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Abstract: This paper proposed integrating the communication system on the
garment, which can be utilized to detect breast cancer at an early stage by using
an ultra-wideband (UWB) wearable antenna. Breast cancer is an abnormal
cell that is located in the breast tissue. Early detection of breast cancer plays
an important role, and it helps in the long term for all women. The proposed
UWB wearable antenna successfully operates at 3.1-10.6 GHz under an
acceptable reflection coefficient of —10 dB. The fabricated wearable antenna
was made from Shieldit Super and felt both conductive and nonconductive
wearable materials. Few measurement studies of bending angles have been
carried out that covered 2°, 4°, 6°, 8°, and 10°. In addition, the performance
of UWB antennas in wet environments is studied in four stages: in water,
instantly wet, nearly dry, and entirely dry. There is good agreement between
the measured and simulated outcomes. Based on the experimental results, the
proposed antenna could be helpful for a home breast cancer detection system.

Keywords: Wearable antenna; UWB antenna; bioelectromagnetic; antenna;
propagation

1 Introduction

Nowadays, the new concept of integrating a communication system with the garment has attracted
great attention among researchers. This technology could be helpful in breast cancer detection, which
is the most common disease among women of this generation. Hence, it is essential for every adult
woman who needs to undergo an interrogation to use existing technologies to detect breast cancer, such
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as ultrasound, mammography, and MRI scans. Wearable Ultra-Wideband (UWB) antenna technology
with an Artificial Intelligent (AI) system integration is suggested in this paper as an alternative
mechanism. Furthermore, Federal Communication Commission (FCC) approved the commercial use
of the UWB spectrum between operating frequency spans of 3.1 to 10.6 GHz in 2002 [1,2]. However,
according to the FCC, the UWB system must be able to coexist with narrowband and at the same time
retain the low power spectral density ability due to the wide bandwidth of 7.5GHz as shown in Fig. |
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Figure 1: Some Operating frequencies of UWB and narrowband [3]

By merging the communication system with the textile technology approach, the UWB antenna
with garment materials has been used for wearable applications and is fabricated and presented in
this paper. By delivering wearable tracking and monitoring-based applications, the concept of such
a system has improved the quality of life of humans. The reliability of the wireless communication
connection between body-worn electronics and the surrounding environment is ensured through
wearable tracking and monitoring. Moreover, wearable antennas have some advantages, such as being
comfortable, high flexible, washable, and lightweight [4—6]. Furthermore, the UWB antenna provides
low-power operation and low radiated power, making it an appealing option for body-worn battery-
operated devices with low/medium data rates.

Recently, many wearable UWB antenna has been developed and established. In [7], the authors
have shown the development of textile antenna on denim jeans material which successfully achieve
Industrial, Scientific and Medical (ISM) Band at 2.45 and 5.8 GHz. The study on the human tissue
has been carried out by considering the skin, fat, and muscle that resulted in the gain and bandwidth
performances. The author in [§] managed to cater to wireless local area network (WLAN) and UWB
applications by designing a dual band textile antenna defined with an artificial magnetic conductor
(AMCQ) plane that achieved an impedance bandwidth of 410 and 540 MHz. 3 x 3 array AMC cell
structure integration is tested on the body at 10 and 20 mm distances. Such antenna is fabricated on
the Shieldit Superconductive textile from LessEMF Inc. The material selection and fabrication process
play a critical role in implementing such antennas. Furthermore, additional tuning processes and
measurement setup are required to sign the functional design with optimum performance of flexible
antennas [9-12].
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The proposed wearable antenna has been successfully performed at the UWB band from 3.1 to
10.6 GHz. The provided antenna is square in shape, with a 60 x 60 mm? substrate and a partial
ground plane structure. The reflection coefficient, radiation pattern, and high efficiency of more than
88 percent of the coaxial feed antenna have been evaluated in modeling and measurement mode.
Furthermore, bending angles of 2°,4°, 6°, 8°, and 10° were investigated. The greatest difficulty emerges
during the fabrication process because such an antenna is prone to wrinkling and could result in an
air gap between the Shieldit super and the textile. Furthermore, the proposed wearable antenna’s wet
performance has been investigated in four states of fully wet: instantly wet, approximately dry, and
entirely dry.

The following is a summary of the paper’s structure: The antenna structure, experimental setup,
and state-of-the-art review are covered in Section 2. The performance study and analysis on the
reflection coefficient, wet, bending issue, and tumor experiment are presented in Section 3. All the
conclusion is carried out in Section 4.

2 Antenna Design and Configuration

The main innovation in this investigation is utilizing the conductive garment known as electro-
textile, which enables flexibility, lightweight, comfort, and low electrical losses. Therefore, rather than
employing hard circuit boards, felt is employed as a substrate, and Shieldit Super is used as a ground
plane.

2.1 Material Parameters

The selection of suitable substrate and conducting materials for the textile antenna with optimum
performance really matters. There are many substrate materials such as woven fiberglass, fleece
fabric, flannel, cotton, denim, Hypalon, and jeans fabric with specific permittivity, thickness, and
performance characteristics, as shown in Tab. 1. Conducting materials such as a Shieldit super, Nora
dell, silver platted nylon, copper conducting sheet, woven copper thread, and Shieldit conducting
fabric are the most selected materials in research. Shieldit Super has been chosen as the conducting
material among all the conducting material in this research. It has a promising high conductivity that
will help the gain increment and is the primary choice for this research.

Table 1: Type of substrate materials [3]

Types Permittivity, ¢, Thickness (mm) Characteristic

1. Cotton 0.5 1.6 Long wearing, ese-care clothing and cheap,
Soft and comfortable to wear
Cotton provides a durable and strong

condition
2. Denim 1 1.5 Strong and durable fabric constructed
Very absorbent and resistant to tearing.
3. Fett 2 1.38 Nonwoven textile, produced by matting,

condensing and pressing fibers together.

(Continued)
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Table 1: Continued
Types Permittivity, ¢,  Thickness (mm)  Characteristic
4. Hypalon 3 1.524 High tensile strength, high resistance to
coated Dacron stretching, durability, outstanding electrical
fabric property
5. Woven 2.2 1.524 High tensile strength, high resistance to
fiberglass stretching, durability, outstanding electrical
fabric property
6. Fleece fabric  1.25 2.56 Comfortable — has breath ability, allowing
body perspiration to escape (wick) to the
outside to be evaporated.
Maintains insulative/warmth properties even
when wet
Completely washable
Machine dryable on low heat; no ironing
7. Flannel 1.7 1 Loss tangent is 0.025
fabric 100% cotton material with smooth, firm and
flurry surface made that fabric suitable for
wearable application.
8. Jeans fabric 1.7 1 Loss tangent is 0.025

2.2 Antenna Configuration

The UWB antenna was designed using the microstrip patch antenna’s optimal rectangular shape.
This antenna operates at a resonant frequency under a tolerable reflection coefficient, S11 of less
than -10 dB. In this design, a truncated technique with a partial ground inserted current using coaxial
probe feed is introduced to achieve better performance of the proposed antenna. As shown in Fig. 2,
the antenna’s substrate size is 60 mm square with the patch width and length of 30 mm square. While
the feedline has a 35 mm length and a width of A/2 is 6 mm. The SMA has been attached to the
antenna’s coaxial feed line at the microstrip line’s bottom terminal. Further research has been carried
out by building an antenna with a partial ground plane that is capable of working at ultra-wideband
frequencies. The geometry of the antenna structure is depicted in Fig. 2. The prototype of the proposed
UWRB antenna is fabricated, as shown in Fig. 3.

2.3 Breast Phantom

There are two types of different breast phantoms which are homogeneous and heterogeneous
[13—15]. A basic breast phantom with simple skin and fatty tissue is known as a homogenous breast
phantom. Skin, adipose tissue, and glandular tissue make up the heterogeneous breast. Petroleum jelly,
a combination of water, flour, and soy oil, were used to make a heterogeneous breast phantom [10]. The
measurement for making breast phantom is 100 g of petroleum jelly, 50 g of soy oil, and 37 g of wheat
flour. Homogenous phantom is just made from petroleum jelly only. Lastly, the tumor is developed
using a mixture of 6 g of water and 12 g of flour. Fig. 4a shows the ingredients needed to do breast
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phantom. Fig. 4b depicts the mixture of petroleum jelly, oil, and wheat flour. Fig. 4c shows the sample
of phantom inside the glass that resembles human skin. Lastly, Fig. 4d shows the tumor sample, which
is made from flour and water. The tumor will be placed inside the phantom in the designated area and
will be measured. The reason for choosing the glass is that it has good dielectric properties with an
optimum performance similar to human skin.

60 mm

60 mm

()
(a) (b)

Figure 2: The simulated antenna (a) front and (b) rear view of the antenna

(@ (b)

Figure 3: The fabricated antenna (a) front and (b) rear view

3 Results and Discussion

This section presents the antenna’s reflection coefficient as measured using a network analyzer
in free space only. The experimental setup is performed using a Programmable Network Analyzer
(PNA) in the Faculty of Electronic Engineering Technology, Universiti Malaysia Perlis to validate the
performance. Finally, the fabricated antenna has been measured and compared with simulated results.
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(d)

Figure 4: The phantom setup. (a) all ingredients, (b) ingredient batter, (c) breast phantom, and (d)
sample of the tumor

3.1 Analysis of Wearable UWB Antenna

Fig. 5 shows the comparison of simulated and measured results. The measurement result shows
a slight decrement, especially at the high frequency, due to the fabrication tolerance and soldering
effect. However, the simulation results achieve a wide bandwidth achievement from 3 to 10.6 GHz
under a tolerable reflection coefficient of —10 dB, indicating 90% power transmission and 10%
reflection power. Tab. 2 summarizes the comparison of gain and efficiency measurement results on
various frequencies between 3 and 9 GHz. On average, the antenna achieves more than 65% efficiency
throughout the operation band, with 5 GHz showing the lowest value.

Moreover, 4.5 dBi is the maximum achieved gain at 9 GHz. Fig. 6 illustrates the simulated 2D
radiation pattern at several frequencies of 3, 4, 5 and 6 GHz. The pattern indicates that the energy is
transmitted in an omnidirectional shape.
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Figure 5: The simulated and measured reflection coefficient

Table 2: The simulated efficiency and gain results

Frequency (GHz) 3 4 5 6 7 8 9

Gain (dBi) 34 35 37 39 38 41 45
Efficiency (%) 88 8 8 78 80 8 79

3 GHz (E-Plane) 4 GHz (E-plane)

Figure 6: (Continued)
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Figure 6: Simulated results of 2D radiation

3.2 Analysis of UWB Antenna on Bending Conditions

Different bending condition is executed to investigate the antenna’s performance ability and user-
friendly effectiveness. There are five main focused bending angles which are at 2°,4°,6°,8°, and 10°.
Fig. 7 shows the bending condition with calculated radius and determines focus angle using Eqs. (1)
and (2). The bending of 2° gives a radius of 1714.2 mm, while the 10° gives a radius of 342.8 mm.

Fig. 8 shows the measured results of the bending condition for all focus bending angles. The
Agilent Technologies E83628 PNA operated from 100 MHz to 20 GHz has captured a reflection
coefficient, S11 results, and plotted between targeted frequency ranges 2 to 10 GHz. The measured
results indicate some variations that 4°, 6°, and 8° bending angles have achieved a wide bandwidth
(with more than 7 GHz that meets FCC requirement under tolerable reflection coefficient, S11 < 10
dB) as compared with the 10° bending. In contrast, a 10° angle has lesser impedance bandwidth. Tab. 3
shows the developed antenna’s simulated gain, radiation, and total efficiency at 6.5 GHz. It shows that
the gain incline with the proportional frequency, which abide by the theoretical study. Moreover, the
presented antenna has more than 80% efficiency for all bending angles conditions with a maximum
gain of 3.74 dBi at 0 = 4 degrees.

s

= (1)
2
= = (2)

whereas r is the radius, S represents the arc length, and 6 is the bending angle
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Figure 7: Bending condition of the presented UWB antenna
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Figure 8: Measured UWB antenna on bending conditions

Table 3: Gain and efficiency of a the proposed wearable UWB antenna under bending conditions

Angle (°) 2 4 6 8 10
Gain (dB) 3.7 3.74 3.4 3.27 3.5
Radiated eff (%)  88.3 88.2 88 79 86.5

Total eff (%) 85.3 85 85 72 81.5
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3.3 Wet-Conditions Analysis of a UWB Antenna

These investigations cover four sorts of wet conditions: totally dried, partially dried, partially
wet, and fully wet. The relevant environment, as indicated in Fig. 9, is the basis for all four different
circumstances. Each circumstance has its own unique characteristics, such as fully wet and partially
wet, which relates to the antenna in a rainy or spray environment. Meanwhile, the term “roughly dried”
refers to the antenna’s condition after being exposed to sweat from the human body. Finally, after it
has had no direct touch with any moisture, it is deemed completely dry.

Fig. 10 demonstrates the S11 reflection coefficient results of textile UWB antenna on these four
wet conditions from 2 to 9 GHz operating frequency. Partially dried and fully wet conditions offer the
dual impedance bandwidth with reflecting the water exposed. At the same time, the partially dried
indicates better bandwidth (BW) result, which is more than 5.5 GHz BW as regulated by FCC with an
introduction of band notch at approximately 5 GHz resonant. Moreover, the dried achieved 4.5 GHz
bandwidth with an average S11 impedance matching of less than —10 dB throughout the measured
frequency.

(c) (d)

Figure 9: The four types of wet conditions. (a) Fully wet, (b) Partially wet, (c) Partially dried, (d) Totally
dried
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Figure 10: The measured S11 performance in various wet conditions

3.4 Breast Phantom with and without Tumor

In this study, two different breast conditions have been studied: healthy breast and breast with
a tumor. The measurement setup is illustrated in Fig. 11. Measurement of the healthy breast is done
using a breast phantom that develops in the house while the result is being compared to the phantom
breast with a tumour of the size of 2 mm. Fig. 12 shows the reflection coefficient result of the healthy
breast and breast with a tumour in the frequency range of 2 to 11 GHz. The reflection coefficient is
much lower in the presence of the tumor, as can be shown. From the result, a significant difference
in the S11 pattern where the frequency is shifted resulted in the reaction of the tumor existence. The
tumor phantom results in lower decreases than normal, especially between 4 and 7 GHz.

Figure 11: The measurement condition of the antenna together with phantom
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Figure 12: Measured reflection coefficient result of with and without Tumor

4 Conclusion

The primary aim of the research is to develop an efficient, lightweight, and low-cost ultra-
wideband antenna capable of operating in the UWB frequency band. The best conductive textile
chosen in this investigation is Shieldit Super, with adhesive reverse sides that enable it to be secured
firmly onto the antenna substrate. Flexible and low permittivity foam is used as a substrate in the
design, which facilitates enhancement, avoids the generation of surface waves, and enables conformity
to the human body. Therefore, the simple antenna structure with a hexagon radiating element has been
developed with a compact size of 60 mm square. The bending studies at a few variances of 2 to 10 are
carried out, and the analysis is focused on the gain and radiation efficiency. The suggested antenna is
functioned to detect an existing tumor, which is capable of early detection of breast cancer. Moreover,
upcoming research will be foreseen to be focused on the realization of the proposed UWB antenna
system in future synthetic microwave imaging applications as in [16] based on the performance analysis
and collecting data of the received signal.

Funding Statement: The authors received no specific funding for this study.
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