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 In the context of intelligent transportation systems (ITS) development, 

vehicle-to-everything (V2X) communication plays a central role by enabling 

information exchange between vehicles (V2V), infrastructure (V2I), 

pedestrians (V2P), and the network (V2N). The effectiveness of these 

systems relies heavily on the performance of the antennas employed, which 

must meet strict requirements in terms of compactness, bandwidth, gain, and 

electromagnetic compatibility. One of the main challenges lies in designing 

antennas suitable for the embedded vehicular environment, where space is 

limited and the propagation conditions are complex. In this context, the 

present study aims to design, simulate, fabricate, and experimentally evaluate 

a planar inverted-F antenna (PIFA) dedicated to V2X communication in the 

5.8 GHz band. The primary objective is to develop an antenna that is both 

compact and high-performing, tailored to the specific constraints of V2X 

applications. The adopted methodology involves a comprehensive parametric 

study, focusing on several key design parameters that influence the antenna’s 

performance, such as substrate selection, feeding point location, and the 

addition of a slot in the structure. These factors are analyzed to optimize the 

radiation characteristics, resonant frequency, and impedance matching of the 

antenna. The results demonstrate the feasibility of a PIFA antenna that offers 

an excellent trade-off between miniaturization and performance, making it 

well suited for V2X communication applications at 5.8 GHz. 
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1. INTRODUCTION 

Planar inverted-F antennas (PIFA) are widely used in vehicle-to-everything (V2X) communication 

applications due to their compact design, low profile, and good electromagnetic performance. V2X 

technology enables vehicles to communicate with other vehicles (V2V), road infrastructure (V2I), 

pedestrians (V2P), and cellular networks (V2N), requiring antennas capable of reliable operation in various 

challenging environments such as densely populated urban areas and high-speed highways. The PIFA 

antenna stands out from other antenna types due to its ability to be integrated into confined spaces, such as 

vehicle bodies, while offering good impedance matching, adequate directional gain, and interference 

resistance. Its structure consists of a radiating plate placed parallel to a ground plane, connected by a short-

circuit slot, allowing size reduction while maintaining performance. These features make the PIFA an ideal 

choice for V2X applications requiring compact antennas with good radiation performance [1]. 

For V2X systems, the use of industrial, scientific, and medical (ISM) frequency bands at 5.8 GHz, 

or dedicated intelligent transportation communication bands at 5.9 GHz, demands antennas capable of 
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operating precisely at these frequencies. PIFA antennas, thanks to their ability to adjust the resonant 

frequency by modifying the dimensions of the radiating plate and the position of the short-circuit slot, are 

well suited to meet these requirements. Moreover, their low manufacturing cost and design simplicity make 

them a practical solution for mass applications in the automotive industry [1], [2]. 

The contribution of this study is therefore highly significant, as it provides an optimized technical 

solution tailored to the specific constraints of V2X communications, which are essential for the development 

of intelligent transportation systems. By enhancing the compactness, robustness, and performance of onboard 

antennas, this research helps strengthen the reliability of information exchange between vehicles and 

infrastructure, a key element for road safety, traffic management, and accident reduction. Thus, optimizing 

PIFA antennas in the 5.8 GHz band plays a crucial role in the effective deployment of large-scale V2X 

technologies, promoting the transition towards smarter, connected, and more sustainable transportation 

networks. In summary, PIFA antennas represent an efficient and optimized solution for V2X communication 

needs, combining advantages in terms of size, performance, and cost. Their development and optimization 

for V2X applications, particularly at 5.8 GHz, constitute an active research area aimed at enhancing 

intelligent transportation systems and road safety [2]. 

 

 

2. STATE OF THE ART  

2.1.  V2X communications 

V2X communication represents a significant advancement in the field of intelligent transportation 

systems (ITS) and connected mobility. It refers to a set of technologies that enable vehicles to communicate 

with their environment, including other vehicles (V2V), road infrastructure (V2I), pedestrians (V2P), and the 

global network (V2N). The goal of V2X communication is to improve road safety, traffic efficiency, and user 

experience by facilitating real-time information exchange [2], [3]. 

The development of V2X communication is driven by the growing need to reduce road accidents 

and congestion while promoting the transition to autonomous driving. By allowing vehicles to share 

information about their position, speed, and direction, V2X helps prevent collisions, manage traffic 

intelligently, and facilitate advanced applications such as collaborative emergency braking, lane change 

assistance, and platooning. V2X technologies rely on different communication standards, mainly dedicated 

short-range communications (DSRC) based on the IEEE 802.11p standard and C-V2X (Cellular V2X), which 

utilizes LTE and 5G cellular networks. Each of these technologies has specific advantages: DSRC offers low 

latency and direct short-range communication, while C-V2X benefits from a wider range and better 

integration with existing cellular infrastructures [3]–[5].  

Despite the progress made, the large-scale implementation of V2X communication faces several 

challenges, including interoperability between different technologies, security and privacy issues, and the 

high costs associated with infrastructure. However, with the emergence of 5G and advancements in artificial 

intelligence, the future prospects for V2X are promising, paving the way for increasingly sophisticated 

applications and safer, more efficient mobility [6]–[8]. Figure 1 illustrates the V2X communication concept, 

highlighting the different modes of information exchange, namely vehicle-to-vehicle (V2V), vehicle-to-

infrastructure (V2I), vehicle-to-network (V2N), and vehicle-to-pedestrian (V2P), which aim to enhance road 

safety, traffic efficiency, and intelligent transportation services. 

 

 

 
 

Figure 1. Vehicle to everything V2X [1] 
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2.2.  Types of V2X 

V2X communication is categorized into several types, each corresponding to a specific interaction 

between the vehicle and its environment. Here are the main types of V2X: 

a. Vehicle-to-vehicle (V2V) communication allows vehicles to exchange information directly with each 

other, such as position, speed, and direction. This data improves road safety by preventing collisions, 

alerting drivers to potential hazards (sudden braking and stopped vehicles), and facilitating applications 

such as collaborative emergency braking and platooning. 

b. Vehicle-to-infrastructure (V2I) allows vehicles to communicate with road infrastructure such as traffic 

lights, road signs, and traffic management systems. This can be used to dynamically adjust speed limits, 

optimize traffic lights based on vehicle flow, and provide information about road conditions. This 

interaction contributes to smoother traffic flow and reduced congestion [3], [9], [10].  

c. Vehicle-to-pedestrian (V2P) communication aims to improve the safety of pedestrians and cyclists by 

allowing vehicles to detect their presence and alert them, or vice versa. Pedestrians can use devices such 

as smartphones or wearables to send information to nearby vehicles, warning drivers of their presence, 

especially in situations where visibility is reduced [11]. 

d. Vehicle-to-network (V2N) connects vehicles to a broader network, such as the cloud or service provider 

servers, using cellular networks (LTE, 5G). This allows access to cloud-based services, such as real-time 

traffic updates, weather conditions, and information about hazardous areas. V2N can also be used for 

entertainment services or advanced navigation functions. 

e. Vehicle-to-grid (V2G) is a type of communication where electric vehicles interact with the power grid. 

This communication allows vehicles to send electricity back to the grid during peak demand periods or 

charge their batteries when energy prices are low. V2G thus contributes to energy demand management 

and grid stability [4], [9], [10].  

f. Vehicle-to-device (V2D) refers to communication between the vehicle and portable devices or smart 

devices on board. This includes connecting with smartphones, tablets, or wearables to provide 

connectivity features and personalized services to drivers and passengers. Figure 2 illustrates the main 

types of V2X communication, including V2V, V2I, V2N, and V2P, highlighting the interaction between 

vehicles and their surrounding environment. 

 

 

 
 

Figure 2. Types of V2X communication [1] 

 

 

3. PARAMETRIC STUDY OF THE PIFA ANTENNA  

The proposed antenna is a PIFA consisting of a rectangular patch, with a width of W=20 mm and a 

length of L=18 mm, placed on a substrate with a width of W=30 mm and a length of L=30 mm. The material 

used is FR4 epoxy, characterized by a relative permittivity of 4.4, a relative permeability of 1, a dielectric 

loss tangent (tg δ) of 0.02, and a thickness of e=0.7 mm. The antenna is connected to the ground plane via a 

strip with a height of h=10 mm and a width of 10 mm Figure 3. 

Figure 4 shows the simulation of PIFA antennas, resonating at 5.8 GHz, yields the curves presented 

in Figures 4. The parameter S11 is given by the curve in Figure 4. We observe a peak of S11=−34 dB around 

the frequency of 5.8 GHz, with a bandwidth of 350 MHz [12]–[16]. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Design and prototyping of the planar inverted-F antenna for … (Loubna Berrich) 

845 

 
 

Figure 3. Design of PIFA antenna 

 

 

 
 

Figure 4. Return loss of PIFA antenna 

 

 

4. DESIGN OF A FOLDED PIFA ANTENNA 

To reduce the dimensions of our PIFA antenna, we proposed to fold the studied antenna. The study 

focuses on an inverted-F antenna featuring a folded metallic radiating element, connected by a short-circuit 

strip to a ground plane and fed via a coaxial cable. The folded PIFA antenna consists of a rectangular patch 

with a width of W=20 mm and a length of L=18 mm, placed on a substrate with a width of W=30 mm and a 

length of L=30 mm. The substrate used is FR4 epoxy, characterized by a relative permittivity of 4.4, a 

relative permeability of 1, a dielectric loss tangent of tg δ=0.02, and a thickness of h=0.8 mm. The antenna is 

connected to the ground plane via a strip with a height of h=10 mm and a width of 10 mm.  

Figure 5 shows the geometry of the folded PIFA antenna [17]–[22].  

 

 

 
 

Figure 5. Design of a folded PIFA antenna 
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The resonant frequency is 5.8 GHz. The simulation of the antenna using Ansoft HFSS software 

yields the following results: The curve in Figure 6 shows the return Loss (S11) obtained for the folded PIFA 

antenna. A minimum S11 value of −27 dB is observed, centered around the resonance with a bandwidth of 

200 MHz. Figure 7 shows that the standing wave ratio (SWR) is below 2, indicating a good impedance 

matching between the antenna and the transmission line. This value means that signal reflection is minimal, 

and the antenna efficiently radiates the transmitted energy into free space. This result confirms the reliable 

performance of the PIFA antenna within the target frequency band, which is essential for V2X applications 

[23]–[25].  

 

 

 
 

Figure 6.  Return loss of a folded PIFA antenna 

 

 

 
 

Figure 7.  SWR of a folded PIFA antenna 

 

 

5. PROTOTYPING OF THE PIFA ANTENNA 

After the design and simulation of the antennas using the HFSS software, we proceeded to the 

implementation phase. The support for the printed circuit boards is a printed circuit. This consists of an 

epoxy plate on which copper traces are etched. The plate is made up of a protective film, resin, copper, and 

the substrate. 

The constructed antenna is a PIFA consisting of a rectangular patch with a width of W=26 mm and a 

length of L=30 mm, placed on a substrate with a width of W=35 mm and a length of L=40 mm, using FR4 

epoxy as the material characterized by a relative permittivity of 4.4, a relative permeability of 1, a dielectric 

loss tangent tg δ=0.02, and a thickness of h=0.7 mm. The antenna is connected to the ground plane through a 

tab with a height of h=3.8 mm and a width of 10 mm. Figure 8 shows the prototype of the constructed 

antenna. 

We notice a good correlation between the simulated and measured results regarding the resonance 

frequencies and bandwidths. Figure 9 we observe that the difference between the simulated S11 and 

measured may be attributed to manufacturing tolerances, losses from the SMA connector, and dielectric 

losses of the FR4 material. 
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Figure 8. Prototype of the PIFA antenna 

 

 

 
 

Figure 9. The measured and simulated return loss of the PIFA antenna 

 

 

6. CONCLUSION 

In this article, we presented the design and realization of a planar inverted-F antenna (PIFA) 

specifically adapted for V2X applications. Through a thorough parametric study, we analyzed various factors 

influencing the antenna's performance, such as geometry, substrate choice. The results obtained show a good 

correlation between the simulations carried out using HFSS software and the experimental measurements 

performed on the prototype. The resonant frequency of 5.8 GHz was achieved with a minimal reflection 

coefficient, indicating optimal matching. The performance in terms of bandwidth and gain also meets the 

specific requirements for V2X communications. 

The antenna design took into account size and integration constraints within vehicles, demonstrating 

its suitability for modern applications. In conclusion, this study shows that the PIFA antenna is an effective 

solution for enhancing connectivity in V2X systems, thereby contributing to road safety and traffic fluidity. 

Future work could explore optimizing the design for specific use V scenarios and integrating advanced 

technologies for even better performance. 
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