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This paper presents a compact tri-band omnidirectional antenna designed for CubeSat applications, 
operating at UHF (0.755 GHz), L-band (1.25 GHz), and S-band (2.28–3.74 GHz). The antenna features 
a defected ground structure (DGS) and metallic vias, which enhance impedance matching and enable 
stable multi-band resonance while maintaining a small footprint of 0.26λ × 0.26λ × 0.013λ within a 
1U CubeSat. Unlike conventional CubeSat antennas that require external deployment, the proposed 
design is fully enclosed within the CubeSat, ensuring easy integration and mechanical robustness. The 
antenna exhibits omnidirectional radiation patterns across all frequency bands, making it suitable 
for reliable satellite-ground communication. The measured results confirm a high radiation efficiency 
exceeding 90%, and strong agreement between simulated and experimental results. The combination 
of compact size, multi-band operation, and high efficiency makes this antenna an ideal candidate for 
next-generation CubeSat communication systems.

CubeSat is a short term for a Cube Satellite, which is a type of miniaturized satellite that has gained significant 
popularity in the field of space exploration. CubeSats are also used by commercial enterprises, government and 
military, and non-profit organizations1,2. CubeSats are essentially nanosatellites, which come in different sizes, 
from 1 to 3U, which means one to three cubes of ten centimeters each side. These little satellites always follow the 
same size and shape, maintaining 10 cm cube dimensions. Despite their small size, CubeSats can carry various 
payloads, including cameras, sensors, and scientific instruments. The CubeSat typically weighs between one and 
6 kg. The weight of a CubeSat varies depending on factors such as the materials used, the payload it carries, and 
the specific design considerations. Generally, a 1U CubeSat typically weighs approximately 1 to 1.33 kg, whereas 
a 3U CubeSat may have a weight ranging from 3 to 4 kg. Larger CubeSats, with configurations beyond 3U, will 
exhibit correspondingly higher weights3–10.

Multiple antennas11–13, such as wire antennas (dipole/monopole)14, reflector antennas15, reflectarray 
antennas16, membrane antennas17, horn antennas18 and patch antennas19,20 have been devised to meet the 
requirements of CubeSat systems. However, the deployment structure poses significant challenges during the 
launch of spacecraft missions. Monopole and dipole antennas are the potential candidates for CubeSat in terms 
of deployment10. Patch antennas are particularly advantageous due to their low profile, lightweight nature, and 
ability to achieve high gain with miniaturized designs, making them ideal for CubeSat applications21. Their 
planar structure allows for easy integration onto CubeSat surfaces, reducing the need for complex deployment 
mechanisms22–24. Author in4 presents a simplified design method for single-feed circularly polarized antenna 
arrays for CubeSats, utilizing circular patches and ring-shaped feed networks. A 4 × 4 RHCP CubeSat downlink 
array developed using this method achieves over 16.19 dBic gain with compact dimensions of 90 mm × 90 mm. 
In7, a wideband circularly polarized antenna is proposed with a dimension of 0.48 λo × 0.48 λo × 0.042 λo. It 
operates at 8  GHz, a wide measured 3-dB axial ratio bandwidth of 98.75% (5.1–13  GHz). In25, a circularly 
polarized antenna has been proposed with the primary radiating element comprising swastika-shaped crossed 
dipoles. The antenna operates in the L and S-bands within the frequency range of 1.08 to 2.46 GHz. The overall 
dimensions of the antenna are 120 × 120 × 34.44 mm3. It is important to note that this antenna is not deployed 
in a CubeSat. In26, the authors introduced a circularly polarized antenna with cross-dipoles designed for L-Band 
(1.1–1.6  GHz) satellite communication. The antenna features a radius of 138  mm and a height of 40  mm, 
achieving a maximum gain of 9 dB. However, it is worth noting that the proposed antenna appears to be bulky, 
raising considerations about its practical application in a 2U CubeSat at L-band. The authors in27, presented 
two monopole antennas designed for CubeSat applications, operating at frequencies of 149 MHz (VHF) and 
398 MHz (UHF). The folded antenna has overall dimensions of 101 × 40 × 8.9 mm3 when deployed in a CubeSat 
configuration. The antenna gain is reported as 1.72 dBi at 149 MHz and 3.11 dBi at 398 MHz. Additionally, a 
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decoupling technique is introduced between the two antennas when installed in a CubeSat, making this design 
a promising approach, particularly at lower bands. In28, the authors proposed a dual-band CubeSat antenna 
designed to operate in the VHF/UHF frequency bands, specifically tailored for a 1U CubeSat. The dipole 
antenna utilizes the CubeSat body as a ground plane, aiming to minimize the overall antenna size. However, it is 
important to note that the antenna is presented in a conceptual form, and its practical realization is pending. The 
configuration is simulated, revealing a working and lightweight dual-band antenna. Nevertheless, it comes with 
certain drawbacks, including an asymmetric pattern and the need for a matching network.

Maintaining the confined size and weight of the CubeSat is a great challenge. The CubeSat design specification 
must also be considered during integration, testing, and servicing of CubeSat. In29, a solution to lightweight 1U 
CubeSat made of plastic material (ABS) for space and educational research has been presented. This technique is 
less expensive compared to aluminum CubeSat and light in weight. In30, the authors fabricated a plastic CubeSat 
using rapid prototyping and conducted ground-based tests with promising results. Likewise, a dual-band folded-
end dipole antenna has been proposed in9 for plastic CubeSat platforms. Building on this idea, our proposed 
work also focuses on the weight considerations of the CubeSat. Therefore, we modeled a 1U CubeSat using 
plastic material manufactured through a 3D printing machine. The antenna, featuring a defected ground plane 
and metallic strip, is deployed inside the CubeSat, and subjected to testing. The ground plane is surrounded by 
four metallic strips, each composed of inserted metallic vias and connected to the ground plane. The realized 
antenna is then deployed within the CubeSat, and both scattering parameters and radiation patterns are tested. 
The obtained results demonstrate three operational bands: UHF at 0.755 GHz, L-band at 1.25 GHz, and S-band 
ranging from 2.28 to 3.74  GHz. Additionally, the antenna demonstrates omnidirectional radiation patterns, 
establishing it as an ideal configuration for satellite communications.

Compared to other published antenna designs for UHF, L, and S bands, the proposed design offers a novel 
approach with its enhanced stability, compact size, and ease of deployment within a CubeSat. The innovative 
use of metallic vias and a defected ground structure contributes to the antenna’s unique ability to achieve 
multi-band resonance while maintaining an omnidirectional radiation pattern. Its compact dimensions of 
100 × 100 × 101  mm3, along with its lightweight nature due to the 3D-printed plastic CubeSat prototyping, 
maximize space efficiency within the CubeSat, allowing ample room for additional components such as power 
dividers, amplifiers, and payloads. These dimensions are significantly smaller than those of other state-of-the-
art designs, which typically require more space for similar performance. Additionally, the antenna’s ability to 
maintain omnidirectional radiation patterns across all bands ensures reliable communication between space 
and ground stations, even with dynamic CubeSat orientations. This combination of size reduction, ease of 
integration, and multi-band functionality represents a significant advancement in CubeSat antenna technology, 
making it an ideal choice for next-generation satellite communication systems.

Methods
Antenna design process
This section introduces and discusses the geometry of the proposed CubeSat antenna design. The antenna is 
designed and optimized in CST Microwave Studio31. First, a stand-alone antenna is designed and optimized. 
Secondly, it is employed in the CubeSat structure. The following sections explain the development process the 
proposed CubeSat antenna.

Antenna geometry
The proposed antenna geometry is shown in Fig. 1. The antenna is designed and optimized in CST Microwave 
Studio. The antenna consists of metal strips and the ground plane as shown in Fig. 1a and b. The metal strips and 
the ground plane are designed on Rogers RO4003C (lossy) material, with a relative permittivity of 3.38, a tangent 
loss of 0.0027, and a thickness, d of 0.508 mm. The thickness of copper is 0.0175 mm. The metal strips contain 
vias to ensure the efficient transfer of electrical signals between top and bottom layers as depicted in Fig. 1b. The 
total of four metal strips are connected to make a square shape. They are also connected to the ground plane 
through a connecting patch. The distance between the metal strip and antenna ground plane is about 2.2 mm. 
The antenna is excited by a 50 Ω coaxial feed line. The distance between the feeding point and the bottom edge 
of the ground plane is 55 mm as depicted in Fig. 1c. The distance between the grounded patch and the bottom 
edge of the ground plane is 91 mm as depicted in Fig. 1c.

Proposed antenna generation methodologies
The evolution of the proposed antenna is explained step by step in this section. The proposed design contains 
a ground plane and a square-shape metal strip. An extensive study is conducted to elucidate the design 
methodology implemented in this work.

Antenna with partial metal strips and full ground plane
The metal strip of the proposed antenna can be divided into two loops i.e., EFGH and IJKL. The geometries of 
these loops are partially surrounded by a ground plane are shown in Fig. 2. Consider them as two monopoles. 
The length of loop 1 (EFGH) is about 165 mm. It generates a lower order mode of λ/2 at 0.9 GHz and the higher 
order modes are also generated such as λ, 3λ/2, 2λ and 5λ/2 (1.8 GHz, 2.7 GHz, and 3.7 GHz) as shown in 
Fig. 3. Similarly, the length of loop 2 (IJKL) is about 260 mm. It generates lower order mode λ/2 at 1.17 GHz 
and the higher order modes at 2.3 GHz, 2.8 GHz, 3.5 GHz, and 4 GHz. Therefore, after combining loop 1 and 
2 they collectively generate UHF standard band at lower resonance (0.82 GHz) and L (1.16 GHz), S (2.3 GHz, 
2.6 GHz, 2.9 GHz, 3.5 GHz) resonances at higher bands as shown in Fig. 3. This Figure illustrates the individual 
and combined S-parameter responses for Loop 1 and Loop 2, which are part of the antenna structure. Loop 
1 generates resonances at specific frequencies (0.9 GHz and 1.8 GHz), and Loop 2 contributes to additional 
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Fig. 2.  Study of the proposed antenna geometry w.r.t the metal strip: (a) metal strips Loop 1, (b) metal strips 
Loop 2.

 

Fig. 1.  Antenna geometry: (a) ground plane, (b) metal strips with inserted vias, (c) antenna ground plane with 
surrounding metal strips.
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resonances (1.17 GHz and higher). When combined, the antenna operates efficiently across UHF, L, and S bands, 
showing a broad resonance that covers multiple frequencies simultaneously. This combination provides the 
desired multi-band behavior for CubeSat communication.

Antenna with full metal strips and partial ground plane
To further explain the design methodology, consider four evolution steps, referred to as Design 1 through 
4, respectively. These designs are depicted in Fig. 4. The objective is to obtain a wide bandwidth to cover as 

Fig. 4.  Study of the proposed antenna geometry w.r.t. the ground plane: (a) Design 1, (b) Design 2, (c) Design 
2, (d) Design 4.

 

Fig. 3.  S-parameters of Loop 1, Loop 2, and their combination.
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many operating bands as possible up to 4 GHz. Design 1 consists of a ground plane, which is connected to 
the surrounding square shape metal strip. Figure  5 shows its S-parameters. Multi-resonances at lower band 
(1.1 GHz) and higher bands (2.3 GHz, 2.6 GHz, 2.8 GHz, 3.5 GHz) are obtained. However, these bands are very 
narrow, therefore, the antenna needs to be optimized further to achieve wideband response. Design 2 shows a 
clearance of copper from the lower part of the ground plane. The bottom non ground portion of Antenna Design 
2 is 7 × 100 mm2. This defect in the ground plane improved the impedance matching at lower bands (0.7 GHz, 
1.2 GHz). At higher bands (2–4 GHz) the resonance bandwidth increases; however, the impedance matching 
becomes worse from 2 to 3.5 GHz as it can be seen in Fig. 5. Therefore, this design needs further optimization. 
This time copper is removed from the upper part of the ground plane in Design 3. Now, the top and bottom 
non ground portion of Design 3 is same i.e., 7 × 100 mm2. The S-parameters shown in Fig. 5 indicate that the 
impedance matching is not improved at higher resonances. Design 4 shows promising results after clearing 
more copper from the sides of the lower part of the ground plane. The side non ground portion of Design 4 is 
15 × 23 mm2 as shown in Fig. 4d. It can be seen from the S-parameter plots that two resonances are obtained 
at lower bands (0.76 GHz and 1.28 GHz) and a wideband performance is obtained at higher bands from 2.28 
to 3.74 GHz. From Design 4, the proposed antenna is operating at UHF (0.755 GHz), L-band (1.25 GHz) and 
S-band (2.28–3.74 GHz), respectively. Table 1 shows the final optimized parameters of the proposed unit cell. 
The Fig. 5 explains the effect of different ground plane configurations on the antenna’s impedance matching 
by comparing four design iterations (Design 1 to Design 4). As the ground plane’s structure evolves, primarily 
through reducing copper coverage, the impedance matching improves significantly. Design 1, with a full ground 
plane, shows narrow bandwidth and poor matching, while Design 4, with reduced copper in the ground plane, 
achieves broader bandwidth and better impedance matching across the desired UHF, L, and S bands. This 
demonstrates that optimizing the ground plane is crucial for achieving wideband performance in the antenna 
design.

Parametric study of proposed antenna
Design 4 is further optimized using a parametric study. The height of the strip, H plays an important role in 
achieving good impedance matching at lower and higher frequency bands. After performing the parametric 

Parameters Size

Size of ground plane 100 × 100 mm2

Width of metallic strip 5 mm

Diameter of via 2 mm

Dimension of connecting ground patch 3 × 1.98 mm2

Gap between metallic strip and ground plane 2.2 mm

Total area of metallic strip surrounding ground plane 104 × 104 mm2

Size of CubeSat 100 × 100 × 100 mm3

Distance between feeding point and bottom edge of ground plane 55 mm

Distance between ground connecting patch and bottom edge of ground plane 9 mm

Table 1.  Optimized parameters of proposed antenna.

 

Fig. 5.  S-Parameter study of with respect to the ground plane.
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sweep of different heights of the strip, H = 55 mm is chosen as the optimum height in which lower and higher 
operating bands have reasonably good impedance matching below − 15 dB as shown in Fig. 6a. Subsequently, the 
connection to the ground point plays a crucial part, especially for the lower band compared to higher bands. This 
phenomenon can be seen in Fig. 6b. The optimized connection to the ground plane is obtained at 91 mm, which 
is the distance between the ground connecting patch and the bottom edge of the ground plane. Similarly, the 
feeding point is an important parameter in the proposed design. It affects the bandwidth of the operating bands, 

Fig. 6.  Parametric Study of proposed antenna Design 4, (a) height, H of the metal strip, (b) patch connection 
point to ground plane, (c) feeding point.
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especially in higher frequency bands. As can be seen in Fig. 6c. At different feeding points, the bandwidth of 
higher frequency bandwidth is affected. The optimized value is 55 mm of feeding point obtained upon analyzing 
the parametric study outcomes. Table 1 shows the final optimized parameters of the proposed antenna design.

Vector surface current distribution
This section describes the vector surface current distribution of the proposed antenna design. It can be seen 
from the input impedance plot that there are five modes in total that resonate in proposed antenna where the 
imaginary part is zero as shown in Fig. 7. It shows that the final antenna with two loops produces five modes 
at 0.75 GHz, 1 GHz, 1.43 GHz, 1.85 GHz and 3.57 GHz. The surface current distributions for all modes are 
depicted in Fig. 8. The surface current distribution shows that the current is flowing in the upper region of the 
metal strip which is Loop 2 (IJKL). It contributed lower mode 1 which is the resonance frequency at 0.76 GHz 
as shown in Fig. 8a. Similarly, the surface current distribution shows the flow of current in the lower region of 
the antenna, which is defined by loop 1 (EFGH). It generates mode 2 at frequency 1 GHz as shown in Fig. 8b. 
Likewise, the surface current distributions indicate that at higher order modes the flow of current is within the 
entire antenna geometry. In some cases, the strong current flows near the feeding port and metal strip as shown 
in Fig. 8d and e, respectively. Also, a strong current flow can be seen near the connecting patch between the 
ground plane and the metal strip at the higher mode 3, cf. Fig. 8c.

Figure 9 illustrates the current distribution curve of the proposed antenna at various resonant frequencies, 
each corresponding to a specific mode. The current distribution varies across the antenna structure depending 
on the mode, revealing the areas of highest current concentration, which align with efficient radiation zones. At 
resonance, the current typically reaches its peak at specific points along the antenna structure. These areas with 
maximum current distribution indicate where the antenna is most efficient at radiating energy.

In Mode 1 (0.75 GHz), the current peaks in the lower metallic strip, demonstrating efficient operation in 
the UHF band. As the frequency increases to Mode 2 (1 GHz), the current spreads more evenly across both 
the metallic strip and the ground plane, indicating stronger resonance and broader coverage. At Mode 3 
(1.43 GHz), the current covers a larger portion of the antenna structure, optimizing performance in the L-band, 
with significant current observed across both the upper and lower areas. In Mode 4 (1.85 GHz), the current is 
more focused around the feed port, which is crucial for enhancing power transfer and ensuring good radiation 
efficiency in this band. Finally, at Mode 5 (3.57 GHz), corresponding to the S-band, the current distribution 
covers the entire antenna structure, with the strongest current flows in critical areas like the metal strips, ensuring 
maximum radiation efficiency at higher frequencies. This mode-based analysis allows a clear understanding of 
how the antenna operates effectively across multiple frequency bands, from UHF to S-band, and highlights 
opportunities to further optimize the design for better performance.

Antenna design with CubeSat
The proposed antenna is optimized and ready to be deployed inside the CubeSat. The CubeSat is designed using 
3D printing. The underlying material is PLA plastic with relative permittivity 2.7. The size of the CubeSat is 
100 × 100 × 100 mm3. The CubeSat has been shown in Fig. 10. The antenna is placed at one face of the 3D printed 
CubeSat as can be seen in Fig. 8. The size of the ground plane with surrounded metal strips is 102 × 102 × 5 mm3. 
The CubeSat has four more extensions of 2 mm from each side to tightly fix the surrounding metal strip. The 
proposed antenna consists of a ground plane and surrounding metallic strips, as described in the Antenna 
Geometry section. The ground plane is implemented on one side of the dielectric substrate, while the opposite 
side remains blank, ensuring efficient radiation characteristics. The metal strips, which are connected to the 
ground plane through vias, contribute to the multi-band resonance and omnidirectional radiation pattern. 

Fig. 7.  Input impedance, Z of the proposed antenna.
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Regarding the impact of the CubeSat’s metal structures, we acknowledge that the operational environment 
may introduce additional effects. The proposed antenna is perfectly fit inside the CubeSat occupying only 
100 × 100 × 0.508  mm3. Therefore, there is more room for placing payload, power and radio systems, solar 
panels, and flight control computer. Figure 11 shows the comparison of the S-parameters of the antenna with and 
without the CubeSat. It can be seen there is a little shift in frequency due to lossy plastic material of the CubeSat. 
However, the overall response of the proposed antenna is essentially the same.

Fig. 8.  Vector surface current distribution within the proposed antenna: (a) Mode 1 at 0.75 GHz, (b) Mode 2 
at 1 GHz, (c) Mode 3 at 1.43 GHz, (d) Mode 4 at 1.85 GHz and (e) Mode 5 at 3.57 GHz.
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Antenna design 3D radiation pattern characteristics with/without CubeSat
The radiation characteristics of the proposed antenna are analyzed in this section. First, the 3D radiation 
characteristics of the antenna with and without CubeSat is investigated in terms of gain and radiation efficiency 
at resonant frequencies. The gain values are computed in a graph and reported in Fig. 12. The gain at all the 
frequencies is stable even if it evaluated inside the CubeSat, which shows the resilient feature of the proposed 
antenna design. Secondly, radiation efficiencies with and without CubeSat is plotted in Fig. 13. After incorporating 
the proposed antenna into the CubeSat, the antenna efficiency is degraded, however, the overall efficiency at all 
the resonant frequencies is above 90%.

Experimental validation
The proposed antenna for CubeSat applications has been fabricated on Roger’s RO4003 substrate. The CubeSat 
has been implemented using a 3D printer. The fabricated antenna is successfully deployed inside the CubeSat as 
shown in Fig. 14. The antenna ground plane is intentionally designed to be of the same size as the CubeSat, i.e., 
100 × 100 mm2 to allocate the antenna at one of its faces. The surrounding metallic strips are separated exactly 

Fig. 10.  3D printed CubeSat and Proposed employed in a CubeSat.

 

Fig. 9.  Current distribution curves of the proposed antenna.
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3 mm from the antenna’s ground plane and the CubeSat, which is maintained by custom-made 3D extensions. 
Therefore, the metallic strips are rigid and easy to deploy. The coaxial connector and the connecting ground 
patch are soldered at the optimized location obtained from CST simulations. The overall weight of the antenna 
with CubeSat is low due to utilization of the plastic material.

The S-parameters of the proposed designs have been measured using the vector network analyzer. The 
simulated and measured reflection response as well as realized gain are plotted in Figs. 15 and 16, respectively. 
The alignment between the measurements and full-wave simulations is satisfactory. Minor discrepancies can 
be attributed to the connector and material losses. Figure  17 shows the experimental setup of the CubeSat 
antenna inside the anechoic chamber. The normalized directivity of the proposed array system is measured in 
the chamber at five frequencies, i.e., 0.75 GHz, 1.26 GHz, 2.5 GHz, 3 GHz, and 3.5 GHz. Figure 18 shows the 
radiation patterns at those frequencies. The figures illustrate the radiation patterns of the antenna at various 
frequencies—0.76 GHz, 1.26 GHz, 2.5 GHz, 3.0 GHz, and 3.5 GHz—comparing co-polarization (solid line) and 

Fig. 12.  Gain plot with and without CubeSat.

 

Fig. 11.  Reflection response of the proposed antenna with and without CubeSat.
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cross-polarization (dashed line). At 0.76 GHz, the radiation pattern is uniform with low cross-polarization levels, 
indicating strong polarization purity. At 1.26 GHz, the pattern remains stable, with co-polarization showing 
significantly stronger radiation than cross-polarization, highlighting efficient performance at this frequency. 
At higher frequencies, such as 2.5 GHz, 3.0 GHz, and 3.5 GHz, the radiation patterns exhibit some variation, 
with a slight increase in cross-polarization, though the antenna maintains good polarization separation. These 
results demonstrate the antenna’s ability to maintain consistent and effective radiation patterns across multiple 
frequencies, which is important for reliable communication in CubeSat applications.

Table 2 presents a comparison between the proposed antenna and different monopole and dipole antennas 
for CubeSat communications reported in the recent literature. The data presented in Table 2 indicates that the 
proposed structure exhibits a superior combination of bandwidth performance, triple operating bands (UHF, L 
and S) and compact size. The proposed antenna is easily deployable inside the CubeSat and offers a significant 
amount of room for other components such as solar panels, batteries, payloads etc. Furthermore, it features 
more operating bands with larger bandwidth as compared to other antennas. The antenna has a wide bandwidth 
especially at the S band around 1435 MHz, covering almost the entire band, which has not been demonstrated in 
the literature thus far. At the same time, it is considerable smaller than the benchmark structures of comparable 
other monopole/dipole antenna type.

Fig. 14.  Fabricated CubeSat antenna: (a) perspective view, (b) diverse side views.

 

Fig. 13.  Radiation Efficiency with and without CubeSat.
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Fig. 17.  Measurement setup for CubeSat antenna.

 

Fig. 16.  Measured and simulated realized gain (maximum within the yz-plane).

 

Fig. 15.  Measured and simulated reflection response of the proposed antenna for CubeSat applications.
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Proposed CubeSat possible application
Satellite-based air traffic monitoring is evolving with the integration of CubeSats, small and cost-effective 
satellites that play a key role in improving global aviation safety. CubeSats are miniaturized satellites that provide 
a more affordable and accessible option for monitoring air traffic, complementing the existing satellite systems. 
Incorporating CubeSats into air traffic monitoring systems allows for additional layers of communication 

Fig. 18.  Radiation patterns at 0.75 GHz, 1.26 GHz, 2.5 GHz, 3 GHz, and 3.5 GHz. Co- and cross-pol marked 
using solid and dashed lines, respectively. Simulation and measurement marked using grey and black lines, 
respectively.
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and tracking, particularly in remote or underserved regions. These CubeSats can be equipped with GPS 
receivers, communication systems, and data relay capabilities, extending the coverage of air traffic monitoring 
beyond traditional satellites. Due to their small size and lower launch cost, CubeSats can be deployed in large 
constellations, enhancing global coverage and providing more frequent data updates. The proposed CubeSat 
antenna application can serve this purpose but is not limited to it. As shown in Fig. 19, CubeSats work in tandem 
with communication satellites, GPS satellites, and aircraft-to-aircraft data exchange systems. CubeSats can serve 
as relay stations, helping aircraft transmit Automatic Dependent Surveillance–Broadcast (ADS-B) signals even 
in areas with poor or no traditional radar coverage, such as oceans and polar regions. The data collected by 
CubeSats, including precise positioning from GPS, is transmitted back to ground stations for real-time analysis, 
improving flight path accuracy, situational awareness, and overall safety. By combining CubeSat technology 
with existing satellite-based systems, air traffic monitoring becomes more robust, scalable, and cost-efficient, 
ensuring continuous and optimized aircraft tracking, reduced congestion, and improved communication across 
the global airspace.

Benchmarking
The proposed antenna design offers significant advancements over existing CubeSat antennas, as demonstrated 
in Table 2. Unlike conventional CubeSat antennas that primarily operate in a single or dual-band configuration, 
our design introduces a compact tri-band omnidirectional antenna that covers UHF, L-band, and S-band, 
ensuring broader frequency utilization for satellite communication. One of the key innovations of this work is 
the integration of a defected ground structure (DGS) and metallic vias, which enhances impedance matching and 
enables stable multi-band resonance without the need for complex matching networks. Additionally, the antenna 
is fully enclosed within a 1U CubeSat and does not require external deployment, making it mechanically robust 
and easy to integrate within small satellite platforms. The omnidirectional radiation pattern ensures consistent 
connectivity between the CubeSat and ground stations, even in dynamic orientations. Furthermore, the antenna 
exhibits high radiation efficiency (above 90%), outperforming several state-of-the-art CubeSat antennas 
with high material and impedance mismatch losses. Experimental validation, including fabricated prototype 
measurements and anechoic chamber testing, confirms the accuracy of simulated results, demonstrating reliable 
performance in real-world CubeSat conditions. Compared to existing monopole and dipole CubeSat antennas, 
our design provides better bandwidth, higher radiation efficiency, and a more compact form factor, making it an 
ideal candidate for the next-generation CubeSat communication systems.

Conclusion
This work presented a compact tri-band omnidirectional antenna optimized for 1U CubeSat applications, 
offering stable performance across UHF, L, and S-bands. The design incorporates metallic vias and a defected 
ground structure (DGS) to achieve multi-band resonance and high radiation efficiency, exceeding 90% at all 
resonance frequencies. The antenna’s small footprint (102 × 102 × 5 mm3) and fully enclosed structure eliminates 
the need for external deployment, making it easy to integrate within CubeSat platforms while leaving ample room 
for other critical components. Experimental validation, including fabrication and anechoic chamber testing, 
confirms the antenna’s cutting edge performance alignment between simulated and measured results. Compared 
to existing CubeSat antennas, the proposed design offers better bandwidth, higher radiation efficiency, and a 
more compact structure, making it an ideal solution for next-generation low-cost, high-performance CubeSat 
communication systems.

References
Antenna size (in terms 
of λ) Operating Frequency (GHz)

10 dB Bandwidth 
(MHz) Gain (dBi) Antenna type Deployable

CubeSat 
Type

Radiation 
efficiency 
(%)

3 0.6λ × 0.53λ 15 (Ku-band) 14,800–1510 8.41
SIW Cavity 
Backed 
Antenna

Yes IU N.A

4 2.6λ × 2.6λ 7.75–8.75 (X-band) 8025–8400 18.65 4 × 4 Array No 1U 60 to 82
6 N. A 5.8 (C-band) N. A 23.6 17 × 17 Array Yes N. A N. A
7 0.048λ × 0.048λ × 0.004λ 8 (X-band) 6100–13,900 7.3 5 × 5 Array No N. A N. A

9 0.87λ × 0.87λ × 0.042λ 2.5 (S-band), 4.7 (C-band) 2250–2750, 
4575–4825 7.55, 4.9 Folded-end 

Dipole Yes 1U N. A

27 0.13λ × 0.05λ × 0.011λ 1st 0.398 (UHF-band), 2nd 0.149 (VHF-
band)

142.5–155.5, 
393–403 1.72, 3.11 Monopole Yes N. A N. A

32 0.66λ × 0.66λ 2.5 (S-band) 2440–2560 5.03 Printed Dipole No 1U N. A
33 0.45λ × 0.45λ 2.45 (S-band) 2050–2870 3.49 Printed Dipole No 1U N. A

34 0.015λ × 0.048λ
0.144 (VHF), 0.435 (UHF)
0.144
(VHF), 0.435 (UHF)

N. A
2.59
3.91
2.14
4.35

Dipole
Monopole Yes 1U N. A

This work 0.26λ × 0.26λ × 0.013λ 0.755 (UHF), 1.25 (L-band), and 2.28 to 3.74 
(S-band)

710–790, 
1040–1290, 
2230–3680

3.12, 3.2, 
5.2 Monopoles Yes 1U 90

Table 2.  Performance comparison between proposed antenna and state-of-the-art designs.

 

Scientific Reports |        (2025) 15:11908 14| https://doi.org/10.1038/s41598-025-96628-w

www.nature.com/scientificreports/
D

o
w

nl
o

ad
ed

 f
ro

m
 m

o
st

w
ie

d
zy

.p
l

http://www.nature.com/scientificreports
http://mostwiedzy.pl


Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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