tetra-
hedron falls in a grid and the size of the tetrahedron is
too small compared with the size of the grid, the work
of adding new grid lines will be repeated, resulting in
excessive density. For example, in a microstrip antenna,
the thinnest layer of material needs to be divided into
two grids along the thickness direction, while a smaller
mesh is unnecessary. Therefore, we add a new step that
allows operators themselves to input the expected min-
imum grid size into the program to avoid too small a
mesh. When the mesh size calculated by the algorithm is
smaller than the expected value, the program will retain
the previous grid lines without further processing.

To summarize, the adaptive mesh generation of the
object needs to generate grid lines in the bounding box,
and these lines should follow the three rules as men-
tioned above. The whole process can be described as:
Find the demarcation points of the object according to
the first rule, and drop the grid lines on these points.
Then add grid lines evenly to ensure that all grids are less
than one-tenth of the wavelength, satisfying the second
rule. Finally, the sizes of tetrahedral meshes are com-
pared with the sizes of grids, and more grid lines are
added only at the fine structure of the object. All grid
lines for the subdivision are shown in Fig. 8.

Fig. 8. The final subdivision result.

B. Use Yee cells to reconstruct the target object
From part A, grid lines are generated. Supposing the

shadow part represents the entity object in Fig. 9, the key
for the object discretization by Yee cells is to determine
which Yee cells are located in the object. That is, to com-
pare the position of every center point of Yee cells with
the actual location of the object.
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Fig. 9. The grid lines and Yee cells.

Before we import the algorithm of determining
whether a point is inside an object in three dimensions,
we first introduce a special situation judging whether a
point is on a plane in two dimensions in order to make it
easier to understand. And in this situation, it also has a
practical use because in some structures the metal layer
of the object can be seen as non-thickness, which can
reduce the amount of mesh. We just need to mark the
index numbers of grids where the metal is and set the
tangential electric fields to zero on these locations.

According to the front-end data, the surface of the
object is formed by several triangles. The key to judge
the positional relationship between a point and a plane is
to judge it between a point and a triangle. If a point is in
one of the triangles forming the plane, the point must be
in that plane.

Suppose the three vertices of a triangle are A, B, C,
and the vertices are in anticlockwise direction. P is the
point to be tested. According to the mathematical for-
mula, if the results of three cross-product expressions
have the same sign, the point P is in the triangle ABC.CP×CA

AP×AB
BP×BC

 . (1)

After we have finished the case in two dimensions,
now let’s look at the circumstance in three dimensions.
Based on the front-end data, the object is formed by sev-
eral tetrahedrons. The key to judge the positional rela-
tionship between a point and an object is to judge it
between a point and a tetrahedron. We use directed vol-
ume to finish the judgment in three dimensions, and this
is an analogy to the two dimensions.

Suppose there are four vertices of a tetrahedron A,
B, C, D, and the vertices are in anticlockwise direction.
P is the point to be tested.

Assuming the coordinates of the five points A, B, C,
D, P are, respectively,

A = (x1,y1,z1),
B = (x2,y2,z2),
C = (x3,y3,z3),
D = (x4,y4,z4),

P=(x,y,z) ,
and according to the cross products algorithm, the for-
mula for calculating the directed volume of tetrahedron
can be regarded as the calculation of determinant. For
example, the formula for calculating the volume of tetra-
hedron ABCD is

Vabcd =

∣∣∣∣∣∣∣∣
x1 y1 z1 1
x2 y2 z2 1
x3 y3 z3 1
x4 y4 z4 1

∣∣∣∣∣∣∣∣ . (2)

We can use the coordinates of point P to replace
points A, B, C, and D, respectively and get the results of
the other directed volume of tetrahedrons BCDP, ACDP,
ABDP, ABCP in sequence. Judge and compare whether
these five values have the same sign. If they have the
same sign, it is proved that the point P is located in the
tetrahedron ABCD, and vice versa [10].

Using the algorithm mentioned above, we can mark
the Yee cells that are located inside the tetrahedron, and
these Yee cells must also be located inside the object.
By traversing all tetrahedrons, we can find all Yee cells
which are inside the object, and according to the posi-
tions of them we can restore the object.

III. EXAMPLES AND RESULTS
In this section, we illustrate the efficiency and the

robustness of the adaptive mesh generation method for
FDTD simulation. The first model is an electrically large
aircraft model, which is chosen to verify the stability
of the method in processing a large number of meshes.
The second model is a rectangular microstrip patch array,
which is used to show the accuracy of the non-uniform
grid generation technique. A schematic of a human skull
serves as the third model, demonstrating the ability of
our algorithm to handle complicated models. In all exam-
ples, we use CPML as absorbing conditions. For the
meshes in absorbing boundary, we use uniform meshes,
and the sizes are one-tenth of the wavelength in air. The
meshes between object and absorbing boundary are also
one-tenth of the wavelength in air. These meshes are
all added directly in our FDTD computation process. In
order to present partition results more clearly, we don’t
add these meshes in subdivision pictures. The total num-
ber of meshes is only calculated in the object area.

A. The aircraft model
We use an aircraft model to verify the performance

of the program based on the meshing algorithm men-
tioned before. The fuselage of the plane is about 20 m.
The height is 3.78 m, and the wingspan is 13.20 m. The
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simulation frequency range is from 0.1 GHz to 0.5 GHz.
According to the second rule in the last part, the max-
imum size of the mesh should be less than one-tenth of
the wavelength, we finally choose it as 0.05 m. The mini-
mum size of the mesh is 0.015 m. For all meshes, 0.05 m
refers to the largest side length, while 0.015 m refers to
the smallest side length. The smallest side and the largest
side, however, may not exist in one single mesh. On the
basis of adaptive mesh generation algorithm, the num-
ber of grids in the modeling area is 643 × 393 × 79 =
19,963,221. The original model is shown in Fig. 10 (a),
while the model discretized by Yee cells is shown in
Fig. 10 (b). An enlarged image of the discretized rear
side of the aircraft is shown in Fig. 10 (c).

(a)

(b)

(c)

Fig. 10. Aircraft model and subdivision results: (a) Orig-
inal model, (b) subdivision results and (c) a part of dis-
cretized rear side of the aircraft.

The radar cross section (RCS) of this model is cal-
culated by using the electromagnetic simulation soft-
ware CST. We use the FIT engine in CST with hex-
ahedral meshes. Meanwhile, the FDTD method is also
used to calculate the RCS based on the subdivision mesh
in Fig. 10. We also employ the message passing inter-
face (MPI) method to save time. This method of par-
allel processing may distribute the entire computation
work among several processor nodes, increasing calcu-
lation speed. After setting the incident plane wave from
the belly of the aircraft, the RCS results over frequency
are shown in Fig. 11. The RCS results on phi = 0 and phi
= 90 plane at 250 MHz are shown in Fig. 12.

 
(b) 

 
(c) 

 

Fig. 10. Aircraft model and subdivision results: (a) 

Original model, (b) subdivision results, (c) a part of 

discretized rear side of the aircraft. 
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Fig. 11. Radar cross section results over frequency. (a) 

Forward RCS. (b) Backward RCS. 

 
(a)                                       (b) 

 

Fig. 12. Radar cross section results at 250 MHz: (a) phi 

= 0, (b) phi = 90. 

 

We can see from Fig. 11 and Fig. 12 that the 

simulation results obtained by CST software and the 

FDTD method are consistent with each other, which 

verifies the stability of the adaptive mesh generation 

method proposed in this paper. 

 

 

B. 2×2 rectangular microstrip patch antenna array 

The second model is a patch antenna array. The 

antenna contains three parts: patch, dielectric substrate, 

and ground floor. The relative permittivity of the 

substrate is 2.2, and the thickness is 6 mm. The structure 

of the antenna is shown in Fig. 13, and the values of the 

parameters are given in Table 1. 

 
Fig. 13. Top view of the patch antenna array. 

 

Table 1: Parameters of the patch antenna array  

Parameter 
Length 

(mm) 
Parameter 

Length 

(mm) 

Metal 
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0.12 Lp 36.8 

Wm 8 Wp 48 

W1 1.7 Sy 101 

Lm 23 Sx 88 

L1 45.3   
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minimum mesh size is 0.12 mm. According to the 
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Table 1: Parameters of the patch antenna array  

Parameter 
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(mm) 
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(mm) 
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thickness 
0.12 Lp 36.8 

Wm 8 Wp 48 
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The simulation frequency range is from 2.2 GHz to 

2.7 GHz, and the operating frequency is 2.4 GHz. The 

minimum mesh size is 0.12 mm. According to the 

adaptive mesh generation algorithm, the number of grids 

in modeling area is 44 × 62 × 5 = 13,640. The original 
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Fig. 11. Radar cross section results over frequency: (a)
Forward RCS and (b) backward RCS.

We can see from Figs. 11 and 12 that the simulation
results obtained by CST software and the FDTD method
are consistent with each other, which verifies the stability
of the adaptive mesh generation method proposed in this
paper.
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minimum mesh size is 0.12 mm. According to the 

adaptive mesh generation algorithm, the number of grids 

in modeling area is 44 × 62 × 5 = 13,640. The original 
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the patch and substrate are separately shown in Fig. 14 
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Fig. 10. Aircraft model and subdivision results: (a) 

Original model, (b) subdivision results, (c) a part of 

discretized rear side of the aircraft. 
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calculated by using the electromagnetic simulation 
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also used to calculate the RCS based on the subdivision 
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interface (MPI) method to save time. This method of 

parallel processing may distribute the entire computation 

work among several processor nodes, increasing 

calculation speed. After setting the incident plane wave 

from the belly of the aircraft, the RCS results over 

frequency are shown in Fig. 11. The RCS results on phi 

= 0 and phi = 90 plane at 250 MHz are shown in Fig. 12. 

 
(a)                                       (b) 

 

Fig. 11. Radar cross section results over frequency. (a) 

Forward RCS. (b) Backward RCS. 
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Fig. 12. Radar cross section results at 250 MHz: (a) phi 

= 0, (b) phi = 90. 
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simulation results obtained by CST software and the 
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verifies the stability of the adaptive mesh generation 

method proposed in this paper. 
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of the antenna is shown in Fig. 13, and the values of the 

parameters are given in Table 1. 
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antenna contains three parts: patch, dielectric substrate,
and ground floor. The relative permittivity of the sub-
strate is 2.2, and the thickness is 6 mm. The structure
of the antenna is shown in Fig. 13, and the values of the
parameters are given in Table 1.

The simulation frequency range is from 2.2 GHz
to 2.7 GHz, and the operating frequency is 2.4 GHz.
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Fig. 13. Top view of the patch antenna array.

The minimum mesh size is 0.12 mm. According to
the adaptive mesh generation algorithm, the number of
grids in modeling area is 44 × 62 × 5 = 13,640. The
original model is shown in Fig. 14 (a). The tetrahedral
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14 (c), and the thin feed lines partial of the model is 

enlarged in Fig. 14 (d). 
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Fig. 14. Patch antenna array model and subdivision 

results: (a) Original model, (b) tetrahedral meshes, (c) 

subdivision results, (d) feed lines partially enlarged.  

 

We also use two ways to obtain results. One is by 

using the CST software, the other is by using FDTD 

method based on the subdivision cells in Fig. 14. The 

comparison results of S11 and radiation patterns are 

shown in Fig. 15 and Fig. 16. 

 
Fig. 15. S11 parameter over frequency. 
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Fig. 16. Radiation patterns at 2.4 GHz: (a) phi = 0, (b) 

phi = 90. 

 

It can be seen from Fig. 15 and Fig. 16 that two 

groups of results are consistent with each other. Because 

the feed lines in the network are very narrow, a little 

change in the width of lines can lead to the 

electromagnetic performance variation of the antenna. 

Therefore, the high precision of the mesh generation 

algorithm proposed in this paper can be verified through 

this example. 

 

C. The human skull model  

We use this example to illustrate the performance of 

our method in dealing with complicated models. The 

whole model consists of many organs and skin tissues: 

skull, trachea, brain, eyes, tongue, teeth, jaw, etc.  [11]. 

The simulation frequency range is from 1 GHz to 5 GHz. 

The maximum size of the mesh should be less than one-

tenth of the wavelength; we finally chose 2 mm. The 

minimum size of the mesh is 0.5 mm. The total number 

of grids in the modeling area is approximately 7,400,000. 

The original model is shown in Fig. 17, while the model 

discretized by Yee cells is shown in Fig. 18. 
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Fig. 14. Patch antenna array model and subdivision
results: (a) Original model, (b) tetrahedral meshes, (c)
subdivision results and (d) feed lines partially enlarged.
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Fig. 16. Radiation patterns at 2.4 GHz: (a) phi = 0 and
(b) phi = 90.

meshes for the patch and substrate are separately shown
in Fig. 14 (b). The model discretized by Yee cells is
shown in Fig. 14 (c), and the thin feed lines partial of
the model is enlarged in Fig. 14 (d).

We also use two ways to obtain results. One is by
using the CST software, the other is by using FDTD
method based on the subdivision cells in Fig. 14. The
comparison results of S11 and radiation patterns are
shown in Figs. 15 and 16.

It can be seen from Figs. 15 and 16 that two groups
of results are consistent with each other. Because the feed
lines in the network are very narrow, a little change in
the width of lines can lead to the electromagnetic per-
formance variation of the antenna. Therefore, the high
precision of the mesh generation algorithm proposed in
this paper can be verified through this example.

C. The human skull model
We use this example to illustrate the performance

of our method in dealing with complicated models. The
whole model consists of many organs and skin tissues:
skull, trachea, brain, eyes, tongue, teeth, jaw, etc. [11].
The simulation frequency range is from 1 GHz to 5 GHz.
The maximum size of the mesh should be less than one-
tenth of the wavelength; we finally chose 2 mm. The min-
imum size of the mesh is 0.5 mm. The total number of
grids in the modeling area is approximately 7,400,000.
The original model is shown in Fig. 17, while the model
discretized by Yee cells is shown in Fig. 18.

14 (c), and the thin feed lines partial of the model is 

enlarged in Fig. 14 (d). 

 
(a) 

     
(b) 

 
(c) 

 
(d) 

Fig. 14. Patch antenna array model and subdivision 

results: (a) Original model, (b) tetrahedral meshes, (c) 

subdivision results, (d) feed lines partially enlarged.  

 

We also use two ways to obtain results. One is by 

using the CST software, the other is by using FDTD 

method based on the subdivision cells in Fig. 14. The 

comparison results of S11 and radiation patterns are 

shown in Fig. 15 and Fig. 16. 

 
Fig. 15. S11 parameter over frequency. 

 

 
(a)                                       (b) 

 

Fig. 16. Radiation patterns at 2.4 GHz: (a) phi = 0, (b) 

phi = 90. 

 

It can be seen from Fig. 15 and Fig. 16 that two 

groups of results are consistent with each other. Because 

the feed lines in the network are very narrow, a little 

change in the width of lines can lead to the 

electromagnetic performance variation of the antenna. 

Therefore, the high precision of the mesh generation 

algorithm proposed in this paper can be verified through 

this example. 
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our method in dealing with complicated models. The 

whole model consists of many organs and skin tissues: 

skull, trachea, brain, eyes, tongue, teeth, jaw, etc.  [11]. 
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The maximum size of the mesh should be less than one-
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Fig. 17. Human skull model: (a) Whole model and (b)
inside model without skin and fat.

Fig. 17. Human skull model: (a) Whole model, (b) inside 

model without skin and fat. 

 

              
Fig. 18. Subdivision results: (a) Whole model 

subdivision, (b) inside model subdivision. 

 

Using our approach, the discretized skull model of 

Yee cells is in good agreement with the original one, as 

shown in Fig. 17 and Fig. 18. The findings can 

demonstrate that our technique is capable of handling 

intricate models, since the skull model is made up of a 

variety of organ forms with different shapes. 

 

 

IV. CONCLUSION 
In this paper, a novel method for adaptive FDTD 

mesh generation based on front-end tetrahedral data is 

presented. The first step is to divide a target object with 

grid lines. These grid lines are constrained in the 

bounding box and are placed in a non-uniform way based 

on the structure of the object. The second step is to 

compare the positional relationship between center 

points of Yee cells and the object, which can realize the 

object discretization by Yee cells. Relevant principles 

are explained, and two simulation examples are verified. 

The first example shows the stability and reliability of 

this method in processing a large-scale example. The 

second one shows the accuracy of the non-uniform mesh 

technique. The correctness of the research content is 

proved.  
 

ACKNOWLEDGMENT 
This work was supported by National Natural 

Science Foundations of China (No. 61971340 and 

62122061) and by National Key Research and 

Development Program of China (No. 

2020YFA0709800). 

 

REFERENCES 
[1] K. S. Yee, “Numerical solution of initial boundary 

value problems involving Maxwell's equation in 

isotropic media.,” IEEE Trans, 14, 1966. 

[2] A. Taflove and S. C. Hagness, Computational 

Electrodynamics: The Finite-Difference Time-

Domain Method, 3rd edition, 2005. 

[3] Y. Srisukh, J. Nehrbass, F. L. Teixeira, J.-F. Lee, 

and R. Lee, "An approach for automatic grid 

generation in three-dimensional FDTD simulations 

of complex geometries," IEEE Antennas and 

Propagation Magazine, vol. 44, no. 4, pp. 75-80, 

Aug. 2002, doi: 10.1109/MAP.2002.1043151 

[4] Hui Zhu, Cheng Gao, Hai-lin Chen, Zhen-hua Shi, 

and Xiang-hui Xu, "The research on FDTD mesh 

generation and visualization technology," 2012 6th 

Asia-Pacific Conference on Environmental 

Electromagnetics (CEEM), Shanghai, China, pp. 

282-284, 2012, doi: 10.1109/CEEM.2012.6410622 

[5] W. Sun, C. A. Balanis, M. P. Purchine, and G. 

Barber, "Three-dimensional automatic FDTD mesh 

generation on a PC," Proceedings of IEEE Antennas 

and Propagation Society International Symposium, 

1993, vol.1, pp. 30-33, 1993, doi: 

10.1109/APS.1993.385409W. Heinrich, K. 

Beilenhoff, P. Mezzanotte, and L. Roselli, 

"Optimum mesh grading for finite-difference 

method," IEEE Transactions on Microwave Theory 

and Techniques, vol. 44, no. 9, pp. 1569-1574, Sept. 

1996, doi: 10.1109/22.536606 

[6] Y. Gong, Z. Wu, and Z. Dai, “Convex object Yee 

cell model building based on convex geometries,” 

Journal of Tsinghua University, 47(9): 1521-1525, 

2007. 

[7] Liang Hui and Song Zuxun. "fdtd mesh-generating 

and visual realization based on triangle- patch,” 

Computer Simulation, 26(11): 106-109 (in 

Chinese), 2009. 

[8] Z. Yu, W. Zhao, L. Xu, and X. Shi, "A novel mesh 

generation method for FDTD without ray-tracing," 

2017 Sixth Asia-Pacific Conference on Antennas 

and Propagation (APCAP), Xi'an, China, pp. 1-3, 

2017, doi: 10.1109/APCAP.2017.8420508 

[10] J. W. Boardman, “Analysis, understanding, and 

visualization of hyperspectral data as convex sets in 

n space,” Proceedings of SPIE - The International 

Society for Optical Engineering, 1995, 2480:14-22, 

1995. 

[11] S. N. Makarov, G. M. Noetscher, J. Yanamadala, M. 

W. Piazza, and S. Louie, “Virtual human models for 

electromagnetic studies and their applications,” 

IEEE Reviews in Biomedical Engineering, 10: 95-

121 [Online], 2017. Available: 

https://www.nevaelectromagnetics.com/vhp-

female-2-2 

 

 

 

 

Fig. 18. Subdivision results: (a) Whole model subdivi-
sion and (b) inside model subdivision.

Using our approach, the discretized skull model of
Yee cells is in good agreement with the original one, as
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shown in Figs. 17 and 18. The findings can demonstrate
that our technique is capable of handling intricate mod-
els, since the skull model is made up of a variety of organ
forms with different shapes.

IV. CONCLUSION
In this paper, a novel method for adaptive FDTD

mesh generation based on front-end tetrahedral data is
presented. The first step is to divide a target object
with grid lines. These grid lines are constrained in the
bounding box and are placed in a non-uniform way
based on the structure of the object. The second step
is to compare the positional relationship between cen-
ter points of Yee cells and the object, which can realize
the object discretization by Yee cells. Relevant princi-
ples are explained, and two simulation examples are ver-
ified. The first example shows the stability and reliabil-
ity of this method in processing a large-scale example.
The second one shows the accuracy of the non-uniform
mesh technique. The correctness of the research content
is proved.
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