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The wide-ranging Unmanned Aerial Vehicle (UAV) applications make them one of the 
Internet of Things promising technologies. The vast potential of monitoring and 
surveillance for public safety threats using drones is a current issue for researchers. 
Antennas play an important part in UAV to create reliable communication links. There 
are different types of antennas that can be used for UAV application depending on 
antennas size, efficiency, gain, angle of radiation pattern, polarization, etc. This paper 
mainly focuses on patch antennas for UAV applications. In general, there are two types 
of patch antenna described which are single patch antenna and array antenna. The 
review of patch antennas can be a useful guideline to choose or design antenna for 
UAV applications in the future. 
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1. Introduction 
 

Nowadays, unmanned aerial vehicles (UAVs) be part of interesting research as the vehicle can fly 
remotely either by the controller or autonomously. The UAVs have different types of weight and size 
depending on their applications [1-3]. Another important specification of UAV is their capabilities to 
fly with maximum altitude, distance, and general operating characteristics. To meet the requirement, 
the production of the UAV is necessary to have a significant quantity of electronic components such 
as the antenna [4]. The main function of the antenna is to allow the vehicle to transmit and receive 
information from other systems. The antenna is required to have high gain and high directivity to 
create reliable link communication [5-6]. Patch antennas are a type of antenna that are able to 
operate for UAV applications. Patch antennas can be divided into two types, either single patch or 
array. This chapter outlines the basic principle of the antenna design and evaluation of the 
antenna performances in terms of antenna size, gain, radiation pattern, and operating frequency. 
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2. Patch Antenna for UAV Application 
 

A microstrip patch antenna is commonly used in various applications. The antenna consists of a 
variety of shapes of a patch of metal foil with a ground plane on the other side of the substrate board. 
The characteristic of patch antenna which has a thin planar profile, makes it compatible to integrate 
it in a UAV. Common microstrip patch antenna shapes are square, rectangular, circular, and elliptical, 
but any continuous shape is possible. The advantage of using microstrip patch antenna is relatively 
inexpensive cost to design and produce due to the simple physical geometry. This type of antenna 
operates at higher frequencies as the wavelength at the operational frequency is directly tied to the 
size of the antenna. The small size of antenna makes it well suited to use for UAV applications since 
the presence of an antenna does not affect the balancing of a UAV while flying. Usually, the single 
patch antenna offers 6-9 dBi for maximum directive gain. To increase the gain, patch array antenna 
is introduced. Patch array antennas are suitable for UAV applications as they provide much higher 
gain with little additional cost. The structures of printed microstrip feed make the matching and 
phase adjust. 
 
2.1 Single Patch Antenna for UAV application 
 

There are various shapes for a single patch antenna which contributes good performance. One of 
the shapes is a dipole patch antenna. Based on Nosrati et al., [7] a broadband blade dipole antenna 
with an overall antenna size of 71 cm× 25 cm is proposed as shown in Figure 1 below. The antenna is 
designed to operate at frequencies of 20-1200 MHz. The shape of the blade provides broad signal 
coverage while maintaining an aerodynamic shape, thus leading to minimum drag [8-11]. The gain of 
the antenna is increasing to 5-6 dB while adding slots in the antenna design [12]. The light and small 
size of antenna characteristics enhanced the stability of UAVs to fly. 

 

 
Fig. 1. Blade Dipole Patch Antenna [7] 

 
Next, Trotta et al., [13] offers a bowtie-like printed dipole with an exponential profile etched on 

two 0.762 mm thick Rogers 3035 substrates as shown in Figure 2. The antenna's radiating element 
consists of two unequal elliptical metallic plates where the size of the element at the bottom is larger 
compared to the top. The design fulfils a possible avionic radome aero dynamical constraint while 
providing wideband operating frequency [14-18]. The compact dimension at operating frequency 0.45 
GHz and 0.1 GHz makes the antenna perform well for avionic direction-finding systems.
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Fig. 2. Bowtie Printed Dipole Antenna [13] Fig. 3. Quasi- Yagi Patch Antenna [19] 
 

Another single patch antenna for UAV application is presented by Gong et al., [19]. Nevertheless, 
this type of antenna is used for radar. The antenna consists of dipole antenna, a dielectric slab, and 
a metallic conducting ground plane as shown in Figure 3. The size of the antenna is 17 mm x 18 mm x 
0.13 mm. To enhance the bandwidth, the driven dipole of the antenna is rotated to 12 degrees. The 
dielectric slab on the ground plane acts as a reflector. The antenna is designed to point to the 
direction of the transmission, which offers small size and low weight, thus suitable to use as an 
obstacle avoidance system for unmanned drones, such as quadcopters. This structure of the quasi-
Yagi antenna provides better performances [20-21]. Following by Yoon et al., [22] as illustrated in 
Figure 4, a higher-order mode circular patch antenna is designed with a low-profile characteristic on 
a UAV fuselage. The antenna is operating at 700 MHz and performs monopole-like radiation 
characteristics as shown in Figure 5. The monopole like radiation characteristic can be attained by 
designing antennas using metamaterials and various resonance modes [23-28]. The antenna is 
designed using TM01 and TM02 conformal annular slots to ensure that the airflow around the aircraft 
fuselage does not influence the stability of the aircraft [29]. 

 

 

Fig. 4. Conformal Monopole Antenna [22] Fig. 5. Antenna radiation pattern on UAV [22] 
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Thereafter, Patroysky et al., [30] proposed a thin conformal S-band annular slot antenna for UAV 
application as shown in Figure 6 (a). A conformal antenna is proposed as it fulfils the requirements 
of low observability or reduced susceptibility to damage [30]. The antenna is operating at 2300 – 2500 
MHz and achieved the value of VSWR: < 2.0:1. The main concept of this antenna is integrating it with 
carbon fiber reinforced plastics. Figure 6 (b) shows the annular slot antenna design. The maximum 
mechanical stability has been achieved by molding the antenna into the laminate as shown in Figure 
6 (c). The radiation pattern of the antenna is very similar to the quarter-wave monopole antenna 
which provides high coverage and vertical polarization thus suitable for UAV application. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6. A thin conformal S-band annular slot antenna for UAV application [31] 
 

A printed loop patch antenna has been proposed by Kang and Choi [32]. This project is aimed to 
have omnidirectional radiation characteristics to enhance the communication efficiency between the 
ground control system and UAV [33-34]. The antenna is composed of a segmented loop with four 
segments placed on the FR4 substrate with a dimension of 35 × 35 × 0.8 mm3 as shown in Figure 8. 
The capacitive coupling between overlapping segments provides an omnidirectional radiation 
pattern at 956MHz. The reduced size of the antenna is done by adding stubs and reduction of the 
number of segments. The addition of shorting strip in the antenna design enhanced the impedance 
matching of the antenna. The small dimension of the antenna and appropriate antenna 
performances offer stability to fly high when applied to the UAV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Compact segmented loop antenna (a) Front view (b) Back view [32]

(a) (b) (c) 

(a) (b) 
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Based on several studies, the flat patch antenna is not suitable for antenna to operate for UWB 
operating frequency [35-38]. Therefore, the UWB conformal antenna is proposed [39-42]. A single 
patch antenna for UAV used at ultra-wideband (UWB) frequencies (2.9 GHz to 15.9 GHz) has been 
designed by Balderas et al., [43]. The characteristic of the lower-profile structure with a small 
dimension of 29 mm x 38 mm and UWB frequency operation makes the antenna appropriate to apply 
at the UAV. As shown in Figure 9, the antenna is composed of a Y- Y-rounded shape with a parasitic 
circular element at the center of the structure design. The aerodynamic shape of the antenna makes 
the problem of drag using flight diminished. Based on their evaluation, the antenna offers the 
maximum radiation towards the down of the aircraft structure as shown in Figure 9 thus proving that 
the antenna is very suitable for UAV application. 

 
 
 

 
 
 
 
 
 
 
 
 

 
Fig. 8. Low-Profile Conformal UWB Antenna (a) Front view (b) Back view (c) 3-D Radiation Pattern [43] 

 
Based on studies by Sharma et al., [44] wideband circular polarization can be achieved by 

designing a fan blade shaped antenna. Therefore, Safaron et al., [45] proposed 3-blade and 4-blade 
cloverleaf antennas operating at 2.45 GHz. They did a comparison between antenna design with 
reflector and without reflector as illustrated in Figure 9. The reflector is added in antenna design to 
produce a high gain and directional radiation pattern. The compact of the antenna size offers stability 
to mount on UAV body. The simulated and measured antenna performances are slightly different 
due to the inconsistent FR4 material permittivity value. Results show that a 3-blade and 4-blade 
cloverleaf antenna has a gain of  2.64 dBi and 2.096 dBi, respectively. However, the 3-blade and 4- 
blade cloverleaf antenna with reflector has a higher gain which is 6.474 dBi and 6.297 dBi 
respectively. Based on the observation, the antenna with reflector has a higher gain and directional 
radiation pattern which is more suitable for UAV application. The antenna is suggested to be mounted 
underneath the UAV for better coverage between the UAV and ground station. 

 
 

(a) (b) (c) 

Antenna mounted 
on UAV 
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Fig. 9. Fabricated proposed antennas were (a) 3-blade cloverleaf antenna, (b) 4-blade cloverleaf antenna,  
(c)   3-blade cloverleaf antenna with reflector, and (d) 4-blade cloverleaf antenna with reflector [45] 

 
2.2 Patch Array Antenna for UAV application 

 
There are several antenna arrays that have been designed for UAV applications. An antenna array 

means that a set of multiple antennas is connected and works as a single antenna. Usually, the 
individual antennas which are also known as elements are connected to a single transmitter or 
receiver by feeding lines thus the power is generated at each element. The electromagnetic waves 
are radiated by each element hence it combines with each other. Therefore, the antenna enhanced 
the power radiated, thus providing higher gain and directivity. As a result, the antenna allows the 
drone to fly high with a reliable connection.   There are various shapes and arrangements of array 
antenna for drone application. Midasala et al., [46] proposed an antenna array with arrangement 3 x 
3 of rectangular topology. The number of elements, spacing and feeding current has been optimized 
to obtain directional radiation pattern and good cross polarization as shown in Figure 10. The antenna 
has been composed of FR4 substrate with dielectric constant of 4.4 and operates at frequency 12 GHz 
to 18 GHz. According to the results, the high gain of 17.29 dB is achieved and the VSWR value is 
0.7807. The reasonable performance of the antenna makes the antenna suitable to test on UAV 
applications. 
 

(a) (b) 
Fig. 10. (a) Array antenna arrangement (b) Directional radiation pattern [46] 

 
Next, an array antenna for UAV application is proposed by Rahardjo et al., [47]. The paper 

describes a microstrip antenna array with circular polarization. The conventional rectangular 
microstrip antenna is designed as an antenna element and feed electromagnetically by a microstrip 
line. There are 1 x 4 elements of microstrip antenna array constructed on the surface of the UAV body 
as shown in Figure 11 (b) and (c). As illustrated in Figure 11 (a), the truncation at the corner of the 
rectangular patchable to produce circular polarization [48-49]. Based on the measurement results, 
the antenna array can operate at frequency 5.6 GHz with an impedance bandwidth at VSWR < 2 is 
720 MHz and gain as 5 dB. The antenna array provides an omnidirectional radiation pattern, thus being 
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able to cover greater coverage around it hence making it suitable for UAV application. According to 
the analysis of the results, there is no discrepancy between simulated and experimental results. 

(a) (b) (c) 
 

Fig. 11. (a) Rectangular patch antenna (b) Mounted on surface of UAV body (c) Measurement setup [47] 
 
The theoretical of the communication link of antenna for UAV application has been discussed   by 

Porcello [50]. However, it does not implement physically due to the high complexity of the system. A 
solution to the problem has been suggested by Sun et al., [51]. The antenna designed is constructed 
with eight elements of the circular array as shown in Figure 12. The antenna array is operating at 
frequency 5 GHz with a gain > 6 dB. The characteristic of low profile, small size, low cost, and simple 
geometry is a reason for the microstrip patch antenna with vertical polarization is used as the essential 
radiating element. In this project, the antenna module involves two circular arrays for transmission 
and reception. Each circular array consists of eight elements vertically polarized. The elements are 
selectively activated depending on the desired direction of the beam. Based on the measurement 
results, the isolation between transmitter and receiver of the antennas is -40 dB with reflection 
coefficient below -20 dB, thus proved that circular array antenna provides better air to air links UAV 
communication systems. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) 
Fig. 12. (a) The geometry of proposed single element of antenna array (b) Complete 
structure of antenna array design [51] 

 
The antenna is placed at the UAV body, which has a cylindrical form [52]. For UAV applications, 

the antenna is required to be small and lightweight to not give any affection to aerodynamics 
characteristics [53-54]. In this project by Navarro-Méndez et al., [52] the antenna designed is 
constructed of a circular array of four elements conforming to the cylindrical shape. Two basic 
antenna designs have been selected as a radiating element of each array: rectangular microstrip 

(b) 
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patch antenna and a PIFA antenna as illustrated in Figure 13. According to the measured results, 
microstrip rectangular patch array antenna design is suitable for large diameter sections while PIFA 
antenna design is satisfactory for small diameter sections. There is good agreement between 
simulation and measurement results with omnidirectional. Radiation pattern at operating frequency 
hence suitable to use it for UAV application. 

 
 
 
 
 
 
 
 
 
 

Fig. 13. (a) UAV model for antenna to place (b) Complete rectangular array (c) Complete PIFA array [51] 
 
A compact two patch antenna array design for UAV application is proposed by Chuang et al., [55]. 

The antenna with high gain directivity is an important characteristic while increasing the wireless 
transmission range. In this project, a compact two patch antenna with operating frequency 2.4 GHz 
is attached to the top of the remote control facing toward the UAV direction in the setup. The patch 
of antenna is designed with air cavities to maximize radiation efficiency. Based on Figure 14, there are 
three rectangular apertures cut on each patch. The technique is effective while reducing the patch 
length [56]. The antenna is vertically polarized to the airplane. There is no discrepancy between 
measured and simulated results of the reflection coefficient. The gain maximum of 9.14 dBi is 
achieved with total radiation efficiency of 86%. 

 
 

 
 
 
 
 
 
 
 

(a) (b) 

Fig. 14. (a) The prototype of antenna design (b) The 
antenna is attached to the remote control [56] 

 
Table 1 shows several types of antenna designs and their important parameters to be the guideline 
for designing an antenna for UAV application in the future. 
 
 
 
 
 

(b) (c) (a) 
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Table 1 
Comparisons Of Antenna Design For UAV Application 

Type Operating 
Frequency 

Gain Saiz Material Radiation 
Pattern 

Polarization 

Dipole Patch 
Antenna [7] 

20-1200 
MHz 

5-6 dB 71 cm×25 cm x 
1mm3 

Copper with 
thickness of 

1mm 

Omni 
directional 

Linear 

Wideband Dipole 
Patch Antenna 

[13] 

0.5- 0.9GHz 3-4dB 137 x 56 x 159 
mm3 

Rogers 3035 Omni 
directional 

Linear 

Quasi Yagi Patch 
Array Antenna 
[19] 

24GHz 8-10dB 17 mm x 18 mm Rogers RT/Duroid 
5880 with 
thickeness 

0.127mm 

Good End 
Fire 

Linear 

High Order Mode 
Circular Patch 
Antenna [22] 

700 MHz - Radius=45mm 
Height=18mm 

Molded to UAV 
fuselage 

Omni 
directional 

Linear 

Annular slot 
antenna [29] 

2300 to 
2500 MHz 

- 5 mm thick and its 
diameter is 
about 120 mm 

CFRP Elevation 0 
to 45 deg 
Azimuth 0 to 
360 deg 

Vertical 

Printed Loop 
Patch Antenna 
[32] 

956 MHz - 35 × 35 × 0.8 
mm3 

FR4 Omni 
directional 

Linear 

Low Profile 
Conformal 
Patch Antenna 
[43] 

2.9 GHz- 
10.1 GHz 

2.5-7dB 29 x 39 mm2 Rogers 5880LZ Maximum 
towards 
down of the 

aircraft 

Linear  

Directional 
Cloverleaf 
Antenna[
45] 

2.45 GHz 6.5dB Radius=80 mm FR4 Omni 
directional 

Linear  

3 x 3 Rectangular 
Antenna 

Array[46] 

12 to 18 
GHz 

17.3dB 3cm x 3 cm FR4 Directional Linear  

Circularly 
Polarized 
Microstrip 
Antenna 
Array[51] 

5.6 GHz 22.2dB 30x 30 x 
1.52mm3 

Talconic TLY5 Omni 
directional 

Circular  

Circular Array 
Antenna [52] 

5 GHz >6dB 58 x  30  x 0.25 
mm3 

FR 4 Directional Vertical  

Array Antenna 
[54] 

2.45GHz 9.14dBi 140 x 62 x 10 
mm3 

FR 4 Directional Vertical  

 
3. Conclusions 

 
As conclusion, there are several types of antennas that can be used for UAV application depend 

on antennas size, efficiency, gain, angle of radiation pattern and polarization. The UAVs have different 
types of weight and size depending on their applications. A microstrip patch antenna is commonly 
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used in UAV applications as the antenna is low profile, small size, low power consumption thus makes 
the UAV capable to fly with maximum altitude, distance, and general operating characteristics. 
Comparison summary of patch antenna design suitable for UAV application is shown in Table 1. The 
review of patch antennas can be a useful guideline to choose or design antenna for UAV applications 
in the future. 

 
Acknowledgement 
The author thanks Universiti Malaysia Perlis (UniMAP) for the funding and support of the research 
work under Mentorship Fund (9001-00607) and to all the members of Faculty of Electronic 
Engineering and Technology, UniMAP. 
 
References 
[1] Theuav.com 2013 The UAV - Unmanned Aerial Vehicle. UAV. 
[2] Ng T S 2018 Unmanned Aerial Vehicle System pp 109–1 Ng, Tian Seng, and Tian Seng Ng. "Unmanned Aerial Vehicle 

System." Flight Systems and Control: A Practical Approach (2018): 109-118. https://doi.org/10.1007/978-981-10-
8721-9_6 

[3]  Li, Mengxiang, and Liang Tang. "Unmanned aerial vehicle (UAV)." International Encyclopedia of Geography: 
People, the Earth, Environment and Technology: People, the Earth, Environment and Technology (2016): 1-7. 
https://doi.org/10.1002/9781118786352.wbieg0801 

[4]  A. Paz-Perez, M. Castillo-Morales and T P B-S 2015 Design and Manufacturing of Unmanned Aerial Vehicle Soc. 
Ind. Syst. Eng. 2015. 

[5]  Ali, Wael AE, and Ahmed A. Ibrahim. "A compact double-sided MIMO antenna with an improved isolation for 
UWB applications." AEU-International Journal of Electronics and Communications 82 (2017): 7-13. 
https://doi.org/10.1016/j.aeue.2017.07.031 

[6]  Alqadami, Abdulrahman SM, Mohd Faizal Jamlos, and Mohd Aminudin Jamlos. "Efficacy of a wideband flexible 
antenna on a multilayer polymeric nanocomposites Fe3O4-PDMS substrate for wearable applications." Current 
Applied Physics 19, no. 11 (2019): 1259-1265. https://doi.org/10.1016/j.cap.2019.08.007 

[7]  Nosrati, Mehrdad, Amir Jafargholi, and Negar Tavassolian. “A broadband blade dipole antenna for UAV 
applications.” In 2016 IEEE International Symposium on Antennas and Propagation (APSURSI), pp. 1777-1778. 
IEEE, 2016. https://doi.org/10.1109/APS.2016.7696595 

[8]  Akhoondzadeh-Asl, Lida, Jonathan Hill, Jean-Jacques Laurin, and Mathieu Riel. "Novel low profile wideband 
monopole antenna for avionics applications." ieee transactions on antennas and propagation 61, no. 11 (2013): 
5766-5770. https://doi.org/10.1109/TAP.2013.2277615 

[9]  Volakis, John Leonidas, and John Leonidas Volakis. Antenna engineering handbook. Vol. 1755. New York: 
McGraw-hill, 2007. 

[10]  Sairam, Chandana, Takeshore Khumanthem, Shukdas Ahirwar, and Sheilu Singh. "Broadband blade antenna for 
airborne applications." In 2011 Annual IEEE India Conference, pp. 1-4. IEEE, 2011. 
https://doi.org/10.1109/INDCON.2011.6139414 

[11]  Arand, Bijan Abbasi, Reza Shamsaee, and Behzad Yektakhah. "Design and fabrication of a broadband blade 
monopole antenna operating in 30 MHz–600 MHz frequency band." In 2013 21st Iranian Conference on Electrical 
Engineering (ICEE), pp. 1-3. IEEE, 2013. https://doi.org/10.1109/IranianCEE.2013.6599878 

[12]  Rahman, Nur Akmal Abd, Mohd Faizal Jamlos, Herwansyah Lago, Mohd Aminudin Jamlos, P. J. Soh, and Azremi 
Abdullah Al-Hadi. "Reduced size of slotted-fractal Koch log-periodic antenna for 802.11 af TVWS 
application." Microwave and Optical Technology Letters 57, no. 12 (2015): 2732-2737. 
https://doi.org/10.1002/mop.29434 

[13]  Trotta, Fabrizio, Antonio Manna, and Luca Scorrano. "A small lightweight wideband printed dipole for UAV 
applications." In 2014 IEEE Antennas and Propagation Society International Symposium (APSURSI), pp. 1582-
1583. IEEE, 2014. https://doi.org/10.1109/APS.2014.6905117 

[14]  O. Lodge, “Electric Telegraphy,” U.S. Patent 609,154 , August 16th 1898. 
[15]  Carter, Philip S. "Wide band, short wave antenna and transmission line system." U.S. Patent 2,181,870, issued 

December 5, 1939. 
[16]  Lindenblad, N. E. "Wide band antenna." US Patent 2, no. 239 (1941): 724. 
[17]  Brillouin, L. N. "Broad band antenna." US Patent 2 (1948).  

https://doi.org/10.1007/978-981-10-8721-9_6
https://doi.org/10.1007/978-981-10-8721-9_6
https://doi.org/10.1002/9781118786352.wbieg0801
https://doi.org/10.1016/j.aeue.2017.07.031
https://doi.org/10.1016/j.cap.2019.08.007
https://doi.org/10.1109/APS.2016.7696595
https://doi.org/10.1109/TAP.2013.2277615
https://doi.org/10.1109/INDCON.2011.6139414
https://doi.org/10.1109/IranianCEE.2013.6599878
https://doi.org/10.1002/mop.29434
https://doi.org/10.1109/APS.2014.6905117


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume XX, Issue X (2022) XX-XX 

Volume XX, Issue X (2018) XX-XX 

 

 

149 
 

 

[18]  M. Barnes, “Ultra-Wideband Magnetic Antenna,” U.S. Patent 6,400,329 (June 4, 2002). 
[19]  Gong, Zheng, Shangkun Ge, Tongfeng Guo, Qingfeng Zhang, and Yifan Chen. "A compact planar 24GHz quasi-

Yagi antenna for unmanned aerial vehicle radar applications." In 2017 IEEE International Conference on 
Computational Electromagnetics (ICCEM), pp. 104-105. IEEE, 2017. 
https://doi.org/10.1109/COMPEM.2017.7912793 

[20]  Hsu, Chung-Yi, Lih-Tyng Hwang, Chang-Yi Feng, Fa-Shian Chang, Shun-Min Wang, and Kai-Yi Cho. "Design of a 
printed 60 GHz Quasi-Yagi antenna for millimeter wave wireless communication applications." In 2015 Asia-
Pacific Microwave Conference (APMC), vol. 2, pp. 1-3. IEEE, 2015. https://doi.org/10.1109/APMC.2015.7412984 

[21]  Nikolic, Nasiha, and A. R. Weily. "Compact E-band planar quasi-Yagi antenna with folded dipole driver." IET 
microwaves, antennas & propagation 4, no. 11 (2010): 1728-1734. https://doi.org/10.1049/iet-map.2009.0531 

[22]  Yoon, Sungjoon, Jinpil Tak, Jaehoon Choi, and Young-Mi Park. "Conformal monopolar antenna for UAV 
applications." In 2017 IEEE International Symposium on Antennas and Propagation & USNC/URSI National Radio 
Science Meeting, pp. 517-518. IEEE, 2017. https://doi.org/10.1109/APUSNCURSINRSM.2017.8072301 

[23]  Kang, Sungtek, Kyeongnam Jang, Jinsu Jeon, Inkyu Yang, Kyungseok Kahng, Se-gyoon Mok, and Jaume Anguera. 
"Wideband and low-profile metamaterial antennas for aircrafts and automobiles." In The 8th European 
Conference on Antennas and Propagation (EuCAP 2014), pp. 976-977. IEEE, 2014. 
https://doi.org/10.1109/EuCAP.2014.6901927 

[24]  Economou, L., and Richard J. Langley. "Patch antenna equivalent to simple monopole." Electronics letters 33, no. 
9 (1997): 727-729. https://doi.org/10.1049/el:19970521 

[25]  Liu, Juhua, Quan Xue, Hang Wong, Hau Wah Lai, and Yunliang Long. "Design and analysis of a low-profile and 
broadband microstrip monopolar patch antenna." IEEE Transactions on Antennas and Propagation 61, no. 1 
(2012): 11-18. https://doi.org/10.1109/TAP.2012.2214996 

[26]  J Tak, Jinpil, Do-Gu Kang, and Jaehoon Choi. "A tapered double cross patch antenna for dual-band monopole-like 
radiation." Microwave and Optical Technology Letters 56, no. 12 (2014): 2929-2933. 
https://doi.org/10.1002/mop.28741 

[27]  J Tak, Jinpil, and Jaehoon Choi. "Circular-ring patch antenna with higher order mode for on-body 
communications." Microwave and Optical Technology Letters 56, no. 7 (2014): 1543-1547. 
https://doi.org/10.1002/mop.28374 

[28]  Hossain, Toufiq Md, Mohd Faizal Jamlos, Mohd Aminudin Jamlos, Fatimah Dzaharudin, Muhammad Yusri Ismail, 
Samir Salem Al-Bawri, Sathish Sugumaran, and Midhat Nabil Ahmad Salimi. "Bandwidth enhancement of five-
port reflectometer-based ENG DSRR metamaterial for microwave imaging application." Sensors and Actuators 
A: Physical 303 (2020): 111638. https://doi.org/10.1016/j.sna.2019.111638 

[29]  Patrovsky, Andreas, and Robert Sekora. "Structural integration of a thin conformal annular slot antenna for UAV 
applications." In 2010 Loughborough Antennas & Propagation Conference, pp. 229-232. IEEE, 2010. 
https://doi.org/10.1109/LAPC.2010.5666169 

[30]  Patrovsky, Andreas, and Robert Sekora. "Structural integration of a thin conformal annular slot antenna for UAV 
applications." In 2010 Loughborough Antennas & Propagation Conference, pp. 229-232. IEEE, 2010. 
https://doi.org/10.1109/LAPC.2010.5666169 

[31]  Moorehouse, David M., and Andrew Humen. "Improved UAV datalink performance using embedded 
antennas." Nurad Technologies (2012): 1-12.  

[32]  Kang, Do-Gu, and Jaehoon Choi. "Compact segmented loop antenna for UAV applications." In 2017 International 
Symposium on Antennas and Propagation (ISAP), pp. 1-2. IEEE, 2017. 
https://doi.org/10.1109/ISANP.2017.8228809 

[33]  Choi, Jaewon, and Jihoon Kim. "Analysis of optimum antenna placement considering interference between 
airborne antennas mounted on UAV." Journal of the Institute of Electronics and Information Engineers 52, no. 6 
(2015): 32-40. https://doi.org/10.5573/ieie.2015.52.6.032 

[34]  Choi, Jaewon, Jihoon Kim, and Eulho Chung. "Optimum placement and shape of UHF monopole antenna 
mounted on UAV." Journal of the Institute of Electronics and Information Engineers 50, no. 9 (2013): 46-51. 
https://doi.org/10.5573/ieek.2013.50.9.046 

[35]  Sharawi, Mohammad S., Daniel N. Aloi, and Osamah A. Rawashdeh. "Design and implementation of embedded 
printed antenna arrays in small UAV wing structures." IEEE Transactions on Antennas and Propagation 58, no. 8 
(2010): 2531-2538. https://doi.org/10.1109/TAP.2010.2050440 

[36]  Nosrati, Mehrdad, Amir Jafargholi, and Negar Tavassolian. "A broadband blade dipole antenna for UAV 
applications." In 2016 IEEE International Symposium on Antennas and Propagation (APSURSI), pp. 1777-1778. 
IEEE, 2016. https://doi.org/10.1109/APS.2016.7696595 

[37]  Sun, Ling, Bao-Hua Sun, Qiao Sun, and Wei Huang. "Miniaturized annular ring slot antenna for small/mini UAV 

https://doi.org/10.1109/COMPEM.2017.7912793
https://doi.org/10.1109/APMC.2015.7412984
https://doi.org/10.1049/iet-map.2009.0531
https://doi.org/10.1109/APUSNCURSINRSM.2017.8072301
https://doi.org/10.1109/EuCAP.2014.6901927
https://doi.org/10.1049/el:19970521
https://doi.org/10.1109/TAP.2012.2214996
https://doi.org/10.1002/mop.28741
https://doi.org/10.1002/mop.28374
https://doi.org/10.1016/j.sna.2019.111638
https://doi.org/10.1109/LAPC.2010.5666169
https://doi.org/10.1109/LAPC.2010.5666169
https://doi.org/10.1109/ISANP.2017.8228809
https://doi.org/10.5573/ieie.2015.52.6.032
https://doi.org/10.5573/ieek.2013.50.9.046
https://doi.org/10.1109/TAP.2010.2050440
https://doi.org/10.1109/APS.2016.7696595


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume XX, Issue X (2022) XX-XX 

Volume XX, Issue X (2018) XX-XX 

 

 

150 
 

 

applications." Progress In Electromagnetics Research C 54 (2014): 1-7. https://doi.org/10.2528/PIERC14090302 
[38]  Sharawi, Mohammad S., Mohamed Ibrahim, Sameir Deif, and Daniel N. Aloi. "A planar printed antenna array 

embedded in the wing structure of a UAV for communication link enhancement." Progress In Electromagnetics 
Research 138 (2013): 697-715. https://doi.org/10.2528/PIER13021808 

[39]  Gaetano, Domenico, Max Ammann, Patrick McEvoy, Matthias John, Louise Keating, and Frances Horgan. 
"Proximity Study of a UWB Directional Conformal Antenna on Water Pipe." (2012). 
https://doi.org/10.1002/mop.26979 

[40]  Mondal, Santanu, and P. P. Sarkar. "Design of an ultrawideband conformal metal antenna." Microwave and 
Optical Technology Letters 56, no. 2 (2014): 430-434. https://doi.org/10.1002/mop.28126 

[41]  Nikolaou, Symeon, George E. Ponchak, John Papapolymerou, and Manos M. Tentzeris. "Conformal double 
exponentially tapered slot antenna (DETSA) on LCP for UWB applications." IEEE Transactions on Antennas and 
Propagation 54, no. 6 (2006): 1663-1669. https://doi.org/10.1109/TAP.2006.875915 

[42]  Sagor, Md Hasanuzzaman, Qammer H. Abbasi, Akram Alomainy, and Yang Hao. "Compact and conformal ultra 
wideband antenna for wearable applications." In Proceedings of the 5th European Conference on Antennas and 
Propagation (EUCAP), pp. 2095-2098. IEEE, 2011. 

[43]  Balderas, Luz I., Alberto Reyna, Marco A. Panduro, Carlos Del Rio, and Arnulfo R. Gutiérrez. "Low-profile 
conformal UWB antenna for UAV applications." IEEE Access 7 (2019): 127486-127494. 
https://doi.org/10.1109/ACCESS.2019.2939511 

[44]  Sharma, Ajay Kumar, BV R. Reddy, and Ashok Mittal. "Fan blade shaped slotted patch antenna for wideband 
circular polarization." In 2015 International Conference on Computer and Computational Sciences (ICCCS), pp. 
15-17. IEEE, 2015. https://doi.org/10.1109/ICCACS.2015.7361314 

[45]  Safaron, M. S., H. A. Majid, B. A. F. Esmail, A. S. Ab Ghafar, F. A. Saparudin, M. F. Ismail, and M. A. B. Abdullah. 
"Directional cloverleaf antenna for unmanned aerial vehicle (UAV) application." Indonesian Journal of Electrical 
Engineering and Computer Science 14, no. 2 (2019): 773-779. https://doi.org/10.11591/ijeecs.v14.i2.pp773-779 

[46]  Midasala, Vasujadevi, and P. Siddaiah. "Microstrip patch antenna array design to improve better gains." Procedia 
computer science 85 (2016): 401-409. https://doi.org/10.1016/j.procs.2016.05.181 

[47]  Rahardjo, Eko Tjipto, Fitri Yuli Zulkifli, Desriansyah Yudha Herwanto, and Josaphat Tetuko Sri Sumantyo. 
"Circularly polarized microstrip antenna array for UAV application." In 2013 Proceedings of the International 
Symposium on Antennas & Propagation, vol. 2, pp. 870-872. IEEE, 2013. 

[48]  James, James R., and Peter S. Hall, eds. Handbook of microstrip antennas. Vol. 1. IET, 1989. 
https://doi.org/10.1049/PBEW028F 

[49]  Nayan, M. K. A., M. F. Jamlos, and M. A. Jamlos. "Circularly polarized MIMO antenna array for point-to-point 
communication." Microwave and Optical Technology Letters 57, no. 1 (2015): 242-247. 
https://doi.org/10.1002/mop.28824 

[50]  J Porcello, John C. "Designing and implementing multibeam smart antennas for high bandwidth UAV 
communications using FPGAs." In 2013 IEEE Aerospace Conference, pp. 1-12. IEEE, 2013. 
https://doi.org/10.1109/AERO.2013.6496887 

[51]  Sun, Xlaollang, Rodrigo Blázquez-García, Alejandro García-Tejero, José Manuel Fernández-González, Mateo 
Burgos-García, and Manuel Sierra-Castañer. "Circular array antenna tor UAV-UAV communications." In 2017 
11th European Conference on Antennas and Propagation (EUCAP), pp. 2025-2028. IEEE, 2017. 
https://doi.org/10.23919/EuCAP.2017.7928819 

[52]  Navarro-Méndez, Diana Verónica, Hon Ching Moy-Li, Luis Fernando Carrrera-Suárez, Miguel Ferrando-Bataller, 
and Mariano Baquero-Escudero. "Antenna arrays for unmanned aerial vehicle." In 2015 9th European 
Conference on Antennas and Propagation (EuCAP), pp. 1-5. IEEE, 2015. 

[53]  Chen, Jianling, Junhong Wang, Kin-Fai Tong, and Allann Al-Armaghany. "A GPS/Wi-Fi dual-band arc-shaped slot 
patch antenna for UAV application." In 2013 Loughborough Antennas & Propagation Conference (LAPC), pp. 490-
493. IEEE, 2013. https://doi.org/10.1109/LAPC.2013.6711948 

[54]  Sharawi, Mohammad S., Daniel N. Aloi, and Osamah A. Rawashdeh. "Design and implementation of embedded 
printed antenna arrays in small UAV wing structures." IEEE Transactions on Antennas and Propagation 58, no. 8 
(2010): 2531-2538. https://doi.org/10.1109/TAP.2010.2050440 

[55]  Chuang, Tsai-Yun, Wen-Jiao Liao, Tzyh-Ghuang Ma, Yumin Lee, and Min-Chen Ho. "Compact directive array 
antenna design for UAV application." In 2017 International Symposium on Antennas and Propagation (ISAP), pp. 
1-2. IEEE, 2017. https://doi.org/10.1109/ISANP.2017.8228780 

[56]  Venkataraman, Jayanti, Andrea Wyant, Wenbo Chen, Aparna Limaye, and George Shieh. "Small microstrip patch 
antennas." In 2009 Applied Electromagnetics Conference (AEMC), pp. 1-4. IEEE, 2009. 
https://doi.org/10.1109/AEMC.2009.5430662 

https://doi.org/10.2528/PIERC14090302
https://doi.org/10.2528/PIER13021808
https://doi.org/10.1002/mop.26979
https://doi.org/10.1002/mop.28126
https://doi.org/10.1109/TAP.2006.875915
https://doi.org/10.1109/ACCESS.2019.2939511
https://doi.org/10.1109/ICCACS.2015.7361314
https://doi.org/10.11591/ijeecs.v14.i2.pp773-779
https://doi.org/10.1016/j.procs.2016.05.181
https://doi.org/10.1049/PBEW028F
https://doi.org/10.1002/mop.28824
https://doi.org/10.1109/AERO.2013.6496887
https://doi.org/10.23919/EuCAP.2017.7928819
https://doi.org/10.1109/LAPC.2013.6711948
https://doi.org/10.1109/TAP.2010.2050440
https://doi.org/10.1109/ISANP.2017.8228780
https://doi.org/10.1109/AEMC.2009.5430662

