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ABSTRACT In this paper, two compact monopole antennas working at 149 MHz (VHF) and 398 MHz
(UHF) are proposed for CubeSats applications. Two monopole antennas are integrated on a double layer
ceramic substrate. The overall dimensions of the folded antenna are 101 mm ×40 mm ×8.9 mm which is
very small. Meander-line technique and foldable structure are proposed to achieve a compact design. The
introduction of decoupling structure solves the problem of high coupling caused by small size. Computer
simulations and measurements are conducted. The results demonstrate that the proposed design is a very
promising candidate for CubeSats applications.

INDEX TERMS UHF/VHF, CubeSats, monopole antenna, meander-line, foldable structure, decoupling
structure.

I. INTRODUCTION
CubeSat is a tiny cube-shaped satellite with dimensions of
10× 10× 10 cm3 and a weight less than 1 kg [1]. Due to the
low costs formanufacturing and launching, the range of appli-
cations has been extended rapidly, attracting military, com-
mercial and academic interest. Antennas on a CubeSat may
have different frequency bands, which vary from VHF band
to millimeter wave band. Up to now, various antenna systems
have been proposed. Structures of these antennas include
linear wires, reflectors, deployable membranes, horns, and
patches [2]. In most of the satellites, two sets of dipole anten-
nas (UHF) and two sets of monopoles (VHF) are normally
used for transmitting and receiving purpose respectively. The
main concerns are the shadows from the solar panels [3],
the mechanical complexity, and the limited space in the
deployable system, which make it a complex design problem
in the antenna design.

A number of antennas dedicated to satellite applications
have been proposed. A single monopole antenna matched
at two different frequencies is proposed in [4]. The antenna
feeds a duplexer that separates the transmitting and receiv-
ing frequencies, which simplified the antenna system of a
CubeSat. While conventional standard dipole antennas are
too big to fit into a CubeSat, a deployable dipole/monopole
is introduced in [5]. The Compass-2 satellite from RWTH
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Aachen [6] uses S-band for high-speed communication and
a combined VHF/UHF system as a fallback solution for
basic telemetry data. In this particular system, a UHF dipole
antenna is combined with a VHF monopole antenna. The
KNACKSATmission byKingMongkut’s University of Tech-
nology Bangkok [7] uses two perpendicular dipole antennas
for each frequency band. In [8], the use of CubeSat body
as an UHF antenna was proposed. The antenna does not
rely on any deployable mechanical system, which increases
the reliability of the satellite significantly. A CubeSat cir-
cularly polarized (CP) patch antenna system operating in L
band and a method of efficient patch antenna stowage have
been proposed in [9]. One antenna consists of two patch
elements placed on separate solar-panel wings and inter-
leaved while the wings are stowed. In [10], compact UHF
patch antenna compatible with any CubeSat is proposed.
The design involves a different combination of miniaturiza-
tion techniques of patch antennas like folded meander line,
partial ground plane, and shorting pin for small satellite
applications.

In this paper, The UHF and VHF antennas are integrated
into a compact structure. Miniaturized antenna size and low
coupling are realized. To achieve a compact dimension, UHF
antenna uses folded meander line which is designed on one
side of the substrate and VHF antenna uses deployable struc-
ture. The decoupling structure design reduces the coupling
between the two antennas, and finally a better effect is
achieved. In order to simplify the antenna feeding circuit,
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FIGURE 1. The configuration of the proposed antenna. (a) Exploded view
(b) Top view (c) Bottom view (d) Side view.

FIGURE 2. Schematic diagram of antenna expansion process. (a) fold
state (b) Semi-expanded state (c) deployable state.

double-feed structure is designed. Compact profile makes the
antenna have a wide range of applications in CubeSat.

After optimizing the antenna parameters, a prototype is
fabricated andmeasured on aCubeSat. The paper is organized
as follows. Section II introduces the antenna structure and
design process. Section III discusses the results of the sim-
ulation and measurement. Section IV designs a decoupling
structure. Section V concludes the paper.

FIGURE 3. Simulated S11 with different values of x.

II. CONFIGURATION AND DESIGN
The configuration of the proposed antenna is shown
in Figure 1. It consists of two driven monopoles, rectangular
dielectric substrate, ground plane, two rectangular patches,
and feeder circuit. The dimension of rectangular dielectric
substrate is 95.78 mm × 40 mm × 1.6 mm. Two monopoles
are integrated on the substrate. To achieve a compact struc-
ture, different miniaturization techniques are preferred in
this design. For the UHF monopole working at 398 MHz,
meander-line technique [11], [12] is implemented. The use of
meander-line technique plays a role in reducing the antenna
size. When the electromagnetic wave is fed into the antenna
structure from the feed point, the current in the adjacent
vertical branch of the curved polyline is in the opposite
direction. Due to the coupling between adjacent lines and the
bending angle effect, the electric length of the bent antenna
is slightly less than the total length of the bent antenna,
and the resonance frequency of the bent antenna is much
lower than that of the unmodified monopole. The overall
of the meander-line is equivalent to an inductive element,
so two capacitive rectangular patches are placed on the back
of the substrate to fine-tune the resonant frequency of the
antenna to some extent. The parameter optimization simu-
lation of rectangle patch width is carried out, as show in
the Figure 3. When the size of rectangular patch gradually
decreases, the matching effect of the antenna at 401 MHz
becomes worse. The capacitive compensation of rectangular
patches can be proved. For the VHFmonopole, a λ/4 resonant
monopole antenna at 149 MHz would require dimensions
of 500 mm. It is obviously unreasonable to place the antenna
upright before launch. Based on this consideration, we choose
flexible materials that can be expanded. The antenna would
be folded into the CubeSat body and deployed [13] in space.
Figure 2 shows the unfolding progress of the antenna. Before
the satellite is launched, the antenna is tied with a bundling
ropemake the antenna closed.When the satellite enters space,
the fuse is used to fuse the corresponding binding rope at the
anchor type base and the antenna is expanded accordingly.
As the two monopole antennas are integrated together, there
is a degree of coupling when antennas are working. The S21
curve of the proposed antenna is shown in the Figure 4. The
isolation degree of UHF antenna is about−5 dB operating at
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FIGURE 4. S21 curve of proposed antenna. UHF is port 1 and VHF is port 2.

FIGURE 5. The prototype of the proposed antenna. (a) Top view
(b) Bottom View.

TABLE 1. Optimised antenna design parameters.

398 MHz and the isolation degree of VHF antenna is−26 dB
operation at 149MHz. In the later section, the coupling effect
between the two antennas will be explained and a decoupling
structure will be introduced.

All dimensions in millimetres.
In the simulation software, two discrete feed ports are set in

the antenna, but special feed circuits is designed in the actual
antenna, as shown in the Figure 5. The feed circuit includes
two coplanar waveguide transmission lines on the PCB and
two flexible coaxial lines. Two 50-ohm SMA connectors
are soldered to the coplanar waveguide structure on the

FIGURE 6. Antenna model with CubeSats. (a) Simulation
(b) Measurement (c) The direction diagram under this perspective,
operating at 149 MHz and 401 MHz respectively.

PCB board. Then use two flexible coaxial lines to connect the
feed port of the antenna and the coplanar waveguide to real-
ize feeding to the antennas In practical antenna debugging,
impedancematching can be achieved by addingwinding coils
to the coplanar waveguide structure.

III. ANTENNA MEASUREMENTS
To verify the design, the antenna with optimized dimensions
is fabricated and the prototype is shown in Figure 5. Final
optimized design parameter of the realized antenna geomet-
ric layout is presented in Table 1. The performance of the
UHF\VHF antenna is calculated.

A prototype of proposed antenna is fabricated and attached
to the CubeSats structure as shown in Figure 6 (a) (b).
Figure 6 (c) shows the radiation patterns of the proposed
antenna at the same angle. The reflection coefficient of
the proposed. UHF/VHF antenna has been measured using
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FIGURE 7. Simulated and Measured reflection coefficients of antenna
with satellite structure (a) UHF (b) VHF.

FIGURE 8. Surface current distribution of the UHF antenna.

Vector Network Analyzer (VNA). The simulated and mea-
sured antenna reflection coefficients are reported in Figure 7.
The two results are in good agreement showing that a good
matching has been obtained around the operating frequency.
Figure 7 (a) shows the measured and simulated resonant
frequencies of UHF antenna are all at 398 MHz; while the
impedance bandwidth (|S11| <10 dB) is about 10 MHz.
It can also be observed that measured and simulated resonant
frequencies of VHF antenna are all at 149 MHz and the

FIGURE 9. Simulated S11 with different values of vv.

FIGURE 10. Simulated S11 with different values of Ld.

impedance bandwidth for VHF antenna is about 13 MHz.
Simulation surface current distribution magnitude at the res-
onant frequencies of the UHF antennas is shown in Figure 8.
It is obvious that the meander-line is mainly used to change
the current path to achieve miniaturization. To investigate the
effects of the VHF antenna length, the simulated S11 (dB)
with different values of VV is plotted in Figure 9. It shows
that decreasing VHF antenna length causes the resonant fre-
quency to shift upwards, and the impedance matching at
lower frequencies becomes better. To investigate the effects of
the last meander-line length, the simulated S11 as a function
of Ld is shown in Figure 9. As the Ld increases, the res-
onant frequency tends to decrease and better impedance
matching.

The radiation characteristics of the antenna are assessed
considering the measured and simulated gain radiation pat-
terns at the nominal operating frequency. The gain radiation
patterns of the antenna with satellite structure are measured
in far-field measurement systems. The gain radiation patterns
of UHF/VHF antenna at 149 MHz and 398 MHz, illustrated
in Figure 11. Even though the radiation patterns are distorted
from an omnidirectional pattern at one or two angles, the
omnidirectional features appears at most other frequencies.
Due to the limited conditions in the anechoic chamber, only
the UHF antenna was measured in the anechoic chamber.
VHF antenna was measured outdoors. The measured gain is
different from the simulated gain mainly influenced by the
multipath effect.
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FIGURE 11. Simulated and measured radiation patterns (x-y, x-z and y-z
planes) with satellite structure at 149 MHz and 398 MHz. (a) xoy plane of
UHF (b) xoz plane of UHF (c) yoz plane of UHF (d) xoy plane of VHF
(e) xoz plane of VHF (f) yoz plane of VHF.

FIGURE 12. Decoupling structure.

IV. DECOUPLING STRUCTURE
Due to the close distance between the two monopole anten-
nas, the coupling effect becomes very significant in UHF
frequency band. In this part, a feasible decoupling structure is
introduced and verified by simulation. A decoupling structure
based on the antenna-ground branch decoupling principle is
introduced. A new coupling path is introduced between the
two antennas. In order to avoid VHF antenna contact decou-
pling structure, the decoupling structure is mostly placed on
the back of the dielectric substrate, as shown in figure 12.
By changing the length of the decoupling structure, a better
isolation can be achieved at 398 MHz.

FIGURE 13. The current distribution of the antenna with decoupling
structure at 398 MHz.

FIGURE 14. S21 curves with and without decoupling structure.

FIGURE 15. The direction diagram operating at 149 MHz and 398 MHz
respectively.

After simulation verification, the S21 curve of proposed
antenna is shown in Figure 14. The isolation degree of the
two antennas decreased from −5 dB to −25 dB at 398 MHz.

Figure 13 shows the current distribution when the antenna
works at 398 MHz after the decoupling structure is added.
It can be seen from the figure that the coupling current
in the VHF antenna decreases significantly. The coupling
current generated by the decoupling structure on the VHF
antenna is opposite to that generated by the UHF antenna
on the VHF antenna. After optimization, the coupling cur-
rent on the VHF antenna is effectively suppressed. Some
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FIGURE 16. The S-parameter with decoupling structure.

TABLE 2. Comparison of characteristics of different VHF/UHF antenna.

performance of the proposed antenna changes as the intro-
duction of decoupling structure. The antenna matching per-
formance gets better as shown in figure 16. The gain of
UHF antenna changed from 0.435 dBi to 3.11 dBi and the
gain of VHF antenna changed from 1.58 dBi to 1.72 dBi as
shown in figure 15. The size and performance of the proposed
antenna was compared with existing VHF/UHF antennas,
tabulated in Table 2. Considering the comparison criteria in
the VHF/ UHF band, it can be seen that the proposed antenna
was a potential candidate for the CubeSats communication
system.

V. CONCLUSION
A new design of a compact integrated UHF/VHF antenna
for CubeSats has been proposed in this paper. Compact

size, low profile and geometric characteristics are realized
in this design. The proposed antenna can work at UHF
(398 MHz) and VHF (149 MHz) band. This design not
only realizes the dual frequency work, but also allows
the limitations of space for an antenna to be overcome.
A decoupling structure is designed, and the antenna achieves
better matching performance, lower coupling, and greater
gain. So, the proposed antenna is a good approach for
CubeSats.
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