A Novel Compact-Low Profile Four Port MIMO Antenna for V2X Application
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Abstract—This study offers a miniature, low-profile a four -Antenna with numerous inputs and outputs. This is designed to be used in V2X communication systems operating at sub-6 GHz frequency band. The antenna is planned to use with a lossy FR-4 substrate and is 24 x 24 x 1.6 mm. The microstrip feeding approach is used to drive four orthogonal radiating elements, which provide pattern diversity and minimize Mutual connection of the radiative elements. 
This antenna is proposed to operate at 4.15 GHz and has an resistance bandwidth extending from 3.85 GHz to 4.59 GHz. The suggested antennas has excellent impedance matching properties, as the reflection coefficient measures -23 dB. The proposed antenna also has high port-to-port isolation, which is approximately -29 dB, without using any structure can be decoupled.  
The suggested antenna exhibits a continuous bidirectional radiation pattern, and peak value of the radiation is approximately 1.5 dBi. The proposed antenna was simulated with CST Studio Suite, which verifies its potential application in V2X communication systems. 
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Introduction 
The rapid advancement of intelligent transportation systems (ITS) has significantly increased the demand for reliable and high-speed Vehicle-to Everything (V2X) communication, enabling efficient interaction among vehicles, infrastructure, and pedestrians to enhance road safety and traffic management [1]–[3]. MIMO antenna systems are critical for satisfying these objectives by improving channel capacity, spectral efficiency, and link reliability [4]–[6]. However, the design of compact MIMO antennas suitable for vehicular environments remains a challenging task due to mutual coupling, limited physical space, and interference effects [7], [8]. Several methods, including defective ground structures (DGS), parasitic elements, and neutralisation lines, Proposed methods for improving isolation and reducing coupling among all antenna elements; however, these approaches frequently result in increased structural complexity and fabrication cost, as discussed in the IEEE Conference 2 paper [9]-[14]. Furthermore, this four-port MIMO antenna is meant for sub-6 GHz V2X functions . It is compact and low profile, described at IEEE Conference 1 paper, demonstrates strong isolation and good impedance matching without the need for extra decoupling mechanisms, resulting in stable radiation characteristics [15]-[20]. Recent research emphasizes the need of achieving compact size, excellent isolation, and constant radiation performance for next-generation communication systems [21–25]. Motivated by these advancements, this work focuses on developing a compact and low-complexity the MIMO antenna design provides strong isolation and better performance, making it ideal for V2X communication applications.[26]–[31]. 
Literature survey
      Multiple MIMO antenna layouts have been proposed for automotive communication systems as well as wireless communication systems. Conventional MIMO antennas include dual-port, multi-port, polarization diversity, spatial diversity, and pattern diversity. 
      Several researchers have proposed various decoupling techniques, including defective ground structure, neutralization lines, parasitical elements, and metamaterials, for improving isolation between the elements of MIMO antennas. Although the proposed techniques improve performance of the MIMO antennas, they also increase the complication of the design as well as the complication of the fabrication process. 
      Several small MIMO antennas have been proposed for operated at sub-6 GHz frequencies. The recommended MIMO antennas include monopole, slot, and patch-type MIMO antennas. 
      Several researchers have focused their research on reducing the size of the MIMO antennas while maintaining a high gain as well as a high isolation value. Although several MIMO antennas have been proposed, most of them have a dual-port structure. 
      Thus, there is a need for designing a simple, A small four-port MIMO antenna with strong isolation value. 


Proposed model
Existing method
      For the traditional MIMO antenna system, two-port antenna configurations are commonly adopted Because to their straightforward form and simplicity of implementation. In the two-port antenna structure, several decoupling techniques, includingDefective ground structures, neutralization lines, parasitic elements, electromagnetic bandgap structures have been widely implemented to enhance the antenna's isolation performance. However, it has also been observed that the use of these decoupling structures generally complicates the structure the antenna system's cost and size will increase. In case of compact antenna structures, the antenna elements are closely spaced, resulting in significant electromagnetic interaction between the antenna elements. This often compromises impedance matching performance and antenna efficiency, and envelope the correlation coefficient. When using multiport antenna systems, it becomes even more complex to maintain high isolation performance. In addition, several antenna structures have been implemented within a narrow band or by utilizing complex optimization techniques. However, these complexities make the traditional approach unsuitable for the vehicular communication system. 
Proposed method
     The recommended antenna is a unique compact low profile four-port MIMO system designed on a lossy substrate material, i.e., the substrate is made of FR-4 material with a 4.3 value of dielectric constant and 1.6 mm of thickness. The recommended antenna was designed to occupy a small space of 24 x 24 x 1.6 mm³, it has highly suitable for embedding it into a constrained space environment, especially in vehicular applications. The proposed design comprises four identical radiating elements connected to the microstrip feed lines and arranged in an orthogonal configuration to provide effective pattern diversity and reduce cross-talk effects. The suggested MIMO antenna design is optimized at resonance frequency of 4.15 GHz, with an impedance bandwidth spanning 3.85 GHz to 4.59 GHz. The most significant part of the proposed model
is that it can provide high isolation between the antenna ports, i.e., –29 dB, Without the usage of any additional decoupling elements. 
     The symmetric structure ensures a balanced current distribution, ensuring balanced performance across all ports. Also, the compact nature of the structure aids in integration efficiency in V2X technology. In addition, balanced impedance matching, radiation properties, Low correlation between elements is important for efficient MIMO technology. The antenna is simulated and analyzed via CST Studio Suite. From the results, it is evident that the suggested architecture provides a balanced trade-off between compactness, isolation, and performance, which made a suitable candidate for V2X technology operates in sub-6 GHz spectrum.


Block Diagram
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Proposed MIMO Antenna
     The complete antenna is a low-profile, four-port device designed for sub-6 GHz V2X application equipment. This antenna is constructed from a substrate with lossy FR-4 material, it has 1.6 mm thickness with a dielectric constant
of 4.3. From the suggested antenna, the dimensions is given by 24 x 24 x 1.6 mm³, making it ideal for vehicles with little space. A microstrip line is used to stimulate the four identical portions of the proposed antenna. All elements are in an Perpendicular configuration to obtain pattern diversity and reduce coupling of close to the parts. 
     The suggested antenna is developed for operation at 4.15 GHz, covering a bandwidth between 3.85-4.59 GHz. The suggested antenna's compact configuration maximizes the use of available area while ensuring acceptable radiation characteristics. One notable feature of the recommended design is the excellent isolation between the antenna ports operate without the need for extra decoupling components such as defective ground structures or neutralisation lines, this results in high level of isolated between the antenna ports are roughly -29 dB. The symmetric configuration of the proposed antenna ensures uniform current distribution, thus providing uniform performance across all ports. The surface current distribution clearly indicates that the connection between the antennas is reduced due to the orthogonal configuration and the proposed MIMO antenna was optimized in its design. The planned antenna also ensures good impedance matching, with reflection coefficient of around -23 dB and bidirectional radiation pattern that are appropriate for vehicular communication systems.

    
 The suggested MIMO antenna additionally ensures that the the envelope correlation coefficient is poor, and significant diversity gain prove its suitable for effective communication systems. The suggested MIMO antenna strategy is Simulated and analysed in the CST Studio Suite, and its outcomes demonstrate its applicability for effective communication systems.
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Fig. 1 Front side of MIMO antenna
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Fig. 2 Back side of the antenna

The recommended compact four-port MIMO antenna 3D construction was showed in Fig. 1 The proposed MIMO antenna design uses a FR-4 material as a substrate and four identical radiating elements placed orthogonally around a central area with copper material. The suggested MIMO antenna design features a microstrip feed line for each element to enable the independent operation of all four elements. The central area's etching provides Improved isolation of nearby radiating parts. The proposed MIMO antenna symmetric structure provides equal current distribution for better radiation characteristics. The boundary area represents the simulation boundary used in CST for electromagnetic analysis.


Fig.3 Dimension of the Antenna
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Table 1. Dimension specifications for the antenna
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Fig.4  Simulated S11 of the MIMO
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Fig.5 Simulated of the MIMO
Fig 3 The suggested four-port MIMO antenna design's simulated S-parameters are shown below. The antenna id observed that has good impedance matching capabilities, where the reflection coefficient (S₁₁) reaches –23 dB at its resonance frequency at 4.15 GHz. The antenna's impedance bandwidth ranges between 3.85 GHz and 4.59 GHz, meeting its requirements for sub-6 GHz V2X technologies. Also, the mutual coupling is done among the antenna parts. but it quites low, with isolation between the ports reaching -29 dB. This is achieved without any decoupling structures, which clearly indicates the effectiveness of the suggested design. It's obvious that the planned antenna has efficient performance characteristics with minimal signal interferences between the ports, thus ensuring reliable MIMO communication systems.
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Fig.6 VSWR of the antenna
E.  Correlation between envelopes and Diversity Gain
Multiple Input, Multiple Output (MIMO) technologies improve wireless throughput, this represents the amount of data that may be sent each second. This shows that you have a radio capable of sending and receiving data from many channels at the same time. Antenna diversity is a situation when many antennas are employed in the single Equipment. The connection between two antennas, also known as diversity gain, is used to evaluate the benefits of employing several antennas.
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Fig.7 Envelope the correlation coefficient
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Fig.8 Diversity gain of the Antenna
Fig. 7 displays the ECC and how distinct the emission patterns of the two antennas are differ from other. This implies that If one antenna is vertical polarization and the other is completely polarized in the horizontal plane, they cannot interact.
F.   Envelope Correlation
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The above-mentioned Gaussian distribution is denoted by Pθ (Ω) and PΦ (Ω).
When Pθ (Ω) = PΦ (Ω) = 1 (isotropic power distribution), XPR = 0 dB, and the structure is lossless, use S-parameters for envelope correlation.
G.   Diversity Gain
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The existing antenna must be enhanced Increase isolation and reduce antenna beam size for future communication. Monopole antennas are found in lower bands. and have a wider bandwidth. 90% reduction in radiation losses. The antenna is mostly utilized in automobile applications.


Result and Discussion
The expected four-port MIMO antenna was fabricated by CST Studio Suite software. S-parameters and the antenna performance is determined by its radiation properties. The antenna impedance matching is strong, the reflection coefficient (S₁₁) is around -23 dB at 4.15 GHz. The Developed antenna works in the frequency ranges from 3.85 GHz to 4.59 GHz and has a -10 dB bandwidth. This frequency band is ideal in sub-6GHz V2X communication. The antenna has a strong port-to-port isolation of about -29 dB. This means that there is no connection between antenna elements. The antenna features a fantastic radiation pattern, allowing for stable bidirectional radiation. The antenna has highest gain of about 1.5 dBi. The envelope correlation coefficient (ECC) is relatively low, i.e., less than 0.01. The antenna has a diversity gain of roughly 10 dB.
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Fig.7 Simulation of S parameter
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Fig.8 1D Far-field results
The fig.8 illustrates the far-field emission project of the recommended spatial antenna. This fig depicts the directional radiation qualities, regardless of distance. The radiation pattern is consistent and symmetrical.The radiation pattern is uniform and symmetrical. This radiation pattern confirms the efficacy of the suggested antenna. The radiation pattern depicts the dispersion of energy in space, which is critical to the performance of the proposed V2X communications system.
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Fig.9 2D results

[image: ]
Fig.10 The three-dimensional radiation pattern
between 3.85 GHz and 4.59 GHz

Conclusion
This research presents a new low-profile a spatial antenna for V2X applications systems running at frequencies less than 6 GHz. The antenna was created on a FR-4 lossy substrate with minimum dimensions of 24 × 24 × 1.6 mm³ and has good impedance matching with S₁₁ ≈ 23 dB and bandwidth of 3.85-4.59 GHz. The proposed antenna provides 29 dB isolation without the use of decoupling devices, exhibiting its simplicity. The antenna has good radiation properties and a tall gain of 1.5 dBi. The suggested antenna features minimal ECC and good diversity gain, demonstrating its efficiency in V2X communication systems. 
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