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ABSTRACT

This paper presents the design and simulation of a broadband blade antenna for aeronautical and astronautical communication
systems, including the Traffic Collision Avoidance System (TCAS), Automatic Dependent Surveillance–Broadcast (ADS-B), and
UHF satellite communications (SATCOM). Using CST Studio Suite, a compact blade-type antenna was modeled to operate from
400 MHz to 1.1 GHz, covering both SATCOM (approximately 400–500 MHz) and ADS-B/TCAS (1030–1090 MHz). Perfor-
mance parameters, such as reflection coefficient, surface current distribution, far-field radiation pattern, gain, and efficiency, were
analyzed at multiple frequencies. The results indicate broadband impedance matching, as evidenced by an S11 value below −10
dBi, along with consistent gain ranging from 7.363 dBi to 8.282 dBi throughout the operational frequency band. Compared to con-
ventional aircraft platforms with multiple narrowband antennas, a single wideband blade antenna offers distinct benefits such as
reduced aerodynamic drag, lower weight and cabling, simplified certification and maintenance, and improved system integration
with reduced electromagnetic interference. By combining multiple services into one compact structure, the proposed design pro-
vides an integrated, cost-effective, and aerodynamically efficient solution for modern aircraft and UAV platforms, enhancing the
reliability and communication performance across critical missions. We expect the proposed preliminary design blade antenna can
contribute to future aircraft technologies.

Keywords: blade antenna, automatic dependent surveillance broadcast, traffic collision avoidance system, ultra-high frequency satellite communi-
cation, aeronautical communications, airborne systems

. INTRODUCTION

The aviation and aerospace industries continue to demand
high-performance antenna systems capable of supporting var-
ious communication and navigation functions within compact
and aerodynamically efficient form factors. Among these, the
Traffic Collision Avoidance System (TCAS), Automatic Depen-
dent Surveillance–Broadcast (ADS-B), and UHF Satellite Com-
munications (SATCOM) are essential for maintaining flight
safety, aircraft coordination, and reliable long-range communica-
tions 1,2. Figure 1 shows the distribution of multiple communi-
cation and navigation antennas on a Boeing 787 aircraft, where
each antenna serves a specific function such as TCAS, ADS-B,
and other systems, illustrating the complexity and aerodynamic
impact of using multiple narrowband antennas and suggesting
the advantages of one wideband antenna for reducing drag,
weight, and system-integration challenges.

Conventional aircraft platforms often rely on multiple nar-
rowband antennas to cover specific frequency ranges. While
effective, this approach, increases system complexity, weight,
and cost while reducing aerodynamic performance. By con-
trast, blade antennas, a subclass of monopole structures, bal-
ance mechanical robustness, aerodynamic integration, and reli-

able electrical performance across operational bands 3–5. Recent
research emphasizes their potential for integration into aircraft-
fuselage conformal surfaces 6,7.

Various blade-antenna configurations have been proposed for
specific communication applications. Pascawatia et al. 8 devel-
oped a blade antenna for 2.4 GHz rocket telemetry; Belen et al. 9

explored UHF-oriented blade antennas for vehicular and aero-
nautical systems; Sairam et al. 10 introduced broadband blade
antennas for airborne platforms; and Saaquib et al. 11 incorpo-
rated air-core coils and horizontal notches to improve impedance
bandwidth and matching. Silva et al. 12 embedded blade antennas
in low-cost dielectric substrates to reduce costs while maintaining
performance stability.

Figure 2 shows the communication architecture of a remotely
piloted aircraft. The uplink commands and downlink status
updates are transmitted through direct ground links or via a
SATCOM relay, alongside. An ATC communication link facil-
itates flight coordination. This illustrates the objective of this
study: to design a wideband blade antenna that operates across
the range of UHF SATCOM and ADS-B/TCAS frequencies,
integrating these critical links into a single-antenna structure.
By consolidating multiple communication services into one

https://juri.kfupm.edu.sa JURI () () −
Published under an exclusive license by KFUPM

https://juri.kfupm.edu.sa/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.64589/juri/215033
https://juri.kfupm.edu.sa


i
i

“JURI_00097_2025_02” — 2026/4/15 — 18:47 — page 90 — #2 i
i

i
i

i
i

Journal of Undergraduate Research International 

Figure 1. Communication, navigation, and surveillance antennas on the Boeing 787 aircraft

antenna, the design reduces reliance on separate narrowband
antennas, improving aerodynamic efficiency and simplifying sys-
tem integration for both manned/unmanned aircraft platforms.

However, designing a single compact-blade antenna that
seamlessly covers 400 MHz to 1.1 GHz (crucial for UHF SAT-
COM and ADS-B/TCAS) remains challenging. Therefore, this
study aims to design and analyze wideband blade antenna using
CST Studio Suite, and emphasizes on impedance stability, gain
consistency, radiation efficiency, and directional behavior across
the targeted spectrum 13–15.

. ANTENNA DESIGN

This section details the antenna design and choice of substrate
material. The proposed blade-type antenna structure is mounted
on a rectangular ground plane optimized to achieve wideband
coverage suitable for aeronautical and astronautical communi-
cation applications. Figure 3 shows the geometries of the pre-
liminary and proposed designs. The ground plane is 400 ×

850 ×10 mm in size, providing a stable platform for the radiat-

ing element and acting as a reflector to enhance performance.
The blade radiator has a total height of approximately 490 mm
and thickness of 10 mm, and it is tilted 45◦ relative to the
ground plane. This tilt improves radiation efficiency and reduces
impedance mismatch, which is common challenge in wideband
monopole configurations. An SMA feed pin excites the radia-
tor, ensuring proper coupling with the ground plane to sup-
port broadband operation across the targeted frequency range of
0.4–1.1 GHz.

The blade antenna was modeled using a perfect electric con-
ductor (PEC) material for the metallic structure, which is used
in aerospace antenna design owing to its excellent electrical
and mechanical characteristics. The PEC plate with a thick-
ness of 10-mm ensures robust structural integrity under aerody-
namic loading while minimizing ohmic losses. The initial shape
and dimensions of the preliminary blade antenna were selected
based on insights from previous studies on broadband monopole
and blade antennas 8,12 , which revealed that radiator geometry
and feed positioning are crucial for achieving multiband opera-
tion. Building on this foundation, the design was further refined
and optimized to meet the research objectives. The selected

Figure 2. Communication links of a remotely piloted aircraft using a SATCOM relay, ground station, and air-traffic control
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Figure 3. Configuration of blade antenna design: (a) preliminary design and (b) optimized blade antenna design: (left) clean version and (right) with
dimensions

configuration enables the antenna to cover the UHF SATCOM
(400–500 MHz) and ADS-B/TCAS (1030–1090 MHz) bands.

.. Optimization Method. The preliminary antenna
geometry, which was designed manually based on a detailed
review of existing broadband blade antenna designs reported
in the literature 8−12. To further enhance the antenna’s perfor-
mance, a parametric sweep optimization performed using CST
Studio Suite. The optimization process began with the basic
geometry shown in Figure 3 (a). Successive refinements were
then introduced based on the observed electromagnetic behav-
ior. First, a horizontal slit was added near the upper part of the
blade at the back to broaden the impedance bandwidth. Next, the
slit position and length were adjusted toward the blade’s upper
back corner to improve matching across the target frequency
bands. To enhance the multiband performance, a two-stage para-
metric sweep was executed in which the slit length was varied
from 20 to 80 mm in 5 mm increments, while the slit width was
adjusted between 2 and 6 mm. Performance was evaluated using
the reflection coefficient (S11) <–10 dB, voltage standing wave
ratio (VSWR) <2, and gain stability at 0.43, 0.5, 1.03, and 1.09
GHz.

To better understand the effect of each modification on the
affected performance, the surface current distributions were ana-
lyzed at every iteration. These current maps revealed regions of
strong current concentration around the feed and ground-plane
junctions. Based on these observations, an additional ground-
plane cutout surrounding the SMA connector region was intro-
duced to reduce local current crowding and improve the overall
impedance characteristics.

Finally, a second slit was added and optimized in the lower
front section of the blade, to complete the design evolution.
This final configuration Figure 3 (b) provides the most favorable
combination of wideband impedance matching, stable radiation
behavior, and peak gain performance. The optimization of the
blade antenna geometry was through a structured parametric
sweep analysis using CST Studio Suite. The optimized geome-
try provided the widest impedance bandwidth and maintained a
peak gain exceeding 7.3 dBi across all required frequency bands.

.. Material, Feed Selection, and Simulation Setup
Considerations. The antenna is installed using an SMA/N-
type connector and bonded to the fuselage ground plane,
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Figure 4. Reflection coefficient (S11) versus frequency of the proposed blade antenna: (a) preliminary blade antenna and (b) optimized blade antenna

following the same concept used in 8–12. In future simula-
tions, a thin dielectric radome may be included to protect
the antenna assembly from environmental factors such as rain,
lightning, and aerodynamic forces that could impact structural
integrity.

. PERFORMANCE EVALUATION

Simulations were performed in CST Studio Suite using open
boundary conditions to replicate the free-space performance.
Key metrics such as S11, surface current distribution, far-field
radiation patterns, gain, and VSWR were evaluated. Representa-
tive frequencies at 0.43 GHz, 0.50 GHz, 1.03 GHz, and 1.09 GHz
were selected for detailed analysis, corresponding to the opera-
tional ranges of SATCOM and ADS-B/TCAS. This systematic
approach ensures that the antenna meets the broadband perfor-
mance requirements while maintaining stable gain and radiation
efficiency across multiple bands.

Figure 4 compares the reflection coefficient and frequency.
Figure 4 (a) shows that the preliminary blade antenna exhibits
a limited operational bandwidth, and its reflection coefficient val-
ues (S11) are not consistently below the −10 dBi threshold across
the desired frequency range. This indicates poor impedance
matching and reduced efficiency at several frequencies. By con-
trast, Figure 4 (b) shows the results for the optimized blade
antenna design, where the S11 curve demonstrates a much wider
impedance bandwidth with values well below −10 dBi over a
broad frequency range. This confirms that the optimization suc-
cessfully improved the matching characteristics and enabled the
antenna to support wideband operation. This improvement is
primarily attributed to the introduction of slits on both the front
and back of the blade radiator. These slits act as perturbations to
the surface current paths, effectively generating additional reso-
nances and enhancing multiband and broadband performance.

Figure 5 shows the current distributions for the preliminary
and proposed blade antenna designs. Figure 5 (a) illustrates the
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Figure 5. Surface current distribution at 1.03 GHz: (a) preliminary blade antenna and (b) optimized blade antenna

current distribution for the preliminary blade antenna design,
where strong surface currents are concentrated near the feed
region, with a relatively less effective distribution across the entire
radiator. This limits the ability of the antenna to radiate efficiently
at multiple frequency bands. In contrast, Figure 5 (b) demon-
strates the optimized blade antenna, where the surface current
is more evenly distributed across the blade structure, including
regions around the introduced slits. The slits force the current
to flow along multiple longer paths, creating additional resonant
modes. This directly extends the bandwidth and improves the
impedance matching.

Figure 6 shows the VSWR response of the optimized blade
antenna over the frequency range of 0.4–1.1 GHz. The VSWR
curve stays below the standard threshold of 2.0 for most of
the operating band, which indicates good impedance matching
between the antenna and the feed line. This ensures that minimal
power is reflected toward the source, thereby improving radi-
ation efficiency. At approximately 0.6 GHz and 0.9 GHz, the
VSWR approaches its lowest points, demonstrating strong res-
onance and excellent matching at these frequencies. Although
the curve slightly exceeds 2.0 in some regions, the majority
of the band of interest remains within acceptable limits, con-
firming that the antenna is capable of supporting wideband
operation.

The improved VSWR performance results from the optimized
blade geometry, particularly the slit modifications, which
introduce multiple current paths and resonant modes. This effec-
tively broadens the bandwidth and enhances the suitability of
the antenna for applications such as UHF SATCOM (400–500
MHz), TCAS/ADS-B (1030–1090 MHz), and UAV communi-
cation links.

Figure 7 illustrates the simulated 1D (E-plane cut) and 3D
radiation patterns of the optimized blade antenna at the four
frequency points. At the lower frequencies 0.43 and 0.50 GHz,
the antenna demonstrates wide coverage with a more toroidal
radiation pattern at the elevation plane, which is characteristic
of monopole-like behavior, and is omnidirectional primarily in
the azimuth plane. While at higher frequencies 1.03 and 1.09
GHz, the radiation becomes slightly more directive in some
side directions with stronger main lobes. At these two frequen-
cies, the peak gain is not located along the boresight (θ = 0◦)

Table 1. Overall performance of the optimized blade antenna design

Frequency point (GHz) 0.43 0.50 1.03 1.09

Peak gain (dBi) 7.753 7.363 8.282 8.197

VSWR 1.75 1.42 1.55 1.74

Reflection coefficient (S11) −11.26 −15.14 −13.38 −11.41
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Figure 6. VSWR of the optimized blade antenna

but is slightly shifted (∼25◦–30◦ off-axis). This does not affect
the ADS-B/TCAS performance, because these systems require
toroidal or hemispherical coverage and do not focus on zenith
gain. For the UHF SATCOM (400–500 MHz), the radiation
remains closer to the boresight, ensuring reliable satellite link
connectivity.

Table 1 summarizes the performance of the proposed blade
antenna at the four frequency points: 0.43, 0.50, 1.03, and 1.09
GHz. The gain varies between 7.363 dBi and 8.282 dBi, with the
highest values recorded at 1.03 GHz and 1.09 GHz. However,
the radiation patterns in Figure 7 show that at these higher fre-
quencies, the peak gain does not occur along the boresight, but
instead shifts toward the side lobes, indicating that the antenna
radiates more strongly in the off-axis directions. This is consistent
with the slight asymmetry observed in the 3D radiation plots. The
VSWR values remain below 2 across all frequencies, with the best
impedance matching at 0.50 GHz (1.42), while the reflection

coefficients are better than –10 dBi in all cases, reaching –15.14
dBi at 0.50 GHz.

Table 2 compares the proposed blade antenna with several
representative designs reported in the literature. The existing
designs by Belen et al. 9, Sairam et al. 10, and Saaquib et al. 11 gen-
erally prioritize either wideband behavior or specific aerospace
applications, but they also exhibit notable limitations in gain,
size, or functional coverage. For example, Sairam et al. 10 reported
a compact fiber-reinforced polymer radome operating between
0.5–2.0 GHz, but the measured gain remains relatively low (3–
5 dBi), making it more suitable for air-core EW and broad-
band systems than long-range UHF SATCOM. Similarly, the
composite trapezoidal design by Belen et al. 9 covers 600–900
MHz with moderate gain (4.5–6.2 dBi) but lacks the operational
bandwidth needed for simultaneous UHF SATCOM and ADS-
B/TCAS support. The notched aluminum blade by Saaquib
et al. 11 achieves good performance in the 835–962 MHz region;
however, its gain (4.73–6.05 dBi) remains lower than that of the

Table 2. Key performance metrics of comparison methods

Reference Frequency range Gain (dBi) Bandwidth Physical size Applications

Belen et al., 2018 600–3000 MHz 4.5–6.2 dBi
(measured)

Ultra-wide (~150%) Printed trapezoidal
blade, multi-slot
geometry

Very wideband UHF
blade antenna

Sairam et al., 2018 0.5–2.0 GHz 3–6 dBi (measured) Very wide (~150%) ~60 ×60 ×35 mm
radiator (on 1.2 m
ground plane)

Air-core coil,
fiber-reinforced
polymer radome,
airborne
electronic warfare
applications

Saaquib et al., 2017 835–962 MHz 4.73 dBi (simulated)
/ 6.05 dBi when
aircraft-mounted

~14% (928 MHz
center)

0.4 mm aluminum
sheet blade
(SolidWorks +

CST design)

Notched blade with
parasitic element

This study 400–1100 MHz 7.36–8.28 dBi >60% 400 ×850 mm
ground plane; 490
mm height

Covers both UHF
SATCOM
(400–500 MHz)
+ ADS-B/TCAS
(1030–1090
MHz)
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Figure 7. Radiation pattern as a (left) 1D E-plane cut and (right) 3D view of the optimized blade antenna at (a) 0.43 GHz; (b) 0.50 GHz; (c) 1.03
GHz; and (d) 1.09 GHz
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optimized design, and its effective bandwidth is still limited to a
single communication service.

By contrast, the optimized blade antenna developed in this
study demonstrates a substantially broader operational range
(400–1100 MHz) while simultaneously providing higher peak
gain values (7.36–8.28 dBi) across the operational band. This
represents a significant improvement in both radiation efficiency
and multiservice compatibility. Within a single compact struc-
ture (400 ×850 mm ground plane and 490 mm height), the
antenna successfully covers two critical aviation communica-
tion bands: the UHF SATCOM band (400–500 MHz), which
requires robust hemispherical coverage for satellite connectivity,
and the ADS-B/TCAS band (1030–1090 MHz), which requires
reliable broadcast and surveillance performance. The achieved
bandwidth, which exceeds 60%, further highlights the capabil-
ity of the antenna to support diverse airborne systems without
requiring multiple antennas or a larger fuselage volume. Overall,
the results in Table 2 show that the proposed design outperforms
previous state-of-the-art antennas in terms of gain, bandwidth,
and dual-band coverage, thereby offering a more efficient and
integrated solution for modern aviation platforms.

. CONCLUSIONS AND FUTUREWORK

This study demonstrated the feasibility of a compact wideband
blade antenna designed to support essential aeronautical com-
munication functions. Using CST Studio Suite 2024, the antenna
was simulated to evaluate the gain, surface current, and efficiency
performance over the full 400 MHz to 1.1 GHz range. The results
showed that the peak gain ranges from 7.363 to 8.282 dBi across
the operational band, indicating stable efficiency and strong cur-
rent distribution, making this design a strong candidate for future
aerospace communication systems.

As mentioned above, the simulation model assumes a PEC.
However, the real-world implementation of the antenna relies on
aerospace-grade materials whose electromagnetic behavior dif-
fers from that of an ideal PEC. Real metallic structures, such
as aluminum alloys or copper-plated composites, exhibit finite
conductivity and surface resistance, which introduce small but
measurable ohmic losses. Ramos et al. 16 provide a detailed elec-
tromagnetic characterization of aerospace materials, showing
that factors such as surface finish, conductivity, composite lay-up,
resin type, and bonding interfaces influence the overall electro-
magnetic performance of real structures. Their results demon-
strated that even highly conductive aerospace materials can expe-
rience variations in shielding effectiveness, surface currents, and
EM depending on the material composition and assembly condi-
tions. These findings highlight the importance of considering real
material conductivity rather than relying solely on PEC assump-
tions.

Therefore, the PEC-based simulations reported in this work
represent an upper bound on antenna performance. When prac-
tical aerospace-grade conductors are used, the realized gain is
expected to decrease by only an approximate of 0.2–0.4 dBi,
which remains well within typical modelling and fabrication tol-
erances. This small deviation confirms that the PEC-based simu-
lation results are accurate and reliable for the design assessment
presented in this study. By addressing the need for a unified

antenna across multiple aviation bands, this study contributes
a practical solution for reducing onboard component load and
improving aerodynamic efficiency. The simplicity of the design,
combined with its robust broadband characteristics, paves the
way for real-world implementation on both civil and military
aircraft platforms.

This antenna type is suitable for a wide range of airborne
applications. For TCAS/ADS-B (1030–1090 MHz), its high gain
and directional performance support long-range aircraft identifi-
cation and avoidance systems. For UHF SATCOM (~400–500
MHz), the antenna offers sufficient bandwidth and toroidal radi-
ation patterns, making it a viable choice for satellite uplinks
and emergency beacons. Furthermore, for unmanned aerial vehi-
cles and remotely piloted aircraft, the compact profile allows
seamless integration into unmanned platforms without compro-
mising stealth or aerodynamic efficiency. Further research can
explore dual-port or tunable versions for dynamic frequency allo-
cation, as well as integration with conformal fuselage structures
for enhanced stealth in defense applications.
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