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Abstract—This paper presents the design and implementation 
of a circularly polarized turnstile antenna for VHF Data Exchange 
System (VDES) on satellite. The antenna is designed to satisfy the 
EIRP requirement to prevent interference as well as to fulfill the 
link budget based on system requirements over a wide-angle 
coverage. The antenna is prototyped and measured. 
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I. INTRODUCTION  
Very high frequency (VHF) Data Exchange System (VDES) 

is being developed to address the increasing needs in maritime 
communications between ships, shores, and satellites [1]. 
Satellite communication is one of the most important highlights 
in VDES. The satellite system can provide a much wider 
coverage area beyond the traditional terrestrial VDES, and aims 
to provide a cost effective solution for navigation and safety 
purposes. 

In order to satisfy the requirements for wide coverage area, 
an antenna with a wide-angle pattern is preferred over a 
directional one. Figure 1 compares the coverage angle by using 
a directional antenna with an antenna having a wide-angle 
pattern. It can be observed that the directional antenna can only 
achieve less than one quarter of the coverage, taking into 
accounts the three-dimensional patterns. The increased coverage 
can lead to lower cost as the number of satellites required to 
cover the entire orbit is much reduced.  

In this paper, a circularly polarized turnstile antenna is 
proposed to be used on the satellite for VDES applications. It is 
designed to satisfy the system requirements, and also features as 
a practical solution for satellite deployment. 

II. DESIGN CONSIDERATIONS 
The antenna is designed for a 12U CubeSat. For the purpose 

of deployment, the antenna should be low in mass and must be 
able to be stowed within the CubeSat launch envelope. The 
major challenge is the limited space available to stow the 
antenna, especially at the VHF band of 156−162 MHz. Such 
requirement eliminates several choices of wide-range antenna 

including planar antenna [2], horn antenna [3], cross-dipole 
antenna [4], and cavity antenna [5].  

Wire antennas have been applied extensively for VHF 
satellite communications. The advantages of wire antennas are 
the small stow volume and low mass even when the operating 
wavelength is long. Wire antennas can be readily stowed on the 
external face of a CubeSat during launch, and deployed in orbit 
[6].  Turnstile antennas have been used for space applications 
[7], [8]. Its major advantages include low mass and wide-angle 
beam for larger earth coverage.  

Another design consideration is the pattern mask 
requirement. The upper bound is determined by the regulated 
power density limits, and the lower bound is calculated from the 
link budget, taking into account the receiver antenna gain on 
ship. Both the power density limits and the ship antenna gain are 
listed in [1]. By having four radiating arms, the turnstile antenna 
can be tuned to achieve various patterns that can fulfill the 
pattern mask requirement, with a wide angle coverage of ±60°. 
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Figure 1. (a) Directional satellite antenna coverage; (b) Wide-angle 

satellite antenna coverage.  

 
 

Figure 2. Configuration of the circularly polarized turnstile antenna and 
the dummy satellite.  
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The radiation pattern is determined by the mounting angles, the 
antenna lengths, as well as the satellite size and configuration. 
Figure 2 shows the proposed antenna configuration on a dummy 
12U satellite body.  

The four monopoles in the turnstile antenna are sequentially 
fed with the same magnitude and quadrature phase for circularly 
polarized radiation. The antenna is simulated by varying the 
length and angle of the arms with respect to the vertical axis. The 
simulation results are analyzed and checked against the upper 
and lower gain masks. With the optimized parameters obtained 
from simulations, the antenna is fabricated with extendable 
metallic arms and adjustable mounting fixtures, so that both the 
length and the angle of the arms can be tuned during 
measurement as shown in Figure 3(a). The phase control circuit 
is fabricated, which comprises one 180° and two 90° hybrid 
couplers as shown in Figure 3(b).  

III. MEASUREMENT RESULTS 
The antenna is tested using different combinations of length 

and angle of the arms to further verify the results and to take into 
account the effects of the phase control circuit board. Figure 4 
shows the measured reflection coefficient of the optimal 
combination, which exhibits less than -10 dB across the 
frequency range of interest. The optimal combination of 1350 

mm in length and 75° in angle can achieve the mask requirement 
across the operating frequency range.  

From Figure 5, the measured patterns for the optimal 
combination at the different frequencies are able to fit within the 
mask, and the axial ratio of the antenna is below 3 dB across the 
frequency range when the antenna is pointing to Earth.   

IV. CONCLUSION 
This paper presents a VHF circularly polarized turnstile 

antenna, which can be deployed on satellites for VDES 
applications. The antenna is able to satisfy the radiation pattern 
requirements with a wide-angle coverage of ±60° across the 
VDES frequency range.  
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Figure 3. (a) Turnstile antenna prototype on the dummy satellite body; 

(b) phase control circuit board.   

 
Figure 4. Measured reflection coefficient. 

 
 

 
Figure 5. (a) Measured realized gain; (b) Measured axial ratio.    




