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Abstract

In this study, microwave imager design is aimed by using a series of microstrip
patch antennas operating in the 2.46 GHz frequency band. The designed microwave
imager has a 24-sided cylindrical shape and includes 5x1 microstrip patch antennas
placed at 45° angles. The overall working principle of the microwave imager is based on
the back reflection and transmission values between the transmitter and receiver antennas.
The 40 microstrip patch antennas inside the microwave imager operate as both a receiver
and a transmitter and the transmission values between each other (S, S31, S41, Sz etc.)
are capable of mapping the internal space in three dimensions with the required algorithm.
The microstrip antennas in the designed structure have been chosen for their small
volume, easy integration, versatility, low profile, and the most commonly used 2.46 GHz
frequency is used as the operation band. The most important achievement of this study is
to support medical imaging practices; the detection of cancerous areas such as breast
cancer can be determined by the interaction between antennas and is the aim of this study.

In addition, the developed microwave imager can also be used in concrete mapping and
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non-destructive imaging applications in the construction sector. Besides, the designed

configuration has another advantage due to its low cost.
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2.46 GHz’te Mikroserit Yama Antenlerle Mikrodalga Goriintiileyici Tasarim

Oz

Bu calismada 2.46 GHz frekans bandinda calisan mikroserit yama antenlerin bir
serisi kullanilarak mikrodalga goriintiileyici tasarimi amacglanmistir. Tasarlanan
mikrodalga goriintiileyici 24 kenarli silindirik sekle sahip ve 45° agilarla yerlestirilmis
5x1 mikro serit yama antenler icermektedir. Mikrodalga goriintiileyicinin genel ¢alisma
prensibi, verici ve alict antenleri arasindaki geri yansima ve iletim degerlerine
dayanmaktadir. Mikrodalga goriintiileyicinin i¢indeki 40 mikro serit yama anteni hem
alict hem de verici olarak calisir ve birbirleri arasindaki iletim degerleri (Sz1, S3i1, Sa1, Sai
vb.) i¢ alan1 gerekli algoritma ile ii¢ boyutlu olarak haritalayabilirler. Tasarlanan yapidaki
mikro serit antenler kii¢iik hacimleri, kolay entegrasyonu, ¢cok yonliiliikleri, diisiik profilli
olmalar1 i¢in se¢ilmis ve en yaygin kullanilan 2.46 GHz frekans1 ¢alisma bandi olarak
kullanilmistir. Bu ¢aligmanin en Onemli yam1 tibbi goriintileme uygulamalarini
desteklemektir; meme kanseri gibi kanser vakalarinda kanserli alanlarin tespiti antenler
arasindaki etkilesimle belirlenebilir ve bu g¢alismanin amacidir. Ayrica, gelistirilen
mikrodalga goriintiileme cihazi ingaat sektdriinde beton haritalama ve tahribatsiz

goriintiileme uygulamalarinda da kullanilabilir. Bunlardan bagka, tasarlanan

konfigiirasyonun diisiik maliyetli olmas1 bagka bir avantajidir.
Anahtar Kelimeler: Mikrodalga goriintiileme, Yama anteni, Dizi anten
1. Introduction

Today, the non-destructive visualization and mapping of an object or structure has
become very important. The reason for this is the development of areas such as defense,
security, medical, food, building industry and the need for imaging in these areas. To
address this need, studies have been carried out on high frequency electromagnetic waves
with low wavelength. Paulsen et al. developed an algorithm in 1999, they performed

tumor and bone imaging in the medical area with microwaves in the 500-900 MHz range
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[1, 2]. In another study conducted in the medical field, Li and Hagness have managed to
visualize breast cancer location in two dimensions by using a very wide band antenna and
a high efficiency algorithm [3]. In other studies, following this perspective, the tumor

location was identified as three-dimensional [4, 5].

In the medical area, microwave imaging studies were mostly on breast cancer
detection, for example, adaptive multistatic microwave imaging was performed and a
series of antenna were used as receptors of scattered signals [6]. In addition, Nilavalan et
al. developed an ultra-wide band microstrip patch antenna operating between 4-9.5 GHz
for breast cancer tumor detection [7]. In the following years, the interest in antenna design
has increased in microwave imaging studies and broadband, high gain, array and half
spherical array antennas have been developed and used for imaging purposes [8-11]. The
antenna type used in microwave imaging is important. In addition to the use of patch
antenna in the literature, there are also studies using horn and vivaldi antennas. Due to its
ultra-wide band, the usability of the horn antenna for microwave imaging has been
demonstrated for detection of breast cancer in regions 3-11 GHz [12, 13]. As a similar
study, the miniaturized dual band patch antenna was developed for microwave imaging
purposes [14]. In addition, multi-band patch antennas for microwave imaging have been
designed and placed as a series of cubic shaped spaces [15]. Leaf-shaped vivaldi antenna
[16] and rectangular monopol antenna [17] designs have also been developed to support
imaging studies and have been published in literature. In their 2017 study, Wang and
Arslan developed the ultra-wide band wearable antenna array for microwave imaging and
early detection applications [18]. In the same year, Rokunuzzaman et al. conducted a
multi-directional and broadband antenna design to identify human brain tumors [19]. In
addition to these studies, frequency shifts, signal absorbing structures and multiple

antenna arrays are also used in microwave imaging [20-22].

In this simulation study, firstly microstrip patch antenna was designed for
microwave imaging applications. Antennas with a 2.46 GHz resonance frequency were
placed in a 5x1 array in 45° angles to form a cylindrical gap structure. The purpose of this
structure is to make mapping of any material placed in the inner area. The mapping of
imaging process will be carried out by using the 40 antennas between the antenna

transmission values with the required algorithm. This study is a feasibility study for
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microwave imaging, and it can be used in many fields such as medical, food, security and

building mapping with necessary algorithm.
2. 2.46 GHz Patch Antenna Design

In this study, the microwave imager design was carried out using a commercially
available microwave simulation program based on finite integration method. The
microstrip patch antennas operating at the 2.46 GHz frequency are designed as microwave
imaging elements and are periodically positioned 5x1 into a 24-sided cylinder. A metal
layer and dielectric layer was used in antenna design process the dielectric layer was
chosen as FR4 with thickness of 1.6 mm and dielectric constants of 4.3 and the copper
was used in the antenna and ground layers with thickness of 0.035 mm and conductivity
of 5.8x10’. The designed unit microstrip antenna is shown in Fig. 1a with size parameters.
The microstrip antenna with rectangular patch is making a good orientation with the linear
gain of 3.64 dB and the 3D propagation is shown in Fig. 1b. The designed patch has a
return loss value of -23 dB at 2.46 GHz, which is the antenna resonance frequency, Fig.

lc. The designed antenna is available in this state.
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Figure 1. 2.46 GHz patch antenna a) dimensional parameters, b) 3D radiation graph and c) antenna back
reflection value (S;;)
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3. Cylindrical Resonator Design by Patch Antennas

The developed microwave imager is based on the transmission values of antennas
as mentioned before. If the third layer of the cylindrical microwave imager structure
shown in Fig. 2a is taken into account, the interaction between the antennas can be used
in imaging process with image algorithm. The scattering parameters S;i, Sz1, S3; and S4;
values were calculated according to the configuration shown in Fig. 2b, they have
different values for different materials placed in the cavity and when these scatter
parameters were obtained for all antennas, three-dimensional mapping can be created

with the help of the necessary algorithm.

Port 1

Port 2

Figure 2. a) 5x1 patch antenna cavity resonator placed in octagonal b) inner antenna transmission and
reflection working mechanism

4. Reflection and Transmission Characteristics of Designed Antennas

In order to see the differences in the transmission values, the transmission (S;;) and
the reflection (S;;) values between the two opposing antennas were examined.
Interactions between eight microstrip patch antennas located at the middle layer and
placed at 45° angles will form a two-dimensional map. In addition, it is possible to create

a three-dimensional image with inner antenna transmission values in the other four layers.

Fig. 3a shows a top view of the two opposing antennas; the microwave imager is

seen at 2.50 GHz in Fig. 3b, where maximum data transfer is performed when the cavity
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state is empty. The frequency of 2.50 GHz is in the resonance band for the antenna and is
at the maximum level with the transmission value of -22.35 dB. This value constitutes the
maximum reference point for the mapping algorithm. In addition, the propagation values
between the antennas are calculated as linear dBi and are given in Fig. 3c-d. According
to the obtained 3D propagation patterns, maximum power transfer is among the opposing

antennas.
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Figure 3. a) in the empty state imager microwave resonator, b) transmission between two opposing ports
and backscatter, c) linear radiation of portl, d) dBi radiation of portl

For Port 1, the transmission values for two opposing antennas (3-4) are calculated
when the S31 and S41 form the basis of the imaging algorithm and are given in Fig. 4
with the port configurations. As can be seen from the transmission graph, transfers from
portl to port3 and port4 (S31, S41) are at the maximum and -30 dB at 2.46 GHz, which
is the resonance frequency. This value can be used in the algorithm for the maximum

transmission value to the opposite lateral antennas for the empty cavity state.
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Figure 4. Empty cavity structure and cross transmission values

For the mapping process, it is necessary to observe the effect of metal as another
reference value. A copper cylinder is placed inside the cavity and its effect on the
transmission between antennas is examined. Firstly, the apparatus shown in Fig. 5a is
formed and the mutual two-port transfer is examined. Although no major change was
observed in the resonance frequency, the S21 value between portl and port2 experienced
a significant decrease compared to the value in the empty cavity state. The reason for the
transmission shown in Fig. 5b is the placement of metal in the medium and the
transmission value resonant frequency of about 2.50 GHz decreased to -50 dB. Moreover,
the transmission values of this metal plate against the two cross opposing antennas also
showed a significant decrease and are shown in Fig. 6. As shown in the figure, the values

S31 and S41 in the 2.45-2.50 GHz range decreased below -50 dB.
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Figure 5. a) Placing a metal into the cavity resonator, b) Transmission between two opposite ports
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Figure 6. Cross transmission with metal in the empty cavity state

As shown in Fig. 7, the metal effect causes a serious transmission decrease between
portl and port2. In the empty cavity state, the maximum transmission occurs at the
resonant frequency and this transmission value is at -23 dB. This situation was reduced
to -52 dB level as seen in the figure when the metal was positioned in the cavity. This
transmission down values will be used as a scale for the use of the cavity-antenna structure
as a microwave imager. In the light of the empty and metallic results obtained, the values
which can be found between these 29 dB differences will vary in different dielectric

materials.
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Figure 7. Transmission values under empty and metallic (copper fill) states

As mentioned in the previous paragraph, the different dielectric constant materials
were positioned in the cavity and simulations were conducted in order to change the
transmission values in the range between the 2.45-2.50 GHz band with 29 dB difference.

Firstly, the dielectric material of Arlon AD 300, which has a dielectric constant (¢) 3, was
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placed in the cavity. The transmission and reflection results seen in Fig. 8 were obtained
for the opposite and opposite-cross antennas. As seen, the material of €=3 has made a
small difference in resonance, but the transmission values have been varied according to
the empty situation. It transmits with a maximum transmission value of -22 dB in the
resonance band to the opposite antenna. However, a maximum of -28 dB transmission
occurs to the two lateral antennas. These values form data for characterizing the designed

cavity antenna structure.
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Figure 8. Arlon AD 300 (& = 3) filled to cavity and side ports interaction values

Another simulation was performed using a material whose dielectric constant was
different. Gallium Arsenide with a dielectric value of € =13 was placed in the cavity and
transmission values between antennas were obtained. As shown in Fig. 9, the transmitting
antenna which resonates at the 2.50 GHz frequency transmits to the opposite antenna and
the opposite lateral antennas at this frequency. In the resonance band the transmission
value to the opposite antenna is -23 dB and the transmission value to the opposite cross-
lateral antennas is at -28 dB. In order to increase the image capacity of the designed

structure, the interaction of each antenna placed in the structure with other antennas
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should be examined in detail. The values obtained for the single layer can be developed
by examining the transmission values between each antenna and two dimensional and

three dimensional sensitive images can be obtained.
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Figure 9. Gallium arsenide (¢=13) filled to cavity and side ports interaction values

Finally, the approach to the inner space imaging was targeted at the later stages of
this simulation study. This approach, which is made on only one layer, is shown in
different shades in Fig. 10. The transmission differences in the resonance frequency can
be used with the required calculation technique and algorithm during the imaging phase.
The image approach shown in the figure represents the mapping of the maximum and
minimum transmission values between each antenna. A minimum level of -50 dB
represents the point at which transmission is decreased. The maximum point represents
the region where the transmission is at -20 dB. Such an approach demonstrates the
usability of the designed array antenna cavity structure in microwave imaging
applications. The designed structure has advantages such as easy design and production,
low cost and high imaging quality. It could be used in medical imaging, non-destructive

imaging and mapping applications.
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Figure 10. Image approach for single layer

5. Conclusion

In this simulation study, microwave imager design was performed using a series of
patch antennas. The designed unit microstrip patch antenna resonates at the 2.46 GHz
central frequency. The microwave imager with 24 edges consists of 5x1 patch antenna
arrays placed at 45° angles. The main operating principle of the imager is based on a total
of 40 antenna interconnected transmission values according to antenna positions. The
changes in the transmission values have been examined and tested by different materials.
At the resonance frequency, the transmission value between the two antennas increases
to a maximum of -20 dB and in addition, the transmission value between the opposite
lateral antennas is also at these levels. In the case where the cavity is filled with metal,
the transmission between the antennas placed in the opposite face is below the level of -
50 dB. In addition, the dielectric constant in the cavity was filled with materials that are
different. The obtained results show that the designed cavity structure can be used for
microwave imaging applications. By creating the necessary algorithm, each antenna
transmission values will allow mapping of the inner space. In this study, the image
approach for the single layer was performed and was colored based on the maximum-
minimum transmission values. The designed microstrip antenna gap structure can be used

in medical such as tumor detection, mapping and non-destructive imaging applications.
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