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Abstracts: It has been observed that the circularly polarized antenna always play an important role in modern wireless
communication applications. One of such applications is Video surveillance system. Such system interfaced with
circularly polarized antenna during natural calamities, which plays a crucial and important role in rescuing the survivors.
The weather conditions make it hard to achieve effective communication between the surveillance equipment and the
controller. The applications of rescuing vehicle/boat movement during flood-affected areas required an uninterrupted
wireless connectivity, for which polarized antennas are very much required. The present paper investigates this problem
by designing an efficient circularly polarised antenna on metasurface material consisting of split ring resonator. The
designed antenna is designed to operate in the frequency range of 7.1-7.23 GHz. FR4 glass epoxy material is used as
an antenna substrate with dielectric constant 4 and thickness of 1.6mm. An array of split ring resonators etched
microstrip antenna was fabricated on FR4 glass epoxy substrate. The result obtained with such a microwave antenna
produces an excellent gain of 7.4 dB and return loss of 17.7dB with a bandwidth of 1.2 GHz. Future studies are still in
progress.
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1. INTRODUCTION

Video surveillance is becoming now a days increasingly important in the fight against crime and the protection of
public safety. It is also being used for a variety of other purposes, such as security monitoring, fraud detection,
compliance, flood-survey during natural calamities, coal mining surveillance and many more applications [1-2]. In
the older times, only static CCTV or any static devices were used for surveillance applications. Wireless
communication has enabled advanced technology such as unmanned aerial vehicle (UAV's) with cameras, are now
a day’s widely used for various application [3]. Different surveillance cameras are shown in Fig 1 as various
examples. The challenges of wireless video surveillance technology are its limited quality of the video footage
because it requires large bandwidth and higher frequency to stream the high-quality video footage. Many
companies started to operate the frequencies to resolve problem without any established regulations, but this lead
to a different kind of problem. Different industries started to use their standards sometimes this would cause
ambiguity and creates confusion between the devices. To overcome these constrains the ITU has suggested some
standards to use for various industrial applications. One of them is ITU-R BT.2069-7(10/2017) which specifies that
the frequencies can be used for video broadcasting [4]. This research work concentrates on the 7.1-7.3 GHz band
for the surveillance application, as very few research has attempted in the range of 6.5 — 8 GHz.

T

Fig. 1. Video surveillance camera for (a) Static mode with wire antennas (b) Boat with dome shaped antenna (c) Flood
monitoring with pyramidal shaped antenna (d) Industrial monitoring
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TABLE 1
POTENTIAL TUNING RANGE FOR CONSIDERATION OF ELECTRONIC NEWS
GATHERING (ENG) FOR INDIA [4]

Country Ranges Application
India 6425-7.125 MHz; Microwave links for video

7150-8700 MHz, transmission

11.7-12.3 MHz

Australia 1980-2110 MHz; Motile vehicular an
2170-2300 MHz; airborne video links, point
2500-2690 MHz; to-point video links, portabl
7100-7425 MHz; video links and cordles

8275-8400 MHz; cameras may be usedin som
12.75-13.25 GHz, or all of these bands
212-236 GHz
Brazil 3300-3400 MHz; Point-to-point, portable vide
6630-7130 MHz links and cordless camera
7130-7410 MHz; Point-to-point audic an
10.15-10.30 GHz video streaming link
10.50-10.65 GHz between TV stations

Russian 7150-8700 MHz Cordless cameras an
Federation temporary point-to  poir
video links

ITU recommendations regarding microwave link for video communication range are presented in Table 1 with
few countries examples. Generally, high frequency communications are affected by the weather conditions such as
fog and heavy rain [5]. Many researchers has designed and fabricated the patch antenna for long distance
communications and vedio surviellience applications with or without metasurfaces [6-17] but few researchers can
able to design the antenna perfectly considering many parameters. For example, Researchers like Zamani and his
research team[18], Karim and his teammates [19], S Kumar and A Kumar [20] designed the antenna for vedio
purpose with the parameter of return loss, gain and bandwith but they have not given any information about the
circular polarization of patch antenna. Continious research work still in progress to design the circular polarized
antenna with better gain.

The present research work are also focuses on designing of circularly polarized antenna for video surveillance
applications. A novel wide bandwidth metasurface antenna is being used for Video Surveillance Appliances with
duo concepts. Firstly array of annular split ring are used to achieve wide bandwidth and minimize the return loss
and secondly, the circular slot and the spacing among them are selected in such a way that, it will provide the wider
bandwidth. Two types of annular split ring array based polarized antennas were designed i.e the array of (1x2)
matrix and array of (3 x 5) matrix for the video survelliance applications. Metasurface beneath the main substrate is
used to achieve the desire circular polarization. All the investigations were first simulated and then fabricated with
FR4 epoxy substrate to obtain the beam forming and broad radiation pattern with a wider bandwidth.

2. ANTENNA DESIGN

A single element annular split ring antenna was initially designed with commercial HFSS software tools. The top
view of the annular split ring antenna with dimensions is shown in Fig 2. Here FR4 glass epoxy substrate with 4.4
dielectric constant (er) was used in designing the antenna, which is commercially available in two versions; one is
with 0.8 mm height, and another is with 1.6 mm heightFR4 having 0.8 mm height is usually brittle in nature and it
may subject to structural deformation. So, FR4 glass epoxy with 1.6 mm height was chosen as substrate it can
withstand with the temperature in the range of 150° C to 200° C and also it can operate up to 10 GHz frequency.
The design parameters of annular split ring antenna are shown in Table 2
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(B) Pabricated Gesign

(A) Simulated deaign

Fig 2: Top view of the annular split ring antenna (A) Simulated design (B) Fabricated design

The antennas substrate dimensions were primarily calculated using the below equations and adjusted to the
requirements later. These optimized values are obtained by trial and error procedure. The final design values are
tabulated in Table 2.

Width of the Patch Antenna

)
where: ¢ = speed of light = 3x108 m/s; & = dielectric constant = 4.4; f; = resonant frequency
Actual Length of Patch
L =Le—2AL

)

Effective Length of the Patch Antenna

[

Lerr = o5vm
3)
Extension of the Length
(eop +0.3)(F+0264)
AL = 0.412h (4)

(sopf —0.258)(3+0.8)

W, =W +21
(5)

Li=L+A
(6)

Here W5 provides the width of substrate and Ls is length of the substrate The annular split ring antenna with an
array of (1 X 2) matrix was designed for the frequency 7.15 GHz to enhance overall gain. Fig 3 shows antenna
array configuration.
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TABLE 2 ANTENNA DESIGN PARAMETERS

Substrate Parameters Values
(mm)

Length 72.37
Width 52.2
Height 1.6
Split ring resonator

(SRR) Inner Radius 21.89
Split ring resonator (SRR) Width 1.95
Ground length 34.86
Ground Width 12.48
Feed Length 13.45

(A) ~(B)

Fig 3 Antenna array with 1 x 2 configuration as a (A) Simulated design (B) Fabricated design.

The wide bandwidth was achieved with the split ring resonators (SRR), which act as resonating elements. The
structures of SRR are created by the etching on FR4 epoxy substrate. The single element split ring resonators
(SRR) top view with dimensions is shown in Fig 4. With repect to the desired operating frequency and gain, a
metasurface was designed to achieve the desired circular polarization [16-20].

The designed metasurface consists of double split-ring structure (SRR) on FR4 epoxy substrate layer of
thickness 1.6mm. The dimension and arrangements of SRR’s on the metasurface are shown in Fig 5. It was
observed that for achieving the circular polarization, the gap (0.8mm) in between antenna and the metasurface was
optimized by trial method.

(&)

Fig 4 Metasurface single element- SRR top view and dimensions (A) Simulated design (B) Fabricated design

(A) Simulated Front View design (B) Fabricated Front view

(D) Fabricated Back view

Fig 5 SRR Array arrangements on metasurface (A) Simulated Front View design (B) Fabricated Front view (C) Simulated Back
View design (D) Fabricated Back view
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3. RESULTS AND DISCUSSION

The prototype of the fabricated antenna and anechoic chamber (isolated room free of electromagnetic signals)
measurement setup is shown in Fig 6. The return loss (S11) and gain of the antenna (dB) are measured using
Vector Network Analyzer (VNA).

Fig 6 Prototype antenna (A) Top view (B) Measurement setup of antenna in anechoic chamber for performance

There was no change at all in the performance for return loss of the proposed antenna (as shown in Fig 7) of
with a design of (1 x 2) matrix in the presence and absence of metasurface. Both the proposed antenna showed
the return loss of — 17.7 dB @ 7.2 GHz and its bandwidth showed 1.2 GHz with the centre frequency of 7.2 GHz in
the range of in the range between 6.6 GHz to 7.8 GHz. The antenna gain of proposed antenna without and with
metasurface are shown in Fig 8 and Fig 9 respectively. The observed gain of the proposed antenna without
metasurface array is 6.38 dB where as the gain with metasurface increased to 7.44 dB. The radiation pattern of
proposed antenna with metasurface as shown in Fig 10 was found that after insertion of metasurface over the
antenna with a pre-decided air gap, there is an increase in the antenna gain by 1.1 dB with the same radiating
pattern.

XY Plot1 HFSSDusign &

Fig 7 Return loss (dB) both with and without metasurface
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Fig 8 Gain without metasurface
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Fig 9 Gain with metasurface
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Fig 10 Radiation pattern with metasurface

It has been observed that the antenna without metasurface at the required frequency band has an axial ratio of
about 18.53 dB, but did not show the circular polarization (as shown in Fig 11). After the deployment of the
metasurface, it has been observed that the radiation from the antenna array became circularly polarized from
frequency band of 7.09 GHz to 7.23 GHz, which was evident by the axial ratio (as shown in Fig 12). When the
magnitude of left-hand circular polarized (LCHP) and right-hand circular polarization (RCHP) were characterized
and measured in metasurface based proposed antenna, the results showed that the most of radiation is LCHP

10800 5000

obo 5000 10000 15000 20000
Theta deg]

(20.15) and there is only a tiny amount of radiation in RCHP (0.04) refer to Fig 13.

XY Piot 2 »-

Fig 11 Axial ratio without metasurface (no circular polarization observed)

XY Plot 2

Fig 12 Axial ratio with metasurface (Circular polarization observed)
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XY Plot 3 HFSSOesgnt 4

Fig 13 Plot of Left Right Hand Circular polarization (LHCP) and Right Hand Circular Polarization (RHCP) of antenna with
metasurface

The gap in between antenna and the metasurface for achieving the left and right hand circular polarization is
optimized using the trial and error method in simulated results which was then fabricated. The variations in the axial
ratio were noted down at 7.16 GHz for every 0.2 mm step during the experiment as tabulated in Table 3. The
observations were plotted for analysis refers to Fig 14. The optimum gap between the antenna array and the
metasurface was observed to be 5.6 mm. Any other values would not produce circular polarization with the
respective setup because the axial ratio obtained with other distance is not closer to zero. The split rings on the
metasurface were the prime elements in achieving the circular polarization; the split gaps were also optimized using
the trial and error procedure. The observations were tabulated in Table 4 and visualized using line graph Fig 15.

] [—=— Axial ratio]|

Axial ratio (dB)

Distance (mm)

Fig 14 Plot between Axial ratio and distance
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Fig 15 Plot between Axial ratio and split gap

TABLE 3 VARIATION OF AXIAL RATIO WITH DISTANCE BETWEEN ANTENNA AND METASURFACE

Distance Axial Ratio(dB)
(mm)
34 752
36 42
38 8.7
4 9.6
42 93
a4 416
46 312
48 198
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5 3.68
5.2 12.46
5.4 11.7
5.6 0.86
5.8 11.22

6 18.74
6.2 11.75

TABLE 4 AXIAL RATIO WITH SPLIT RATIO VARIATIONS

Split gap Axial Ratio

(mm) (dB)
0.0 5.0258
0.5 6.5481
1.0 16.4888
15 14.2505
2.0 0.4301
25 12.8953
3.0 11.0344
35 9.9812
4.0 31.7011

The antenna has two terminals with VSWR, which was well observed under acceptable level i.e. VSWR < 2. The
terminal one and terminal two has VSWR of 1.19 and 1.20 respectively. All the above investigations showed that
after the insertion of metasurface, the antenna performances had increased, almost in all parameters (as shown in
Table 5). Table 5 provides a brief summary about the performance comparision of antenna design with and without
metasurface. It was also observed that on insertion of metasurface, there was not only a change in overall
bandwidth by 0.1 GHz but also the antenna gain has been increased by 1.06 dB with circular polarization in the
frequency range between 7.09 GHz to 7.23 GHz; a basic requirement for video surveillance appliances at
microwave range.

TABLE 5 PERFORMANCE COMPARISION OF THE PROPOSED ANTENNA WITH OR WITHOUT METASURFACE

Antenna Configurations
Parameters Without With metasurface
metasurface
Operating 6.67 GHz 107.86 GHz | 6.9 GHz to 8 GHz
range
Return Loss -17.7 dB at 7.2 GHz -17.7 dB at 7.2 GHz
Gain 6.38 dB 7.44 dB
Bandwidth 1.2 GHz 1.3 GHz
Circular
L . - polarization
Polarization Linear polarization (7.09 GHz 10 7.23
GHz)

Table 6 also provides a brief summary about the performance comparison of proposed antenna design with
existing antenna design. It is observed from Table 6 that the present research work for designing of circularly
polarized mictrostrip antenna on metasurface, slotted with a matrix of double split-ring structure (SRR) on FR4
epoxy substrate layer provides excellent results for video surveillance applications in terms of gain, effective return
loss, and wide bandwidth. Future studies are still in progress for reconfigurability in nature.

76



International Journal of Membrane Science and Technology, 2022, Vol. 9, No. 2, pp 69-78

TABLE 6 PERFORMANCE COMPARISION OF THE PROPOSED DESIGN WITH EXISTING DESIGN

fo Return Loss | Gain BW -
Ref. No. | Year (GHz) (Su) dB (dB) (GHz) Polarization
8.025 -15.76 5.83 No
[18] 2016 | 8.075 -24.38 5.15 information
8 -17.99 6.58 0.5
28 -43.23 7.69 0.792 No
[19] 2019 | g -67.37 7.75 | 0.660 | information
7.25 -21 9 0.31 No
[20] 2021 | 580 32 5 1.42 | information
Circular
Present polarization
work 2023 6.9-8 -17.7 7.44 1.2 709 GHz to
7.23 GHz

CONCLUSIONS

The prototype metasurface based antennas array were designed and fabricated with and without metasurface
substrate, in the frequency range of 6.9 GHz-7.2GHz for video surveillance applications. The results of prototype
fabricated metasurface based antenna not only provide excellent gain of 7.44 dB with acceptable return loss of -
17.7 dB, but also operates with perfect circularly polarization in the frequency band of 7.23 GHz -7.9 GHz. As per
available literature, till now no researchers have obtained circular polarization with such antenna characteristics,
particularly in the frequency range of 6.9 — 8 GHz. The properties of circularly polarized antenna are immune to
noise caused by extreme weather conditions and able to stream high-quality video. The fabricated antenna with
metasurface has sufficient gain for effective communication and surveillance video applications and it also
compliances with the ITU suggested technical specifications. Hence the proposed design antenna can be used with
any kind of unmanned aerial vehicle (UAV) systems, which involve in video surveillance during natural calamities.
Future studies are in progress for achieving the reconfigurable circularly polarized antenna with high gain.
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