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Abstract — Analyzing the electromagnetic (EM) scat-
tering properties of high-speed moving objects is a hot
research topic in recent years. However, EM calculations
for high-speed moving targets always involve challenges
of high computational complexity and low computa-
tional efficiency. In this paper, we integrate the Message
Passing Interface (MPI) based parallel finite difference
time domain (FDTD) method and Lorentz transforma-
tion to calculate the EM scattering of a moving metal
sphere coated with time-varying plasma. Subsequently,
by comparing the outcomes of the proposed Parallel
FDTD approach with the serial computing results, the
validity of the Parallel FDTD method is validated. Addi-
tionally, for a moving and time-varying plasma sheath
coated object, the impacts of the time-varying parame-
ters and plasma parameters on the EM scattering proper-
ties are investigated using the Parallel FDTD approach.
The results indicated that the MPI-Based Parallel FDTD
approach displays almost identical precision as the serial
approach. Furthermore, the Parallel FDTD approach can
enhance computation speed and significantly reduce the
computation time.

Index Terms — electromagnetic (EM) properties, Lorentz
transformation, Message Passing Interface (MPI), mov-
ing target, Parallel finite difference time domain (FDTD)
method, time-varying plasma.

L. INTRODUCTION
Research on the electromagnetic (EM) scattering of
high-speed moving targets is a popular research topic due
to its broad range of applications in identifying moving
targets and exploring deep space [1H8] such as detec-
tion and identification of moving satellites, aircraft, and
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ships. Furthermore, investigating the interaction between
EM and moving targets is crucial for understanding the
propagation principle of EM waves in complex media
and improving the performance of wireless communica-
tion and radar systems. Harfoush et al. [4] utilized rel-
ativistic boundary conditions (RBC) based on the finite
difference time domain (FDTD) approach to investigate
the scattering field from one-dimensional (1-D) and two-
dimensional (2-D) conducting moving objects. Zheng et
al. [5] proposed the representation of the incident wave
in the Lorentz-FDTD method and analyzed the double-
Doppler effect from a moving dielectric target. Zhang
and Nie [[6] proposed the combined method of the RBC
and the FDTD to calculate the radar cross-section (RCS)
of a moving metal target. Zheng et al. [7] analyzed the
scattered fields from a moving conducting target, and the
results show that the amplitude and frequency of scat-
tered fields are modulated by the velocity of the target.
Zheng et al. [8] studied the micro-motion state of a mov-
ing target using the Lorentz-FDTD algorithm, and dis-
cussed the effect of the micro-motion state on EM echo.
The EM scattering of high-speed moving dielectric or
metallic targets has been extensively analyzed. However,
there is still a lack of research on the EM scattering anal-
ysis of moving dispersive media.

The FDTD method is a widely used approach for
solving EM problems and has been extensively applied
in EM scattering calculations [9-H12]. However, the cal-
culation accuracy and stability are limited by the spatial
and temporal discretization sizes in FDTD. Therefore,
traditional serial FDTD methods are inadequate for
large-scale EM calculations, as they cannot meet the
requirements of high computing speed and large mem-
ory computation. To address these issues, an increasing
number of researchers are adopting the FDTD method
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combined with parallel calculation methods for EM scat-
tering calculations to achieve higher computational effi-
ciency. Varadaraian and Mittra [13] utilized Parallel
Virtual Machine (PVM) to implement Parallel FDTD
simulations and investigated the three-dimensional (3-D)
rectangular resonant cavity problem. Guiffaut and Mahd-
joubi [14] developed a Parallel FDTD computations
method based on the Message Passing Interface (MPI).
Stefanski and Drysdale [15] were the first to imple-
ment parallel acceleration in the EM problem calcula-
tion of the anisotropic medium with alternating direc-
tion implicit FDTD (ADI-FDTD) method. Duan et al.
[L6] implemented a high-performance Parallel FDTD
computation on multi-core of PC-Cluster using Winsock
and multi-threaded method, and the results show that
this method can significantly speed up the computation
as well as improve the computation efficiency. Mao et
al. [17] analyzed two different moving window FDTD
(MW-FDTD) parallel approaches to simulate the EM
propagation in tunnels, and both methods have high
accuracy. Chakarothai et al. [18] developed a large-scale
Parallel FDTD method using the GPU cluster of the
TSUBAME system for numerical exposure of a human
body to EM fields. Lei et al. [19] studied the scatter-
ing properties of electrically large coated objects, such as
warships and planes, by employing the MPI-Based Par-
allel FDTD approach. Yang and colleagues proposed a
3-D parallel anisotropic medium FDTD method for the
EM computations in anisotropic media [20-22]]. Duan
et al. [23] introduced the parallel Auxiliary Differential
Equation FDTD (ADE-FDTD) method to solve the EM
problems of plasma, which can reduce calculation time.
Wang et al. [24]] proposed a novel conformal surface cur-
rent approach based on the Paralle]l FDTD method, pro-
viding a potential solution for handling large-scale EM
calculation problems. Shi et al. [25] investigated a hybrid
Parallel FDTD algorithm to solve EM scattering calcula-
tions of electrically large objects, and the results indicate
that this approach can improve computing speed.

When applying the Lorentz-FDTD method to inves-
tigate time-varying and moving dispersive medium tar-
gets, the considerable computational effort is required
for EM calculation. Therefore, the application of paral-
lel Lorentz-FDTD methods for analyzing time-varying
and moving plasmas is meaningful. Considering that the
plasma sheath generated around high-speed moving tar-
gets is always time-varying, this paper combines the
MPI-Based Parallel FDTD method with Lorentz trans-
formation to calculate the EM scattering properties of
a moving object coated with time-varying plasma. By
integrating parallel processing techniques, the FDTD
method can significantly accelerate the computation pro-
cess and reduce computation time, thereby expanding the
scope of applications for numerical simulation methods.

ACES JOURNAL, Vol. 40, No. 02, February 2025

II. METHOD
In this section, the Lorentz transformation, Paral-
lel FDTD method, and ADE-FDTD method will be
discussed.

A. Lorentz transformation

In the analysis of EM scattering problems from
moving targets, as shown in Fig. [T] two reference frames
are considered: a moving reference frame K’ and a lab-
oratory reference frame K. Here, the target moves at the
speed V in the system K, and the system K’ moves at the
same speed V relative to system K. Thus, the target is sta-
tionary in the system K’. Due to relativistic covariance,
EM scattering problem of the moving target can be trans-
formed into the moving reference frame for a solution.

(1) Time and space increment transformation

When performing the EM calculation for a moving
dispersive medium target, the time and space increment
need to be transformed between the reference frame
K’ and K. Assuming the target moving at the velocity
v, the time and space increment transformation formu-
las between these two reference frames are as shown

in (I)-@):
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where ¥ = 1/4/1— 2, B = v/c, and c is the speed of
light in free space, v is the speed of the target. v, =
[V| sin 6, cos @, v, = [V|sin O, sin @,, v, = |V| cos 6,. The 6,
denotes the angel between Vv and +z axis, and the ¢,
denotes the angle between the projection of v on xOy and
~+x axis.

(2) Introduction of incident waves

When converting the EM problems to the reference
frame K’, the incident wave defined in the reference
frame K also needs to be introduced into the reference
frame K’. According to the principle of the phase invari-
ance of Lorentz transformation in (E]), the amplitude and
frequency of the incident wave in the reference frame K’
are obtained by (6)—(7):

;t — xk; sin 6; cos @; — yk; sin 6; sin ¢; — zk;cos 6; =



Fig. 1. The two reference frames of Lorentz-FDTD.
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where w;, Ey denotes the frequency and amplitude of the
incident wave in the reference frame K. The 6; is the
angle between the incident wave vector k; and the +z
axis, and ¢; is the angle between the projection of the
incident wave vector k; in the xoy plane and the +x axis.
And vy is the angle between the incident electric field and
the velocity of the target, cos Y = dg - d,.

(3) EM fields transformation

After introducing the incident wave into the refer-
ence frame K’, the EM scattered fields can be calculated
using the FDTD method. Since the EM fields in the two
reference frames follow the Lorentz transformation [26],
the EM scattered field components can be derived by per-
forming the inverse Lorentz transformation. The trans-

formation formulas are shown in (§)—(©):
!

E -
E=y(E' —vxB)+(14+7) =, ®)

1 By

B. Auxiliary Differential Equation (ADE)-FDTD
method
Maxwell’s equations in the collision non-
magnetized plasma are given as follows [9]:
JB

VXE:—j, (10)
oD

V><H=§+J, (11)

D(w)=¢(0)E(w), (12)

where the frequency domain expression for the polariza-
tion current J , is:
Jp =joey (0)E (). (13)
According to (T2), the intrinsic relationship in the
frequency domain for the dielectric coefficient is:

D(0) = €(0)E (o) = &e-+x (0) E ()
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=&&-E (0) + & (0) E (0), (14)
where € () denotes the dielectric coefficient of the
plasma, and x (®) is the polarization rate of the plasma.

(1) ADE-FDTD for Drude model
The polarization rate of the Drude medium is

described as follows:
2

S - 15
Substituting equation (I3)) into (T3):
@2
=jogy——"—E (). 1
Jp (@) stoco(a)—jvc) (@) (16)

By applying the operator conversion relation jo —
d/dt from the frequency domain to the time domain
[27], equation (I6) transforms to:

9* ) oE
arJ2p +vc% = —g} (1) e (17)

By integrating both sides of equation (I7), the iter-
ative formula of J,, shown in equation (I8) is obtained
after discretizing the differential equation. The coeffi-
cients are presented in equation (I9):

Jpn+l — kapn +ﬁp (En+l +En) . (18)
The coefficient in (I8) is shown in (T9):

k — 2—v. At
14 2+VeAt

CAGEY A (19)
By = 2T VAl
Substituting equation (I8) into (T3], and then the
iterative formula for electric field is obtained:

E"™ =CAeE"+CBe {[V x H"1/2 — % (1 +k,,)J,,"},

(20)
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(2) FDTD computational region

For EM scattering problems, a connecting boundary
is typically introduced within the FDTD computational
region. When FDTD is applied to scattered field calcula-
tions, the FDTD computation area is divided into a total
field region and a scattered field region. To model EM
problems in unbounded space within a limited compu-
tational region, absorbing boundary conditions are nec-
essary on the truncated boundaries of the computational
region. To obtain the scattered field outside of the com-
putational domain, using the equivalence principle, the
far-zone scattered field can be obtained from the near-
zone scattered field by at the output boundary. The divi-
sion of the FDTD computational region is shown in

Fig.[2]

C. Parallel FDTD method
In this paper, a combined mode of master-slave and
peer-to-peer modes are adopted for the calculation of
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Scattered field region / Absorption boundary

Scattered field region
Total field region —1 Output boundary
Target [
Connecting boundary

Fig. 2. The division of the FDTD computational region.

)
1

Fig. 3. Region divide using the 3-D mode.

EM scattering from a moving metal coated with time-
varying plasma. The detailed flowcharts of the master
process and slave processes are shown in Figs. [4] and [5]
respectively. By using the Parallel FDTD method, we can
significantly improve resource utilization and reduce the
calculation time, especially when the hardware resources
are limited.

In the master process, prior to employing the Paral-
lel FDTD method for EM calculations, the FDTD cal-
culation area is initially divided into sub-domains. A 3-
D region dividing approach is adopted in this paper, as
illustrated in Fig. 3] When the region is divided into
sub-domains, each sub-domain can exchange informa-
tion with one another.

As Fig. @ illustrates, the master process is primarily
responsible for assigning computation tasks to each slave
process and collecting and processing data once all slave
processes have completed their computation tasks.

As shown in Fig.[3] the slave processes are account-
able for receiving the tasks assigned by the master
process. Each process performs the iterative update of
EM fields using the ADE-FDTD method, along with
the computation of the connection boundary, absorption
boundary, and output boundary. Once all processes have
completed their calculation tasks, the calculation results
are transmitted to the master process.
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Fig. 4. The flowchart of the master process in Parallel
FDTD method.
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Fig. 5. The flowchart of the slave processes in Parallel
FDTD method.



III. NUMERICAL RESULTS

A. Validation of parallel Lorentz-FDTD method

As an example, the scattered fields in the time
domain and the monostatic RCS from a plasma sphere
are calculated. The radius of the plasma sphere is 10 cm.
In this section, the serial calculation results are compared
with the parallel calculation results and the results of the
plasma sphere with v = 0 m/s calculated by the parallel
Lorentz-FDTD are compared with the results calculated
using the ADE-FDTD method.

The space increment is set as dx’'= dy' = dz’ = 0.005
m, and the time increment satisfies the Courant stability
criterion: dt’ < dx’/+/3c, c is the is the speed of light in
free space. The incident direction is 6; = 0°, ¢; = 0° and
a = 0°. The receive angle of the scattered wave is 0; =
180°, ¢, = 180°.

As shown in Figs. @ (a) and (b), the corresponding
time-domain scattered field and RCS results calculated
with serial and parallel methods are presented when the

005 T T T T T T T T
—e— Lorentz-FDTD(v=0 serial)
0.04 |- —+— ADE-FDTD b

—s=— Lorentz-FDTD(v=0 1x2x1)
0.03 |- ]

0.02 B
0.01 B

0.00 J

-0.01 B

amplitude [V/m]

-0.02 B

time [ns]

(a)

0 T

—— Lorentz-FDTD(v=0 serial)
—— ADE-FDTD i

-40

RCS [dBsm]

—=— Lorentz-FDTD(v=0 1x2x1)

60 |- i

-80 1 1 1
0 1 2 3 4

frequency [GHZz]
(b)

Fig. 6. The validation of parallel Lorentz-FDTD method:
(a) scattering fields in the time domain and (b) monos-
tatic RCS.
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target velocity is O m/s. In addition, the results calcu-
lated by the parallel Lorentz-FDTD method when v = 0
are also compared with the conventional ADE-FDTD
results. From Figs. @ (a) and (b), it can be seen that the
serial and parallel results agree well, and the results of
the Lorentz-FDTD method are also consistent with the
conventional ADE-FDTD method, so the validity and
accuracy of the parallel Lorentz-FDTD method is veri-
fied.

Figure [/| presents the monostatic RCS results cal-
culated using the serial and parallel method when the
plasma sphere is moving at v = 0.01c. The results in
Fig. [7/| demonstrate that the serial and parallel calcula-
tions are in good agreement. Thus, the Parallel FDTD
method has almost the same precision as the serial com-
putation when calculating the EM scattering from mov-
ing targets.

20

RCS [dBsm]

—a— serial
—40 —o— 1x2x2H
—o— 2x2x2

frequency [GHz]

Fig. 7. Monostatic RCS of the plasma sphere moving at
v=0.01c.

B. EM scattering properties of moving metal sphere
coated time-varying plasma sheath

In the simulation of this section, the EM scatter-
ing properties from a moving 3-D metal sphere coated
with time-varying plasma are calculated and analyzed. A
Gaussian pulse wave with an amplitude of 1 V/m, and
7 =1.7/B, B =4GHz, and ty = 0.87. The amplitude of
the incident wave in the frame K’ can be derived using
the Lorentz transformation. The formula of the incident
wave source in the frame K’ is as show in (22). The
space grid is set as dX'=dy'=d7 = § = 0.0037m, and
the time increment satisfies the Courant stability crite-
rion: dt’ < dx'/+/3c. The radius of the metal sphere is
400, and the thickness of the plasma is 58. The direction
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of the incident wave is 6; = 90° and ¢; = 90°:
4 2 t—t 2
E/ (') = Ejexp (—”7’ (Ul ) L@

2
n=v[l-B(a-a), (23)
where E|) is the amplitude of incident wave in the system
K’, and 4; - 4, denotes the dot product of the unit vector
of the incident wave and the unit vector of the speed.
The time-varying electron density of the plasma is
described as follows:

Ne(t) = Neavg (1 + ANe (sin (2x fot))), 24)
where Neavg= 3x10'® m~3 denotes the average elec-
tron density of the time-varying plasma, ANe = 0.3
denotes the variation range of electron density, and fy
= 80 MHz is the time-varying frequency.

Figure [8] (a) displays the scattering fields in the
time domain for targets moving at velocities of v = 0,

0.02 T T T T
v=0
0.01 — - +v=0.05c| A
- =v=0.1c
0.00 N
E
>,-001 E
(5]
=]
2 -002 E
g
S -003 E
-0.04 E
-0.05 E
1 1 1 1
0 2 4 6 8 10

time [ns]

=
(223
o
E‘ -
wn
&
-40 .
-50 _
-60 1 1 1
0 1 2 3 4
frequency [GHZz]
(b)

Fig. 8. Scattered field results of metal sphere coated with
time-varying plasma at different velocities: (a) scattered
fields in the time domain and (b) monostatic RCS.
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0.05¢, and 0.1c. The results indicate that when the tar-
get’s motion direction is aligned with the incident direc-
tion, the scattered wave experiences a delay in the time
domain. Moreover, the greater the velocity, the greater
the delay. Surprisingly, the amplitude of the scattered
wave increases slightly with an increase in velocity. As
shown in Fig. [§](b), a monostatic RCS is observed with a
shift towards the low-frequency band if the target moves
along the incident direction (v>0). Moreover, the higher
the speed, the more evident the RCS shift towards the
lower frequency band.

Table [I] presents the serial and parallel computing
times for three different speeds when the partitioning
mode is the same (both 2x2x2) but the total running
time steps are different. Besides, the parallel accelera-
tion ratio (S,) was calculated according to the serial and
parallel computing times. The results in Table [I] indi-
cate that, for three different motion speeds, the simula-
tion time used by the parallel method is different when
the total simulation time step is different but the target
motion speed and the computational region are divided
in the same way. Moreover, it can be seen from the data
in Table [I] that the larger the total running time step,
the higher the parallel acceleration ratio. A larger time
step indicates a higher computational complexity. This
implies that the Parallel FDTD algorithm for EM scat-
tering calculations of moving targets coated with time-
varying plasma sheath computes faster and more efficient
when the computational complexity is higher.

Next, the effect of different plasma time-varying
parameters on target EM scattering will be discussed,
respectively.

Figure [9] displays the monostatic RCS for differ-
ent average electron densities Neavg of the time-varying
plasma when the target moves along the +y axis at a
velocity of v = 30Mach. The partitioning mode is set
as 1x2x 1. From Fig.[g it can be seen that as the aver-
age electron density of time-varying plasma increases,
the RCS also increases continuously. This is because a

Table 1: The calculation time comparison between the
parallel Lorentz-FDTD method and the serial method

v Time Serial Parallel Sp
(m/s) | Steps Time (s) Time (s)

6500 | 4002.7243 | 812.7958 | 4.925
0 8000 | 5479.5720 | 999.8317 | 5.480
10000 | 8847.1129 | 1360.779 | 6.502
6500 | 3742.7816 | 1044.247 | 3.584
0.05 8000 | 4240.9656 | 1064.220 | 3.985
10000 | 5951.7948 | 1183.002 | 5.031
6500 | 4022.4639 | 1090.065 | 3.690
0.1 8000 | 4196.1614 | 1104.651 | 3.799
10000 | 5291.8946 | 1219.548 | 4.339




—a— Neavg=1x10"8 m3(1x2x1)
—s— Neavg=3x10"® m3(1x2x1)||
—a— Neavg=8x10"8 m3(1x2x1)

-10

RCS [dBsm]

frequency [GHz]

Fig. 9. Monostatic RCS of metal sphere coated with
time-varying plasma under different average electron
densities Neavg.

higher average electron density corresponds a higher the
cutoff frequency of the plasma and stronger ability of
the plasma sheath to backscatter the EM waves. This is
because the time-varying characteristic of the electron
density in the plasma sheath causes the cutoff frequency
to vary with time, resulting in oscillations in the back-
ward RCS.

Figure [10| presents the monostatic RCS for different
variation ranges of electron density of the time-varying
plasma ANe. The partitioning mode is set as 2x2x1.
As observed in Fig. [I0] the monostatic RCS increases

0 T T
—— ANe=0.2(2%2X1)
—— ANe=0.3(2%2X1)
10 b —— ANe=0.6(2%2X1)

RCS [dBsm]
2
—d o 4 p

frequency [GHz]

Fig. 10. Monostatic RCS of metal sphere coated with
time-varying plasma under different ANe.
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0 T T
=20 MHz(2%2x2)
!\ —— f,=40 MHz(2x2x2)
10 F —— =120 MHz(2x2x2)| |
L&
=y [ :
B 204
g |
=
a 30 .
g -
40 ¥ 4
50 1 1 | 1 !
0 1 2 3 4 5 6

frequency [GHz]

Fig. 11. Monostatic RCS of metal sphere coated with
time-varying plasma under different time-varying fre-
quencies fjy.

slightly with ANe. The main reason is that when ANe
changes, the range of variation in plasma electron density
is small. Therefore, the reflection ability of the plasma
sheath on the EM wave has little effect, which leading to
minimal changes in the backward RCS.

Figure [T1] displays the monostatic RCS for differ-
ent time-varying frequencies of the plasma. The total
time step is set as 40000, and we choose the partition-
ing mode 2x2x2 to speed up the simulation time. As
shown in Fig. it can be seen that monostatic RCS
remains nearly invariant with the time-varying frequency
fo- This is because the average electron density remains
unchanged in each case. Additionally, due to the time-
varying frequency, the target has time-varying scattering
characteristics for EM waves of different frequencies,
which will impact the RCS of the target.

Table [2] presents the calculation time and speedup
ratio (S,) of the Parallel FDTD algorithm for different
partitioning modes at different time-varying frequencies,
when the time steps are all set to 40000 steps. As shown
in Table [2] the calculation time of the parallel method
varies for different partitioning methods, yet the program
running speed is significantly improved.

Besides, as can be seen from the data in Table [2}
the computation speed of a parallel approach is approx-
imately seven times faster than that of a single process.
However, as the number of parallel processes increases,
the speed of parallel computing does not continue to
increase; instead, it shows a relatively gradual decline
as the number of processes increases. This is mainly
because as the number of processes increases, the com-
munication cost becomes higher. The number of grids
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Table 2: The corresponding acceleration ratio of different ~ the monostatic RCS decreases with an increase in col-

parallel schemes under three time-varying frequencies lision frequency. This is because, as the collision fre-
fo Process | Partitioning] Parallel S, quency increases, the absorption of EM waves by the
(MHz) | Number Mode Time (s) plasma sheath is increased, which results in a decrease
1 IxIx1 | 33763.2820 in the RCS.
i I%2x1 6078.145 5555 Figure [I3] shows the monostatic RCS under differ-
12 %) 5679 412 5.945 ent thicknesses of plasma sheath. It can be seen that the
16 Ax4x1 4968570 6795 monostatic RCS decreases with an increase in plasma
20 24 Ax3%x2 4680.543 7214 thickness d. The explanation is that as the plasma thick-
27 3%3%3 4814.949 7012 ness increases, the incident EM wave needs to traverse
32 Axdx2 4931247 6.847 through a thicker layer of plasma. This results in more
36 Ax3%3 5327.205 6338 energy being absorbed or scattered away, and leads to a
1 Ix1Ix1 34259.7538 - lower RCS of the target.
4 2x2x1 7604.478 4.505
12 3x2x2 6225.798 5.503 !
40 16 4x4x1 5381.586 6.366 10-
24 4x3x2 5551.540 6.171 E
27 3x3x3 5583.155 6.136
32 4x4x2 | 5656.259 [ 6.057 =l
36 4x3x%x3 6273.115 5.461 g —— No Plasma
1 IxIx1 | 35509.1384 ~ /A 30 —=— =35 1
4 2x2x1 5975918 | 5.942 ") ——d-58
120 12 3x2x%x2 5213.722 6.811 § -40 7
16 4xdx1 5359.718 6.625 1
24 4x3x%x2 5384.410 6.595 50 F .
27 3x3x3 5585.403 6.357 -
60 .
0 1 2 3 4

needed to transfer data also increases, and the addi-
tional waiting time between the processes will continue
to increase. This results in the parallel efficiency becom-
ing lower and lower.

Figure |12| displays the monostatic RCS under vari-
ous collision frequencies of plasma. As Fig.[T2indicates,

frequency [GHz]

Fig. 13. Monostatic RCS of metal sphere coated with
time-varying plasma with different thicknesses d.

IV. CONCLUSION
. . ‘ In this paper, the MPI-Based Parallel FDTD method
—— v_=100 GHz(3x2x2) and Lorentz transformation are integrated to calculate
—— v_=150 GHz(3x2x2) ] the EM scattering from a moving metal target coated
—— v_=200 GHz(3%2x2)[] with time-varying plasma. The accuracy and validity of

the parallel Lorentz-FDTD algorithm is verified by com-
paring its results with those obtained using the serial
approach. Moreover, the impacts of time-varying prop-
erties, plasma parameters, and motion velocity on the
EM scattering properties of a moving and time-varying
plasma coated target are investigated. The results reveal
that the Parallel FDTD method can enhance the cal-
culating speed and significantly reduce the calculation
time when performing EM calculations regarding time-

RCS [dBsm]

Ad L 1 L L . . . . .
a5 1 2 3 4 5 varying and moving dispersive medium targets. Further-

more, as the computational complexity increases, the
computational efficiency of the Parallel FDTD algorithm
Fig. 12. Monostatic RCS of metal sphere coated with will be further upgraded. Finally, by opting for the appro-
time-varying plasma with different collision frequen- priate number of processes and an optimal partitioning
Ci€S V. mode, it is possible to further enhance the computational

frequency [GHz]



efficiency and significantly abbreviate the computation
time.
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