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Abstract— The design of a circular Vivaldi antenna array for
Ultra wideband near-field radar imaging is presented. We first
show a 3D single Vivaldi antenna with a 12:1 bandwidth without
the need for complex microstrip transitions. A 3D circular array
of 10 electrically connected elements is simulated using the
Method of Moments, with 12:1 bandwidth. The 3D circular array
is simulated using the Array Scanning Method (ASM) applied to
the Method of Moments, where the ASM appears as a
computationally efficient approach for simulating large circular
antenna arrays. Near fields in E and H planes in the area of
radiation exposure are depicted and exhibit smooth spreading
over the whole field of view.

L. INTRODUCTION

Ultra-wideband radar imaging systems involving arrays
have a great interest in various short-range applications, such
as medical imaging [1], through-wall observation and airport
security. Large fractional bandwidth and small dimensions are
critical challenges in the design of such arrays. Large
bandwidth is very important for well-controlled pulse
generation and high resolution. Recent studies give great
interest to lower frequencies, which becomes a challenge for
antenna miniaturization. Also, high resolution can be obtained
by using high frequencies. The UWB technique is widely
exploited in the field of medical imaging, due to the
constraints of sufficient human body penetration and image
resolution [2].

A uniform circular array can provide 360° azimuthal
coverage and estimate source elevation angle (outside the
plane of the array). In view of the cyclical symmetry of the
array, the embedded element patterns are identical [3].

The proposed novel 3D circular array with large bandwidth

(including lower frequencies) presents the following
advantages for medical imaging applications: low cost
fabrication, low power, no mechanical complications

(scanning or switching) and fast data acquisition (which
provides a comfort for the patient and helps to get accurate
tumor locations [4]) .

This paper is organized as follows: the design of a compact
3D Vivaldi antenna is provided in section II. Section III
presents the 3D circular Vivaldi antenna array structure, as
well as simulation results. Section IV provides simulation
results for the array using the Array Scanning Method. The
homogeneity of UWB near fields (wide field of view) is
illustrated in section V. Conclusions are drawn in Section V1.

II.  DESIGN OF ISOLATED 3D VIVALDI ANTENNA

The proposed design, shown in Fig. 1, has the following
dimensions:

* Width a=10 cm, length b=9 cm.

» Circular cavity of diameter d=1.1 cm.

* Feed region: 0.2 cm by 0.2 cm.

* Thickness of 0.5 cm.

* Type of taper profile: elliptical.
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Figure 1. Layout of the 3D Vivaldi antenna

This antenna is designed and meshed using GMSH [5]. A
software developed at UCL based on the Method of Moments
(MoM3D) code is used to simulate the different structures.
Fig. 2 shows the simulated reflection coefficient of the single
Vivaldi antenna with reference to 50 Q.

For the presented antenna, the simulation result exhibits a
bandwidth from 2.34 GHz to 14 GHz with respect to a -10 dB
criterion for the antenna reflection coefficient. Meanwhile, if
we consider that -5 dB for the antenna reflection coefficient is
sufficient near the lowest frequency (large penetration); we
have a lower frequency of 0.83 GHz.
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Figure 2. Reflection coefficient bandwidth of the single antenna



[II. 3D CIRCULAR VIVALDI ANTENNAS ARRAY
(3DCA)

Ten Vivaldi antennas are arranged in a circular array with
length of 32.4 cm and width of 30.7 cm and an inner diameter
of 15.2 cm (Fig. 3).
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Figure 3. 3D Circular Vivaldi array layout.

We consider the case of excitation at one port in the circular
array, while the remaining antennas are passively terminated.
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Figure 4. Reflection coefficient bandwidth of the connected circular array.

Fig. 4 shows the reflection coefficient bandwidth for
connected elements case (we connect elements using
overlapping triangular basis functions); good results can be
achieved in terms of matching of the elements. We notice a
satisfactory bandwidth for the reflection coefficient under -10
dB from 2.5 to 14 GHz. In the same way, as previously, we
can obtain 1.1 GHz as a lower frequency if we consider that -5
dB for the antenna reflection coefficient is sufficient near the
lowest frequency (large penetration).

IV. RESULTS BASED ON ASM

The array Scanning Method (ASM) [6] was applied in [7],
for the accurate solution of finite-by-infinite arrays excited at a
single port. In the case of a circular array of N elements

excited at one port, while the remaining antennas are passively
terminated, the currents can be obtained by using the phase
mode excitations [8], with the help of the ASM [9]. The
current excited at antenna m for antenna 0 active appears as:

1 N-1 - i
I(m)=—>"1"(y,)e’™"
N p:()

Where Im(\p) is the current distribution when all the N

elements are excited. ¥ is the phase shift between elements,
TT

and itis equal to Vo ™P - (0 <p <N-I).

Figure 5. Meshed single Vivaldi antenna with connecting basis functions.

Overlapping basis functions are used to ensure the flow of
current between successive elements (Fig. 5), and to get the
exact results (within limits implied by discretization).
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Figure 6. Real (a) and imaginary (b) impedance parts comparison between
MoM3D and ASM-MoM methods.



We observe in Fig. 6 that the results obtained by applying
the ASM-MoM and brute force methods are practically
identical. The ASM method helps us to reduce the
computation time without affecting the accuracy of the input
impedance. Computation times for 80 frequency points are
given in table 1.

TABLE L ELAPSED SIMULATION TIME COMPARISON

Brute force-MoM elapsed simulation time 16 hours

ASM-MoM elapsed simulation time 1 hour 36 min

V. UWB NEAR-FIELD RADIATION OF THE 3DCA

A microwave holography method [10] is applied to study
the signal interference between the fields radiated by an
antenna under test (AUT) and those scattered by a near-field
target. Measurement of the amplitude and the phase of the
near field radiated by the AUT is a common way to evaluate
the potential sensitivity of the system. A brief introduction to
the mutual coupling phenomenon is presented. Then, the
current distribution over all the antenna elements with a study
of the near-field in the middle of 3DCA is depicted.

A.  Mutual coupling study

Mutual coupling is a common problem in various antenna
arrays, and it impacts all types of antenna array parameters,
such as the input impedance and the radiation pattern. In other
words, the input impedance of a single element in an array
differs from that of the same element when it is isolated, due
to the mutual coupling effect [11].

To distinguish the mutual coupling effect, a comparison is
made between the isolated Vivaldi antenna (Fig. 7.a) and by
putting it in the array (Fig. 7.b).

Figure 7. Current distribution comparison when the anfennas are excited at
6 GHz.

Fig. 7.b shows the appearance of higher current distribution
regions compared with that of Fig. 7.a on the antenna body
and near the circular cavity, which reflects an exchange of the

current between the original source and its neighbors. Fig. 7
also shows that the highest radiation of the antennas comes
from a small section along the curve of the flare. Also, edge
currents disappeared in the connected structure.

B.  UWB Near-field radiation study

Fig. 8 shows the current flows from the basic source to the
other elements, where the source’s neighbors are the most
affected. The third and sixth elements (we count the source as
the antenna 0) are less affected, probably through a
combination of distance and polarization mismatch.
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Figure 8. Current distribution on the 3D circular antennas array

To know more about the near-field sensitivity, a 2D
rectangular screen of testing functions is created in the UWB
near-field exposure region. A function has been developed to
generate the testing functions and to draw the geometrical
position of the 2D screen and the antennas array (Fig. 9). The
dimensions of the 2D screen are 6.8 cm by 6.2 cm.

Figure 9. The geometrical position of the antennas array and the 2D screen.



The radiated field can be obtained from the following
equation, by taking into account the mutual coupling between
the antennas in the array:

E=Z I

<Z L
This also expresses to the near-field sensitivity, where Z, is

the MoM impedance matrix obtained between the 3DCA and
the 2D screen. I is the current distribution on the antenna when
it is excited in the array. The testing functions are oriented
according to the polarization of the antennas in E-plane (Fig.
10.a), and then in H-plane (Fig. 10.b).

Normallzed Ampittude [Vim]
T

xi0’

Normalized Amplitude [Vim]

(b)
Figure 10. Normalized amplitude (V/m) of the equivalent field distributions of
the 3DCA in (a) E-plane and (b) H-plane, for one antenna excited.

Fig. 10 depicts near-field radiation for UWB array of 10
elements excited at one element in E and H planes. X and Y
indices (a grid of 18x22 lines) refer to the 2D screen testing
function points. Fig. 10.a shows a larger field of view along
the X axis than along the Y axis. The lower near-field
radiation is located in the two far 2D screen corners from the
source; this is consistent with lower excitation of antennas 3
and 6 (Fig. 8), as mentioned in section V. B. A smooth near

field shape in the middle of the antenna array is observed at 2
GHz.

In Fig. 10.b, a line can be seen exactly in the middle of X
axis, where the cross-pol is low. This line corresponds to the
plane of symmetry of the structure that crosses the feed points.
Also, despite the mutual coupling, the near-field radiation of a
given antenna remains perfectly symmetrical.

VI. CONCLUSION

We present the design and simulation of a 3D circular
array of Vivaldi antennas for UWB near-field imaging. The
3D circular array with dimensions 32.36 cm by 30.7 cm and
an inner diameter of 15.2 cm achieves satisfactory radiation
performance over the bandwidth from 2.5 GHz to 14 GHz
with 140% fractional bandwidth. A fast calculation method
has been proposed for circular arrays devoted to near-field
imaging. The mutual coupling phenomenon is briefly
discussed. A relatively homogenous (< 6 dB variation)
response has been obtained over the whole field of view,
which is a necessary condition for near-field imaging based on
delay-and-sum or interferometric methods.
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