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Abstract

In this paper, a novel microstrip Quasi-Yagi antenna based
on Waning Crescent elements, is presented. The proposed
antenna employs a microstrip dipole as the radiating ele-
ment and, optimised waning crescent shaped elements as
reflector and directors. The antenna is designed and opti-
mised to operate in the 2.4 GHz ISM band, attending the
integration in a multi-sector base station antenna config-
uration for a Wireless Sensing Network (WSN) for envi-
ronmental monitoring. In particular, specific project re-
quirements, such as: resonating frequency, gain, half power
beam-width (HPBW) are taken into consideration when di-
mensioning the antenna. Simulation results ensure a real-
ized gain of 9.4 dBi, a HPBW of 63° and a back-to-front
ratio of 20.2 dB, at a resonating frequency of 2.45 GHz.

1 Introduction

Wireless Sensor Networks (WSNs) are often presented in
the literature as a solution for large-scale autonomous mon-
itoring systems [2]. These networks have surged from the
need of cooperative monitoring solutions, to monitor physi-
cal parameters, as e.g. humidity, temperature, pressure, efc.,
for target applications such as: environment monitoring [3],
security [4], health monitoring [5], agricultural [6], hazard
detection [7], among many others.

In particular, WSN are composed by multiple Sensor Nodes
(SN) scattered in a area of interest and, a Base Station (BS).
While the SN collect physical parameters of the nearby en-
vironment, the BS collects and compiles the data from all
nodes. In the majority of WSN environmental applications,
it is desirable to have a BS capable of covering its surround-
ings, and thus omnidirectional coverage is often required.
However, antennas with such radiation pattern generally of-
fer relatively low gain, limiting the overall dynamic range
of the system [8].

Techniques such as sectorization [8], can be employed in
order to increase on the overall BS gain, while providing
a 360° Field of View (FOV). In particular, antenna sec-
torization technique divide the BS coverage area into sec-
tors so that higher directivity antennas, with lower FOVs,
can be employed. This technique can be easily applied
with directive antennas and a multiplexing feeding mech-
anism [1](e.g. RF Switch), instead of large antenna arrays
and more complex feeding network, as often required in

Figure 1. Example of multi-sector WSN base-station an-
tenna configuration.

other techniques, such as beamsteering or beamforming [8].

Several examples of antennas elements for BS can be found
in the literature. In [9], the authors presented the study and
optimization for a directive wideband Vivaldi antenna, with
dual-polarization, for 5G base-stations. Meanwhile, in [10]
it is proposed an 1 x 4 array of an enhanced inverted-F
shape antenna, to be deployed in a Wi-Fi base station. The
authors in [11] suggested a different approach for a BS an-
tenna, by developing a broadband solar radiating element
which comprises 4 solar cells that act like a radiation aper-
ture. Finally, in [12] a filtering antenna was design specif-
ically for a BS operating in the 2.4 GHz ISM. The filter is
used for improving the isolation between adjacent BS ele-
ments while ensuring the stability of the overall radiation
pattern of the BS.

In this paper, a new microstrip Quasi-Yagi antenna design,
based on waning crescent shaped directors and reflector,
is presented. The antenna is designed to fulfil specific
project requirement, such as: resonating frequency, gain,
half power beam-width (HPBW), and ultimately, to be de-
ployed in multi-sector BS antenna of a WSN network, as
depicted in Fig. 1. Design guideline and simulation work-
out, followed by a thorough antenna optimisation is pre-
sented for an antenna operating in 2.4 GHz band, aiming at
least 9 dBi of gain and a FOV of 60°, and a back-to-front
ratio of at least 20 dB.

This paper is organised as follows: in Section 2 the antenna
layout is thoroughly described. Section 3 presents a thor-
ough parametric simulation and subsequent optimisation of
the proposed antenna, using CST Microwave Studio. Fi-
nally, in Section 4 the main conclusions are drawn.
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Figure 2. (a) Top view and (b) bottom view of the proposed
waning crescent Quasi-Yagi antenna.

2 Antenna Layout

The presented antenna layout, depicted in Fig. 2, follows
a microstrip Quasi-Yagi configuration. Etched parasitic el-
ements with a waning crescent shape are considered as di-
rectors and reflector. The antenna is then composed of a mi-
crostrip dipole as driven element, a waning crescent reflec-
tor over a ground plane (defined by g,,) and, six optimised
waning crescent directors. The waning crescent shaped di-
rectors follow the format ofa quarter of a circle centred at x;,
with radius (r;) and thickness #;, where i =0, 1,2, ... repre-
sents the number of the of the reflector/director, as depicted
in Fig. 2. The frequency of operation is defined by the di-
mensions of the dipole arms (d/), while the feeding line
width (f,,) and length (fI) dictate the input impedance of
the antenna. To avoid unnecessary signal reflection to the
source, the 90° bend created by the disposition of the dipole
arms and the feeding line was mitred, to reduce the capac-
itance of the line, maintaining the desired impedance. The
antenna was designed in a double-sided FR4 substrate with
& = 4.4, atand = 0.014 and a thickness of 7 = 1.6 mm.
The overall antenna dimensions are given by the parame-
ters Ws x Lg. The optimisation of the antenna dimensions
and the number of directors are further analysed and dis-
cussed next section.

3 Design and Optimisation

This section describes the step-by-step design of the an-
tenna with subsequent optimisation. The proposed antenna
design configuration was dimensioned with the assist of a
full wave electromagnetic solver (CST MWS), in an itera-
tive design approach.

3.1 Feeding element

In a first iteration, the microstrip dipole with ground plane
of Fig. 3a was designed and simulated, in order to study the
length of the dipole arm needed to attain an antenna res-
onating of 2.45 GHz (target frequency). Therefore, a para-
metric study was carried out on d;, with the initial value
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Figure 3. CST-MWS model of: (a) the microstrip dipole
and (b) inclusion of a single director.
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Figure 4. Simulated S;;-parameter for d; variation.

being set at A, /8 and by fixing g,, at 32 mm, Ls = 60 mm
and f; =52 mm. While Lg was defined to accommodate at
least the arms length (i.e. 2x A,/8), f; and g,, were delib-
erately defined to further accommodate the reflector shape.
Additionally, f;, was set at 3.1 mm corresponding to a 50Q
impedance line for the proposed substrate. The simulation
results of the parametric study are depicted in Fig. 4. The
simulation ranged from 20 to 30 mm, with 0.5 mm step.
From the simulation results, it is possible to observe that
for d; = 20.5 mm the antenna is resonating at 2.45 GHz.

3.2 Single waning crescent director

After optimising the dipole arms, the subsequent step in the
antenna design is to evaluate the impact of adding the di-
rectors in antenna performance. Therefore, a single wan-
ing crescent director was added to the feeding antenna, at
the position x; = 32 mm, as depicted in Fig. 3b. At this
point, no reflector has been considered. The initial values
of t; = 8 mm and r; = 22 mm where considered as start-
ing point for the optimisation. The addition of the direc-
tor caused two effects: an increase in the overall antenna
gain and an undesirable deviation of the antenna’s resonat-
ing frequency, as depicted in Fig. 5. While the first effect
was expected (in line with the Yagi antenna concept [8]),
the latter is associated with mutual coupling effects between
the driven element and the added director. To further com-
pensate for this frequency offset, the length of the dipole
arms (d;) were readjusted for 21.5 mm (Fig. 5b).

After re-tuning the antenna for the desired frequency, a
parametric study was carried out in all parameters (rq, xi
and #1) of the first waning crescent director (i = 1). The
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Figure 5. Impact of the addition of a single waning crescent
director in (a) radiation pattern, at 2.45 GHz, and in (b)
antenna Syj.

goal of the study is to optimise the director dimensions to
achieve the best antenna gain possible. To this extend, the
following methodology was been considered: a paramet-
ric simulation run for a single parameter at the time, while
the others are assigned a fixed value. After discovering the
value that would provide the highest gain, it becomes fixed,
and a new parametric simulation on a different parameter is
carried out. At the end of the study, this process is repeated
once again, to ensure that the defined values are, in fact, the
optimised ones (double confirmation).

In particular, Fig. 6 presents the radiation patterns obtained
for different values of #1, with x; and r; fixed at 32 mm and
22 mm, respectively. With #; =4 mm the antenna presents a
gain of 5.4 dBi (Fig. 6a), for #{ =5 mm the gain is of 5.5 dBi
(Fig. 6b), for t{ = 6 mm is 5.6 dBi (Fig. 6¢), and finally, for
t; =7 mm the gain stabilises at 5.6 dBi (Fig. 6d).

In line with the methodology described above, further stud-
ies were carried out in the parameters x; and ry, individually
(not detailed in this publication due to paper length). From
the final optimisation realised on the first director, it was
found that the parameters which best favour the antenna
performance in terms of gain are: x; = 36 mm, #; =5 mm
and r; = 21 mm, yielding a realised gain of 6.1 dBi. This
results in an increase of 1.5 dB in gain, when comparing to
the antenna without a director.

3.3 Antenna Gain vs. number of directors

An additional study was performed to access the gain im-
provement against the number of directors. The direc-
tors were added progressively to the layout, at the position
X; = xj—1 + 20 mm. Each director was further optimised for
best antenna gain and impedance matching. Thus, it was
ensured that all the parameters of each director (r;, x; and
t;) are optimised, individually, using de double confirmation
technique described above, granting to the design the high-
est gain possible whilst keeping the S;; < —30 dB, in the
resonance frequency. In particular, the maximum gain at the
antenna boresight was obtained, and it is presented against
the number of directors in Table. 1. From the results, it can
be observed that after the addition of 6 directors, the ratio
between gain and number of directors decreases. The dif-
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Figure 6. Radiation pattern on azimuth and elevation
planes, at 2.45 GHz, for (a) t; =4 mm, (b) #; =5 mm, (b) #;
=6 mm and, (d) f; =7 mm.

ference from 6 to 8 directors is 0.6 dB, while the difference
from 4 to 6 is 1.4 dB. Thus, for the best trade-off between
antenna dimensions and gain, it was opted for 6 director’s
antenna which achieves the target gain 9.5 dBi. This rep-
resents an additional gain of approximately 3.5 dB, when
comparing with the configuration of a single reflector.

3.4 Waning crescent reflector

While taking in consideration the integration of the pro-
posed antenna as an element of a multi-sector BS antenna,
an additional waning crescent element was added as a re-
flector to the design. This has been performed with goal
of improving the front-to-back ratio, and consequently, re-
duce the impact that the back-lobe radiation would have in
adjacent antenna elements, if the circular configuration sug-
gested in Fig. 1 is taken into consideration. The reflector
was added prior to the feeding line (at the position xp = 6
mm), over the ground plane, and its dimensions were op-
timised using the same methodology previously described.
From the parametric workout, it was found that the best
front-to-back ratio is of 20.2 dB, obtained for ry = 34.5 mm,
Xo = 6 mm, o = 2.1 mm and r; = 2 mm, being improved
in 5.7 dB when compared with the case without reflector
(Fig. 7). However, with the values presented above, the
HPBW of the antenna increases 3° and, consequently, the
gain decays to 9.4 dBi.

Finally, after all the design optimisation in the proposed
layout, an antenna with overall size of 185 x 60 mm?2, and
dimensions of (in mm): f; =52, ¢g=2, g, = 32,d; =21.5,
fw = 3.1, and director dimensions of: xy = 6, ryp = 34.5,
to=21,1=5r1=21,x1=36,to =5, rn =19, x, = 56,



Table 1. Simulated realised gain against the number of di-
rectors, without considering the reflector.

N.directos | 0 1 2 3 4 5 6 7 8

Gain [dBi] ‘4.6 61 7.1 75 81 9 95 98 10.1
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Figure 7. Radiation pattern in azimuth and elevation planes
at 2.45 GHz, on the (a) without and (b) with the reflector.

t3=6,r3=19,x3=76,1t4 =17, ra =19, x4 =96, t5 =5,
rs =21,x5 =116, 15 = 2.5, rs = 19 and x¢ = 136, presents
a realised gain of 9.4 dBi at 2.45 GHz, with a bandwidth
of 450 MHz, a front-to-back ratio of 20.2 dB, and a HPBW
of 63°. The final antenna radiation pattern can be seen in
Fig. 7b.

4 Conclusions

A novel microstrip Quasi-Yagi antenna based on optimized
Waning Crescent elements is proposed on this paper. The
antenna, carefully designed and optimised to be imple-
mented in a WSN BS, comprises a dipole acting as driven
element, a waning crescent reflector and six optimised wan-
ing crescent directors. After a thorough set of paramet-
ric simulations and optimisation, an antenna designed in
FR4 substrate, with overall dimensions of 185 x 60 mm?Z,
comprised of a single reflector and 6 directors, presents
9.4 dBi of realized gain, a HPBW of 63° and a back-to-
front ratio of 20.2 dB, at a resonating frequency of 2.45
GHz. Further work will aim at antenna prototyping and ex-
perimental characterisation in laboratory environment, and
subsequent implementation of a multi-sector base-station
antenna (Fig. 1) for a wireless sensing network for envi-
ronmental monitoring.
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