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ABSTRACT: We present a full-physics simulation workflow for modelling the installation and isolation of flush-mounted antenna arrays
on rockets, which employs a combination of finite array domain decomposition method (FADDM) and shooting and bouncing rays (SBR)
solver. An advanced domain decomposition method is first demonstrated, incorporating ‘non-identical’ unit cells to efficiently solve a
4 x 4 antenna array residing in a metal cavity and operating in the X-band at 8.5 GHz. The proposed workflow eliminates the need
for any computer-aided design (CAD) modifications for constructing conformal geometries of antennas and recesses in the fuselage,
enabling seamless flush mounting of the array into an accurate model of a SpaceX Dragon capsule. The SBR simulation in the workflow
is enabled with essential methodologies such as automatic current conformance, creeping-wave physics, physical theory of diffraction,
uniform theory of diffraction and current source reduction technique to obtain a high-fidelity yet computationally economical solution
that determines radiation characteristics of installed antenna array and isolation between two flush-mounted antenna arrays.

1. INTRODUCTION

pace vehicles and rockets often contain multiple antennas
S for communications, navigation, remote sensing, data relay,
etc. [1-4]. It is well known that crucial antenna characteristics
like radiation pattern and input impedance of the installed an-
tennas are impacted by the surface of the fuselage [5—7]. Fur-
thermore, poor antenna placement can result in inadequate iso-
lation between on-board antennas, which causes electromag-
netic interference (EMI) between the co-sited radio frequency
(RF) systems placed in proximity [8,9]. Measurement of the
antennas installed on rockets is an expensive, time-consuming,
and inconvenient process, as most of these electrically large
platforms require enormous antenna measurement chambers.
Additionally, measurements can only be carried out after the
antenna system is fully installed on the platform, which limits
the analysis of antenna performance at different locations on the
same platform. Therefore, precisely modelling the installation
and isolation of antennas on rockets and other space vehicles is
imperative to the success of a mission, and remains an ongoing
area of research [10].

In recent years, there has been growing interest in flush-
mounted antennas for aerospace applications [11-17], as they
are seamlessly integrated into the skin of the planar and curved
platforms, providing low-profile, less air drag, and more re-
silience to potential corrosion and deformations due to high-
speed mobility as compared to their protruding counterparts.
Flush-mounted antennas do not protrude from the fuselage be-
cause they are usually placed in a cavity created in the vehi-
cle structure such that their radomes align with the outer skin
of the fuselage. Modelling of the flush-mounted antenna ar-
rays on realistic electrically large platforms and accounting for

* Corresponding author: Akshaj Arora (aarora@gradcenter.cuny.edu).

doi:10.2528/PIERC25041701

233

mutual coupling among multiple of such arrays is a challeng-
ing problem. Firstly, significant computer-aided design (CAD)
manipulations are required to create recesses in the fuselage and
conformal geometries of the antennas, and the complexity fur-
ther increases with the number of installed antennas. Secondly,
most space communications are conducted between 300 MHz
and 40 GHz [18], and using full-wave methods like Finite El-
ement Method (FEM), Method-of-Moment (MoM) solvers is
challenging and computationally demanding due to the enor-
mous aspect ratio [19].

One approach to address the challenges associated with
the modelling of antennas on platforms is to utilize domain-
decomposition solvers [20,21], which decompose multi-scale
problems into subdomains. However, in order to achieve sub-
stantial reduction in the computational resource consumption
without sacrificing the accuracy of solution, employing a com-
bination of full-wave and ray-tracing techniques is proven to
be an effective approach. Many hybrid frameworks like the
method of moments-physical optics (MoM-PO) [22, 23], adap-
tive integral method-physical optics (AIM-PO) [24], uniform
geometrical theory of diffraction-antenna current Green’s func-
tion (UTD-ACGF) [25], alternating-direction implicit finite-
difference time-domain (ADI-FDTD) [26], MoM-SBR [27],
and others have been developed to analyze antenna arrays em-
bedded in complex platforms. However, none of these hy-
brid methods incorporate a realistic simulation of antenna ar-
rays within a cavity which includes accounting for the effects
of boundary elements, radome, and metal cavity on antenna
characteristics. Moreover, they lack automatic flush-mounting
capability, necessitating extensive CAD manipulations to in-
tegrate the arrays within the platform. Furthermore, these
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methods utilize only a limited subset of ray-tracing techniques,
which can potentially lead to decreased accuracy.

In this work, we present a high-fidelity hybrid FADDM-SBR
hierarchical simulation workflow in the Ansys high frequency
structure simulator (HFSS) [28] for analyzing the installation
and isolation of antennas on rockets. Historically, antenna ar-
rays are efficiently solved with the finite array domain decom-
position method (FADDM), which allows for modelling of fi-
nite arrays with only a single identical unit cell [29]. In the pro-
posed simulation workflow, we first demonstrate an advanced
FADDM technique for solving a 4 x4 patch antenna array resid-
ing in a metal cavity (Figure 1), which can only be constructed
by using distinct unit cells. This advanced FADDM overcomes
the limitation of traditional FADDM by modelling the antenna
arrays with multiple ‘non-identical’ unit cells, while signifi-
cantly expediting simulations and concurrently reducing mem-
ory overhead in comparison with arrays solved with full-wave
FEM.

Radome

Infinite Ground

Antenna Metal Cavity

Element

Substrate

118.59 mm
22.67 mm

FIGURE 1. Explicit antenna array.

The designed array is modelled with a unique assignment of
the perfectly conducting (PEC) infinite ground plane, which by-
passes the need to cut a hole in the fuselage, allowing for auto-
matic flush-mounting of the antenna array such that it does not
protrude from the fuselage. This method also eliminates the
need to explicitly craft conformal geometries for the antennas.
The near fields obtained from the advanced FADDM are con-
verted into current sources in the SBR simulation to evaluate
the installed antenna performance and determine the isolation
between two such installed antenna arrays on a rocket. SBR is
an asymptotic ray-tracing method; it is a hybridization of phys-
ical optics (PO) and geometric optics (GO), where the PO tech-
nique is extended to multi-bounce geometries by using GO ray-
tracing [30]. SBR method in HFSS is referred to as HFSS SBR+
[28] because it is enabled with the uniform geometrical theory
of diffraction (UTD), physical theory of diffraction (PTD), and
creeping wave physics to account for the diffraction of fields at
high frequencies and beyond the shadow boundary on the plat-
forms [31-34]. The accuracy of the HFSS SBR+ solver has
been validated by both analytical results [35,36] and measure-
ments [37, 38], and its usage has been demonstrated for various
applications like radar signature of realistic objects [39, 40], an-
tennas installed on platforms [32, 41], and advanced driver as-
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sistance systems (ADASs) [36,42,43]. The proposed simula-
tion workflow can be further extended to model the installation
and isolation of antenna arrays on other electrically large plat-
forms like ships, airplanes, and satellites.

This paper is organized as follows. Section 2 discusses the
hybrid-hierarchical simulation workflow, detailing the design
and analysis of an antenna array residing in a metal cavity,
and its installation on an accurate model of a SpaceX Dragon
capsule [44]. The isolation between two antenna arrays em-
bedded in the Dragon platform is discussed in Section 3. Fi-
nally, the proposed hybrid simulation approach is extended to
installed conformal antennas, and is benchmarked against full-
wave FEM simulation in Section 4. All the simulations in this
paper are performed in off-the-shelf HFSS by leveraging mul-
tiple solvers within the software [28].

2. HYBRID SIMULATION WORKFLOW

2.1. Design and Analysis of the Antenna Array in a Metal Cavity

In this study, the 3D component array workflow in HFSS
[28] is leveraged to analyze the antenna array shown in Fig-
ure 1. This is an efficient, iterative domain-decomposition-
based FEM technique for modeling finite periodic structures
with non-identical unit cells; it is an extension of the tradi-
tional FADDM, which was originally used only for solving ar-
rays with single unit cells [29]. To demonstrate this workflow,
we consider a coaxial-fed 4 x 4 rectangular patch antenna array
(Figure 1) operating at 8.5 GHz, which is covered by a dielectric
radome made of teflon (e, = 2.1), and the array along with the
radome resides in a perfect electric metal cavity. The HFSS 3D
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FIGURE 2. (a) Antenna unit cell. (b) Side unit cell. (¢) Corner unit cell.
(d) 3D component antenna array.
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FIGURE 3. Radiation patterns of explicit (solid red line) and 3D component array (short dash black line). (a) zz-plane. (b) yz-plane.

TABLE 1. Dimensions of the unit cells.

variables | length (in mm)
a 19.76
b 50.11
c 12.16
d 6.09
e 32.48

component array method exploits the principle that the antenna
array in Figure 1 can be constructed with three distinct unit cells
(Figures 2(a), 2(b), and 2(c)), whose dimensions are mentioned
in Table 1. After solving these three unit cells separately, the
solver copies the converged mesh to each respective element of
the 3D component array (Figure 2(d)). The domain decomposi-
tion method is employed to divide the array into non-identical
sub-domains that are solved in parallel; it is followed by an
iterative process to stitch solutions between the sub-domains,
which leads to faster simulation time and memory usage reduc-
tion [45]. As shown in Figure 3, the far-field radiation patterns
of explicit (solved with full-wave FEM) and 3D component ar-
rays agree nearly perfectly in the region above the horizon. The
antenna array displays a directive radiation pattern and the peak
realized gains obtained from FEM and advanced FADDM tech-
niques are 18.92 dB and 18.89 dB, respectively.

For antennas placed inside metal cavities, electromagnetic
fields can either exist within the cavity or protrude out from the
top. The fields that contribute to the far-field or near-field pat-
terns, cross-talk between the arrays on the platform, and other
relevant interactions are those that protrude from the cavity.
Since the array is designed to be embedded into the skin of
the SpaceX Dragon capsule model shown in Figure 4, a perfect
electric boundary condition with infinite ground (grey in Fig-
ure 1) is assigned to the top surface of the metal cavity. This
unconventional boundary assignment allows for accurate cap-
turing of electric (£-) and magnetic (H-) fields that protrude
from the cavity as the top-ground plane extends to infinity. It
precludes any truncated ground plane effects, suppressing all
the backward radiation in the FEM or FADDM simulation (Fig-
ure 3). The finite and unusual top-ground surface effects orig-
inating from the platform are introduced when the installed ar-
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FIGURE 4. 4 x 4 3D component antenna array installed on the SpaceX
Dragon capsule.

ray is analyzed in the SBR simulation (Figure 6). This special
boundary assignment along with the near-field link between the
full-wave and ray-tracing simulations bypasses the need to cut
a hole in the fuselage and allows for automatic flush-mounting
of the antenna array.

All simulations are conducted on a 16-core workstation en-
abled with 256 GB RAM, and the simulation criterion of AS <
0.02 is considered for solving the arrays, where AS is the dif-
ference in magnitude of the element input port S-parameters
between the two adaptive passes in the solve process. The solve
times and memory usage for both explicit arrays and 3D com-
ponent arrays (solved with the advanced FADDM) of differ-
ent sizes are given in Table 2. The HFSS 3D component array
workflow applied to the 4 x 4 array reduces the simulation run
time from 4.68 min to 1.88 min and the memory usage from
6.23 GB to 5.06 GB, with a negligible difference of 0.03 dB in
the peak realized gain. For 16 x 16 array, it reduces the simu-
lation run time from 328.66 min to 41.13 min and the memory
usage from 211 GB to 94.1 GB. It is evident that the 3D com-
ponent array workflow achieves greater speedup and reduced
memory requirements as the array size increases, making it an
optimal solution for solving large arrays.
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TABLE 2. Performance comparison between the Explicit Arrays (full-FEM) and 3D Component Arrays (advanced FADDM) in HFSS.

Array Size Explicit Array 3D Component Array
Run Time | Memory Run Time Memory
4x4 4.68 min 6.23GB | 1.88min (2.48x faster) | 5.06GB
8 x 8 26.51min | 26.2GB 5.28 min (5x faster) 23.6GB
16 x 16 328.66min | 211 GB 41.13 min (8x faster) | 94.1 GB

FIGURE 5. Current moments generated by the 3D component antenna array in the HFSS SBR+ simulation. (a) Non-conformal current sources. (b)

Conformal current sources.

2.2. Installed Performance Modeling of Antenna Array Mounted
on Rocket

The antenna characteristics in free-space change when the same
antenna is installed on a platform. This discrepancy is mainly
due to the non-ideal ground plane effects, multi-path effects
due to reflections in metal structures, creeping waves on curved
metal surfaces, and diffraction due to the metal surfaces. HFSS
SBR+ solver was leveraged to evaluate the performance of the
installed antenna array shown in Figure 2(d), and it utilizes ge-
ometrical optics (GO) to launch many rays weighted by the
current distribution of the transmitting antenna, which ‘paint’
physical optics (PO) currents on the surface of the platform. A
coherent sum of the radiation contributions from the distributed
currents is then directed towards the observation point to obtain
the radiation pattern of the antenna integrated in the platform.
In this section, the installed antenna performance of the pro-
posed 3D component antenna array is evaluated. The array is
embedded into the skin of SpaceX Dragon capsule, such that
the top surface of the metal cavity aligns with the outer sur-
face of the rocket. An accurate model of a Dragon capsule
(198.47X\ x 127X x 127\ at 8.5 GHz) shown in Figure 4 is
considered in this study, and it is assigned as perfect electric
conductor (PEC). The array is excited with a composite exci-
tation, where all the 16 ports are active, and a coherent sum
of their magnitudes and phases is used as a single source. The
weighted combination of a certain excitation pattern allows for
only a single beam configuration, which is broadside in this
case. The integration of array on the platform is achieved by
using a near-field link [28], which is based on the application
of the Love’s equivalence principal to the fields at the finite el-
ement boundary integral (FE-BI) surfaces of the FADDM array
[46,47]: the E- and H-fields extracted from the FADDM sim-
ulations are sampled and then converted to equivalent surface
current moments, which become the basis for the electric and
magnetic current sources in the SBR method. In the event of a
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change in the placement position of the installed antenna, a re-
run of FADDM simulation is not required, and only the HFSS
SBR+ simulation needs to be conducted.

The near-field current source model from the advanced
FADDM simulation is obtained with a single solution for a flat
array. As the antenna is embedded into the skin of the rocket,
instead of creating a curved top surface of the metal cavity to
align with the curvature of the platform, the automatic current
conformance feature [28] of the solver is leveraged to ensure
that the current sources above the top surface of the cavity
conform to the surface of the rocket. The solver performs
conforming of current sources by moving each individual
current source a short distance to match the displacement
between the original flat plane of the array and the actual
installed location surface. Therefore, current sources at the
edges of the array surface will be moved a longer distance than
those at the center for a typical phased array integrated into
a curved surface. The original array plane coincides with the
installed vehicle surface at the designated attachment point, so
current sources at this location will experience no translation.
Figure 5 shows the non-conformal and conformal currents
generated by the 3D component array in the SBR simulation.

In order to accurately characterize the back radiation of the
installed array, it is necessary to take the creeping-wave ef-
fects into account. Creeping waves (CWs) extend the currents
induced by the top-ground plane of the antenna array across
the curved host platform, which are crucial for determining the
back lobe and deep side lobes shadowed by the platform. Fig-
ure 6 illustrates the two principal cuts of the far-field radia-
tion pattern of the installed 3D component array obtained from
SBR-only solution and SBR solution enabled with CWs, UTD
rays, and PTD corrections. The SBR-only solution underesti-
mates the back-lobe gain by 6.83 dB, which can be detrimental
to the array performance.
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FIGURE 6. Radiation patterns of the installed array obtained from the SBR-only solve without CWs, UTD rays and PTD corrections (solid red line)
and SBR solve enabled with the CWs, UTD rays and PTD corrections (short dash black line). (a) zz-plane. (b) yz-plane.

3. ISOLATION BETWEEN ANTENNA ARRAYS IN-
STALLED ON ROCKET

In this section, isolation between the two antenna arrays buried
in the SpaceX Dragon capsule model (Figure 7) is discussed.
The arrays make an angle of 60° at the apex of the conical
curve such that there is no direct line of sight (LoS) between
them. Both the transmitting (Tx) and receiving (Rx) arrays are
operating at 8.5 GHz, and are installed using the methodology
discussed in Section 2.

3D Component Array

Natural Decay

Non-Smooth Crossing

Saddle Point

Double-Concave Point

Geodesic Hit an Edge

Geodesic Blocked by
Surface

FIGURE 7. Virtual ray tracing of creeping waves launched by the Tx
array.

As discussed in Section 2.2, creeping waves play a critical
role in estimating the fields past the shadow region, so they
are employed in this study to accurately determine the isola-
tion between Tx and Rx arrays. Creeping waves travel along
geodesic paths on a convex curved surface and are terminated
if they hit a hard discontinuity such as an edge in the model ge-
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ometry. While further propagating along the surface, painted
currents get weaker and creeping waves keep shedding energy.
These replacement currents radiate strongly and contribute to
the overall scattered field [31]. Figure 7 represents the vir-
tual ray tracing of the deployed CWs generated from Tx array,
which are color-coded based on the different termination types.

SBR solve process enabled with the creeping wave physics,
PTD corrections and UTD corrections requires considerable
computational resources to determine the isolation between ar-
rays because each array is characterized by thousands of cur-
rent sources. When antennas are represented by current sources
(CSRCs), simulation time grows in proportion to the number
of CSRCs, and for antenna-to-antenna coupling simulations,
this effect is multiplicative, not additive. Nevertheless, many
of these sources are weak, and their contribution to the mutual
coupling can be neglected. The current source (CSRC) thin-
ning technique can be employed to eliminate the weak CSRCs
according to their relative power [28]. For instance, 99%
CSRC thinning means that the solver will only retain the current
sources associated with the highest 99% of the total power in the
array. However, it is important to carefully determine the crite-
rion for the source thinning because the strongest CSRCs serve
to reinforce the main beam, and the removal of low-power cur-
rent sources impacts the accuracy of sidelobe prediction. Since
CSRCs can both reinforce and cancel mutual radiation, their
elimination may also change the direction of sidelobes. Under-
estimation and rotation of the sidelobes, especially at the array’s
horizon, affects the radiation energy that couples with the sur-
face and creeping waves, which can yield inaccurate coupling
values.

Figure 8(a) demonstrates the isolation (S21) between the an-
tenna arrays installed on the Dragon capsule for both cases of
no CSRC thinning and 99% CSRC thinning. Since there is no
direct LoS between the arrays, the mutual coupling is weak and
is obtained only by the virtue of creeping waves. The coupling
between the arrays with and without applying CSRC thinning is
—80.78 dB and —80.25 dB, respectively at 8.5 GHz. For a sin-
gle frequency point, the antenna coupling simulation with full
current sources is solved in 11 hours and 12 minutes, whereas
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FIGURE 8. (a) Impact of the creeping waves and current source thinning on the isolation between the Tx and Rx arrays. (b) Isolation between the Tx

and Rx arrays for different beam configurations.

the simulation with 99% CSRC thinning is solved in 6 hours and
9 minutes. This 45% acceleration in the simulation run time is
a consequence of implementing CSRC thinning, which elimi-
nated 36.7% of the weak current sources. The run time drops
substantially further — to 2.65 minutes — when the creep-
ing wave physics, PTD and UTD corrections are not consid-
ered, but in this case cross-coupling is underestimated by more
than 20 dB, which can be detrimental for RF-Cosite interfer-
ence analysis. All the antenna-to-antenna coupling simulations
were solved on a 30-core machine enabled with 182 GB RAM
and NVIDIA GRID T4-8Q GPU.

The proposed hybrid simulation workflow with enabled
CSRC thinning technique, CWs, and PTD and UTD correc-
tions significantly reduces the simulation time with minimal
loss in the fidelity. The amount of acceleration achieved
by CSRC thinning and accuracy loss depends on the power
distribution of the current sources, which is not only different
for every antenna source, but also varies for different beam
configurations. Figure 8(b) presents the isolation between
the installed arrays obtained from the hybrid simulation
enabled with CWs and 99% CSRC thinning for three beam
configurations: broadside, and when the main lobe of both
arrays is steered to the maximum extent toward and away from
each other. It is apparent that even with no direct LoS, the
highest co-site coupling occurs when each array is steered to
its maximum extent towards the other array.

4. FIDELITY OF THE PROPOSED WORKFLOW AND ITS
APPLICATION TO INSTALLED CONFORMAL ANTEN-
NAS

In this section, we apply the proposed hybrid simulation ap-
proach to the conformal antennas and benchmark it against
FEM in HFSS. Due to high computational expense, it is im-
practical to utilize full-wave FEM for evaluating the installed
antenna performance and isolation between two arrays on the
SpaceX Dragon capsule. Therefore, a realizable problem of
two identical 4 x 8 series-fed rectangular patch arrays wrapped
on a PEC cylinder (Figure 9) is considered. In order to be
consistent with the problem discussed in Sections 2 and 3, the
installed conformal arrays have no direct line of sight (LoS),
and they make an angle ¢ with the center of axis of the cylin-
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FIGURE 9. Two conformal 4 x 8 series-fed rectangular patch arrays
installed on a PEC cylinder.

der. The arrays are designed to operate in the X-band at
9.06 GHz, and the dimensions of each patch antenna element
are 13.19 mmx10.08 mm.

This problem is solved using the same methodology as dis-
cussed in Sections 2 and 3. Firstly, HFSS 3D component array
workflow is used to analyze the 4 x 8 rectangular patch array. A
perfect electric boundary condition with infinite ground plane
is assigned to the ground plane of the array, allowing for the in-
clusion of finite ground plane effects when the array is installed
on the PEC cylinder in the HFSS SBR+ simulation. The near-
field link captures the E- and H-fields from the 3D component
array (advanced FADDM) simulation and converts them to cur-
rent sources for the SBR method. The current conformance fea-
ture in the HFSS SBR+ solver automatically wraps the current
sources around the PEC cylinder (Figure 9), without requiring
any computer-aided design (CAD) manipulations. Ultimately,
the radiation pattern and isolation between the two installed
conformal arrays is evaluated by utilizing the SBR method,
which is enabled with creeping wave physics, UTD rays, and
PTD corrections. On the other hand, the full-wave FEM simu-
lation is configured with an initial step involving CAD modifi-
cations to explicitly wrap the 4 x 8 rectangular patch array onto
the PEC cylinder. Subsequently, following the installation of
two such arrays, the FEM method is used to determine radia-
tion pattern and isolation between installed conformal arrays.
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FIGURE 10. Comparison between full FEM (solid red line) and the proposed hybrid (short dash black line) simulation of the two arrays installed on
a PEC cylinder. (a) Radiation pattern along the vertical axis of the array. (b) Isolation between the arrays.

Figure 10(a) shows an excellent agreement between the far-
field radiation pattern along the vertical axis of a single installed
array obtained from the proposed hybrid solution and full-wave
FEM simulation, and the peak realized gains obtained from the
two simulations are 16.35dB and 16.83 dB, respectively. As
illustrated in Figure 10(b), the increase in the angular distance
between the arrays results in a higher level of isolation between
them. It is noteworthy that comparable isolation levels are ob-
tained from both simulation techniques employed. For a sin-
gle angular distance, the solver performance for this geometry
is summarized in Table 3. As expected, the FEM simulation
is more computationally demanding because the PEC cylinder
is electrically large. The purposed hybrid solution reduces the
total simulation run time from 471.8 min to 25.2 min and the
memory usage from 31.4 GB to 3.04 GB. For the hybrid so-
lution, it required 12.93 min and 3 GB to solve the array with
advanced FADDM solver and 12.26 min and 40.8 MB to solve
for the installation and isolation of antennas on the PEC cylin-
der by utilizing SBR simulation enabled with CWs, UTD, and
PTD. As mentioned in Section 2.2, in the event of change in
the installed position of the antenna arrays, a rerun of FADDM
simulation is not required, and only the SBR simulation enabled
with CWs, UTD, and PTD is conducted, which allows to sig-
nificantly reduce computational resources and simulation run
time.

TABLE 3. Performance comparison between the Finite Element
Method (FEM) and hybrid solution.
Simulation Type Run Time Memory
FEM 471min48s | 31.4GB
Hybrid Solution | 25min 12s | 3.04GB

5. CONCLUSION

Unfavorable antenna placement and poor isolation between
the flush-mounted antennas is detrimental to the co-sited RF
systems. In most cases, measurements are expensive, time-
consuming, and can only accommodate limited analysis. Nu-
merical analysis of the installed antennas is also a challenging
problem because of large electrical sizes of the rockets at GHz
frequencies and enormous aspect ratios. Therefore, including
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the proposed hybrid hierarchical simulation approach enabled
with creeping wave physics, current source thinning technique,
and HFSS 3D component array workflow in the pre-design cy-
cle is an effective approach for investigating installed array per-
formance and isolation between the antenna arrays on rockets.
The hybrid simulation approach allows for modelling of real-
istic antenna arrays with ‘non-identical’ unit cells; it signifi-
cantly reduces the simulation time and computational resources
required for such large-scale simulations with minimal loss in
accuracy, and it bypasses the need for any CAD manipulation
to create recesses in the fuselage or explicitly wrapping anten-
nas on curved objects. The proposed workflow can be extended
to model installation and isolation of a diverse class of cavity-
backed and conformal antenna arrays on realistic electrically
large platforms like ships, cars, aircrafts, and others.
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