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Abstract: In order to better receive Beidou satellite signals on ships, miniaturized antennas are
becoming more and more important. To solve the problem of antenna miniaturization, this paper
proposes a novel back cavity slot antenna (CBSA) in conformation with submarine cable. The slot
antenna works in the L-band of BDS, adopts parasitic patch structure, and uses HFSS
electromagnetic simulation software for simulation and analysis. Results The maximum electric field
intensity between the gaps on the surface of the antenna decreased from 854.31V/m to 681.88V/m,
and the average gain of the antenna increased by 0.15dB.
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1. Introduction
In recent years, the broadband Global Area Network (BGAN) [1-3], the Global Positioning

System (GPS)[4-6] and the Beidou Navigation System (BDStar)[7-9] organized by INMARSAT
have become more and more widely used in various fields, and the demand for portable terminals
with small size and high transmission performance is also increasing. As a common band for
satellite communication and radar detection, L-band has the advantages of anti-interference and
strong penetration, but when the mobile terminal is used to receive satellite signals at sea, it will be
affected by a variety of complex and harsh environments and the limited space of the installation
platform, so it is a wise choice to use slot antenna as a signal receiving and receiving device.

Slot antenna is an antenna formed by cutting a gap of a specific size on the conductor plate. The
conductor plate can be expanded or closed, and the closing methods mainly include rectangular
waveguide, circular waveguide, resonant cavity, etc. The coaxial line feeding mode can be adopted
for the plane conductor plate, and the coaxial line feeding mode can be adopted for the closed
conductor plate. Waveguide excitation feeding mode can also be used, and there are various ways
of slotting the closed conductor plate, including transverse, longitudinal and oblique[10] .

As a special aperture antenna, slot antenna is a commonly used type of miniaturized antenna
because of its strong size design adjustability and better adaptability.

Its working principle is that after blocking the surface current through the gap, the current
movement trajectory of the surface changes, that is, the current periodic movement of the wide slit
edge produces electromagnetic radiation effect to realize the transmission and reception of
information. Since H.G. Boker proposed the concept of slot antenna in the 1940s, slot antenna has
entered a leap development [11]. Literature [12]designed a wide-side longitudinal slot waveguide
slot array antenna conformal with a cylindrical surface. By adding a choke slot between the
waveguides, the coupling between the gaps was reduced, the influence of surface waves was
suppressed, and the gain of the antenna was improved. In literature [13], a simple and efficient
inverted back-cavity antenna coupling structure was proposed. The coupling was reduced by
placing rectangular parasitic patch. Compared with the antenna without additional structure, the
mutual coupling was reduced by 6dB in the bandwidth range of 3.2% (center frequency is 12GHz)
with reflection coefficient less than -10dB, and the antenna orientation pattern was improved. The
energy in the radiation direction decreases.

Based on cylindrical waveguide, a kind of slot antenna conformal with submarine cable is
proposed in this paper. The waveguide wall of the cylindrical waveguide is divided into six
hourglass type gaps, and the spacing between any two gaps is 60. When it floats on the sea, there is
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always a gap exposed to the water to receive electromagnetic waves in space. The antenna is fed by
the coaxial line. The simulation results show that the design of the antenna is feasible. The antenna
has the characteristics of full directivity, easy array formation, easy machining and assembly.

2. Organization of the Text
2.1 Antenna design principles:

The antenna is mainly studied from three aspects: feeding position, feeding mode and filling
medium. According to the duality principle, the pattern of the slot antenna and the dual oscillator is
the same, but the polarization direction of the electric field and magnetic field is different, so the
position of the feed has a great influence on its radiation performance. The dual oscillator is usually
fed by the center, and the feed mode of the slot antenna includes side feed, offset feed and center
feed. The use of side-feed and off-feed will lead to poor coverage and uniformity distribution of
antenna pattern, so the use of center feed is the preferred choice for the design of omnidirectional
antenna.

The antenna is fed on the coaxial line, which is a transmission line composed of two inner and
outer conductors. Between the inner and outer conductors are filled with dielectric material with
dielectric constant (Ɛ) and µpermeability. The main mode of coaxial transmission is TEM[14].
Because the TEM wave field distribution in the transverse plane is the same as the static field, the
static field cannot be established in the cross section of the hollow metal cylindrical waveguide
(there are unequal amounts of different charges on the conductor surface, so the static state cannot
exist), so the TEM wave can only be transmitted through the coaxial line.

Because the antenna is designed to be conformal with the submarine cable, its size cannot be
consistent with the standard cylindrical waveguide flange, and it is smaller than the standard
waveguide size, so how to achieve the predetermined radiation performance in the original
frequency band in a smaller cavity becomes the biggest problem. Filling a circular waveguide with
media can greatly reduce its dielectric wavelength, and the waveguide wavelength will also
decrease accordingly, so it is an effective means to reduce the size of the waveguide slot array
antenna[15]. In formula (1), is the cut-off wavelength of the transmission mode and represents the
phase velocity; In formula (2), is the eigenvalue of the vector function of the transverse distribution
to wavelength, and is the cutoff frequency; Formula (3) represents the relative dielectric constant of
the medium.
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2.2 Selection of the number of antenna gaps
The number of gaps in the waveguide wall has a great influence on the receiving and

transmitting performance of the antenna. In order to ensure that there are always gaps exposed to
the sea surface to receive electromagnetic waves, the antenna reflection coefficient S11 and
standing wave ratio VSWR corresponding to the gap number of 4, 6 and 8 (equidistant between two
adjacent gaps) are analyzed respectively, and the data are compared. The results of Figures 2.4 and
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2.5 show that: From Figure 2.4 it can be clearly observed that: When the frequency is 1-10GHz, the
three kinds of gaps have three resonance points, among which the reflection coefficient S11 in the
L-band is the smallest. When the gap number N=6, the reflection coefficient of S11 at the resonance
point 1.5GHz is -33.6242dB, and the reflection coefficient in the whole L-band is less than -10dB.
As can be seen from Figure 2.5, when the number of gaps N=6, the standing wave ratio at the
resonance point 1.5GHz is 1.043, which is significantly lower than the other two gaps.

Figure 2.1 Reflection coefficient of antenna with different number of gaps

Figure 2.2 Standing wave ratio of slot antenna with different slot number

2.3 Selection of array gap structure:
For the four commonly used gap structures [16]A: rectangular gap, B: "H" shaped gap, C:

"Hour-Glass" gap, D: hourglass type gap. The four shapes and their size distribution are shown in
Figure 2.3:
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Figure2.3 Four kinds of gap structures in reference [16]

In Figure 2.3, the length of the wide slit of the four kinds of gaps is L=100mm, and the length of
the narrow slit is 0.1L=10mm. The structural length ratio of the wide slit of the two kinds of gaps B
and C is the same, and D is composed of two axisymmetric parts. The wall of the waveguide has six
gaps, and the two adjacent gaps are separated by 60. The simulation results show that the gain of the
four gap types is basically no difference. However, it can be found from Figure 2.4 that the
reflection coefficient of the hourglass gap at 1.5GHz is much smaller than that of the other three
gaps, and its efficiency is much higher than that of the other three gap structures. According to
Figure 2.5, it can be found that the VSWR of the hourglass slot at the resonant point of 1.5GHz is
much lower than that of the other three slot structures, and has good matching performance.
Therefore, the hourglass slot is determined as the structure of the slot antenna.

In order to make the internal field of the gap more uniform, eliminate the uncertainty of the slot
Angle and facilitate the milling machine processing, the slot Angle is processed into a semicircle.

Figure 2.4 S11 reflection coefficients of the four slits

Figure 2.5 Standing wave ratio of the four slits
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2.4 Antenna optimization
Each gap can be regarded as a separate dual dipole antenna, and there will be coupling between

the two adjacent gaps, which will reduce the gain of the antenna and affect the transmission
performance of the entire antenna system.

In order to better reduce the mutual coupling, many researchers have carried out a series of
research work, such as open ring resonators (CSRRs), electrical tape gap structures (EBG) and
parasitic patch band-resistance effect, generate reverse coupling current to offset the original
coupling current, introduce additional resonance points to broaden the antenna bandwidth, and
improve the coupling efficiency. Among the above three methods, using parasitic patch has the
lowest cost and simplest structure, and there is no significant difference in reducing mutual
coupling performance compared with other methods [17].

In the design of the back cavity slot conformal antenna, a patch with length rad1=9mm is
conformal between every two gaps with spacing rad2=10mm. The material is alumina ceramic
substrate, and the dielectric constant is 10(F/m). The antenna adopts six patches, which are
equidistant from the left and right gaps. Thickness H1=0.5mm. The wall thickness of the cylindrical
cavity is H0=2mm, and the diameter of the inner cavity is R0=36mm. The antenna is fed with a
coaxial line, with an inner core radius of 0.5mm and a total radius of 1.15mm. The side view and
main view of the antenna are shown in FIG. 2.6 and 2.7 respectively:

Figure 2.6 Overall side view of the antenna

Figure 2.7 Main view of the antenna

2.5 Analysis of simulation results
Simulation modeling and experiments are carried out on the designed array antenna in HFSS

software. Figure 2.8 (a) shows the current diagram of the antenna surface after adding the parasitic
patch. Figure 2.8 (b) shows the surface current of the antenna without any additional structure. The
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comparison between Figure. (a) and Figure. (b) shows that the maximum electric field intensity
between the gaps decreases from 854.31V/m to 681.88V/m after the parasitic patch is added.

Figure. 2.9 shows the comparison of E-plane far-field pattern without additional structure and
with parasitic patch structure; Figure. 2.10 shows the comparison of H-plane far-field pattern with
or without additional structure. It can be seen from the figure that the uniformity of antenna pattern
is improved after adding parasitic patch, and the total gain of adding parasitic patch increases by
0.15dB compared with the total gain of E and H planes without additional structure.

a. Parasitic patch structure
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b. No additional structure
Figure 2.8 Surface current comparison of antenna with or without parasitic patch

Figure. 2.9 Comparison of simulated E-plane gain of antenna with or without patch

Figure. 2.10 Comparison of simulation H-plane gain diagram with or without patch antenna

3. summary
Based on the waveguide slot structure, this paper proposes a slot antenna structure that is

conformed with the submarine cable. By comparing the reflection coefficient and standing wave
ratio of three different slot structures and four different slot structures, and adding parasitic patches
to reduce the coupling between the gaps and improve the radiation characteristics, this antenna can
be used to form an antenna array and be used to receive Beidou satellite signals at sea.

Acknowledgements
If there are project funds, please add them here 18270688456@163.com.

References
[1] Fines, P. , et al. "BGAN Radio Interface Enhancements for SatCom-on-the-Move." IEEE (2013).
[2] Geissler, M. , et al. "Design and test of an L-band phased array for maritime satcom." Proceedings of the

5th European Conference on Antennas and Propagation (EUCAP) IEEE, 2011.
[3] Przepiorowski,Jakub,et al."Wideband Array for BGAN Portable

Terminals".,2022,https://doi.org/10.1109/iWAT54881.2022.98



56

[4] Pradeep, Pendli , J. S. Kottareddygari , and C. S. Paidimarry . "Design of a Dual-Band Monopole
Antenna for Internet of Things and Sub-6 GHz 5G Applications." 2024 IEEE Wireless Antenna and
Microwave Symposium (WAMS) .

[5] Han, Yuhong , Y. Liu , and S. He . "Simulation of coupling of vehicle key Receiving antenna and
GPS navigation antenna." 2023 5th International Conference on Frontiers Technology of Information
and Computer (ICFTIC) .

[6] Chen, Wen Shan , G. Q. Lin , and W. H. Hsu . "WLAN MIMO antennas with a GPS antenna for
smart watch applications." International Workshop on Electromagnetics: Applications & Student
Innovation Competition IEEE, 2017.

[7] Deng, Zhuolin, Xianchao Xu, Zhongyu Tian, Chenhe Duan, Jiagang He, and Gaosheng Li. "A Compact
Circularly Polarized Beidou Antenna Loaded with U-Slot Parasitic Patch." 2022 International Applied
Computational Electromagnetics Society Symposium (ACES-China), 2022.

[8] Dong, Nin, Nana Qi, Meng Guo, Chao Wang, and Lu Chen. "An Optimal Design of High Gain Beidou
Anti-Jamming Antenna." 2022 International Symposium on Networks, Computers and Communications
(ISNCC), 2022.

[9] Wang, Huihui, and Weihu Zhang. "A Dual-Band Circularly Polarized Stacked Microstrip Antenna for
Beidou Navigation Application." 2021 International Conference on Wireless Communications and
Smart Grid (ICWCSG), 2021.

[10] Liu Jian, Yuan Jue, Liu Wei, et al. Principle and Simulation of waveguide slot antenna [J]. Digital
Communications World,2023,(08):61-63+162.

[11] H.G. Booker. Slot aerials and their relation to complementary wire aerials (Babinet’s principle)[J]. J.
Inst. Elect. Eng. - Part IIIA: Radiolocation, vol. 93, no. 4, pp. 620–626, 1946.

[12] Liao Yong, Xie Ping, Yu Aimin, et al. Research on conformal waveguide slot array antenna with choke
groove [J]. Modern Applied Physics,2023,14(04):151-156. (in Chinese)

[13] Zhang Qichun, Zhang Xiaolin, Lai Qinghua, & Wu Wen. Research on decoupling of inverted
back-cavity slot antennas. 2017 National Conference on Microwave and Millimeter Wave.

[14] Zou Yiwei, Zhang Jiahao, Guo Qinggong. Design of horizontal omnidirectional antenna array based on
coaxial double-ring slot Structure [J]. Electronic Manufacturing,2022,30(08):64-66. (in Chinese

[15] Jiang Kun, Huang Xinyuan, Guo Qinggong. Design of dual-polarized horizontal omnidirectional array
antenna based on circular waveguide gap [J]. Modern Radar, 2023(3):88-93. (in Chinese)

[16] Li Xianqin. Design of RF front-end Device of Mobile Terminal in BGAN Communication System [D].
Dalian Maritime University,2016.

[17] Habashi, Asieh , J. Nourinia , and C. Ghobadi . "Mutual Coupling Reduction Between Very Closely
Spaced Patch Antennas Using Low-Profile Folded Split-Ring Resonators (FSRRs)." IEEE Antennas and
Wireless Propagation Letters 10(2011):862-865.


	1.Introduction
	2.Organization of the Text
	2.1Antenna design principles:
	2.2Selection of the number of antenna gaps
	2.3Selection of array gap structure:
	2.4Antenna optimization
	2.5Analysis of simulation results

	3.summary
	Acknowledgements
	References

