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ABSTRACT

Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) are well
known equipments used to generate images to aid in diagnostic procedure. However,
the imaging equipments have some limitations whereby the equipments are very
expensive and therefore, they are not always accessible in many medical centres.
Besides, the equipments are bulky and less mobility. Moreover, existing CT cannot be
used frequently on the human body because the scanner exposes patients to more
radiations of ionised frequency. The limitations of the equipment create a need to
design an alternative imaging method which is relatively low cost, small in size, has
high mobility, and non-ionise frequency. This research is to design an antenna for
microwave imaging, namely corrugated u-slot antenna at 1.17-5.13 GHz with the
reference of S;; less than -10 dB. Two corrugated u-slot antennas; namely antenna 1
and antenna 2 are placed on a mirror side of skull phantom to examine their ability to
detect an object inside the skull. VeroClear-RGD810 skull phantom containing water is
used, and the obtained results are verified using ZCorp zp-150 skull phantom which has
approximately similar permittivity. Both the antennas are tested to detect the object
which is located at 40 mm and 80 mm from the respective examined antenna. An
Inverse Fast Fourier Transform (IFFT) technique is used to analyse the time domain
reflection pulse according to the dielectric properties difference, as the electromagnetic
wave propagates through the skull. The results show that the antenna 1 is able to detect
the object faster than the antenna 2 for both skulls, due to inconsistent thickness of the
phantoms. Furthermore, the antennas are fabricated in adjacent to measure
decomposition and superposition specific absorption rate (SAR) in Specific
Anthropomorphic Mannequin (SAM) head phantom at 1800 MHz and 2600 MHz. The
maximum allowable SAR in head is 2 W/kg at 10 g contiguous tissue which is referred
to International Commission on Non-lonizing Radiation Protection (ICNIRP)
guideline. Based on the measured results, superposition SAR of the antenna can reach
up to £12% of the maximum decomposition SAR. This research forms a significant
contribution to medical engineering field in designing a corrugated u-slot antenna that
serves to detect an abnormality inside human head at 1.17-5.13 GHz. The designed
antenna satisfies the SAR standard, which is required in microwave imaging
applications.
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ABSTRAK

Pengimejan Salunan Magnet (MRI) dan Tomografi Berkomputer (CT)
merupakan peralatan terkenal yang digunakan untuk menjana imej bagi membantu
dalam tatacara diagnosis. Walau bagaimanapun, peralatan pengimejan tersebut
mempunyai beberapa kekurangan yang mana peralatan tersebut adalah sangat mahal
dan justeru, ia tidak selalu dapat diakses di kebanyakan pusat perubatan. Selain itu,
peralatan tersebut adalah besar dan kurang kemudahgerakan. Tambahan pula, CT yang
sedia ada tidak boleh digunakan secara kerap kepada tubuh badan manusia kerana
imbasan mendedahkan pesakit kepada lebih banyak radiasi daripada frekuensi terion.
Had peralatan ini mewujudkan keperluan untuk merekabentuk satu kaedah pengimejan
alternatif dengan kos yang agak rendah, bersaiz kecil, kebolehgerakan yang tinggi, dan
frekuensi yang tak-terion. Kajian ini bertujuan untuk merekabentuk antena bagi
pengimejan gelombang mikro, iaitu antena alur-u beralun pada 1.17-5.13 GHz dengan
rujukan Si; kurang daripada -10 dB. Dua antena alur-u beralun; iaitu antena 1 dan
antena 2 diletakkan secara bertentangan di sisi fantom untuk memeriksa keupayaan
mereka bagi mengesan objek dalam tengkorak. Fantom tengkorak VeroClear-RGD810
yang mengandungi air digunakan, dan keputusan yang diperoleh disahkan
menggunakan fantom tengkorak ZCorp zp-150 yang mempunyai kebertelusan yang
hampir sama. Kedua-dua antena diuji bagi mengesan objek yang terletak pada 40 mm
dan 80 mm dari antena yang diperiksa. Teknik Jelmaan Fourier Pantas Songsang
(IFFT) digunakan untuk menganalisis denyut pantulan domain masa berdasarkan
perbezaan sifat dielektrik, apabila gelombang elektromagnet merambat melalui
tengkorak. Keputusan menunjukkan bahawa antena 1 dapat mengesan objek lebih cepat
daripada antena 2 bagi kedua-dua tengkorak, disebabkan ketebalan fantom yang tidak
konsisten. Kemudian, antena-antena ini difabrikasi bersebelahan bagi mengukur kadar
penyerapan tertentu (SAR) uraian dan tindihan dalam fantom kepala Patung
Antropomorfik Khusus (SAM) pada 1800 MHz dan 2600 MHz. SAR maksimum yang
dibenarkan dalam kepala adalah 2 W/kg pada 10 g tisu berdampingan dirujuk
berdasarkan garis panduan Suruhanjaya Antarabangsa Perlindungan Sinaran Tak-
Mengion (ICNIRP). Berdasarkan keputusan yang diukur, SAR tindihan bagi antena
boleh mencapai sehingga *12% daripada SAR uraian maksimum. Kajian ini
membentuk satu sumbangan yang bermakna terhadap bidang kejuruteraan perubatan
dalam merekabentuk antena alur-u beralun yang berfungsi untuk mengesan
keabnormalan dalam kepala manusia pada 1.17-5.13 GHz. Antena yang direkabentuk
memenuhi piawai SAR, yang diperlukan dalam aplikasi pengimejan gelombang mikro.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

According to the National Cancer Institute report, 4.4% over 100000 persons'
death due to brain cancer in 2012 [1]. This number is predicted to rise by 33.3% in 2015
based on statistical trends since 1990. Even though diagnostic devices such as Magnetic
Resonance Imaging (MRI) and Computed Tomography (CT) scans are commonly used
for diagnostic procedures, the equipments still not widely available at all medical
centres. This is due to their biggest drawback, which is very high cost. Hence, the
diagnostic and detection process could be delayed due to high diagnostic cost. Therefore,
an alternative lower cost device that can be implemented for diagnostic purpose is

required.

An alternative lower cost method that can create a picture of body can be
achieved by using microwave imaging (MI). Ml is a technique that has an ability to
detect the presence of abnormality or object embedded in the scanning area, based on the
contrast in dielectric properties (DP) of object as compared to its surrounding. The
contrast of DP will result to the scattering signals which further indicate the occurrence
of an object and its locality. Since the detection of an object can be achieved by the

study of the scattered signals, commonly used equipment in the communication field,
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such as vector network analyzer (VNA) can be used for the characterization and
analysis of these signals. Thus, this makes the MI method relatively low cost as
compared to CT and MRI.

There are many advantages of Ml in detecting tumoureither in breast or in brain.
MI that uses non-ionizing radiation does not cause any adverse health effects towards
human tissues. Since MI detects the tumour based on the dielectric contrast, there is a
high possibility of early stage cancer detection and diagnostic. Moreover, in breast
cancer detection, MI gives more comfort to the patient as compared to the breast

compression during mammography process.

There are growing numbers of MI detector antenna designed by researchers
which can provide comfort to the user. Although, there is no restriction for the design
frequency for MI antenna, however, narrow bandwidth (BW) produces low image
quality as compared to wide BW antenna as stated in [2]-[4]. Thus, the greater the
antenna BW, the better will be the quality of resulted image, which is also known as

resolution of image.

Since the implementation of MI antenna is related to the human body, it is very
important to consider specific absorption rate (SAR) into account. Antenna being
designed for tumour detection purpose must comply with the established SAR standard
in order to protect human cell from adverse health effects. Thus, the following section

highlights the motivation towards this research study.



1.2 Problem Statement and Motivation

The effective imaging devices of Magnetic Resonance Imaging (MRI) and
Computed Tomography (CT) provide the diagnostic for the detection of tumour such as
in breast and brain. However, the cost of these devices is very expensive and leads to
high diagnostic expenditure. Furthermore, these devices are bulky and huge in size,
allowing less mobility and require large installation area. Moreover, the existing CT
cannot be used frequently on human because the scanner exposes patients to radiations
of ionised frequency. Hence, in order to improve the drawback of the available imaging
devices due to high expenditure and bulky size, MI technique has been introduced.
Therefore, in this research work, antennas proposed for MI applications are studied.

In the practice of MI, many antennas are designed at narrowband frequency. The
drawback of narrowband frequency in imaging is that it will lead to low quality of
image. Therefore, wideband antenna is required to promise higher quality of the
scanned image. Most of the wideband antennas proposed for Ml are designed on hard
structure of printed microstrip board. In addition, a wideband imaging system that was
proposed for detecting brain tumour reported in [5] is too bulky. Meanwhile, the patient
needs to hold static during the diagnostic process. Thus, the process will discomfort the
patient. Hence, flexible material is seen to be the best option for the on-head bending
capability and for the ease of user. As the research on the detection of tumour in human
head using M1 is still in small numbers, it is significant to investigate the existence of

abnormality in the human head using radar-based concept.

Moreover, the implementation of antenna on the human head produces energy
which can possibly harm the brain cells. The specific absorption rate (SAR) in human
head is different at various frequencies and transmitted powers due to dissimilar energy
absorbed to the head. In addition, the published investigations on SAR are mostly based
on simulated investigations, which is not able to represent the real SAR. Furthermore,
the simulated investigations are performed on the implementation of single antenna on
the head. Thus, it is very significant to measure and monitor SAR in human head at

different frequency and powers using single and multi-antenna on the head.
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