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Abstract: A reconfigurable, self-phase quadrifilar helical antenna was designed at BDS/GPS frequency band. The impedance, gain 
and directivity of the antenna were studied by HFSS based on FEM (finite element method) and experiment. Results show the beam 
width of the main lobe of the pattern can reach over 160° with the help of the load on the top of the antenna. And the power of the 
side-lobe level is very low. In addition, the quadrifilar helix antenna has excellent right-hand circular polarization performance with a 
beam width of 180°. Both single-frequency and double-frequency communications can be carried out by the antenna in the ranges 
between 1.2 and 1.8 GHz, with the bandwidth of each frequency about 60 MHz, the simulating and experimental results are nearly 
the same.  
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1. Introduction  

With the improvement of marine BDS/GPS 
terminals [1, 2], the development of shipboard antenna 
has been promoted. Firstly, BDS/GPS system 
antennas require circular polarization, which possesses 
the advantage of anti-interference, anti-multipath or 
multipath multiplexing. 

CP (circularly polarized) antennas can receive 
signals of various polarization modes, such as 
horizontal polarization, vertical polarization etc. When 
the incident wave is reflected by the reflector (such as 
a hull and the sea surface) and the incident angle is 
less than the Brester angle, the rotation of circularly 
polarized wave shows orthogonality, and a left-hand 
CP wave will be converted to a right-hand CP wave 
through reflection. Unlike land vehicles, ships are 
always in a non-stationary state during the voyage, 
which is especially severe in heavy weather. Through 
the simulation and experimental investigation, a 
self-phase BDS/GPS quadrifilar helical antenna [3-6] 
is designed, which provides reference for the 
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compatibility of BDS and GPS and improves the 
accuracy of ship borne positioning systems. 

2. Models and Structure 

The antenna designed in this article does not require 
a feeding network, and the circular polarization of the 
antenna is realized only by the phase differences 
among the four helical arms. Fig. 1 shows the 
self-phase quadrifilar helical antenna designed by us.  

The four helical arms are divided into two groups, 
each group has two adjacent helical arms, and the two 
arms are connected [7]. As shown in Fig. 1, arm 1 and 
arm 2 are in one group, and arm 3 and arm 4 are in the 
other group. Arms 1 and 3 are equal in length, while 
vibrators 2 and 4 are equal in length. The length of 
arms 1 and 2 varies by 1/4 wavelengths. Arms 1 and 2 
are connected with the inner conductor of the coaxial 
line, while arms 3 and 4 are connected with the outer 
conductor of the coaxial line [8, 9]. Since the current 
directions of the inner and outer conductors are 
opposite, and the phase difference is 180°, hence, the 
phase difference between the two adjacent vibrators of 
the quadrifilar helix antenna is 90°.  

As shown in Fig. 2, the reconfigurable BALUN can  
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Fig. 1  The self-phase quadrifilar helical antenna.  
 

 
Fig. 2  Reconfigurable BALUN and antenna impedance 
transformer.  
 

not only adjust the current balance between the inner 
and outer conductors of the coaxial line, but also can 
regulate the impedance and polarization bandwidth of 
the antenna by adjusting the movable ring on the 
adjustable BALUN. In addition, the power feeding 
strip on the antenna top serves as a top load, and the 
top load makes the main beam of the antenna pattern 
wider. The self-phase quadrifilar helical antenna is 
used for the purpose of reducing the antenna size 
because it does not require a matching network which 
makes the radial dimension larger. The adjustable 
BALUN of the antenna is arranged inside the hollow 
resin, and the movable ring on the adjustable BALUN 
center can be adjusted to change the frequency band 
and the circularly polarized characteristics of the 
antenna. Fig. 3 is the HFSS antenna model. 

3. Results and Analysis 

3.1 Impedance Characteristics 

The dimensions of the quadrifilar helical antenna 
array are as follows: the quadrifilar helical antenna 
HFSS model adopts ideal boundary, with its axial 
length of 640 mm; the length of the long helical 
vibrator is 812 mm, the length of the short vibrator is 

726 mm. The angle between the vibrator and the 
horizontal plane is 52°. The diameter of the antenna 
element is 20 mm, and the width of the helical 
vibrator is 2 mm.  

The result of the antenna return loss test is shown in 
Fig. 4. It can be seen on the network analyzer screen 
that the values of S11 on the two frequency points, 
1.22 and 1.57 GHz, both are less than -15 dB. Each 
frequency band has a bandwidth of about 60 MHz. 
The S11 at 1.22 GHz is less than -20 dB, and it is 
close to -20 dB at 1.57 GHz. Meanwhile, the distance 
between the movable ring on the adjustable BALUN 
and the top of the antenna is 22 mm. It is obviously 
that the antenna is suitable for the Beidou Generation 
II and GPS band ranges. Based on the finite element 
method, HFSS is used to simulate the antenna array, 
and the simulation ranges from 1.0 to 2.0 GHz. It can 
be seen from the simulation value of the antenna 
shown in Fig. 5 that the antenna has dual frequency 
characteristics in the 1-2 GHz band, which is close to 
the experimental results, and the center frequencies 
are 1.27 GHz and 1.54 GHz respectively. 
 

 
Fig. 3  Self-phase quadrifilar helical antenna model.  

 

 
Fig. 4  Experimental results of antenna impedance 
characteristics.  
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Fig. 5  Simulation results of antenna impedance 
characteristics.  
 

 
Fig. 6  Vertical directional diagram of the quadrifilar 
helical antenna.  

3.2 Directivity 

The radiation plot of the quadrifilar helical antenna 
is shown in Fig. 6, in which the maximum forward 
radiation of the antenna is 4.4 dB, and the gain of the 
antenna is 1.4 dB at the elevation angle of 10°, and the 
HPBW (half power beam width) of the main lobe is 
about 160°. It can be seen that the beam width of the 
antenna is wider than that of the conventional 
quadrifilar antenna due to the top load of the 
quadrifilar helical antenna. Because of the top load, 
the maximum radiation direction is not pointed to the 
vertical direction, and the antenna gain of the vertical 
direction is about 2.3 dB. In the elevation range of 50°, 
the highest antenna gain is about 4.4 dB. Therefore, 
the antenna can cover the whole upper space, and 
when the tunable BALUN and antenna vibrator length 
are adjusted, the directivity of the antenna changes. In 
addition, the direction of the antenna could be 

changed when the top load is rotated, and therefore the 
dual circular polarizations could be regulated 
accordingly.  

4. Conclusions 

It is difficult for conventional microstrip antenna or 
quadrifilar helical antenna to realize the ultra wide 
beam width to meet the engine requirements. Even to 
increase the axial length of the quadrifilar helical 
antenna, the radiation pattern of the antenna tends to 
be close to that of the dipole, and the gain of the 
high-elevation angle will be greatly reduced. A 
reconfigurable, self-phase quadrifilar helical antenna 
is designed and introduced in this paper, it can realize 
antenna band frequency, gain and even polarization 
reconstruction through the adjustable BALUN and the 
rod type helical antenna. With the disturbance of the 
top load on the current, it can enhance the 
low-elevation gain, and also maintain the 
high-elevation gain. The antenna can be used in the 
antenna BDS/GPS navigation system, and also be 
used as left-hand circularly polarized antenna for 
signal multiplexing.  
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