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Unmanned Aerial Vehicle or drone technologies have spread rapidly into areas such as search
and rescue, monitoring, surveillance, emergency assistance, delivery of goods, and aerial pho-
tography and video. The design of compact, low cost, and multi resonant frequency antenna
models has become a critical research study for these applications. Although one of the most
popular antenna designs that have such specifications are Microstrip Patch Antennas (MPA),
they have the handicap of narrow operation band. Stacking is one of the techniques that not
only improve the bandwidth of the antenna but also makes it possible to increase its gain and
expand its operation band. Herein, design of a low cost low weight wideband Stacked (MPA)
design suitable for WLAN drone communication applications is studied. By using unique
features of 3D printing technology the proposed design will be prototyped for satisfying the
aimed design goals. For this purpose, the antenna is simulated in CST Microwave Studio by a
3D electromagnetic based model, and maximum gain level that is approaching 9.3 dBi at 5.8
GHz frequency has been achieved. Next, the antenna design is prototyped using 3D printing
technology, and a gain level of 7.5, 8.3 dBi are measured at the operating frequencies 5.2 GHz
and 5.8 GHz WLAN applications. The results show that the proposed antenna achieves higher
performance than its counterparts in literature based on measures such as operation band-
width, gain, size and manufacturing costs.
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INTRODUCTION easily deployed and able to hover, they became a popular

Unmanned aerial vehicles (UAV), also known as drones,
initially designed and developed for military applications.
However, in recent years, they have spread rapidly into areas
such as search and rescue, monitoring, surveillance, emer-
gency assistance, delivery of goods, and aerial photography
and video [1, 2]. Since they cost less than other options, are
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choice for communication relays or aerial base stations
in emergencies and public safety communications [3—-6].
The traditionally designed microstrip antennas mounted
on small size UAV have limited bandwidth characteristics
which make them unable to transmit other type of signals
other than the visual signals simultaneously [7]. This draw
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back case frequent UAV crashes due to the limited infor-
mation of ground-based pilot, whom requires other critical
data such as location, altitude, direction, and flying speed
alongside of visual signals in order to success a safe landing
[8]. Thus, a viable antenna design solution not only must be
low size, low weight, but also must have a wide operation
band alongside of high gain performance.

Naturally, this spread increased the need for wireless
communication systems, which led to more researchers
looking for new design models of antennas that cost less,
have a low profile, light weighted, compact, and broadband
or multi resonant frequency [9-11]. Although Microstrip
Patch Antennas (MPA) have the mentioned advantages,
which made them one of the widespread antenna models,
they also have a significant handicap of narrow operation
bands that prevent their use in many applications [12].
Many techniques such as capacitive compensation [13, 14],
reactive matching networks [15], or thicker substrates [16]
have been developed in order to expand the bandwidth per-
formance of patch antennas. However, this make the design
costs more, or its radiation efficiency decreases due to con-
siderably distorted radiation. On the other hand, stacking,
which is another method for bandwidth enhancement
[17-25], allows us to achieve antenna designs with high
gain and wideband by stacking a parasitic patch. Recently,
as the 3D printing technology developed rapidly, these
devices have become not only cheap and affordable but
also a popular solution for prototyping fast and accurately
with a low cost [26]. Nowadays they are being used partic-
ularly for prototyping of intricate microwave designs such
as Reflectarray antennas [27-30], the realization of flexible
antennas [31, 32], Multilayered Dielectric Loaded Antenna
(DLA) [33, 34], Quasi-Yagi Antenna [35], MPA [36], and
Horn Antennas for X band applications [37].

Herein, the design of a wideband Stacked Microstrip
Patch Antenna (SMPA) suitable for WLAN drone applica-
tions and its low-cost realization using 3D printing are pre-
sented. The main design goals in this work are low weight,
low size antenna design that is suitable to be mounted on
a drone system with low cost manufacturing technique.
This can only be achieved via multi-layer or multi stacked
designs. However such designs usually are heavy and hard/
high cost to manufactured due to the material properties.
In order to solve these challenging problems 3D printing
technologies had been used. For this purpose, the antenna
is simulated in CST Microwave Studio by a 3D electromag-
netic based model. The geometrical design parameters of
the proposed SMPA and their effects on the performance
measures have been studied. After the antenna is designed
with parameters that are selected optimally, it is prototyped
utilizing 3D printing technology. The results obtained from
the simulations of the design and the measurements of the
prototype are compared. Furthermore a performance com-
parison study is done between the proposed design and
related counterpart works in literature. It is observed from
the comparison that in addition to the design achieving

a better performance than its counterparts in literature
in means of operation band, size, gain performances, the
realization of the proposed design can also be achieved
accurately with low cost prototyping method of 3D printer
technology.

Antenna Design

In this section, an SMPA antenna design as shown in
Figure 1 is presented. The proposed design consist of three
layers a radiating element and two parasitic patches in the
second and third layers that are separated via a dielectric
material, respectively. PLA (Polylactic acid) material whose
permittivity varies between 1.24 and 2.71 [38], and loss
value varies between 0.002~0.008 [36] is taken as the base
material for 3D printing. The optimal design parameters
values (Table 1) are selected using grid search technique for
the SMPA to operate at WLAN frequencies of 5.2-5.8 GHz.
For a better understanding the effects of variables on per-
formance characteristic of the antenna, Figure 2 and Table
2 are presented. In order to present the importance of opti-
mization of determination of design variables, in Figure 2,
and Table 2, some of the variables are taken as variant while
other parameters are taken constant equal to the mentioned
optimal values. As it can be seen from the results, each of
the variables have a certain level of impact on both S11 and
gain characteristics of the antenna design where the deter-
mination of optimal variables value is an important factor
for having high performance antenna design. The simulated
gain of the antenna design with the mentioned parameter
values approaches to 9.3 dBi at 5.6 GHz. In the following
section, the experimental results of the 3D printed SMPA
are presented, and they are compared with its own simula-
tion results as well as its counterpart design results.

Table 1. Optimally Selected Design Variables

g 2.2 R2 6.6 mm
€, 1.1 R3 21.2 mm
€ 1.1 R4 8 mm
W1 49.7 mm R5 30 mm
L1 49.7 mm H1 2 mm
Via 1.4 mm H2 3.5 mm
R1 19.6 mm H3 5 mm

Experimental Results of 3D Printed Stacked Antenna

In Figure 3, the 3D printed antenna is presented.
RoboxDual by CEL is used for prototyping of 3D printed
antenna [39], the weight of the antenna is measured as
40 gram. The measurements of the 3D printed SMPA are
carried out utilizing R&S®*ZVL vector network analyzer a
Network Analyzer with a measurement range of 9 kHz-13.5
GHz, alongside two identical antennas, A-info, LB8180,
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Figure 1. (a) Design schematic, (b) 3D model of SMPA.

0.8-18 GHz Broadband Horn Antenna [40-42]. The
obtained simulated and experimental results are given in
Figure 4. As it can be seen from the Figure 4, measured and
simulated radiation patterns at 5.2 and 5.8 GHz are given
alongside of |S11]| characteristic at Figure 4 (c) from the fig-
ure, it can be observed that both simulated and measured
responses are consistent. Furthermore, the performances
of the proposed SMPA and its counterparts [24], [43—47]
are compared in Table 3. As it can be seen from the table,
the propose design achieves better operation bandwidth
where the most of the counterparts achieves 200 MHz
or 700 MHz operation bandwidth, the proposed antenna
achieves 1 GHz band. Same can also be mentioned for the
gain characteristics where, the designs with wide operation
band achieves similar or better gain characteristics at the
expanse of large antenna size. The only design that presents
better bandwidth and size performance compared to the
proposed design is [45], however it should be noted that
the mentioned work is multi-layer design prototyped using
high end materials of Rogers 4350B and Rogers 5800, where

(a)

L.

(b)

the cost of manufacturing is considerable higher than the
proposed cheap and ease to access PLA material.

CONCLUSION

In this work, design and realization of a 3D Printed
Stacked Antenna for WLAN Drone Communication has
been presented. The main goals of the work are being low
size, low weight antenna design with high performance
characteristics to be realized using low cost manufacturing
technique of 3D printers. The proposed design has a mea-
sured gain of 7.5~8.3 dBi. Furthermore, the experimental
results have been compared with both its simulation results
and the performance results of counterpart designs in lit-
erature. Based on these comparisons, it can be concluded
that the proposed 3D printed SMPA design achieves bet-
ter performance results in means performance measures of
gain, operation bandwidth, and size compared to counter-
part designs, alongside having a low cost profile thanks to
3D printed technology. In feature works, it is aimed to use
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Figure 2. Gain and |S,,| response of the SMPA antenna with respect to variation of (a) &, (b) h,, (c) R;, (d) &5, (¢) R;.
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Table 2. Parametric Analysis of the SMPA Antenna

EPS1 Value 1.6 2 2.6
Gain/|S,,|(dB) @ 5.2 GHz 7.3/ -5.84 8.52/-14.27 7.79 / -8.43
Gain/|$,,|(dB) @ 5.8 GHz 8.08/-6.61 9.14/-13.79 8.80/-11.05
EPS2 Value 1.1 1.7 2.1
Gain/|S,,|(dB) @ 5.2 GHz 8.55/-16.92 5.47/-3.03 -9.3/-0.22
Gain/|S,,|(dB) @ 5.8 GHz 9.26/-19.72 -229/-0.8 0.23/-1.57
H1 Value (mm) 1.6 2.2 2.6
Gain/|$,,|(dB) @ 5.2 GHz 8.4/-12.36 3.94/-1.81 0.33/-0.7
Gain/|S,,|(dB) @ 5.8 GHz 9.16 / -14.39 5.60 / -2.53 2.72/-1.12
H2 Value (mm) 1.5 2.5 4
Gain/[$,,|(dB) @ 5.2 GHz 7.6/-7.78 8.1/-10.8 8.6/-19.11
Gain/|S,,|(dB) @ 5.8 GHz 7.78 1 -6.63 8.8/-13.25 9.08 /-12.57
H3 Value (mm) 4 5 6.5
Gain/|S,,|(dB) @ 5.2 GHz 8.54 /-16.64 8.56 / -17.06 8.57/-17.13
Gain/|S,,|(dB) @ 5.8 GHz 9.25/-20.21 9.27/-19.5 9.28/-19.22
R1 Value (mm) 18 19.6 22
Gain/|$,,|(dB) @ 5.2 GHz 8.38/-12.63 8.55/-16.92 7.36 / -6.41
Gain/|S,,|(dB) @ 5.8 GHz 8.89/-10.47 9.26 /-19.72 7.94/ -6.66
R3 Value (mm) 19.8 21.2 22.8
Gain/|$,,|(dB) @ 5.2 GHz 7.5/-7.6 8.55/-16.92 8.68/-17.05
Gain/|S,,|(dB) @ 5.8 GHz 7.9/-7.6 9.26/-19.72 8.31/-6.22

(b) (©)

Figure 3. (a) 3D printed Antenna, (b) RoboxDual by CEL [39], (c) Measurement setup in Yildiz Technical University
Microwave and Antenna Laboratories.
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Figure 4. Measured & Simulated Radiation Patterns at (a) 5.2, (b) 5.8 GHz, and (c) |S;,| characteristic.

Table 3. Comparison of Literature

Ref Frequency GHz  Size (mm) GaindBi  -10dB BW 3 dB Beam width  Material

[24] 2.4 142x168x7.3 11.3 100MHz 20° ABS e,=2.5

[43] 1.57 87x95.2x24.8 6.5 80MHz --- FR4

[44] 2.4 227x164x22 11 750MHz 30°

[45] 5.2 35x35x37 7 2GHz --- €,,=3.6; Rogers 4350 B
£,,=2.2; Rogers 5800

[46] 4.8 22x31 4.4 210MHz 30° Kapton polyimide
substrate

[47] 24/52 130x130x6 5/6 200/700MHz --- £=2.2

This study  5.2/5.8 47x47x10.5 7.5/83 1GHz 50°/ 40° PLA, £,=2.2,e,=1.1,

g=1.1,
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this technique for design and realization of antenna struc-
tures with higher performance compared to current work
but also antenna array design for ground stations of drone
communication systems.
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