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1. INTRODUCTION

Ultra-wideband (UWB) is an advanced radio technology that transmits large data volumes over
a wide frequency spectrum. In 1893, Hertz initiated the initial experiments on a UWB wireless
communication system [1] and later it was authorized for commercial and research use by the FCC in 2002 [2].
The technology offers benefits such as high data rate, low power utilization, obstacle penetration, low cost-
implementation, and time resolution [3], [4] making it a promising technology for various applications. UWB
technology has gained popularity for use in through-wall detection systems [5], [6], which use
electromagnetic (EM) waves to detect targets behind walls. These systems have wide applications in rescue,
security, and surveillance [7]-[9]. The transmitter antenna transmits EM waves that penetrate the wall,
causing the target to be struck and reflected back to the receiving antenna. Using signal processing
techniques, the reflected energy is analyzed to generate an image of the target behind the walls. These
systems are particularly useful for detecting metal-based explosive substances in busy public spaces [10].

Research on designing UWB antennas for through-wall detection systems is expanding, with the
Vivaldi antenna being the preferred choice due to its small size, high gain, wide bandwidth, high directivity,
low side lobes, and end-fire radiation [11], [12], making it a suitable solution for such applications. In 1979,
Gibson [13] came up with the Vivaldi antenna, named after the famous violin composer Antonio Vivaldi.
Vivaldi antennas can be categorized into Coplanar-VA, Antipodal-VA, and Balanced-AVA. The radiating
structure and feed line are the main components. The AVA antenna, developed by Gazit [14] in 1988, offers
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minimal distortion, high gain, and high directivity. The two-layer structure, called the antipodal Vivaldi,
provides high gain and directivity.

AVA tilizes slot structures with various shapes and sizes to enhance performance [15]. These
structures restrict lower cut-off frequencies, minimize side lobe levels, and maximize main lobe levels [16].
Elliptical and circular slots improve gain, bandwidth, and return loss, and work as resistive loading, directing
maximum field toward the slots, and enhancing radiation characteristics [17]. An AVA with an elliptical slot
structure [18] was designed for UWB applications, achieving a peak gain of 11.04 dBi with a reflection
coefficient exceeding -10 dB. Another high-gain UWB AVA with an elliptical slot structure was reported in [19],
with symmetrical elliptical slots on the two patches, achieving a maximum gain of 11.3 dB. Muniyasamy and
Rajakani [20] circular slots are loaded on flares of AVA to enhance the bandwidth.

In this paper, a high-gain UWB AVA antenna using elliptical and circular slots is proposed for
through-wall detection systems. The antenna incorporates elliptical and circular slots on its flares to enhance
gain and broaden bandwidth. The simulation results align with the measured results, indicating that the
proposed antenna offers enhanced radiation properties in the frequency band of 3.1 GHz to 10.6 GHz.

2. ELLIPTICAL AND CIRCULAR SLOTTED ANTIPODAL VIVALDI ANTENNA (ECS-AVA)
DESIGN

The AVA is constructed on Rogers 5880 material with an elliptical and circular slotted pattern. The
radiating element features a thickness of 1.58 mm. The antenna's excitation port employs a microstrip line
with a width (Wy) of 4.60 mm and an impedance of 50 Q. The Rogers 5880 material is chosen for its
tangential loss properties, contributing to high gain [21]. The ECS-AVA is constructed using two elliptical
curvatures of identical dimensions as demonstrated in [22], [23]. The antenna is composed of two
foundational components: the feed line, responsible for signal propagation, and the radiating flared wings,
which facilitate the emission of EM waves. Theoretically, the Vivaldi antenna's infinitely broad high-
frequency spectrum can be computed by applying (1) to (4) with consideration to its width and the effective
dielectric constant (eeff), as elucidated in reference [22].
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The slot structure is utilized in AVA to enhance the antenna’s performance [17]. The AVA flares
have six circular slots of the same size. Additionally, seven elliptical slots with variable dimensions are
implemented on the AVA flares. The different layouts of the ECS-AVA are presented in Figure 1.
Figure 1(a) illustrates the geometrical layout and Figure 1(b) illustrates the CST layout. Additionally,
Figure 2 displays the fabricated ECS-AVA prototype, Figure 2(a) back view and Figure 2(b) front view. The
optimized dimensions of the ECS-AVA antenna are presented in Table 1.

(b)
Figure 1. ECS-AVA antenna layout (a) geometric layout and (b) CST layout
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(@) (b)
Figure 2. Fabricated ECS-AVA prototype (a) back and (b) front

Table 1. Dimensions of ECS-AVA

Parameters Value (mm)

W 61

L 65.80

D 13.50
Wx 55

Wy 4.60

Wz 11.80

CS (1-6) (L &W) 2.50
ES (2-6) (W) 5

ES(1&7)(W) 5.80

3. MEASUREMENT AND SIMULATION RESULTS

The layout of this section is schematized as follows: subsection 3.1 describes the measured and
simulated reflection coefficient and voltage standing wave ratio (VSWR) of ECS-AVA. Next, subsection 3.2
discusses the simulated polar and 3D radiation pattern of ECS-AVA. Continuing, subsection 3.3 investigates
the simulated gain of ECS-AVA at UWB frequencies. Lastly, in subsection 3.4, we'll compare how well the
proposed antenna performs compared to antennas discussed in the literature.

3.1. Reflection coefficient and VSWR

Figure 3 and Figure 4 display the measured and simulated results of the reflection coefficient (S11)
and VSWR, respectively, in the UWB frequency range of the designed antenna. The simulated reflection
coefficient and simulated VSWR do not meet the specified standard levels between 4.1 GHz and 4.6 GHz.
The measured results of S;; and VSWR were obtained using a vector network analyzer (VNA) R&S
(ZNB20). Notably, irregularities in the S11 and VSWR patterns are observed between 9 GHz and 10.6 GHz,
which are linked to issues with connectors and cables. The achieved measured results indicate Si; values
surpassing -10 dB and VSWR values below 2.
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Figure 3. Simulated and measured S11
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Figure 4. Simulated and measured VSWR

3.2. Polar and 3D far-field radiation patterns

Figure 5 illustrates the simulated polar patterns of ECS-AVA at frequencies; 4 GHz (Figure 5(a)),
6 GHz (Figure 5(b)), 8 GHz (Figure 5(c)), and 10 GHz (Figure 5(d)). At these specified frequencies, the
designed antenna displays outstanding characteristics in terms of side lobe (SLL), angular width, and
directivity in its polar pattern. Additionally, Figure 6 presents the three-dimensional far-field radiation pattern
of ECS-AVA at frequencies; 4 GHz (Figure 6(a)), 6 GHz (Figure 6(b)), 8 GHz (Figure 6(c)), and 10 GHz
(Figure 6(d)). The proposed antenna exhibits high gain at the mentioned frequencies, highlighting its
capability to detect targets through walls.

3.3. Gain

Table 2 illustrates the gain of ECS-AVA from 3.5 GHz to 10.5 GHz. The antenna's performance
was evaluated, revealing a maximum gain of 11.9 dB at 10 GHz, with a minimum gain of 4.8 dB. Figure 7
shows the simulated gain of ECS-AVA in the H-plane at 10 GHz, which is around 12 dB. Additionally,
Figure 8 shows the simulated gain of ECS-AVA over the UWB band, which starts from 3.1 GHz to
10.6 GHz. It is observed that the proposed antenna gains increase between 7 GHz and 10.5 GHz frequencies.
Further, the simulated peak gain is obtained at 10 GHz frequency, which is around 12 dB. Therefore, the
proposed antenna has good radiation characteristics.
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Figure 5. Polar radiation pattern of ECS-AVA, (a) 4 GHz, (b) 6 GHz, (c) 8 GHz, and (d) 10 GHz
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Figure 6. 3D far-field radiation pattern of ECS-AVA, (a) 4 GHz, (b) 6 GHz, (¢) 8 GHz, and (d) 10 GHz

Table 2. Gain of ECS-AVA

Frequency (GHz)  Gain (dB)
4.8
6.3
75

9
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10.5 11.8
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Figure 7. Simulated gain of ECS-AVA in H-plane at 10 GHz
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Figure 8. Simulated gain of ECS-AVA over UWB band

3.4. Comparative analysis

The consistent gain exhibited by the ECS-AVA antenna renders it valuable for through-wall
detection systems. It operates in the UWB band, offering a wide range of frequencies and the ability to see
through walls effectively. For better detection behind walls, the antenna needs to have less signal loss. The
antenna performs well when the Si; value is -10 or less, resulting in increased gain and better penetration.
Table 3 compares the Vivaldi antenna with other studies, considering antenna dimension, material, peak gain,
working frequency, and how well it fits the proposed work. Table 3 indicates that the ECS-AVA has a better-
reported gain when compared to studies conducted earlier.

Table 3. Contrasting the prior Vivaldi antenna studies with the newly proposed antenna design

Reference Material Peak gain (dB)  Frequency (GHz) Dimensions Application
[24] Rogers RT6010 55 1-6 30.32x60%5.76 mm?® Microwave imaging
[25] Rogers 4003C 8 5-20 56x28x1.6 mm?® RADAR systems
[26] FR4 8.2 1.9-12 128x70 mm? Through-wall radar (TWR)
[27] FR4 7.66 1-4 91x108 mm? See through the wall
This work Rogers 5880 11.9 3.1-10.6 66x60.80 mm? Through wall detection

4. CONCLUSION

In this paper, a UWB elliptical and circular slotted antipodal Vivaldi antenna (ECS-AVA) design for
through-wall detection systems has been investigated. The incorporation of elliptical and circular slots on the
arms of the proposed design has significantly enhanced its performance in key aspects such as gain,
bandwidth, reflection coefficient, and VSWR. Experimental findings reveal that the proposed antenna
achieves (S11) of less than -10 dB and a VSWR value below 2 dB, with an impedance bandwidth spanning
from 3.1 to 10.6 GHz. The obtained measurements align well with the simulated results. The designed
antenna shows improved radiation patterns in the UWB band with a maximum simulated gain of around 12
dB. The simulated and measured results indicate that the proposed UWB (ECS-AVA) antenna could be
a good candidate for through-wall detection systems.
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