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Abstract
In recent years, Microwave Imaging (MWI) has offered an effective solution in medical applications, especially in detecting abnormal
body tissues in the human brain. Among the popular detection methods currently being used in hospitals are Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) scans. But the constraints faced by this method include the high cost of equipment and its
large size and static nature. In this article, the antipodal Vivaldi antenna for the microwave brain stroke imaging system is designed and
presented. Nine antipodal Vivaldi antennas were proposed and designed using Computer Simulation Technology (CST) software operating from 2.06 GHz to 2.61 GHz. A Radio Frequency (RF) switch was used to enable the antenna sequentially received the backscattered
signal from the head phantom. Then, MATLAB software was used to interface between the Python algorithm and the Vector Network
Analyzer (VNA) for the purpose of data collection. The Python algorithm was able to control the rotation of the platform, which rotated
in 50 positions. The fabricated antennas are based on a Rogers RO4350B substrate and show good agreement between the measured
result and simulated result. The designed antennas were able to achieve 86.92% average efficiency, 2.45 dBi gain and stable radiation
directivity. Finally, from the variation of the color in color plot, a target structure was successfully detected.
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1. Introduction
Microwave imaging (MWI) systems have been broadly utilized in numerous application such as materials characterization, medical application and remote sensing [1]–[3]. This innovation has been applied to detect unusual tissues in the brain stroke and breast cancer [4], [5].
The ability to penetrate into the dielectric material through microwave frequencies, has enabled MWI to be widely used primarily in abnormal body tissue detection in the human body. The human body is dielectric material with dielectric properties of permittivity is between
56.5 - 42.8 [6]. This system operates using an antenna that produces electromagnetic energy in microwave frequencies. In MWI, a system
antenna is used as transmitter and receiver. For signal transmission, microwave signals are transmitted from the antenna to the imaging
object. The signal penetrates through the imaging object and is collected by the receiving antenna. The target image is obtained after the
backscattered signal of the object is measured and processed [7]. Numerous research that has been conducted around the world on designing a MWI system for detecting breast cancer [5], [8]–[10] and human head imaging [11]–[15].
Major brain stroke can be classified into ischemic stroke and hemorrhagic stroke. Ischemic stroke occurs when a blood vessel becomes
blocked or narrowed by a blood clot causing oxygen stops flows to the brain to cease stopping functioning. Hemorrhagic stroke occurs
when a blood vessel burst and spills blood into the brain and causing the surrounding tissue stop functioning [16]. Present devices for
brain stroke detection include the CT scan, MRI, X-ray mammograms, and ultrasound [17]. MRI and CT are very effective diagnosis
tools, but they are very expensive. In fact, most hospitals are unable to afford reliable diagnosis tools [18]. Diagnosis tools are also, bulky,
not portable and require a large space for system setup [19]. The primary disadvantage of the CT scan is that it produces excessive radiation effect (effective dose is approximately 5 mSv), while MRI is more complex and takes a long time to complete an examination [20].
Basically, the development of MWI system for the human phantom consists of three important elements: the development of rotation
platforms, antenna and data acquisition for system validation. In this paper, the design of an antenna for microwave brain stroke imaging
system is shown in detail, including antenna specifications, simulation and fabrication of antenna and testing the antenna for microwave
brain stroke imaging system. For verification, two sets of reflection coefficient were collected around the head phantom, consisting of
one with target structure and one without a target structure.
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2. Antenna configuration
In MWI system, an antenna with a directional radiation pattern and wide bandwidth the important factors in medical applications [21]–
[23]. A directional antipodal Vivaldi antenna is proposed due to the compact size, low cost, easy to fabricate, high gain and directive
radiation is suitable to form an antenna array around the head phantom for data acquisition [24]–[26]. The antenna operates over the band
2.06 GHz – 2.61GHz. This frequency range gives a reasonable compromise between the desired signal penetration and acceptable image
resolution [17], [27]. The exponential profile curves of the antenna provide better performance than the parabola and trigonometric functions.
An antipodal Vivaldi antenna consists of two sides and radiating structure is in the form of two exponentially tapered arms. One side of
the antenna is printed on the top and another tapered in the opposite direction is printed on the bottom of the dielectric material. The antipodal Vivaldi antenna is very difficult to analyse because of the transmission constant of the tapered slot and characteristic impedance.
Therefore, the antenna was designed through the simulation calculation and optimized using genetic algorithm in the CST software. The
antenna is printed on the substrate of Rogers RO4350B with a thickness of 1.524 mm, dielectric constant of 3.48 and loss tangent of
0.0039 which is relatively small compared to other substrates. The overall size of the antenna is 50 mm length x 60 mm width and the
fabricated antennas shown in Figure 1. Table 1 shown the design specification of the proposed antenna.
(A)

(B)

Fig. 1: (A) Antenna Dimension; (B) Fabricated Antenna.

Antenna Characteristic
Operating Frequency
Operating Bandwidth
Substrate Dielectric
Substrate Loss Tangent
Average Gain
Average Efficiency
Input Impedance
Radiation Pattern

Table 1: Antenna Specifications
Value
2.06 – 2.61 GHz
550 MHz
3.48
0.0039
2.45 dB
86.92%
50 Ω
Directional

The system used the mono-static radar mode of operation. In mono-static mode, one antenna was applied as the transmitter and other eight
antennas were applied as the receiver. An Agilent N5227A Vector Network Analyzer (VNA) used to generate and receive the microwave
signal. The transmitting antenna was connected to the port 1 of the VNA and other eight antennas were connected to the RF switch, while
the output of the RF switch was connected directly to the port 2 of the VNA.

3. Result and discussion
The CST software is used for the antenna simulation. The Agilent E8362C vector network analyzer and Satimo near field measurement
lab (UKM StarLab) were used to obtain the measured results of the antenna. The measurement setup is shown in Figure 2. The Agilent
E8362C VNA was able to covers the range of the frequency from 10 MHz to 67 GHz using the SatEnv software and Satimo Passive
Measurement (SPM). The measured results and the simulated results have been plotted using the data analysis Origin Pro 9.0 software
for the purpose of comparison.
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Fig. 2: Antenna Measurement Setup at Satimo Lab.

Figure 3 shows the simulated and measured reflection coefficient (S11) of the antenna. The result indicate that the antenna has a reflection
coefficient of less than -10 dB across the utilized band. S11 less than -10 dB means that at least 90% input power is delivered, and reflected power is less than 10%. The antenna operates over the frequency range from 2.06 GHz – 2.61 GHz and operation bandwidth are approximately 550 MHz by referred to -10 dB reflection coefficient. The measured and simulated results have very good agreement.
Figure 4 illustrates the simulated and the measured Voltage Standing Wave Ratio (VSWR) of the antenna. VSWR measure how well
matched the antenna to the feed line. A VSWR value under two is considered a good match with the feed line and suitable for most antenna
application. The results show that antenna is matched with the transmission line which is the RF cable because the impedance of the SMA
connector that solder at the antenna is 50 Ω which is matched with the characteristics impedance of the RF cable.

Fig. 3: Reflection Coefficient of Antenna.

Fig. 4: VWSR of Antenna.
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The simulated and the measured efficiency results obtained from the CST microwave Studio and Satimo near field measurement lab were
converted into percentage and plotted as shown in Figure 5. The measured average radiation efficiency was approximately 86.92% but
the simulated average radiation efficiency was 87.34%. Again, both results are in good agreement. The high efficiency of the antenna indicated that most of the power radiated by the antenna. For low efficiency antenna indicated that most of the power absorbed by the antenna
was due to impedance mismatch.
The 2D measured radiation pattern is shown in Figure 6. The cross polar (Phi = 0°), co polar (Phi = 90°) and cross polar (Phi = 90°), co
polar (Phi = 0°) are plotted. During the cross polarization the antenna radiation is horizontally polarized and received by the vertically
polarized antenna. Cross polarization is always perpendicular to the desired polarization direction. For co- polarization, the antenna is
always faced directly to the desired polarization direction. The ideal cross polarization level must be zero or as low as possible but the co
polarization must be higher than -10 dB. From the measured results co- and cross polarization meet the requirements.
The simulated 3D radiation pattern at 2.3 GHz indicates the directional radiation, as shown in Figure 7. The result show that the antenna
has achieved stable radiation directivity. This ensures that the antenna is able to receive a high range of backscattered signal with the minimum of unwanted noise.

Fig. 5: Efficiency of Antenna.

Fig. 6: 2D Radiation Pattern.
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Fig. 7: 3D Radiation Pattern.

After verifying the performance of the antenna, it was mounted at the head imaging rotation platform. The experiment was performed by
collected the signal from the head phantom with and without inserted the target structure for the validation purpose. The target structure is
the fabricated white matter, which is the main tissues found in the human brain as shown in Figure 8. The white matter was fabricated
using water, corn flour, gelatin and sodium azide. Figure 9(a) shown the colour plot of the data using MATLAB that without the target
structure and Figure 9(b) with superimposed the target structure. The step frequency from 90 – 150, yellow colour in the colour plot indicated that the transmitted power was absorb by the white matter (due to the lossy brain tissue) and only small amount of radiated power is
scattered back receive by the antenna. The colour variation with and without the target structure includes sensible precision and high
resolution. Hence, the target structure was successfully detected.

Fig. 8: Fabricated White Matter.

(A)

(B)
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Fig. 9: Color Plot of Data (A) Head Phantom without the Target Structure (B) Head Phantom with the Target Structure.

4. Conclusion
An antipodal Vivaldi antenna was successfully designed and implemented in a microwave brain stroke imaging system. At the initial
stage, the antenna was able differentiated target structure of brain stroke at the frequency from 2.06 GHz to 2.61 GHz. There is some
room for improvement in term of size, bandwidth and directivity of the antenna which is the big challenges to MWI system. In terms of
overall system, the real image of stroke will be fully visualized after implementation of image reconstruction algorithm based on current
data.
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