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Abstract—The integration of antennas into disposable paper 

drones using inkjet printing technology is presented. These drones 
or unmanned aerial vehicles (UAVs) are developed using origami 
folding structures. Two vertical monopole antennas based on the 
same design concept are proposed and their performance assessed 
for two different conditions. The conditions relate to the 
placement of the other electronic components and circuits on the 
origami drones as reported in the literature. The first is when the 
electromechanical components and corresponding metallic layers 
are located in the wings. In this case, the effect of the possible 
location of the antenna as well as the deformation of the wings on 
S11 is discussed. The second is a more general case scenario which 
includes when the components and motors are placed at the tail 
and lower part of the body of the drone. The antenna elements are 
directly printed onto a photo paper substrate using silver 
nanoparticle conductive ink. Subsequently, the substrate is folded 
to create a paper drone. Low-cost desktop inkjet printing 
equipment is used to deposit the metallic tracks of the antenna. 
The designs target the current frequency bands employed in the 
control and wireless communication of commercial drones (2.4 
GHz and 5 GHz bands). The purpose of this work is to investigate 
potential antenna scenarios for disposable drones which may one 
day be fully fabricated using inkjet printing technology. All 
antenna designs and studies have been simulated using CST 
Microwave StudioTM and compared well with experimental 
results. 
 

Index Terms—Antennas, Origami, UAVs, Inkjet printing 
technology.    

I. INTRODUCTION 

NMANNED  aerial vehicles (UAVs), otherwise known as 
drones, have become very popular in fields such as food 

and agricultural sector, industry electronics, intelligent 
transportation systems and safety and security [1]-[8]. One 
critical factor in UAVs is the wireless communication system 
where coverage and capacity is crucial [7], [8] for the reliable 
operation of a drone. For large coverage capabilities, drones 
sometimes require omnidirectional antennas where signal 
levels are mostly equal in all directions. Antennas are selected, 
designed and developed to meet these specifications in both 
commercial and defense applications. The antennas can be 
located either inside or outside of the drone structure.  One or 
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more elements are typically used to cover technologies such as 
Bluetooth, GPS, WIFI and LTE [9]. In [13], for example, a 
conformal antenna is installed on the shell structure of a drone 
made of carbon fiber materials. In [14], a dipole structure with a 
radiator, feeding strips and a reflector, is arranged so that it 
offers horizontal polarization. A planar segmented loop patch 
antenna that offers omnidirectional and quasi-omnidirectional 
radiation patterns and operates over the wide bandwidth, is 
presented in [15]. A lightweight blade antenna is proposed and 
discussed in [16]. In [17], a triple band patch antenna is 
fabricated on a Duriod substrate and then connected to the other 
components inside the drone.  In all these cases, the antenna and 
drone structure are fabricated using conventional 
manufacturing methods.  
   With the increasing use of additive manufacturing (AM) in 
the aerospace sector, it makes sense for UAVs [18] and 
corresponding antennas to be fabricated using AM techniques.  
Inkjet printing is a potential AM technology to apply. It allows 
the easy fabrication and prototyping of antennas on various 
substrates. The inkjet printing of antennas has been proposed 
for a variety of applications. For example, a flexible 
inkjet-printed broadband UHF Radio Frequency Identification 
(RFID) on liquid crystal polymer (LCP) substrate is developed 
for sensing applications in [19]. A multilayer millimeter-wave 
yagi-uda antenna and proximity-fed patch arrays on flexible 
substrates using purely additive inkjet printing technology is 
proposed in [20], [21]. A compact inkjet-printed ultrawideband 
antenna on a Kapton polyimide substrate is used for flexible 
and wearable electronics in [22]. A monopole antenna on a 
paper substrate for wireless communication is discussed in 
[23], and a phased-array antenna implemented by inkjet-printed 
barium strontium titanate (BST) thick-films in [24].  
   Disposable drones are currently attracting significant 
research interest [25], [26]. These drones should be made of 
inexpensive and degradable materials such as paper or cellulose 
based materials. Components such as inertial sensors and 
elevons can be integrated into such drones using AM 
techniques [26]. Furthermore, actuators and potential motors 
have been developed for this application [27].  

This paper presents a study on the integration of antennas 
into origami disposable drones. Two antennas based on a 
similar design concept are assessed for two conditions. The first 
is when all electronic components and the ground plane are 
located on the wings. The second is a when the electronic 
components are at the bottom of the drone and the antenna 
needs to be fed from bottom up. The latter uses a coplanar 
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waveguide fed line which is used for the analysis of the 
deposited metallic layers. Inexpensive fabrication equipment, 
and silver nanoparticle ink has been employed for the 
fabrication of the antennas. The antennas are designed to cover 
the 2.4 GHz and 5 GHz bands currently specified in the 
communication of drones [17], [28]. This includes transmission 
of a large amount of data for potential video recording 
applications at 5.8GHz. This is the first time that antennas are 
studied for integration with disposable origami drones, 
particularly involving inkjet printing and realistic scenarios 
with vertically polarized antennas. The antennas have been 
designed taking into account the limitations of inkjet printing 
technologies such as the potential damage and cracks of 
conducting tracks when folding the printing layers. Thus, any 
folding of the antennas has been avoided.  
   This paper is organized as follows. Section II describes the 
foldable paper drone and proposes a suitable antenna structure 
for a first case scenario. Section III presents an optimized 
antenna design for a more general case and discusses printing 
issues. A conclusion and final discussion are included in 
section IV. All simulations in this paper have been carried out 
using the finite integration technique (FIT) included in CST 
Microwave StudioTM [29].  

II. ANTENNA DESIGN AND ANALYSIS 

A. Antenna design and integration with a drone’s electronics 
   One of the simplest forms of disposable drone can be 
developed using origami techniques where a piece of paper, as 
illustrated in Fig. 1(a) can be folded to produce the drone in Fig. 
1(b). The dash lines in Fig. 1(a) indicate where the drone is 
folded and the corresponding dimensions are given in Table I. 
The paper is an A4 paper sheet of 210 mm × 290 mm. The 
dielectric constant and thickness of the paper were set 
according the manufacturer’s datasheet at 3 and 0.18mm 
respectively. This type of paper airplane is able to provide 
stable gliding flight even when loaded with additional avionic 
control systems [25]. These control systems can consist of 
small elevon tabs to steer the wings. Additional components for 
the propelling such as actuators could also be added [30]. As 
described in [27], [31], a large part of the electronics, 
subsystems and components for UAVs is positioned on the 
body and wings of the paper airplane. In Fig. 1(b), the top of the 
wings are made conductive to simulate this condition.  

A vertically polarized monopole is ideal for this application 
as illustrated in Fig. 2. In this figure, the wings have been made 
transparent to show the antenna. The antenna can be connected 
to the other RF components in the wings through a 50Ω 
transmission line or a dedicated matching network. The target 
frequencies are 2.4 GHz, 5.2 GHz and 5.8 GHz wireless bands 
[17], [28], which means a multiband antenna is desirable. The 
aimed frequency bands are 2.4 GHz to 2.5 GHz and 5.15 GHz 
to 5.9 GHz. The first antenna design capable of achieving these 
specifications (Fig. 2) is based on a modified semicircle with a 
rectangular shape and a resonant element added at the top. The 
semicircle (L1) provides matching for the large bandwidth 
necessary at the higher band, and the additional T-shape 
element with the matching gap L3 are used to provide the lower 
band while not significantly increasing the size of the antenna.  

 
(a) 

 
(b) 

 
Fig. 1. Realized paper drone geometry of (a) the unfolded planar photo paper 
sheet and (b) perspective view of paper drone.  

TABLE I 
UNFOLDED PLANAR SHEET [mm] 

x1 x2 x3 x4 x5 y1 y2 y3 y4 

40 60 50 90 50 70 35 35 70 

 
A guideline on the design process is illustrated in Fig. 3. This 

includes graphs showing the corresponding reflection 
coefficient (S11). The final dimensions are shown in Table II. 
The -10dB S11 bandwidths are from 1.9GHz to 2.7 GHz and 
from about 5.1GHz to 5.9GHz. There is a linear relationship 
between the operating wavelengths and the main parameters  拳  and 詣に┻  This can be expressed by the equations: 

 膏な 噺 な┻ぱw  髪 ど┻どばにね                      (1)                    膏に 噺 ね┻ば詣に  髪 ど┻どどねぱ                      (2) 
                                 
where 膏なand 膏に are the lower and higher wavelength band 
respectively. The unit in these equations is meters. The 
R-squared are 96% and 99% at the lower and higher 
wavelength band respectively.  
   Fig.4 shows the S11 when the radiating element is placed at 3 
different positions (Fig.2): centered, at the back and at the front 
of the metallic ground plane. In all conditions, the antenna 
covers the intended frequency bands with S11 less than -10dB. 
The depth of S11 and the bandwidth varies slightly for the three 
locations. The variations are due to the different coupling and 
impedances created between the radiating element and the area 
of the ground plane in close proximity to it. 

B. Simplified design and effect of smaller ground 

In order to simplify the fabrication process and to analyze the 
case where the electronics components occupy a smaller area 
on the wing of the plane, the size of the metallic ground plane 
was decreased as shown in Fig. 5. The antenna is the same as in 
Fig. 2 but the the radiating element has been optimized for the 
smaller ground (20mm x 50mm). The new dimensions are 
given in Table III. L1, L2 and L4 are the parameters optimized.  
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Fig. 2.  Antenna dimensions and potential positions on an origami drone with a 
large metallic ground plane covering the top of the wings.  

TABLE II 
DIMENSION OF THE INITIAL ANTENNA WITH LARGE GROUND PLANE [mm] 

L1 L2 L3 L4 g w 

9.5 9.5 2 2 1 24 

 

 
Fig. 3.  Design process of the antenna with corresponding S11 

 
Fig. 4.  Effect of antenna location on S11 

 
  In most vehicles as well as large drones, the size of the 

ground plane is very large compared with the operating 
wavelength. In our case, the size of the ground plane is 
relatively small and its dimensions can change the impedance 
match of the antenna. Fig. 6 shows the S11 of the antenna with 
dimensions in Table III for different sizes of the ground plane 
(Fig.5 (a)). The antenna optimized for the small ground plane is 
able to cover the lower and higher frequency bands with S11 less 
than -10dB. However, as the size of the ground plane is 
increased, the S11 at the higher frequency increases to a point 
where the intended band is not fully covered. For this reason, 
two antenna dimensions are provided here. One for the small 
(Table III) and another for the large (Table II) ground plane. 

The surface current distributions of the antenna, with small 
ground, at three resonant frequencies (2.4 GHz, 5.2 GHz and 
5.8 GHz) are depicted in Fig. 7. At 2.4 GHz, the current flows 
around the overall antenna (the modified semicircle with a  

 
(a)   
 

 
(b) 

 
Fig. 5. Antenna optimized for a small ground plane (a) top view (b) back view.  
 

TABLE III 
DIMENSION OF THE ANTENNA OPTIMIZED FOR SMALL GROUND PLANE [mm] 

L1 L2 L3 L4 g w a b 

8.5 12 2 3.5 1 24 20 60 

 
rectangular shape and the top resonant element) and the ground 
plane. By contrast, the surface current distribution concentrates 
around the feed of the radiating element and the bottom of the 
resonant element at 5.2 GHz and 5.8 GHz, as shown in Fig. 7(b) 
and Fig. 7(c) respectively.   

C. Effect of Wing deformation on antenna performance 

The wings of a drone are typically exposed to tensions and 
deformations during flight operation. This can be significant in 
the case of paper drones. In addition, paper drones are expected 
to be folded by hand and therefore the wings may not be at 
exactly 90° from the base after the plane has been folded. For 
this reason, a study of the effect of changes in the angle 轄 (Fig. 
5(b)) on S11 and the radiation patterns have been carried out.   
Fig. 8 presents the S11 of the antenna for values of 轄 of 60°, 90° 
and 120°. 轄 varies the angle of the metallic ground plane to the 
radiating element of the antenna. Therefore, the matching of the 
antenna changes for different angles of the folding of the wings. 
The frequency of operation and the input matching decrease 
when 轄 is decreased. The -10dB bandwidth narrows at lower 
band but becomes wider at higher band. Further analysis 
indicates that the antenna is able to cover the 2.4 GHz, 5.2 GHz 
and 5.8 GHz bands (S11 < -10dB) for angles of 轄 between 77° 
and 103°. The xz plane was used to analyze the effect on the 
radiation pattern at 2.4 GHz and 5.2 GHz as shown in Fig. 9. 
All radiation patterns are very similar for the folding angles 
studied.   

D. Fabrication and Measurement  

The 3D model with the antenna elements and the ground 
plane were converted into a 2D model and positioned on a 
planar substrate as shown in Fig. 10(a). The 2D model, with the 
antenna and the ground plane, was exported to ViewMate from 
CST Microwave StudioTM with Gerber file (single layer). It was 
then converted to a PDF file. 
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Fig. 6. S11 of the antenna with dimensions as in Table III for different ground 
plane dimensions. Large ground plane corresponds to ground plane as in Fig.1. 

 
(a) 

 
(b) 

 
(c) 

Fig. 7.  Surface currents for the antenna design in Fig. 3. (a) 2.4 GHz, (b) 5.2 
GHz and (c) 5.8 GHz.    

The antenna and ground plane were printed directly onto the 
AgIC_CP01A4 photo paper with AgIC-AN01 Silver Nano Ink 
[32]. The Silver Nano Ink on the special coated paper provides 
conductivity of about 0.2Ω/sq [32]. An MFC-J5910DW 
desktop inkjet printer from Brother Industries Ltd, USA was 
used. Conductive ink cartridges provided by AgIc Inc. replaced 
the normal colour ink cartridges in the printer. Conductivity 
emerges after a few seconds when the patterns were printed on 
the paper sheet. The antenna is expected to be functional as 
long as the printed conductive layers are not damaged and there 
is continuity throughout the metallic patterns that make the 
resonant element. Mechanical and thermal stability of the 
printed layers were provided by the manufacturer of the ink. In 
terms of thermal stability, heat resistance is allowed up to 30 
minutes at 100 ° C. The mechanical stability achieved in cross 
cut tests (ISO 2409) is between 0 to 1 (0 is highest and 5 is 
lowest). A photograph of the fabricated paper plane drone is 
shown in Fig. 10. A 50 ohm SMA connector was attached to the 
center of the ground plane using silver epoxy conductive glue. 

    
Fig. 8. Effect of changes in angle 轄 on S11.     
 

 
                                         (a)                                         (b) 

 
Fig. 9. Effect of changes in angle 轄 on the xz plane of the radiation pattern (a) at 
2.4 GHz and (b) at 5.2 GHz. 

 
   Similarly to the simulation model, the antenna was vertically 
positioned on the drone. In order to keep 轄 at 90o during the 
measurement, two rectangular blocks made of Styrofoam 岫綱追 蛤な岻  were attached at the back sides of the wings.  
   Fig. 11 shows the reflection coefficient (S11) of the antenna 
with a small ground plane. The measured S11 was obtained 
using an Anritsu 37397C vector network analyzer. The 
measured S11 is about -11 dB, -17 dB and -15 dB at 2.4 GHz, 
5.2 GHz and 5.8 GHz respectively with bandwidths (<-10dB) 
of 400 MHz at the lower band and 2200 MHz at the higher 
bands. The small difference between the simulated and the 
measured results is probably due to fabrication and 
measurement related errors. These include the non-uniform 
deposited silver conductive ink of the printed antenna and 
ground plane, the bending of the thick photo paper substrate, 
and the SMA connector. An analysis of the printed conductive 
layers is included in section III.  
   The measured radiation patterns at 2.4 GHz, 5.2 GHz and 5.8 
GHz are shown in Fig. 12. The patterns are dipole-like and 
mostly omnidirectional at the 2.4 GHz band. At the 5 GHz 
bands, the patterns become more monopole-like with mostly 
omnidirectional behavior in the xy plane but with a downward 
direction in the yz plane. The measured gains at 2.4 GHz, 5.2 
GHz and 5.8 GHz are 1.7 dB, 2.2 dB and 2.5 dB respectively. 
The measured gains are between 0.2 dB (2.4 GHz) to 0.6 dB 
(5.8 GHz) higher than the simulations due to the effect of 
connectors and cables. The downward direction at the higher 
frequency band may be useful in the cases where the controller 
of the drone is positioned below the antenna. However, this 
could reduce the range of the control or potential data 
transmission when flying at positions where the controller is at 
the same height or higher than the drone. As indicated earlier, 
this first antenna configuration is ideal for situations when most 
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                         (a)                                                 (b) 

 

(c) 

Fig. 10.  Photograph of (a) printed planar photo paper sheet (b) the origami 
paper drone and (c) front view of the drone 

 
Fig. 11.  Reflection coefficient (S11) of the optimized antenna with a small 
ground plane. 

of the electronic components are located on the wing section of 
the drone which limits the possibility for improving the 
radiation patterns at the higher frequency band.      

III.  SECOND ANTENNA SOLUTION AND ANALYSIS OF THE 

PRINTED CONDUCTIVE LAYERS  

A. Antenna design 

   This section proposes a vertically polarized antenna where 
the antenna connection is at the base of the paper drone. This 
antenna is also used to assess the metallic ink layers deposited 
in the fabrication process. Fig. 13 shows the antenna design and 
its placement within the drone. The antenna is small enough to 
be hidden inside the vertical section of the plane and isolated 
from the external environment that could damage the inkjet 
printed metallic tracks [30]. The radiator consists of a 
semicircle with an additional rectangular resonant element 
separated by a gap and connected by a small rectangular track. 
The radiating component is fed by a coplanar waveguide 
transmission line. The dielectric constant, tangent loss and 
thickness of the substrate are the same as the earlier design. The 
desired resonant frequency and bandwidth were obtained by 
adjusting the size and the length of the radiation elements and 
the gap between feed line and the ground plane surfaces. 

 

(a)  

 
 (b)  

 
   (c)  

 

Fig. 12. Radiation patterns of the antenna on small ground plane (a) at xz plane 
(b) at yz plane and (c) at xy plane. 

 
The dimensions of the ground plane were crucial for the 
optimization for the radiation pattern. The final dimensions of 
the antenna are given in Table IV. 

   The surface current distribution at 2.4 GHz, 5.2 GHz and 5.8 
GHz are shown in Fig. 14. At 2.4 GHz, the surface current is 
strong and evenly distributed through the feed line, the 
semicircle and the top resonant element while it is small in the 
middle sections of the ground plane. At 5.2 GHz, the currents 
are spread more uniformly in the ground plane and towards the 
edges of the radiator. At 5.8 GHz, the currents tend to 
concentrate more towards the center of the antenna and the gap 
between the radiator and the ground plane.   

B. Fabrication and Measurements  

   The antenna was realized using the same fabrication 
procedure described in section II B.  A study of the printed 
layers and, in particular, in the gaps of the transmission line 
should provide a further insight of the fabrication process and 
its potential limitations. Fig. 15 shows a photograph of the 
conductive layers in a sample taken of the CPW transmission 
line of the antenna. As can be seen, there are many traces of 
silver ink in the channel and the edges of the tracks are 
non-uniform. A surface profile measured using the Veeco 
Dektak Stylus Profiler is shown in Fig. 16. The green area is the 
top of the silver surface, the red area is the bottom of the 
channel. The measured height difference is 825.69 nm. The 
additional texture to the right is likely to be caused by variation 
in the substrate surface and the stray silver particles. 
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Fig. 13. Configuration of the realized optimized paper plane drone.    

  TABLE IV 
OPTIMIZES ANTENNA DIMENSION [mm]  

L1 L2 W1 W2 W3 W4 g1 g2 r 

2.5 13 30 14 5.2 14 1 0.2 11 

 

              
                            (a)                                                      (b)     

      

 
                                                       (c)                                                           

Fig. 14.  Surface currents for the antenna design in Fig. 13. (a) 2.4 GHz, (b) 5.2 
GHz and (c) 5.8 GHz.  

Fig. 17 shows photographs of the printed antenna on the 
planar substrate and the folded origami drone. The folding lines 
are included. The antenna position on the paper substrate was 
calculated considering the sections where the drone needed to 
be folded. The same origami airplane and folding method as for 
the previous design were used. The antenna was designed so 
that it fits between the fold lines, thus avoiding potential cracks 
in the conductive layers. A 50 ohm SMA connector was 
attached to the bottom of the body of the drone. Styrofoam 
blocks 岫綱追 蛤 な岻  were placed on the left and right sides of the 
drone to hold the drone in shape during the measurements.  
A basic thermal stability test on the antenna was carried out for 
the maximum and minimum temperature intended for 
operation. The structure was exposed to temperatures of -20oC 
and 50oC for 12 hours in separate experiments. In both cases, 
the effect on S11 was insignificant and the 2.4 GHz and 5 GHz 
bands were fully covered. Another potential mechanical 
stability test in aerospace is through vibration tests [33]. As the 
antenna is fully attached to the origami drone structure, it is  

     

Fig. 15. Photograph of the printed metallic layers in the CPW transmission line. 

 

Fig. 16. Surface profile in the CPW transmission line.  

 

                       (a)                                                       (b) 

Fig. 17. Photograph of (a) printed planar photo sheet, and (b) the folded origami 
paper plane drone and inside view. 

expected to perform well in equivalent tests for this disposable 
drone application. The only concerning issue is likely to be 
wing deformation in the first antenna design, which was 
discussed in Section II. C.        
The simulated and measured S11 are shown in Fig. 18. The 
measured resonant frequencies shifted slightly to the right. The 
measured first mode resonates at about 2.61 GHz with -10 dB 
impedance bandwidth of from 2.3 GHz to 2.9 GHz. The second 
resonance can be found at approximately 5.57 GHz with -10 dB 
bandwidth of from 5.0 GHz to 6.5 GHz. The measured S11 of 
the antenna covers the desired frequency of 2.4 GHz, 5.2 GHz 
and 5.8 GHz bands for the drone communication. The 
discrepancy between simulation and measurement is probably 
due to the fabrication issues discussed earlier as well as 
possible measurement errors. Table V gives the comparison of 
resonant frequency, gain, bandwidth, and size between the 
proposed antenna and the other previous antenna. The proposed 
antenna provides relatively wider bandwidth while keeping a 
small size at the corresponding frequency bands. 
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Fig. 18.  Reflection coefficient (S11) of the antenna for the optimized origami 
paper plane drone. 

TABLE V  
COMPARISON BETWEEN THE PROPOSED ANTENNA AND OTHER PREVIOUS 

ANTENNAS 

 
Ref. 

 
Freq.   
(GHz) 

 
Gain  
(dB) 

 
Bandwidth 

(GHz) 

 
Size  

(mm3 ) 
 

[34] 
 

2.45 
5.5  

 
1.3  
4.8  

 
0.1 
1 

 
50 x 50x 1.75  

 
[35] 

 
2.4  
5.2  

 
1.3  

5. 15  

 
0.5 
0.2 

 
50 x 75 x 0.8 

 
[36] 

 
2.45  
5.8  

 
2.75  
5. 54  

 
0.08 
0.67 

 
37.45 x 13 x 1.6 

 
This 
work 

 
2.4 
5.2 
5.8  

 
1.9  
2.6  
3.1 

 
0.6 
1.5 

 
35.4 x 30.8 x 

0.18 

 
Fig. 19 shows the radiation pattern measurement set up. Fig. 

20 shows a comparison between simulated and measured 
radiation patterns at 2.4 GHz, 5.2 GHz and 5.8 GHz 
respectively. The patterns in the xz plane are similar to the ones 
in yz plane with nulls along the z-axis.  The patterns in the xy 
plane are mostly omnidirectional. The measured gains are 1.9 
dB at 2.4 GHz, 2.6 dB at 5.2 GHz and 3.1 dB at 5.8 GHz. The 
measured gains are between 0.1dB and 0.2dB higher than the 
simulations due to the effect of connectors and coaxial cables. 
These differences can be clearly observed in the graphs. 

IV.  CONCLUSION AND DISCUSSION 

Antennas suitable for integration with low cost inkjet 
printing electronics on disposable paper drones have been 
demonstrated. The best antenna solution for drone 
communication tends to be when the antenna is vertically 
polarized and omnidirectional. Different antenna positions are 
possible when considering paper drones. One possible scenario 
is when the electronics are located on the wings. In this case, an 
antenna can be located facing downwards and using the wings 
as a ground plane. A second case is when the electronics are in 
the lower section of the plane, in which case a CPW fed antenna 
can be hidden inside the plane. A CPW fed antenna can also be 
considered a more general solution as it can be rotated as 
required by the other electrical components of the drone.  

A commercial desktop inkjet printer replaced with silver 
nanoparticle conductive ink cartridges can be used for the 
antenna fabrication. It has been proven to be an inexpensive and 
fast method with sufficient printed quality for this application. 

 
  

Fig. 19. Measurement setup for the origami paper drone antenna in anechoic 
chamber.  

 
(a) 
 

 
(b) 

 

 
(c) 

 
Fig. 20. Radiation patterns (a) at xz plane (b) at yz plane (c) at xy plane. 

 
The fabricated antennas have acceptable performance for 

efficient communication between the plane and a remote 
controller.  

As a low-cost fabrication procedure, inkjet printing with off 
the shelf printers, with cartridges containing silver ink, may 
produce tracks with discontinuity at the edges and also 
unwanted deposition of inks across any channel. However, 
these fabrication errors do not seem to significantly affect the 
performance of the antennas at the frequency of operation of 
commercial drones.  

In the future, disposable origami drones may include other 
electronic components which are also inkjet printed along the 
antenna. This will create a fully integrated disposable drone 
solution. There is enough evidence from ongoing work by 
various research groups [25] - [27], and [30] - [31] to support 
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this vision. This paper has now contributed to this new field 
from the antenna perspective.   
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