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Breast cancer is one most vital and spread diseases among women nowadays. Various
techniques and methods have been applied to detect and cure this disease with the most
minor side effects on the body, such as Magnetic Resonance Imaging, Chemotherapy,
Radiotherapy, and so on. However, each of these methods indicated some drawbacks,
like being blocky, having difficulty with mobility, and being present at the clinic for
diagnosis. Wearable systems minimize the dimensions of the rigid printed circuit board
(PCB) carrying the electronics and feeding the textile antenna for health monitoring
applications. In on-body applications, most sensor antennas are bulky (the present
antenna systems showed lower performance with larger dimensions), costly, low
performance, and send patients’ data with the help of personal computers (PC) located
in the patients’ homes, which is non-wearable. These wearable electronics should
interact with the physical environment as smoothly as possible and be protected in hostile
environments against mechanical damage and harsh environments. The excellent
robustness and flexibility are crucial components that can provide health monitoring
systems with the capability of continuously tracking vital signals of the human body with
comfort. However, the antenna’s performance is degraded in the proximity of the human
body. A low-cost, low-profile modified antipodal four terminal Multiple Input Multiple
Output (MIMO) Ultra Wide Bnad (UWB) antenna is proposed offering a good radiation
performance (miniaturized, high directive gain, and high fidelity). It presents a
detachable electrical connection, reduces the risk of infection, and decreases time and
costs significantly. It also eliminates the need for a PC to monitor the body locations.
The design is fabricated, and the simulation and measured results are matched well,
proving the validity of the new concept. It could monitor the human breast in real-time.
The wearable UWB MIMO antenna’s performance was demonstrated in free space and
on body locations at different distances, calculating the reflection coefficient (S11),
bandwidth (BW), gain, and efficiency. It is demonstrated that the UWB MIMO antenna
provided a good impedance bandwidth (S11< —10dB), with high stability in radiation
pattern, efficiency, gains, and free space and on-body. Meanwhile, the UWB MIMO has



a Specific Absorption Rate (SAR) under the standard limits for both 1g (<1.6W/Kg) and
10 g tissues (<2W/Kg) in flat and bending situations. Furthermore, the proposed UWB
imaging system can detect a tumour with a diameter of less than 5 mm in any location
within the breast with the most clutter removal. The concept of detectability of UWB
MIMO design offers passive, low-cost, and versatile system reconfigurability, which can
benefit wearable applications. In addition, our proposed approach provides a wide range
of benefits in various applications when a PC is not always needed. Thus, the solution
presented is robust, affordable, flexible, and allows for the extension of the scope of
monitoring body locations easily.
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Kanser payudara kini merupakan salah satu penyakit paling berbahaya dan berleluasa
dikalangan wanita. Pelbagai teknik dan kaedah telah digunakan untuk mengesan dan
menyembuhkan penyakit ini dengan kesan sampingan yang minor kepada badan,
seperti pengimejan resonans magnet, kemoterapi, radioterapi dan sebagainya. Walau
bagaimanapun, setiap kaedah tersebut mempunyai beberapa kelemahan, seperti
tersekat, kesukaran untuk bergerak, dan perlu hadir ke klinik untuk diagnosis. Sistem
boleh pakai meminimumkan dimensi papan litar tercetak (PCB) tegar dimana ia
membawa elektronik dan menyalurkan ke antena tekstil bagi aplikasi pengawasan
kesihatan. Dalam aplikasi pada badan, kebanyakan antena penderia adalah besar
(sistem antena sedia ada menunjukkan prestasi yang rendah dengan dimensi yang
lebih besar), mahal, prestasi yang rendah serta menghantar data pesakit dengan
bantuan komputer peribadi (PC) yang terletak di rumah pesakit, yang mana ini adalah
tanpa-boleh pakai. Elektronik boleh pakai ini sepatutnya berinteraksi dengan
persekitaran fizikal selancar mungkin dan dilindungi ketika persekitaran yang kasar
daripada kerosakan mekanikal dan persekitaran yang keras. Keteguhan yang hebat
dan fleksibiliti merupakan komponen penting yang boleh menyediakan sistem
pengawasan kesihatan dengan keupayaan mengesan isyarat penting pada badan
manusia secara berterusan dengan penuh keselesaan. Walau bagaimanapun, prestasi
antena merosot apabila berada dalam jarak yang dekat dengan badan manusia. Antena
antipodal diubah suai empat terminal berbilang input berbilang output (MIMO) jalur
ultra lebar (UWB) yang berkos rendah serta berprofil rendah yang dicadangkan
menawarkan prestasi radiasi yang baik (miniatur, gandaan berarah tinggi dan
ketepatan tinggi). la juga menawarkan sambungan elektrik boleh tanggal,
mengurangkan risiko jangkitan dan penyusutan masa dan kos dengan ketara. la juga
menghapuskan keperluan PC untuk mengawas lokasi badan. Reka bentuk ini
difabrikasi, serta dapatan hasil simulasi dan ukuran adalah sangat berpadanan, dan ini
membuktikan kesahihan konsep baru ini. la juga boleh mengawas payudara manusia
dalam masa nyata. Pencapaian antena UWB MIMO boleh pakai didemonstrasi pada



ruang bebas dan lokasi terpakai pada jarak yang berbeza, menggunakan pekali refleksi
(S11), jalur lebar (BW), gandaan dan kecekapan. Antena boleh pakai UWB MIMO
telah terbukti menghasilkan impedans jalur lebar yang baik (S11< -10dB), dengan
kestabilan corak radiasi yang tinggi, kecekapan, gandaan dan dalam ruang bebas dan
terpakai. Di samping itu, UMB MIMO mempunyai Kadar Penyerapan Khusus (SAR)
dibawah had piawai untuk kedua-dua 1g (<1.6W/Kg) dan10 g tisu (<2 W/Kg) dalam
keadaan rata dan lentur. Tambahan pula, sistem pengimejan UWB yang dicadangkan
boleh mengesan ketumbuhan yang berdiameter kurang daripada 5 mm pada mana-
mana lokasi di dalam payudara dengan penyingkiran serakan tertinggi. Konsep
kebolehkesanan reka bentuk UWB MIMO menawarkan aplikasi pasif, kos yang
rendah dan sistem rekonfigurasi yang versatil, yang boleh memanfaatkan aplikasi
boleh pakai. Di samping itu, pendekatan yang dicadangkan menawarkan manfaat
yang luas dalam pelbagai aplikasi dimana PC tidak lagi selalu diperlukan. Oleh itu,
penyelesaian yang dibentangkan adalah teguh, berpatutan, fleksibel dan
membenarkan skop pengawasan lokasi badan diluaskan dengan sangat mudah.
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CHAPTER 1

INTRODUCTION

The demands for wearable technologies have been raised tremendously. In such
wearable technology, wearable antennas are increasingly utilized for wireless body area
networks (WBAN) applications. The WBAN application stood out to the researcher
because of its advantageous characteristics, such as its low weight, convenience,
portability, stretchability, affordability, low energy consumption, and potential military
applications. The WBAN applications were vastly utilized to monitor patients’ health
and transmit the data wirelessly. In expansion, a wearable antenna must be comfortable,
adaptable, and work with the slightest corruption close to the body.

1.1 Introduction

One of the most dangerous diseases for women is breast cancer. This illness causes death
each year among women. Several techniques were introduced to challenge this problem
and help it get cured. Microwave imaging as a promising method was introduced in the
last decades. Microwave imaging uses antennas, especially UWB antennas. They could
find and detect the targets as tumours in the imaging area. They could accomplish this
task with less cost and time, more comfort, fewer side effects.

A WBAN is a network of low-power, tiny, invasive/non-invasive, lightweight, wireless
sensor nodes that keep tabs on the physical body and its environment. When managing
health and illness, one of the most important aspects is keeping tabs on people's data.
One significant use of WBAN in the health care sector is keeping track of people's
physiological activities, such as their health condition.

Flexible wearable antennas are durable, lightweight antennas that can resist a certain
amount of mechanical stress. Modern communication systems utilize Flexible/Printed
antennas due to their low profile, light, and simplicity of manufacture. Additionally, they
can be incorporated into other circuitry systems.

In addition to being relatively average in size, the human body is also renowned for its
distinctive asymmetry. There are several strata with varying conductivities and
permittivities. As a result, it can readily impair the performance of a wearable antenna.
All of these wearable antennas interact closely with the human body and function in the
high dielectric medium of the body, which affects the radiation properties of the design.
Various body models, such as the 3-layer, homogeneous, and complicated 3D body
models, have been explored in the literature (Velan et al., 2014). In addition, numerous
levels of the human body were shown in (Haupt, 2016), as presented in Figure 1.1. The
proposed antenna was stretched on constructed tissues with typical thicknesses of 2, 4,
and 10 mm (Al-Sehemi et al., 2017; Christodoulou et al., 2012; Shakhirul et al., 2018).
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Figure 1.1 : Layered model of human tissue (Haupt, 2016)

One of the most intrusive health issues confronting women, the death count from breast
cancer continues to rise. Several methods and strategies were developed to lower the
mortality rate. The efficiency of breast self-examination decreased the death rate among
women. There is a 14.4 % lifetime chance of acquiring breast cancer. However, the
absolute hazard of increasing breast cancer between the years of 40 and 50 is 1.8 %,
between the ages of 50 and 60 is 3.2 %, and between the ages of 60 and 70 is 4%.

According to U.S. and European standards, wearable designs must have the lowest SAR
on human skin. Intense thermal radiation causes skin and tissue injuries and serious
ilinesses. Therefore, several planar structures, MTM structures, ferrite sheets, soft
surfaces, frequency selective surface (FSS), and giant ground planes were used in the
application of body area network (BAN) in order to shield the human body from
dangerous electromagnetic radiation (Chen et al., 2018; Kang & Jung, 2015; Kumar et
al., 2018; Yan & Vandenbosch, 2016).

Wearable antenna directions can alter applications' performance when bent or stretched.
It impacts the wearable antenna's radiation properties and resonance frequency, mainly
when necessary circular polarization (CP). Therefore, it is crucial to preserve the
antennas hidden and low-profile in wearable applications so they can be easily integrated
into regular clothes (Saghati et al., 2015). Reports of wearable antennas crumpling and
bending under various situations were given in (Anwar et al., 2017; Saeed et al., 2017;
Tong et al., 2018; Wang et al., 2018), making it challenging to keep them flat while
worn.,

To fulfill the constantly growing need for wireless data traffic, the fifth generation (5G)
must offer a broad range of data, up to multiple gigabits per second, and ensure tens of
megabits per second with very high availability and dependability. Therefore, many
bands have been established and used for 5G applications. In other studies, frequencies
greater than 50 GHz were used, including 60 GHz, E-band at (71 — 76) GHz and (81 —



86) GHz, and W-band at (92 — 95) GHz. Another study used the frequency range of (20
— 35) GHz, mainly (23) GHz, (25) GHz, (28) GHz and (32) GHz. Other papers utilized
frequency ranges of (15.4 — 36.8) GHz (Ali & Sebak, 2016), as well as lesser bands like
(3.5-5.1) GHz (Li et al., 2016) and two ranges of (10.125 — 10.225) GHz and (10.475
—10.575) GHz (Honari et al., 2016).

Wearable antennas should be designed to understand the substrates utilized for the
various antenna types. Substrates for wearable antennas can be made from a variety of
materials. Because of the electrical and mechanical characteristics of the materials, they
must be carefully examined when designing any wearable antenna.

Despite the ability of UWB technology to deliver broad bandwidth communications at
low energy costs and high data rates, it is susceptible to interference, particularly in
multipath fading, in the face of antenna design issues for 5G micro wireless access
points. In the face of significant multipath fading, the system's capacity is severely
constrained. UWB technology can therefore be used with MIMO technology to mitigate
the impacts of multipath fading. Furthermore, to achieve large system capacity and high
communication reliability, antenna systems integrating UWB and MIMO technology
can give diversity and multiplexing gain (Li et al., 2017).

1.2 Problem Statement

When tumours are found, many lives can be saved, and the probability of recovery
increases. Due to the complexity, unavailability, and immobility of most monitoring
devices, many patients find it annoying to perform routine check-ups. In addition,
microstrip antennas are practical and flexible for imaging, diagnostic, and therapy
applications in the medical field. In the first phases of breast cancer, removing tumours
is much simpler and more confident. Instead of Magnetic Resonance Imaging (MRI),
the UWB technique can be a new screening method with great potential for detecting
breast cancer. In addition, developing a high-performance UWB imaging system is a
challenging task in and of itself. As a result of the benefits listed above, the concept of
wearable devices and systems has emerged. The current challenges were discussed in
the introduction section; however, they can be listed briefly as:

i The Current non-transparent substrates are too lossy with high loss tangent.
Hence, flexible materials should be chosen carefully to have a low tangent
loss and lower dielectric constant (Klemm & Troester, 2006). In addition, the
flexible antennas should be robust towards bending. Therefore, the proposed
antenna should be designed to not change its characteristics dramatically by
bending (Affendi et al., 2014; Wang et al., 2016).

ii. The current imaging systems are required more printing areas. Thus, the
wearable transceivers should be in low profile. Besides, when the antenna
dimension is small can be more robust and less effective in the bending
situation and not get degraded in harsh environments (Cai et al., 2015; Saeidi
et al., 2019).



iii. The adverse mutual effects of the body on antennas and vice versa produce
more side lobes and end—fire radiations, which are not desirable in antenna
designing, especially in the on-body situation. Besides, the Specific
Absorption Rate (SAR) should be low based on the standards not to affect the
body and lose too much power. Most of the current wearable antennas used
truncated ground which affected the antenna performances and enhanced the
SAR. Therefore, using full-ground and meta surface improves it (Al-Ghamdi
etal., 2017).

1.3 Research Objectives

This project aims to suggest and develop a miniaturized UWB wearable antenna for
WBAN application to detect and grade breast cancer in each stage of tumour growth in
a low-cost, fast, and high-resolution image. The proposed antenna should give high
performance in terms of simplicity, broad BW (which offers the high resolution), and
fewer side effects on the body since the SAR is low.

1.  To determine if the flexile substrates and conductive materials can provide
adequate interaction between the antenna and the breast sample under test.
Afterward, to design a wearable, flexible multi-wideband antenna with
miniaturized size.

2. Todevelop an antenna with improved radiation efficiency, gain, bandwidth,
and resolution (96%, 5.72 dBi, 25.2 GHz, and 95%) while keeping a small
form factor (24 x 24) mm.

3. Toevaluate the performance of the antenna design and flexibility in detecting
various tumour sizes experimentally.

1.4 Scope of Research

Studies have utilized several techniques to detect a tumour in BREASTS. However, only
Microwave Imaging (MWI) is chosen for its advantages, such as being non-invasive,
faster, and small in size. For imaging, a variety of UWB antennas are employed. Among
all the patch shapes, the bowtie and Vivaldi antennae are used for the antenna sensor
design. Other forms of the patch, such as elliptical, wide slot, and stack antennas, were
not used. Because the bowtie and Vivaldi patch shape showed better outcomes, more
straightforward structure than other types, and can work at the lower band with smaller
dimensions than others. Then, the antenna is loaded simply using stubs, slots, and
shorting pins. At the same time, it did not use complicated loading like using electronic
elements and shorting posts.

After the simulation of the antennas in free space, they are investigated in a breast
environment. The breast samples are 3D printed using a material with the dielectric
constant of the breast. The measurement is carried out in a lab environment. Image
reconstruction was initiated once it was shown that the antenna provided high-quality
breast imaging. The current imaging methods presented in the literature have several
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drawbacks and limitations. As a result, an image reconstruction algorithm is developed.
Other algorithms such as Modified Delay and Sum (MDAS), Faster Delay Multiply And
Sum (FDMAS), Weighted Modified Delay And Sum (WMDAS), Standard Capon
Beamformer (SCB), and other DA and DI were not used. They showed some limitations
on resolution and correct localization of the target, and still, some clutter exists in the
detected images. It is based on three standard algorithms: delay and sum (DAS), delay
multiply and sum (DMAS), and time reversal (TR). An array of 4 and 9 are evaluated
for assessment and review. Additionally, breast samples are restricted to a maximum and
minimum size of (30) cm and (10) c¢m, and tumour diameters are decreased to (8) mm
and (4) mm, respectively (see Figure 1.2).
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Figure 1.2 : The scope of study



15 Configuration of the Thesis

This section summarizes the structure of the thesis. Chapter 2 discusses the background
of the BREAST, the difficulties, the many ways for tomography of the BREAST sample,
and MWI as an early detection approach for breast tumours. Then, an explanation of
UWB antenna sensor requirements for MWI is provided. Chapter 3 details the
measurement of BREAST's dielectric properties, the strategy for building UWB antenna
sensors for MWI, the suggested algorithm, current image reconstruction techniques, and
the construction of the imaging device. Chapter 4 then examines the results of the
manufactured antenna sensors, their size reduction techniques, and an analysis of the
image reconstruction capabilities of the antenna sensor array. The thesis is concluded
with a brief discussion of future research in Chapter 5, which reviews the findings and
their comparisons.
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