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Abstract—This article describes the operational principle of the satellite-based Chinese Area
Positioning System (CAPS) and proposes a monopole antenna for a large anchored buoy platform in
harshmarine environment. The proposed antenna is highly omnidirectional with sufficiently wide half-
power beamwidth (HPBW) greater than 40° (i.e., not less than +20° swing) by using a conical ground
plane, taking into account the geostationary satellite position, link budget, sea conditions, volume and
cost. The impedance bandwidth defined by 10dB return loss is 750 MHz (5.60-6.35 GHz), and the
main lobe direction and the half-power beamwidth are about 46° and 43° at the operating frequency
5.885 GHz, respectively. The antenna prototype has been installed on-site to test its performance in sea.
The results confirm that the proposed antenna is a suitable candidate for a variety of CAPS applications
in China.

1. INTRODUCTION

Oceanic buoys have for decades been applied to maritime hydrological and meteorological observations.
Since most of the buoys work in harsh environment far away from the coastlines, conventional radio
links or mobile systems can hardly satisfy the stringent specifications. The buoy platforms are thus
widely used in a number of satellite-based navigation and telecommunication systems, such as GPS,
ARGO and Inmarsat-C [1-3].

Chinese Area Positioning System (CAPS) takes advantage of communication satellites on the
geostationary orbit (GEO) which uses transponders for both navigation and telecommunication
functionalities. As for the maritime CAPS monitoring system, it consists of the GEO satellites, earth
stations, user centers and large anchored oceanic buoys. A series of sensors are installed on the buoy
platform, which is capable of automatically connecting data of the maritime environment, location and
status of the buoy body before sending them to an earth station via GEO satellites. The earth station
can process the received data and forward them to the user centers, while sending necessary control
messages to the buoy on the other way around. The operational principle of the CAPS experimental
system is illustrated in Fig. 1.

The CAPS Satellite 3 in Fig. 1 is on the Slightly Inclined Geostationary-Satellite Orbit (SIGSO)
and mainly used as a transponder in the maritime monitoring system. Such an SIGSO satellite can
improve positioning accuracy of CAPS and provide operation economy for telecommunications. SIGSO
satellite is turned from decommissioned geosynchronous earth orbit satellite and only needs longitudinal
station-keeping. Research shows that (i) SIGSO satellite inclination at a rate varying from year to year
between 0.75°-0.95° [4], (ii) it will never exceed the natural limit of 14.5° in 18.6 years and (iii) then
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Figure 1. Operational principle of the CAPS experimental system.
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Figure 2. Track of sub CAPS satellite 3.

decreases gradually at a cycle with a ground shaped as “8” [5,6]. Fig. 2 is the track of sub CAPS
Satellite 3 point whose inclination is 5.4°. In order to track SIGSO satellite, buoy antenna pattern must
be wide enough to accommodate the inclination changes. In addition, the buoy platform is subjected
to waves, wind and corrosion due to the seawater. As a key component of the anchored buoy platform,
the antenna should therefore be well qualified in terms of high-performance, high-reliability, low-profile
and low-cost.

Circularly polarized conical beam antennas have been well adopted in the low G/T mobile satellite
communication or the low /medium bit-rate satellite broadcasting services [7, 8], and short-range wireless
communications [9, 10] in which maximum gain achieved between 4 dB and 6 dB over HPBW elevation
angle varied from £40° to +50° with axial ratio less than 4 dB. However, these antennas are quite
large and complicated in antenna geometry; therefore, they are not suitable for CAPS monitoring
system. A monopole antenna is omnidirectional and commonly used in FM broadcasting, VHF/UHF
communications, space and military applications since it has simple structure and capable of producing
designable conical radiation patterns. It is also advantageous for the cost reduction as there is no
need for tracking the satellites due to its omnidirectional patterns in the azimuth plane. A conventional
monopole antenna consists of a straight rod-shaped radiator on a flat ground plane. It can be developed
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into a wideband or multiband antenna through varying the shape of the radiator or implementing the
loading techniques [11-13]. The performance can also be further improved by changing the shape
or characteristics of the antenna ground plane. Ground planes in modified solid shape [14-16] or in
defected shape [17] can be adopted to realize multiple resonances. In addition, using fractal [18] or
quasi-fractal [19] ground plane in multiband monopole antennas can reduce the size of the antenna
and enhance the performance. Recently, the artificial surface technology, including electrical bandgap
(EBG) [20] and band-notch structures [21] can also be used in the ground plane of ultra-wideband
monopoles for bandwidth enhancement and resonance flexibility.

However, from [11-21], it was found that no paper describes the design of a conical beam monopole
antenna on an oceanic buoy platform. Particularly, of greater importance are to pointing the elevation
angle over a wide beamwidth of the main lobe in the proposed application. In this article, a monopole
antenna with conical ground plane is designed for the maritime CAPS monitoring system, where
omnidirectional radiation patterns are required with half-power beamwidth (HPBW) greater than 40°
and main lobe directing 46° relative to the zenith axis, according to the satellite link budget.

2. ANALYSIS AND SIMULATION

The dipole model together with the image theory is typically used to illustrate how the monopole
fundamentally works. For monopoles with a finite-sized ground, the uniform theory of diffraction(UTD)
can be incorporated with the ray-tracing technique to make an analytical solution to the radiation
pattern [22,23]. In this work, the commercial solver CST MWS was used to perform the modeling and
antenna geometry parametric study.

The quarter wavelength monopole on a sufficiently large planar ground is the most common type
of the conventional monopole antennas;its ideal model does not have any sidelobe, but the main lobe
directs to the horizon (perpendicularly to the zenith axis). The three-quarter wavelength monopole
otherwise does have side lobe, while its main lobe directs some certain angle relative to the horizon.
The five-quarter wavelength monopole have higher gain, however, it has more sidelobes and the HPBW
tends to be inadequate for the aimed swing range of +20°. Consequently, the three-quarter wavelength
monopole was thus chosen as a good starting point for the design.

The geometry of the proposed omnidirectional monopole antenna is shown in Fig. 3, where L is
the length of the rod conductor, D the diameter of bottom face, d the diameter of the upper face, and
0 the side angle.

W p
(b)

Figure 3. Geometry of the conical ground plane monopole antenna; (a) 3-D view, (b) center cut side
view.

The conical ground works for modifying the elevation angle and HPBW of the main lobe. The rod
radiator is fed by a coaxial cable reaching through the bottom of the ground plane. The performance was
investigated at the center frequency 5.885 GHz by tuning the parameters L, § and D. A full parametric
study was performed on the antenna elements to achieve certain performances of such antenna in terms
return loss (S11, as shown in Figs. 4 to 6) and radiation patterns as shown in Figs. 7 to 9.

The initial length of the rod radiator L is 0.75)\¢ as mentioned above, and it becomes shorter when
the radiator is covered by a dielectric housing (g, = 2.2) for the purpose of packaging and anti-corrosion.
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Figure 4. Parameter L sweep for S1; (other parameters are set as in Table 1).
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Figure 5. Parameter [ sweep for Si; (other parameters are set as in Table 1).
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Figure 6. Parameter D sweep for Si; (other parameters are set as in Table 1).

L is the most sensitive factor for variation of the resonance points, but insensitive for the change of the
radiation patterns. Therefore, L is optimized in the first place.

As opposed to L, the side angle § is otherwise the most sensitive factor for both the direction
and HPBW of the main lobe, while very little variation of the resonance points is observed when it is
changed. However, there exists some difference in the deepness of the tips in the sweep of .

The bottom diameter D does not change much either in resonance tips or in the main lobe directions,



Progress In Electromagnetics Research C, Vol. 68, 2016

10 s s
| | ‘,,,i‘,,. ,,,,,, .
‘ ‘ — =056,
‘ ‘ —e—L=0.587L07
v 3 3 ] ——L=0.601,
10 ) R S S e S 1
| | | | L=0.621
‘ ‘ § § ——L=0.64.
L PRI SRR
50  -100  -50 0 50 100 150
eO
Figure 7. Parameter L sweep for patterns (other parameters are set as in
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Figure 8. Parameter [ sweep for patterns (other parameters are set as in Table 1).
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Figure 9. Parameter D sweep for patterns (other parameters are set as in Table 1).
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and it can thus be used to fine-tune the HPBW. It should be sufficiently large in terms of Ag (wavelength
at center frequency of the operating band) for a desired beamwidth; meanwhile, it has to be as small as
possible in view of the volume, weight and cost. The trade-off was made based on plenty of parameter

sweep simulations.

The top diameter d is made small enough just for supporting the rod radiator and found to be
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of minor importance. The dimensions of the optimized monopole antenna are given in Table 1, where
the operating frequency is 5.885 GHz, corresponding to a wavelength of about 51 mm in free space.
By the way, this antenna is installed on the top of a quite large anchored buoy platform and more
than 10 meters above the sea level, so the influence on the radiation patterns by the seawater can be
neglected.

Table 1. Dimensions of the dielectric-housed monopole antenna.

D L I6] d Ao
1.3Xg | 0.61)g | 14° | 6mm | 51 mm

3. MEASURED RESULTS

The S11 of the antenna was measured by an Agilent N5230C network analyzer. The radiation pattern
and antenna gain were measured inside anechoic chamber. The measured S1; and copolar radiation
pattern are shown in Figs. 10 and 11, respectively. It can be seen that the 10dB impedance bandwidth
has been covered between 5.60 and 6.35 GHz (i.e., a total bandwidth of 750 MHz that is equivalent to
12.5% relative bandwidth), and the resonance point is deviated by 25 MHz from the original operating
center frequency 5.885 GHz; including an error around 100 MHz was found between simulated and
measured resonant frequencies, due to some mechanical tolerances. The main beam angle is around 46°
relative to the zenith axis and the HPBW is about 43° at 5.885 GHz. The measured maximum antenna
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Figure 10. The measured magnitude of S7; of the monopole antenna.
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Figure 11. The measured directivity of the manufactured antenna at 5.885 GHz.
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Figure 12. The antenna installed on the top of the oceanic buoy platform.

gain is about 5.7dB that is quite satisfactory towards the required limit of the link budget for such
system application. The measured patterns generally agree well with the simulation results, though the
measured far-out/back lobes are somewhat lower.

As pictured in Fig. 12, the antenna was installed on the top of an oceanic buoy platform in China
East Sea. It was about 10 meters high above the sea level, and the influence on radiation patterns from
the sea surface and other objects was found negligible. The system had survived a series of functional
tests for 15 days in a row, when even very tough conditions (maximum wave height 4.8 m, maximum
wind speed 12.2m/s) occurred in sea. During the on-site tests, data capture rate up to 100% and bit
error rate better than 10° of the navigation/communication system were recorded.

4. CONCLUSIONS

In this paper, we propose a C-band buoy monopole antenna with a conical ground plane that is used to
adjust the main lobe direction and the beamwidth to satisfy the satellite link requirements when installed
on an oceanic buoy platform. Different side angles were studied before the dimensions were optimized
finally. The measurement results show that its 10 dB impedance bandwidth ranges from around 5.60 to
6.35 GHz; the main lobe direction and HPBW are about 46° and 43° at 5.885 GHz, respectively. The
measurement results agree well with the simulation ones. The on-site tests of the monopole antenna
were performed in sea and turned out to succeed in meeting the system requirements. The proposed
buoy antenna has been finalized for use in the maritime CAPS monitoring system in China.
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