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 This research investigates the application of frequency selective surface 

(FSS) reflectors to enhance vehicle-to-vehicle (V2V) communication 

performance. A compact antenna measuring 32×24×1.6 mm, derived from 

an FSS 10×10×1.6 mm unit cell, was studied. Integration of FSS technology 

with the antenna resulted in significant performance improvements. The  

gain increased from 3.9 to 5.4 dB at 5.9 GHz, representing a 1.5-fold 

enhancement. Additionally, the bandwidth extended to 230.94 MHz. These 

advancements demonstrate the efficacy of FSS technology for antenna gain 

enhancement in V2V systems. The compact design, coupled with improved 

performance, makes this approach particularly suitable for vehicular 

applications where space is limited. This study not only showcases the 

potential of FSS technology in antenna design but also suggests its  

broader applicability in enhancing V2V communication systems, potentially 

contributing to the development of more efficient and safer transportation 

networks. 
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1. INTRODUCTION 

Throughout history, numerous studies have been conducted to discover efficient antennas capable of 

meeting the increasing demand for advanced communication. These antennas must possess characteristics 

such as large bandwidth, high gain, directional radiation, ease of manufacturing, and affordability [1], [2].In 

order to increase antenna gain, a number of techniques have been widely used. Epsilon-near-zero (ENZ) 

materials are one such technique [3]–[5]. Altering the patch geometry [6], [7] or adding a superstrate, like an 

electromagnetic band gap (EBG) [8], [9], are two further strategies. Furthermore, we suggest the method of 

putting a frequency selective surface (FSS) reflector behind the antenna in order to increase the gain even 

more [10]–[12]. Electromagnetic waves are effectively reflected in phase by this reflector [13]. The FSS cell 

is used to create antenna reflectors and spatial filters in radar systems, communication systems, antenna 

technology, and mobile communication [14]. Planar and infinite, FSS structures can reflect plane waves in 

phase because of their high impedance [15]. 

In [16], a novel design for a printed antenna patch is proposed, specifically tailored for 5G 

applications. A FSS positioned λ/4 behind the antenna, acting as a reflector, is part of the suggested design. 

At 3.5 GHz, this configuration greatly increases the antenna's gain by 9.12 dB. 

https://creativecommons.org/licenses/by-sa/4.0/
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Moving on to [17], a new filter structure is shown. It consists of a planar layer with a 3×3 cell array 

of FSS transmitters. At a frequency of 3.5 GHz, this filter is smoothly integrated with an ultra-wideband 

(UWB) antenna, preserving a separation distance of 10 mm. This integration's main goal is to successfully 

shield signals in UWB wireless applications, especially for connected items using 5G technology. 

Daghari and Sakli [18] proposed a cylindrical filter antenna designed specifically for vehicular 

communication at a frequency of 5.9 GHz. The antenna's performance was enhanced by an array of FSS 

reflectors inside the cylindrical structure, resulting in a 1.5 dB gain increase. In contrast, a novel UWB 

antenna design was investigated in [19], incorporating a dual-polarized radiator and a back reflector with a 

single FSS. This integration of FSS enabled the antenna to achieve an impressive gain of 9.5 dB. In the 

publication [20], the utilization of a circular ring with three straight legs has been demonstrated to enhance 

the impedance bandwidth of the antenna. This improvement allows for a broader range of frequencies, 

spanning from 2.1 to 12.6 GHz, while also achieving superior return loss performance. The incorporation of 

three straight legs into the circular ring structure, forming a pattern resembling the Mercedes logo, functions 

as an impedance matching circuit. By carefully adjusting the spacing between the coplanar waveguide 

(CPW) and the feed line, the input impedance can be finely tuned, resulting in a 10 dB return loss bandwidth. 

This particular configuration ensures a more consistent gain across the ultra-wideband (UWB) frequencies 

and facilitates a high radiation efficiency of approximately 97% within the operational frequency range. 

In the research conducted in [21], a comprehensive investigation is presented on a millimeter-wave 

(mm-wave) antenna specifically designed for 5G networks. The antenna incorporates a rectangular slot and is 

further enhanced with a FSS to enhance its gain. The proposed millimeter-wave antenna for 5G networks has 

successfully achieved a bandwidth with S11 ≤ -10 dB ranging from 25.5 to 30.8 GHz, along with a realized 

gain of approximately 10.3 dBi at 28 GHz. On the other hand, the antenna lacking FSS-based reflectors has 

attained a bandwidth with S11 ≤ -10 dB spanning from 26 to 29.8 GHz, accompanied by a realized gain of 

roughly 4.5 dBi across the entire frequency spectrum. 

The application of FSS patch antennas in vehicle-to-vehicle (V2V) communication signifies a 

notable progression owing to their distinctive attributes tailored to meet the specific demands of this evolving 

technology [22]. FSS patch antennas offer a multitude of advantages, encompassing amplified gain for 

stronger and more reliable vehicle connections, enhanced directivity that precisely concentrates signals where 

required, and diminished multipath propagation to minimize signal distortion and augment overall system 

performance [23], [24]. Their compact dimensions enable seamless integration into vehicles without 

compromising functionality, while their streamlined design contributes to improved aerodynamics and fuel 

efficiency. Furthermore, the cost-effectiveness of FSS patch antennas, achieved through uncomplicated 

manufacturing processes and affordable components, renders them a practical choice for large-scale 

production. Collectively, these features position FSS patch antennas as an optimal solution for facilitating 

dependable and efficient wireless communication among vehicles in V2V systems, thereby paving the way 

for enhanced road safety and driving experiences [24]. 

Our paper introduces a novel approach where an array of FSS is integrated with a proposed antenna. 

The FSS unit cell design resembles a crescent moon shape, with dimensions of 10×10 mm, corresponding to 

λ/5×λ/5, where λ represents the wavelength. Furthermore, the suggested FSS displays a stop band 

characteristic within the 5.9 GHz range, resulting in a significant gain enhancement of up to 4.2 dB. 

Positioned λ/2 below the antenna, the FSS contributes to the heightened gain. This enhancement occurs by 

reflecting and combining the antenna-emitted wave with the FSS-emitted wave. Maximum gain is achieved 

through constructive interference when these two waves are in phase. Empirical findings provide support for 

this conclusion. 

The remaining sections of the document are organized as follows: section 2 presents the design and 

simulations of the antenna element. Section 3 discusses the geometry of the proposed FSS unit cell. In 

section 4, an 8×8 periodic arrangement of the FSS is utilized as a reflector to enhance gain, and the 

simulation results of the antenna with and without the FSS are compared. Section 5 is dedicated to the 

validation of the circuit electrically with advanced design system (ADS). This is a crucial step to ensure the 

functionality and reliability of the design. Finally, section 6 provides the concluding remarks of the paper, 

summarizing the key findings and potential future directions. 

 

 

2. THE PROPOSED DESIGN 

2.1.  Design of proposed patch antenna  

Figure 1 illustrates the geometry of a simple patch antenna with the following dimensions [25], [26]: 

length L=24 mm, width W=32 mm, and substrate thickness h=1.6 mm. The antenna is constructed on an FR4 

substrate, which has a relative permittivity of 4.3 and a loss tangent of 0.025. 
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√
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 12.26 𝑚𝑚 (1) 

 

𝑊𝑝 =
𝑐

2𝑓𝑟√𝜀𝑟
 15.61 𝑚𝑚 (2) 

 

The dimensions of patch antenna proposed are given in Table 1 and Figure 2 shows the reflection parameter 

S11 of the patch antenna proposed as a function of frequency. 

 

 

 
 

Figure 1. Patch antenna proposed 

 

 

Table 1. Parameters of patch antenna  
Parameters L W Lp Wp Ll Wl h T 

Value (mm) 24 32 11.66 15.61 5 10 1.6 0.035 

 

 

 
 

Figure 2. Reflection coefficient of proposed antenna 

 

 

2.2.  Design of proposed frequency selective surface  

Figure 3 illustrates the dimensions and structure of the FSS crescent moon unit cell. This novel 

design functions as a reflector, redirecting electromagnetic waves towards a primary operating lobe. The 

proposed FSS is fabricated utilizing a Rogger RT5880 substrate, characterized by a loss tangent of 0.02, a 

dielectric constant of 2.2, and a thickness of 1.6 mm. The unit cell consists of two circular rings, with ring 1 

having a radius of 9.75 mm and ring 2 having a radius of 8.5 mm. Increasing the radius results in a decrease 

in both the resonant frequency and the bandwidth. The FSS itself has dimensions of 10×10 mm (L×L). The 

reflection parameter S11 and the transmission coefficient of the FSS reflector can be observed in Figure 4. 

The FSS comprises an 8×8 array of cells, each measuring 80×80 mm, with a periodicity of 10 mm. The 

dimensions of the cells other than the periodicity match those of the entire array. 
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Figure 3. Design FSS proposed Figure 4. Reflection S11 and transmission S21coefficient of FSS 

 

 

3. RESULT AND DISCUSSION 

This section presents a thorough examination of the reflection coefficients, radiation pattern, and 

gain of the patch antenna. The placement of an FSS array behind the antenna is shown in Figure 5. For 

optimal reflection, the distance between the proposed antenna and the FSS array should be λ/2, where λ is the 

wavelength corresponding to the resonant frequency of 5.9 GHz at the center. 

The patch antenna emits a wave that radiates both upwards from the patch and downwards through 

the partial ground plane. A reflector made of FSS cells is placed at a distance of λ/2 from the antenna, which 

redirects the downward wave back to the antenna, acting as an additional source of emission. Therefore, two 

waves are combined within the antenna: the primary wave from the patch and the secondary wave from the 

reflector, which travels a distance of λ after reflection. These waves are in phase and interfere constructively. 

As a result, the radiation pattern shifts, becoming omnidirectional above the patch. This enhancement 

contributes to improve both the antenna's directivity and gain. Furthermore, when the antenna is integrated 

into an electronic circuit, it also functions as an electromagnetic shield for the ground plane. 

Figure 6 illustrates the reflection coefficient (S11) of the proposed antenna, both with and without 

FSS the conformal reflector. The figure clearly shows a significant change in the input reflection coefficient 

value, with an enhancement from -28.35 dB to -38.13 dB at a frequency of 5.9 GHz. Additionally, the 

antenna's -10 dB bandwidth, which is centered around the 5.9 GHz frequency, measures 230.94 MHz. This 

narrower bandwidth offers specific advantages for vehicle-to-vehicle (V2V) communication within the 

dedicated short-range communication (DSRC) system frequency.  

Figures 6, 7, and 8 depict the simulation outcomes for the antenna's gain, reflection coefficient, and 

radiation pattern. A thorough analysis is conducted by comparing the parameters acquired with and without 

the FSS reflector at phi=0° and phi=90°. The findings reveal that the presence of the FSS reflector array 

positioned behind the antenna does not exert a substantial influence on the antenna's transmission coefficient. 

Moreover, it ensures a commendable impedance adaptation throughout the entire frequency range.  

Figures 7(a) and (b) generated at phi=0° and phi=90° respectively, demonstrate the enhancement of 

the radiation pattern both with and without the application of FSS. These figures also suggest that the 

incorporation of FSS could potentially lead to a more focused radiation pattern. This could be particularly 

beneficial in environments with high levels of interference, thereby improving the reliability and efficiency 

of V2V communications. 

Figure 8 shows the 3D radiation pattern of the patch antenna with the FSS reflector layer, providing 

a comprehensive view of how the antenna radiates energy in different directions. This visualization clearly 

demonstrates the influence of the FSS reflector layer on the antenna's radiation characteristics. The pattern 

reveals enhanced directivity and gain in the desired direction, which is a direct result of the FSS reflector's 

ability to redirect and focus the electromagnetic waves emitted by the patch antenna.  

Figure 9 illustrates a contrast in the enhancements achieved in two scenarios, one with the inclusion 

of an FSS reflector and the other without. Upon integrating the antenna with the reflector, the gain of the 

antenna experiences a notable improvement, rising from 3.9 dB to 5.47 dB, which is the peak gain at a 

frequency of 5.9 GHz. Consequently, the antenna’s gain is enhanced and the remaining characteristics remain 

unaltered. 

As depicted in Figure 10, the patch antenna equipped with a FSS demonstrates superior performance 

compared to conventional designs. Within its operational frequency band, this advanced antenna 

configuration achieves an efficiency exceeding 67.13%, indicating its high effectiveness in converting input 

power to radiated power. This remarkable efficiency is a direct result of the FSS integration, which enhances 

the antenna's ability to focus electromagnetic energy in the desired direction while minimizing losses. 
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Figure 11 shows that the voltage standing wave ratio (VSWR) for the patch antenna with FSS is 

1.025 at a frequency of 5.92 GHz. This value, being less than 2, indicates a good impedance match between 

the feed line and the antenna. This efficient matching ensures optimal power transfer, thereby enhancing the 

antenna’s performance. 

 

 

  

  

Figure 5. Side profile of antenna with FSS reflector Figure 6. S11with and without FSS 

 

 

  
(a) (b) 

 

Figure 7. Radiation pattern of antenna (a) Phi=0 and (b) Phi=90° 

 

 

 
 

Figure 8. 3D radiation pattern of antenna with FSS 
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Figure 9. Antenna gain evaluation: impact of FSS 

 

 

 
 

Figure 10. Efficiency of patch antenna with FSS 

 

 

 
 

Figure 11. VSWR for patch antenna with FSS 

 

 

Figure 12 illustrates the far-Field characteristics at 5.9 GHz, with subfigures showing the electric 

field (E-field) and magnetic field (H-field) distributions. Figure 12(a) depicts the E-field pattern in the far-

field region, providing insight into the antenna's electric field radiation characteristics at the specified 

frequency. Complementing this, Figure 12(b) represents the H-field pattern, which offers information about 

the magnetic field distribution in the far-field. These far-field patterns are crucial for understanding the 

antenna's radiation behavior, directivity, and overall performance at the 5.9 GHz frequency, which is 

particularly relevant for vehicle-to-vehicle (V2V) communication applications. By analyzing both the E-field 

and H-field patterns together, engineers can gain a comprehensive understanding of the antenna's radiation 

characteristics and make informed decisions about its suitability for specific communication scenarios. 
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(a) (b) 

 

Figure 12. far-Field (a) E-field and (b) H-field at 5.9 GHz 

 

 

4. VALIDATION RESULTS WITH ADS 

In this section, we present the results of the validation of a patch antenna and a FSS using the ADS 

software. The main objective of this validation is to verify the performance and efficiency of the designed 

antenna and FSS. ADS, as a cutting-edge electromagnetic simulation tool, allows us to analyze in detail the 

characteristics of the antenna and the FSS, including the S-parameters. The results obtained from these 

simulations provide us with valuable information about the behavior of the antenna and the FSS under 

various conditions, thus helping us to optimize their design for maximum performance. 

 

4.1.  Patch antenna with ADS 

In Figure 13, the equivalent circuit of a 5.9 GHz microstrip patch antenna, as represented in the 

ADS platform, is depicted. This figure also includes a screen snapshot of the equivalent circuit of the feed 

line, which is a real transmission line in the ADS platform. The construction of these equivalent circuits 

necessitates various parameters such as resistance (R), capacitance (C), impedance (Z), and frequency (F). 

These parameters are integral to the design of the equivalent circuit of both the patch and the feedline of the 

microstrip patch antenna (as shown in Figure 1). The individual equivalent circuits of the patch and the 

feedline are subsequently interconnected to form the comprehensive schematic of the patch antennas. This 

schematic provides a holistic view of the antenna’s design and functionality. 

Figure 13 illustrates the equivalent circuit and reflection coefficient of the antenna. Figure 13(a) 

shows the equivalent circuit of the antenna, while Figure 13(b) displays the comparison of the reflection 

coefficient (S11) for the antenna. In Figure 13(b), the blue line depicts the outcomes obtained from CST 

electromagnetic simulations, which take into account the intricate nature of the antenna's behavior. On the 

other hand, the red line represents the circuit equivalent model in ADS, which simplifies the antenna into a 

circuit with equivalent characteristics. The strong agreement between these two lines confirms the precision 

of the circuit model, facilitating dependable design and enhancement of the antenna's performance. 

 

 

  
(a) (b) 

 

Figure 13. Equivalent circuit and reflection coefficient of the antenna: (a) equivalent circuit of antenna and 

(b) reflection coefficient of antenna  
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4.2.  FSS with ADS 

The equivalent circuit model of FSS can be designed using both ADS and CST software. The 

equivalent circuit model for FSSs can be deduced and its impedance calculated. The circuit approach is based 

on an equivalent representation of the FSSs with series or shunt connections of inductances and capacitances. 

Figure 14 illustrates the equivalent circuit and reflection coefficient of the FSS. Figure 14(a) shows the 

equivalent circuit of the FSS, while Figure 14(b) displays the comparison of reflection coefficient for the FSS 

between CST and circuit equivalent with ADS. The results obtained from the ADS simulation, as shown in 

Figure 14(b), are accurate up to the resonant frequency region of the element. Both lines in Figure 14(b) 

show similar trends. They descend sharply around 5.9 GHz to reach their minimum values near -55 dB and 

then ascend. This suggests that the reflection coefficients for FSS between the two methods (CST and ADS) 

are similar in performance across different frequencies. 

 

 

  
(a) (b) 

 

Figure 14. Equivalent circuit and reflection coefficient of FSS: (a) equivalent circuit of FSS and (b) reflection 

coefficient of FSS 

 

 

4.3.  Antenna patch with FSS implemented in ADS 

Figure 15 presents the equivalent circuit and reflection coefficient analysis of a patch antenna with 

FSS. e utilized two simulation methods, CST and ADS, to analyze a patch antenna with an FSS. Figure 15(a) 

shows the equivalent circuit of the antenna with FSS, while Figure 15(b) displays the reflection coefficient of 

the antenna with FSS. The results obtained were consistent across both methods, indicating a high reliability 

of our simulations. This also demonstrates the accuracy of the models used in both systems to predict the 

behavior of the patch antenna with FSS. In summary, our work has validated the effectiveness of using CST 

and ADS for the simulation of patch antennas with FSS. 

 

 

  
(a) (b) 

 

Figure 15. Equivalent circuit and reflection coefficient analysis of patch antenna with FSS: (a) equivalent 

circuit of antenna with FSS; (b) reflection coefficient of antenna with FSS 

 

 

5. CONCLUSION 

In this paper, the study effectively employed a FSS reflector to boost the gain of antennas tailored 

for vehicle-to-vehicle communications. Integrating the antenna with FSS resulted in a gain enhancement 

from 3.9 to 5.4 dB at 5.9 GHz, with the bandwidth extending to 230.94 MHz. Notably, the FSS reflector had 

minimal impact on the antenna's transmission coefficient, ensuring consistent impedance adaptation across 

the frequency band. These findings underscore the promising potential of FSS in enhancing antenna 
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performance for V2V applications. Furthermore, when validating these results using an equivalent circuit, we 

obtained the same outcomes, reinforcing the reliability and accuracy of our study. 
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