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1. INTRODUCTION
Current research focuses on antenna design optimized for vehicular communication. Connected cars and autonomous vehicles
domain is rising day by day, so vehicle-to-vehicle (V2V) communication has become crucial for road safety and improving
driving experience [1]. Need of robust and efficient antenna designs for V2V communication is gaining significant attention in
this context. Vehicular antennas have important role to play, due to improve data rates and reliability in vehicular
communication [2]. However, designing efficient antennas for vehicular communication presents several challenges.
Major challenge is to achieve the compactness of antenna and throughput in antenna designs that can be integrated with vehicles
without any loss in performance [3]. Maintaining consistent performance in dynamic and complex vehicular environments
remains a significant hurdle. In present research, focus is on antenna design to be optimized for vehicular communication.
Studies have been conducted on wideband communication and its performance improvements. The size of the antenna is crucial
for fitting into small form factor devices, and techniques have been employed to reduce antenna size [4]. The connected cars
sector is currently one of the fastest-growing domains.
Nowadays, vehicular communication is becoming increasingly significant for connected vehicles. The safety of vehicles and
passenger is at prime in Vehicular Technology [5]. The connected car industry is poised for significant growth in the coming
years [6]. These cars are equipped with infotainment systems that provide both information and entertainment. In the automotive
sector, connectivity often includes WLAN, Bluetooth, and vehicle-to-vehicle (V2V) communication. Antennas play a critical
role in ensuring reliable, accurate, and efficient communication within connected cars [7]. These antennas, integrated with
Electronic Control Units (ECUs), are essential for internal communication. Therefore, designing and implementing MIMO
antennas for infotainment and V2V communication is crucial to enhance collision avoidance capabilities [8]. In high end cars the
Infotainment systems have WLAN and Bluetooth antennas to connect Bluetooth and WLAN devices within the vehicle. As the
number of connected devices increases, there is a growing need for high-throughput antennas to maintain efficient
communication [9].
The significance of antennas in the realm of connected cars cannot be overstated [10]. They are vital for ensuring reliable,
accurate, and efficient communication. This necessitates the design and implementation of MIMO antennas for infotainment and
vehicle-to-vehicle (V2V) communication, which are crucial for collision avoidance. Infotainment systems typically utilize
WLAN and Bluetooth antennas to connect devices within vehicles, requiring high-throughput antennas as the number of devices
increases [11].
The return loss value is important for antenna design and return loss value at the operating frequency gets dip. Return Loss RL
represented by S11 [12]. Return loss is parameter is adjusted for the 5.8 GHz frequency for antenna design process. Return Loss
parameter indicates value of power that is lost due to load and does not reflect back as reflection. The rapid growth in the
automotive industry, particularly for driverless vehicles, ADAS systems and larger data processing of Vehicles, the important
part is low latency for vehicular data communication [13]. Recently, V2V communication has become a hot topic in the
automotive and Imbedded system design industry.
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Antennas used in mobile communication are highly advanced in terms of gain and bandwidth. But the vehicular Technology for
antenna design is in evolving stage. The primary requirements in vehicular communication are low latency and stable
communication for desired range [14]. The IEEE 802.11p standard is ideal for vehicular communication, operating in the
frequency range of 5.8 GHz to 5.925 GHz. High Performance antenna designs for Vehicular technology is very essential with high
gain and low Latency.

ITS Connected vehicles, it is essential that data concerning the distance and position of each car is available to every device. This
data needs to be communicated to the cloud, making use of real-time processing through the Internet of Things (IoT) [15]. While
some of these antennas are easy to install on vehicles, they often have limited operating bandwidth and gain [16]. Additionally,
many proposed antenna geometries for V2V communication are expensive to produce and large, making installation challenging.
Microstrip antennas offer significant potential in automotive applications due to their lightweight, low cost, and easy integration.

2. ANTENNA DESIGN

The design parameters for the antenna intended for vehicular communication are illustrated in Fig. 1, which provides a top view
of the antenna. The physical dimensions of Patch antenna are as shown in Fig. 1.

Fig.1 Top view of the antenna Design
Design steps for vehicular antenna:

1) Rectangular slot with a size of Length (L) 31.5mm and width (W) of 37.5mm on the substrate.
2) To reduce the antenna size, Orthogonal structure is used.

3) The antenna is able to generate 5.8 GHz Frequency.

4) The feedline width is kept fw = 0.6 mm.

5) By the variation of the distance r, we can observe in the changes in the S11-Return loss parameter can be varied.
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Fig. 2. Design antenna. with feed line

Antenna Designed stages are shown below image and FR4 material is used for the dielectric material. S11 values are shown for the stages in the figure.

| - _m
Stage 1 Stage? Stage 3 Staged

Fig. 3. Antenna Design Evolution Stages Fig. 4. Antenna Fabricated with FR4

Antenna fabricated as shown below image and FR4 material is used for the dielectric material. SMA connector is soldered for
the excitation to the antenna and Connecting to the VNA for the measurement [17]. Antenna fabricated with the Orthogonal
distribution process of the Electric current is utilized. Circular polarization is achieved by getting > 3 dB axial ratio. FR4
dielectric material of height 1.6 mm is used for antenna fabrication. Fabrication images are shown as in figure.



907 J INFORM SYSTEMS ENG, 10(23s)

Fig. 5. Antenna MIMO Design for 5.9 GHz Frequency

3. SIMULATION RESULTS AND ANALYSIS

Connected cars domain is getting attraction for researchers. Due to the growth of the connected cars automotive domain has lot
of chances of research in the field of antenna communication [18]. This domain deals with the vehicle-to-vehicle
communication, in vehicle communication, vehicle to pedestrian communication and pedestrian to vehicle communication. So,
for all these communications there is need of efficient antennas design, which can work in real time data handling. MIMO
antenna architecture as shown has S11 vales, Gain and VSWR as shown in results. So, the through put should be high for
connected cars domain.

As the numbers of applications are being increased in V2V Communication systems, the need of antenna design for higher
efficiency and throughput increased significantly.

In the V2V communication, there is need of all Cars to be connected to each other. So, the real time data as the location of each
vehicle (car) should be known to other Vehicle (car). Except location there are other parameters also need to be communicated
to other connected cars to each other as Latitude and longitude of cars, Car Lanes information, Speed Information. The role of
antenna designed for V2V communication plays an important role for Software defined Vehicles (SDV) and Autonomous cars.
The Important factor for such communication is Latency and Throughput and Antenna design in the research is solution for the
Throughput.
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Fig. 6. Return Loss at frequency 5.85 GHz.
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Fig. 7. Return Loss at frequency 5.9 GHz.
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Fig. 9. VSWR at frequency 5.8 GHz.
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Fig. 11. Antenna Radiation Pattern
Measured Return Loss Results

S11 and Simulated Antenna S11 Values are shown in the table. The shift in frequency is find at 5.8 GHz for the fabricated
antenna and measured S11 return loss is -15.1dB.

SN Frequency GHz S11(dB)
1 5.85 -15.4 Simulated
2 5.9 -15.1 Measured
gene0 4\\ g\/'\?/
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Fig. 12. S11Return Loss for Antenna Measured and simulated



909 J INFORM SYSTEMS ENG, 10(23s)

Antenna Efficiency
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Fig. 13 Antenna Efficiency (a) MIMO (b) Single Element
Throughput Measurement
IPERF is the tool can be utilized to measure the data rate. CMW used for measurement.

Setup is shown as below. Set up is useful for real time Vehicular communication, how much data will be lost

= I
g

Fig. 14 Setup for Analysis of Throughput Measurement using IPERF

Throughput is measured by using IPERF tool with CMW for TX of data. The distance and the Data rate are measured as
below for distance in meters.

SN Throughput Kbps Distance (m)
1 765 10
2 854 8
3 886 6
4 894 4
5 917 2
6 942 1

Throughput Versus Distance

Fig. 15. Measured data rate and distance

Data Rate and distance are in not linearly proportional, when the distance from the antenna is increased the data rate gets
reduced. For the MIMO antenna is the envelope correlation coefficient (ECC), which determines how the antenna pattern is
independent of one another. The ECC value for the MIMO antenna is less 0.3.

Data rate goes higher when the antenna distance from the destination is decreased. As shown in Fig. 15 set up has antenna and
the WLAN device connected to the antenna. IPERF is the tool which is used for throughput measurement. CMW has IPERF tool
for measurement of throughput. Fig.16 shows Radiation pattern of antenna on the car model.

Fig: 16. Radiation pattern of the designed antenna on the car model
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4. CONCLUSION

In this Research, CPW fed antenna is designed for Vehicular communication and antenna fabricated results are measured for
return Loss, VSWR and Antenna Throughput. The antenna size is compact 31.5mm X 37.5mm and antenna design shows 5.7
dB gain, which is promising for vehicular communication. The antenna can be used for V2V communication for SDV and
Autonomous vehicles. Circular Polarization is achieved as getting Axial ratio of 3.4. Antenna efficiency is 89 % for Vehicular
communication.

The proposed antenna is suitable and utilized for vehicular communication as gain is promising value and return loss is as
appropriate for Vehicular communication. The future research can be to further improve the data throughput with better
efficiency.
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