Hindawi

International Journal of Antennas and Propagation
Volume 2021, Article ID 5855626, 11 pages
https://doi.org/10.1155/2021/5855626

Research Article

Hindawi

Textile UWB Antenna with Metamaterial for

Healthcare Monitoring

S. Parameswari®' and C. Chitra®

'Department of Electronics and Communication Engineering, Kalasalingam Institute of Technology, Krishnankoil,

Tamilnadu 626126, India

*Department of Electronics and Communication Engineering, PSNA College of Engineering and Technology, Dindigul,

Tamilnadu 624622, India

Correspondence should be addressed to S. Parameswari; parameshkannan1982@gmail.com

Received 21 October 2021; Revised 6 November 2021; Accepted 23 November 2021; Published 13 December 2021

Academic Editor: Trushit Upadhyaya

Copyright © 2021 S. Parameswari and C. Chitra. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

A new metamaterial-based UWB band-notched textile antenna for body area network (BAN) with an operational frequency range
of 3GHz to 11 GHz is created in this paper. The ultra-ide band (UWB) frequency band is covered by the antenna (3.1 GHz to
10.6 GHz). The antennas are smaller because of the usage of denim (jeans) material, which has a permittivity of 1.67. To increase
the impedance transmission capacity, the ground plane is reduced to a partly rectangular conductive substance. The hexagonal cut
on the bottom side is utilised to boost bandwidth by enhancing the electric field dispersion at the edges. The fabrication is built of a
1 mm thick denim (jeans) substrate, and the feed is a traditional microstrip feed. The return loss and gain characteristics of the
proposed antenna are investigated. The performance of a specified antenna is investigated step by step with variable feed length,

feed breadth, and substrate properties.

1. Introduction

Textile antennas are the radiating components used with
sensors in body area network connections, such as indi-
viduals in hospitals, ICU patients, and report sharing from
the patient’s position to the doctor’s location. The data might
be sent promptly in such instances. As a consequence, a
short-range communication antenna with a high data rate is
needed. Wearability [1] taking up less space [2, 3], body
compatibility [4], less radiation absorption [5], less field
propagation to the human body [6], and high field strength
in a particular direction [7] are the most notable features of
the material receiving antenna. The dielectric constant of the
substrate materials is perhaps the most important factor.
This has an effect on the receiving wire’s display at specified
recurrences. The researchers [1] employed Cordura and
Taffeta fabrics, with the first serving as a conductive com-
ponent and the latter as a substrate component. Fabrication,
on the contrary, is a challenge. The team Dona et al. [8]

investigated the ultrawide band antenna’s performance
using different substrates. Based on the findings, jeans
material seems to be a potential element for use as a substrate
in antennas. A group of experts developed a radio antenna
for the use of green distributed computing on a polymer
substrate in [9].

A circular patch antenna was built using a variety of
materials, including Rogers, flannel, and polyester, and a
similarity analysis was undertaken to discover the best one
[10]. Using conductive threads and a textile substrate, a
totally textile antenna was produced [11]. With permit-
tivity and loss tangent values of 3 and 0.004, respectively,
polydimethylsiloxane (PDMS) substrate has lately
emerged as a feasible element in the fabrication of an-
tennas. Shikder and Arifin [12] looked at several UWB
antenna designs and tried to enhance bandwidth char-
acteristics [12]. An icon shape was used in their design,
and a power shape icon was also made for the use of
wireless body area network (WBAN). For body-centered
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network connection, a smart-textile-based suitable
communication system was developed [13].

The textile component was unaffected by the system’s
hardware components. The new technology offers a better
degree of comfort, especially when it comes to remote
monitoring of ill and elderly persons at home. The work was
the first of its type of integrated wearable system in the
indoor environment, according to the authors’ knowledge. A
self-contained hand-held energy harvester with a 464.5 MHz
operating frequency was built [14]. In the suggested system,
two energy harvesters were shown. One produced DC power
and a carrier signal, while the other drove the tags. The
Internet of Things was the system’s major application (IoT).
The researchers utilised a two-way talk radio to demonstrate
their wearable material antenna [15-20]. A wearable radio
frequency identification (RFID) tag has been developed.
Wearable RFID tags that were previously created were
passive in the sense that the battery was only placed on the
tag, and the reader range was similarly restricted to 4m. The
circular patch antenna, on the contrary, outweighs these
drawbacks. A monopole antenna was used to send and
receive the RF plasma [21-25]. This investigation looked on
the use of a more modest antenna and material as a means of
increasing transmission capacity [26-30].

2. Resources and Techniques

2.1. Resources. A jeans (denim) substrate with a thickness of
2mm and a dielectric constant of 1.67 is used to make the
proposed receiving antenna. The planned radio wire is
36 x29mm in size. Copper tape in the adhesive form, a
distinct conductive substance with a thickness of 0.75 mm,
was employed as the radiating element. A circular com-
plementary split ring resonator is placed in the middle of the
radiating patch to provide band notch functionality in the
UWB band (CSRR). The removal of the copper tape is
featured in CSRR throughout the patch form.

2.2. Techniques. Gupta et al. established the antenna reso-
nant technique to test the dielectric reliability of the jeans
material (2010). As a result, a standard antenna with UWB
band dimensions is built utilising similar jean’s substrate and
copper tape-based leading component components, and the
return loss is measured. The computed return loss is
compared to the calculated value. The return loss com-
parison is then repeated after changing the dielectric value
and loss tangent of the same antenna. The dielectric and loss
tangents are compared and changed in turn until the
measured and simulated return loss results coincide. The
dielectric and loss tangent values of the jeans material are
1.67 and 0.0035, respectively, according to this approach.
As part of the antenna’s progression, a rectangular-
shaped patch with a microstrip feed has been designed. On
the upper layer, there are two rings (inner and outer rings). A
two-opposite-C shape is the CSRR form. Additionally, the
design incorporates truncation to increase current flow at
the bottom corners. The magnetic field is spread equally over
the antenna body because the rectangular microstrip feed is
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situated in the middle of the antenna element. To boost
bandwidth, a half-shaped ground plane has been con-
structed underneath the jeans substrate. A rectangular slot is
inserted into the half-shape ground plane to increase
bandwidth (Figures 1 and 2). Figure 3 depicts the dimen-
sional characteristics of the UWB antenna with CSRR.
Figure 4 depicts the construction of the intended antenna
prototype.

The unit cell model is depicted in Figure 5. The resonance
frequency due to CSRR is calculated from the equations as
follows [18-23]:

1
fosrR = 50— 1—
T on VLcsrrCosrr
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Ccsrr = T[ZL -(2N -1)(W + 9)]IC,,

(Km )
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_ (s/2)
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 (N-DW )
PEI-(NSDW+S)

(1)

where L denotes the length of CSRR and W denotes its
width, Sis the distance between the two rings, and N denotes
the number of rings in CSRR. 2.25 GHz was found to be the
predicted resonance frequency.

3. Results and Discussion

Figure 6 depicts an analysis of the antenna’s return loss
performance. Without CSRR, the planned antenna has a
return loss of —30 dB and a bandwidth of 5 GHz. The CSRR
antenna has a —55 dB return loss and a 7.6 GHz bandwidth.
The results of the return loss with CSRR were shown to be
superior to the results of the return loss without CSRR. The
design was subjected to the parametric study in order to get
optimal results in the relevant design. The following are the
details of the research.

Table 1 shows how various designs are analyzed during
the various processes involved in the CSRR.

The CSRR design placed in the patch’s core effects the
resonance at 2.25GHz theoretically and at 2.45GHz
actually.

A performance comparison of the antenna design was
possible by switching the substrate to silk, cotton, FR4, and
the recommended denim material. It is clear from the re-
search (Figure 7) that the jeans material has a wider
bandwidth than other materials.

It is clear from the graph (Figure 8) that the feed length
has an impact on the return loss.
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FiGURE 1: Evolution of the top side of the antenna.

]

FiGure 2: Evolution of the bottom side of the antenna.
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FIGURE 3: Dimensional details of the UWB antenna with CSRR. (a) Top layer. (b) Bottom layer.

FIGURE 4: Fabrication of the prototype.
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TasLE 1: CSRR optimization outcomes’ performance table.
S. no Modification Return loss Operating frequency (GHz)
1 Without CSRR -27dB 3.21
2 Single inner ring -33dB 5.12
3 Single outer ring -35dB 6.21
4 CSRR left split ~42dB 6.67
5 CSRR right spilt -44dB 7.78
6 With CSRR —-45dB 9.78

The bandwidth and resonance frequency of the antenna
are also controlled by feed width and location. The research
was completed, and the results are given in Figures 9 and 10.

Because the antenna is employed in the UWB regime, the
major goal of this research is to improve the antenna’s
bandwidth. As a consequence, behind the jeans substrate, a
biased is implanted. Furthermore, as shown in Figure 11, the

choice of one-sided is determined by a parameter analysis of
complete ground, half ground, and three-quarter ground
planes.

The rectangular area on the ground surface was used to
show the increased transmission capacity for the antenna
that was envisaged, with the current thickness in the feed
district being greater (Figure 12).
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Because the goal of this work is to enhance bandwidth,
the patch form has a truncation in its structure, as shown in
Figure 13, which also helps to improve bandwidth.

Figure 14 shows the testing setup in the anechoic
chamber and with the network analyzer. Figure 15 depicts
both simulated and measured return loss results. It is ob-
vious that the suggested antenna design in the UWB range
has effectively accomplished bandwidth augmentation.

The simulated and observed H and E fields were also
obtained as in the needed amount of current and voltage,
respectively, from Figures 16 and 17. The group delay of the
transmitted signal of the whole operation band measured is
measured and is shown in Figure 18.

The re-enacted and estimated aftereffects of a created
UWB material-receiving antenna using jeans as a substrate
are shown in Table 2.
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FIGURE 14: Testing of prototype.
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TaBLE 2: Reproduced and measured results of the proposed antenna.
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S. no Parameter Simulated Measured
1 S,;dB -55.15dB -51.34dB
2 VSWR 1.34 1.29

3 Impedance 49Q 48.15Q
4 Gain 7.20 dBi 6.97 dBi
5 Bandwidth 7.62 GHz 7.23 GHz
6 Operating frequency 10.6 GHz 9.78 GHz
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TaBLE 3: Similarity of the planned antenna to documented UWB antennas.
S. no Reference S, dB VSWR  Operating frequency (GHz)  Gain (dBi)  Bandwidth (GHz)  Impedance (Q)
1 (7] -22.78 1.23 5.25 6.11 4.57 46
2 [24] -25.12 1.34 5.73 6.28 5.58 47
3 [20] -30.23 1.24 7.34 6.38 6.15 48
4 [12] -29.72 1.31 8.62 7.01 6.75 47
5 Proposed design ~ —45.15 1.35 10.6 7.20 7.62 49

In terms of return loss and VSWR, operating frequency
and impedance, and bandwidth and fain, Table 3 compares
the predicted wearable material UWB antenna to newly
specified UWB receiving antennas.

4. Conclusions

This paper proposes, builds, and simulates a tiny and
compact textile ultrawideband antenna that covers the
ultrawideband (UWB) band (3.1 GHz to 10.6 GHz). Meta-
material and the textile material jeans, with a permittivity of
1.67, are used to reduce the antenna’s size. The ground plane
is partly decreased to improve the impedance bandwidth. By
changing the distribution of electric fields at the edges, the
CSRR is utilised to extend bandwidth. The fabrication takes
place on a 2mm thick denim substrate, using a normal
microstrip feed. The return loss and gain attributes of the
built antenna have been determined to be satisfactory. In
short-range specialised devices, the predicted UWB antenna
layout may be used. Because the substrate is jeans, a textile
material, the antenna may be utilised for body area networks
(BAN). Later on, the antenna material might be turned into
conductive fabric, transforming it into a wearable antenna.

Data Availability

The data used to support the findings of the study are
available from the corresponding author upon reasonable
request.
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