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Abstract In this paper, we propose a Compact Asym-
metrically Slotted Antipodal Vivaldi Antenna (CAS-

AVA) design for MIMO imaging systems. The struc-
ture has the ability to extend the antenna bandwidth
in low-end frequencies achieving a fractional bandwidth

of 123,32 % (4.743-20 GHz). Good results are obtained

in term of return loss, radiation pattern and gain. A

time-domain study has been also performed to charac-

terize the antenna behavior in case of an UWB pulse

is used. To further validate our design, an application
for MIMO imaging system is also proposed and evalu-
ated. The antenna performances demonstrate that it is

a good candidate for microwave imaging applications.

Keywords Ultra-wide band · Antipodal Vivaldi

antenna · Microwave imaging · Time domain analysis

1 Introduction

Recently, active microwave imaging has become of a

great interest in both academic and industrial commu-

nities. It is widely used in several applications for de-

tecting and locating objects [1],[2],[3]. For better im-

ages, high resolution is required in these imaging sys-

tems which can be theoretically enhanced by a large

aperture and a wide factional bandwidth [4]. For that

reason, many studies had substantiated that MIMO ar-
rays combined with ultra-wideband (UWB) technology
-with a fractional bandwidth of more than 20 %- is the

perfect option not only for high resolution but also for

the ability of its signals to penetrate in different opti-

cally opaque materials. For such systems, designing a
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suitable antenna is a crucial step. In general, the an-

tennas should have a wide fractional bandwidth, small

size, simple, and low cost of fabrication [2]. Beside these

requirements, gain and radiation pattern stability, low

signals distortion have to be achieved. Hence Vivaldi

antennas have always been the most suitable thanks to

their wide fractional bandwidth, small size, simplicity,

and cost-free [5]. Besides that, gain and radiation pat-

tern stability, low signals distortion are also achieved.

The conventional Vivaldi tapered slot antenna (TSA)

was firstly introduced by Gibson in 1979 [6]. However,

the TSA presents some limitations in term of band-

width and feeding complexity. Few years later, Gazit

has proposed a new family of the Vivaldi antennas (An-

tipodal Vivaldi Antenna: AVA) [7]. The AVA is pro-

posed to solve both the bandwidth limitation and the

feeding problem in coplanar ones by eliminating the

complexity of the balun. Obviously, in the Antipodal

Vivaldi Antenna, one of the material layers is printed

on top and the other one is printed on the bottom of

the dielectric substrate material. This antenna can be

fed easily by micro-strip line, soldering the connector

to the two sides of the PCB material. In the litera-

ture, many kinds of Vivaldi antennas have been inves-

tigated for different aims [8],[9],[10], [11],[12]. However,
even if the AVA antennas can achieve high frequency
end of the operating band, the low-end frequency is
still limited. Thus, Moosazadeh et al [13] have proposed

an elliptically-tapered antipodal Vivaldi antenna where

the lowfrequency is extended to 1.65 GHz using comb-

shape slits. In [14], a Koch fractal slots are used in the

design of the AVA to improve the antenna frequency

band for medical microwave imaging applications. An-

other antipodal Vivaldi antenna is proposed in [15] us-

ing a triangular slits and bending the inner edges of

the top and bottom radiators to extend the lower cut-
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off frequency (which is extended to 2 GHz) and enhance

the antenna gain. Although, dimension of these anten-

nas are relatively large (≥100mm) which limits their

use in MIMO array systems for microwave imaging ap-

plications.

In many studies, the designs rely on the symme-
try of the two faces of the AVA antenna. In our work,

we propose a small antipodal Vivaldi antenna where
the concept involves introducing slots asymmetrically
in both sides of the antenna expecting to further en-

hance its performances. The compact asymmetrically

slotted AVA (CAS-AVA) based on a conventional an-

tenna design can extend the lower operating frequency

from 8 GHz to 4.74 GHz.

2 Antenna design

We consider a conventional Basic AVA (see Fig. 1) with

dimensions of 24x33 mm➨ printed on a FR4 substrate

with a dielectric permittivity of ǫr = 4.3, and thickness

h = 1.5mm. The metallization of both faces is of a

thickness t = 0.035mm. A 50-Ohm micro-strip line will

feed the antenna. The tapers of the Vivaldi antenna are

defined accordingly to an exponential profile given by

the equations below:

y = c1. exp
(Rx) +c2 (1)

c1 =
y2 − y1

expRx2 − expRx1

(2)

c2 =
y1 exp

Rx2 −y2 exp
Rx1

expRx2 − expRx1

(3)

Where R presents the opening rate of the exponential
taper and c1, c2 are constants defined by equations 2

and 3, (x1, y1) and (x2, y2) are the starting and ending
points of the taper curve respectively. Numerical sim-

ulations are done the electromagnetic simulator CST

MWS software (Computer Simulation Technology- Mi-

crowaves Studio) [16]

It is worth to note that the B-AVA impedance match-
ing cannot achieve a frequency lower than 7.98 GHz

(Fig. 2). For that reason, we have exploited the advan-

tage of inserting slots in the interest of widening the

antenna bandwidth. Firstly, three slots are introduced

symmetrically in both top and bottom faces of the an-

tenna. However, we can notice from Fig. 2 that no sig-
nificant improvement can be observed with symmetric
slots.

Conducted by this drawback, we have modified the

conventional concept shape of the AVA to an asym-
metric form. We present in Fig. 3 the final design of the

Fig. 1: Basic Antipodal Vivaldi Antenna (B-AVA) de-

sign

Fig. 2: Return loss of the B-AVA and symmetric slotted

AVA

Fig. 3: Proposed design of the Compact Asymmetric

Slotted Antipodal Vivaldi Antenna (AS-AVA)

proposed Compact Asymmetrically Slotted AVA (CAS-

AVA), where we kept the three slots in the antenna top

while introducing a single rectangular slot in the an-

tenna bottom.

3 Results and discussions

In this section, we will discuss the antennas results in

frequency domain, the discussion concern return loss

behavior, current distribution, radiation pattern, gain

and efficiency.
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3.1 Return loss

To fix the slots dimensions, several parametric stud-

ies are conducted on the parameters W1, Ls1,W2 and

Ls2 of the top and bottom slots. For the top slots we
present in Fig. 4 and Fig.5 the effects of the width

W1 and larger Ls1 on the return loss parameter. The

introduction of these slots has considerably enhance

the impedance matching in low frequencies except in

a slight frequency range from 7.43 GHz to 8.07 GHz.

The chosen values are W1 = 9mm and Ls1 = 5mm.

Fig. 4: Effect of the slot width W1 with Ls1 = 2mm

Fig. 5: Effect of the slot larger Ls1 with W1 = 9mm.

For the bottom slot, we present in Fig.6, the ef-

fect of the slot width (W2) on the antenna impedance

matching. It is clearly shown that better results are ob-

tained for W2 = 3mm. Regarding the slot larger, the

Fig. 7 presents its influence on the return loss param-

eter. The antenna matching is improved for the value

Ls2 = 9mm.

The impedance matching of the proposed CAS-AVA

compared with the B-AVA and the symmetric AVA is

Fig. 6: Effect of the slot width W2 with W1 = 9mm,

Ls1 = 5mmandLs2 = 1mm.

Fig. 7: Effect of the slot larger Ls2 with W1 =

9mm,Ls1 = 3mmandW2 = 3mm.

Fig. 8: Basic AVA, Basic AVA without bottom slot and

CAS-AVA return losses

depicted in Fig. 8. The CAS-AVA lower frequency can

be extended to the limit of 4.74 GHz. No upper limit has

been found before 20 GHz with a fractional bandwidth

of more than 123%. Final parameters are listed in Table

1.
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Table 1: Optimized dimensions of the CAS-AVA

Variable Dimension (mm)

W 24
L 33
Wf 2
W1 9
W2 3
Ls1 5
Ls2 9
r 10

3.2 Current distribution

In Fig. 9 the current distributions of the CAS-AVA at

several frequencies 4.9 GHz, 7 GHz and 10 GHz are il-
lustrated. It is clearly noticed that the current density is
higher around the lower slot region in low frequencies

and take a high level around upper slots in high fre-

quencies. So that, additional path for surface current is

created with the slots introduction. That leads to cre-

ate new resonances as confirmed in Figure 8 compared

to the B-AVA.

(a) 4.7 GHz (b) 7 GHz (c) 10 GHz

Fig. 9: Current distributions on the proposed antenna

at different frequencies

3.3 Radiation pattern

Both E and H plane radiation patterns of the proposed

antenna are plotted in Fig.10 at several frequencies no-

tably 5GHz, 11GHz and 16 GHz. As we can see, the

antenna presents a directional radiation patterns at all

mentioned frequencies. Worth noticing that, the CAS-

AVA is more directive in E plane than H plane

3.4 Gain and effeciency

The realized gain vs frequencies of the CAS-AVA; is

shown in Fig. 11. In the operational frequency band,

(a) 5 GHz (b) 11 GHz

(c) 16 GHz

Fig. 10: 2-D radiation pattern for E and H planes at

different frequencies

Fig. 11: Antenna gain vs frequencies

good gain values are observed and the maximum gain

is picked at 15 GHz with a value of 5.43 dB. For our

application, this gain is considered satisfactory given

the proximity of the antenna and objects to explore.

The radiation efficiency is a primordial parameter

as it measures the radiated power with respect to the

power injected to the antenna. For our proposed an-

tenna, the radiation efficiency remains above 70% in

the entire operating frequency band as illustrated in

Fig. 12.

4 Time domain analysis

In microwave imaging applications, evaluating the time

domain behaviour and studying the dispersion is a cru-

cial step for UWB antennas [17]. It can be estimated

with the measurement of signal distortion through trans-
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Fig. 12: Antenna efficiency vs frequencies

fer function, group delay parameter [18] and system fi-

delity factor SFF [19]. For that, time domain analysis

of the proposed antenna is carried out by considering

a system of two identical CAS-AVA antennas (See Fig.

13). The two CAS-AVA are separated by distance noted

d=10 cm. This is needed to have the antennas in the

far-field region of each other. The antennas are placed
in two different orientations, face orientation (see Fig.
13a) and side orientation (see Fig. 13b). One of the

two antennas is assumed to be the transmitter and the

other one acts as a receiver. The transmitter CAS-AVA

generate the Gaussian’s 5th derivative pulse[20] shown

in Fig. 14, since it’s spectrum meets the FCC 1 mask.

For our application we have used the numerical model
of Gaussian derivative given by the relation below:

y(t) = A

( −t5√
2πσ11

+
10t3√
2πσ9

−15t√
2πσ7

). exp(
−t2

2σ2

)

(4)

Where A is a constant chosen to meet the limitations

set by the FCC. To cover the right frequency band, the

value of σ was set at 50.788 ps.

(a) Face orientation

(b) Side orientation

Fig. 13: Antennas orientations

To achieve a transmission process without signifi-

cant distortion, the transfer function (S21) magnitude

1 Federal Communications Commission

Fig. 14: Time domain representation of the Gaussian

5th derivative

Fig. 15: Transfer’s function magnitude and phase for
Face orientation and Side orientation

and phase should be respectively flat and linear. We

have drawn in Fig. 15 both magnitude and phase of

S21, in the entire frequency band they presents a good

performance ensuring a best transmission with less dis-

tortion.

As well, a flat group delay parameter is also re-
quired, and mathematically it can be evaluated through

the transfer’s function phase by 5.

Groupe delay = −dφ

df
(5)

Where φ is the S21 phase. A constant group delay re-
sults to in linear S21 phase. It can be seen from the

Fig. 16, which presents the simulated group delay that

it is around 0.6 ns and is quiet flat in the entire oper-

ating frequency band with variation of less than 1ns.

The system fidelity factor is an important parameter

for quantifying distortion; it judges the resemblance be-

tween the transmitted and received signals. A value less

than 50% of the SFF will deliver a high distortion. It

can be calculated using 6.

SFF = max

∫

∞

−∞
St(t).Sr(t− τ)dt

√

∫

∞

−∞
|St(t)|2.

∫

∞

−∞
|Sr(t)|2dt

(6)
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Fig. 16: Group delay vs frequencies

Fig. 17: Normalized transmitted and received signals

Table 2: System fidelity factor

Orientation fidelity values

Face orientation 89.93%
Side orientation 92.65%

St(t) and sr(t) are the transmitted and received signals
respectively. The normalized transmitted and received

time signals are illustrated in Fig. 17. The SFF results

for the two different orientations are summarized in Ta-

ble 2. We notice that good values are achieved, in other

words, the proposed antenna will not seriously distort

the transmitted signal.

5 Experimental results

In order to verify the impedance matching of design,

the proposed antenna has been fabricated (Fig. 18), fed

by a 50 ❲ SMA connector and tested with ANRITSU

MS2037C VNA. It is clearly shown from the Fig. 19

the agreement between the simulated results and the

ones reached by the measurement. At high frequencies

Fig. 18: Fabricated prototype of the CAS-AVA (left: top

view and right: bottom view)

Fig. 19: Measured and simulated return loss of the pro-
posed antenna (CAS-AVA)

(≥ 10 GHz), the degradation is possibly caused by the

substrate dielectric materials on signal loss of the mi-

crostrip line.

Table 3 summarizes characteristicsin terms of di-

mensions and bandwidth of others designed antennas

in recent related work. As seen, reported antennas can

achieve a wide bandwidth at the expense of large di-

mensions whileour design can fulfill a satisfactory trade-
off between size and large bandwidth.

6 MIMO imaging system with the proposed

CAS-AVA

In the interest of demonstrating the designed antenna

validity for microwave imaging, we designed a MIMO
array using CAS-AVAwith a 2D topology as shown in
Fig.20.

Designed under CST MWS software which allows

3D simulations, the model of this simulation includes
the antenna array as well as a metallic non-regular tar-
get as presented in Fig.21. The largest dimension of the

target being 100 mm and it is placed at a distance d =

5 cm from the array.

Identical antennas are used in Tx and Rx arrays

with a fractional bandwidth greater than 123%, as well

the same UWB impulse is used for all transmitters
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Table 3: System fidelity factor

Ref. Dimensions
(mm

2)
Dielectric
permittivity
(ǫr)

Bandwidth

8 44x49 2.2 (8-18) GHz
76.92 %

9 100x100 4.4 (1-35) GHz
189 %

10 42.8x57.3 4.4 (3.6-10) GHz
94.11 %

11 50x56 4.4 (2-12) GHz
143 %

12 36.3x59.81 6.15 (5.08-11) GHz
73.63 %

13 120x202 3.38 (1.65-18) GHz
166.41 %

14 36.3x59.81 6.15 (4.87-11) GHz
77.25 %

Our work 24x33 4.3 (4.743-20)
GHz 123.32 %

Fig. 20: 2D UWB MIMO array topology

Fig. 21: Target shape

(Fifth Gaussian derivative). The scattered signals are

received in term of transfer functions in frequency do-

main over all the frequency band. Then, they are trans-

ferred into time domain by the inverse Fourier Trans-

form. The gathered data from all Tx/Rx pairs are pro-

cessed using Back Projection (BP) imaging algorithm
[1] to reconstruct a three dimensional image of the tar-
get.

As we can observe from the 3D reconstructed image
in Fig. 22, our system (using the CAS-AVA) can clearly

Fig. 22: 3D reconstructed images of the metal target

detect the presence of metallic target with its geometric

shape.

7 Conclusion

In this paper, a novel compact low profile Antipodal

Vivaldi Antenna (AVA) for MIMO imaging system is

proposed. A basic AVA has been modified to obtain

a larger bandwidth by introducing slots in both sides

of the antenna. The simulation results show a good

performance in terms of return loss parameter, gain,
wide bandwidth and radiation pattern. The proposed
antenna is well suited for UWB applications.

We have designed a MIMO array imaging system

based on the proposed antenna, in order to confirm
its performance. The results show that the proposed

antennaCAS-AVA is suitable for our application where

it can be easily integrated in the MIMO imaging sys-

tem enhancing as well the image resolution. As future

work, one can target more complex simulation scenar-
ios in terms of topologies for buried object detection
applications.
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