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ABSTRACT 

This thesis aims to design and analyze microstrip patch antennas for unmanned aerial vehicles 
(UAVs) for Internet of Things (IoT) communication. With the growing need for reliable and 

efficient communication in UAV, understanding the unique challenges and requirements of 

antenna design for UAV-based communication systems becomes crucial. During the process of 
antenna integration onto the UAV body, important attention must be given to vital factors 

including the availability of mounting space, weight limitations, and radiation parameters. 

In this study, extensive efforts were made in the design of the antenna to meet the specific 
requirements for UAV applications. The antenna structure chosen was a microstrip patch 

antenna with an inset feed technique. The design aimed at optimizing the antenna for mult i-

band operation, ensuring compatibility with various communication frequencies. Careful 
considerations were made regarding size, weight, and functionality to ensure the antenna's 

suitability for UAV applications. 

The first part of the thesis introduces the antenna theory, highlighting significant parameters 
such as radiation pattern, gain, and efficiency, which are crucial for UAV antenna design. The 

methodology for selecting various parameters is explained, and the radiation pattern and gain 

of two commercially available antennas were measured in the SATIMO chamber as a 
benchmark. The fabricated microstrip patch antenna was also tested both with and without the 

presence of a UAV to examine the impact of the UAV's body on its performance. The designed 

antenna demonstrated a semi-omnidirectional pattern at sub-gigahertz frequencies, achieving a 
gain value exceeding 6 dBi, thereby fulfilling the requirements for UAV applications. 

The second part of this thesis focused on further advancements in the design process. Efforts 

were made to improve the antenna's performance and behavior through various design 
modifications and optimizations. The design process involved iterative steps, such as adjusting 

the dimensions and parameters of the antenna to enhance its performance metrics. The results 

obtained demonstrated notable improvements in terms of radiation patterns with 92 degree of 
3 dB angular beamwidth, gain enhancement up to 6.7 dBi, and overall antenna performance. 

These findings contribute to the body of knowledge in UAV antenna design and highlight the 

potential for further advancements in this field. 
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1 INTRODUCTION 

The primary objective of this thesis is to develop a compact and lightweight antenna that is 

appropriate for UAV applications and capable of multiband frequency operation. Antennas are 

an essential component in the communication systems of unmanned aerial vehicles (UAVs), 
commonly known as drones. UAVs are being used in a wide range of applications such as 

Internet of Things (IoT), aerial photography, search and rescue and precision agriculture. To 

enable these applications, UAVs require reliable and efficient communication links, which 
depend on the design and performance of the antennas. Designing antennas for UAVs presents 

several challenges. One of the primary concerns is ensuring that the antenna is lightweight and 

compact. This is crucial because UAVs have strict weight limitations. Another important 
consideration is creating an antenna that can operate in multiple frequency bands. UAVs often 

require communication across various frequency ranges, and having a single antenna capable 

of covering these multiple bands simplifies the design and integration process. Additionally, it 
allows for efficient use of the limited space available for antenna installation on the UAV. 

Achieving good antenna parameters, such as gain, directivity, and efficiency, across all 

frequencies is essential. These antenna parameters directly impact the range and quality of the 
communication link for UAVs. A high-gain antenna can extend the communication range, 

ensuring reliable signal transmission over longer distances. Meanwhile, high efficiency 

minimizes power loss and allows for optimal use of the UAV's limited power supply. 
Antenna is a metallic conductor or a system of conductors that converts electric power into 

electromagnetic waves or vice versa [1]. Antenna takes various forms to meet the particular 

need at hand, and it may be a piece of conducting wire, an aperture, a patch, an assembly of 
elements (array), a reflector, a lens, and so forth [2]. The performance of an antenna is 

determined by several parameters including radiation pattern, gain, efficiency, and input 

impedance. Increasing the antenna gain amplifies the effective radiated power (ERP), allowing 
UAVs to transmit signals over longer distances and expand their overall communication range.  

This thesis focuses on designing an antenna suitable for UAV applications that exhibits a 

semi-omnidirectional radiation pattern. The study begins with a survey of antenna theory, 
followed by selecting a microstrip patch antenna as the reference design. Relevant articles in 

this area are reviewed, and the current state of the art is examined to identify areas for 

improvement. The performance of two commercial antennas available in the market is also 
measured to assess their suitability for UAV applications. The simulation design shows an 

antenna which operates in two frequencies, 868 MHz and 2.4 GHz, and the fabricated antenna's 

far-field parameters are measured and compared with the simulation design. 
 

1.1 Problem statement 

The primary objective of this thesis is to design a compact-sized antenna suitable for UAV 

applications that exhibits a semi-omnidirectional radiation pattern, operates in multiband 

frequencies, and achieves high gain. UAVs are increasingly being utilized in various 
applications, including IoT applications like environmental monitoring, agriculture, disaster 

response, and traffic monitoring. Reliable and efficient communication systems are crucial for 

UAVs, and the design and performance of antennas play a critical role in achieving this. 
However, existing antenna designs for UAVs often lack high gain values or have large 

dimensions, posing challenges in integration and performance. Therefore, there is a need to 

develop a compact-sized antenna that can be easily mounted on a drone while operating in 
multiband frequencies to enhance the communication capabilities of UAVs. This research will 
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focus on designing a single- layer patch antenna that exhibits a semi-omnidirectional radiation 

pattern and can be seamlessly integrated onto the UAV body. Considerations will be given to 

weight, thickness, impedance matching, and achieving high gain values. The impact of the 
UAV's body on antenna performance will be assessed through simulation and far-field 

measurements. By addressing these objectives, this thesis aims to contribute to the development 

of high-gain, compact-sized antennas suitable for UAV applications, ultimately improving the 
communication capabilities of drones in various use cases. 

 
1.2 Motivation and objectives 

The increasing utilization of UAVs in various applications has highlighted the need for robust 

and efficient communication systems. Enhancing the communication link in UAV applications 
requires implementing advanced modulation schemes, frequency band selection to minimize 

interference, adaptive communication protocols, and utilizing well-designed antennas. 

However, the existing antenna designs for UAVs often lack high gain values or have large 
dimensions, posing challenges in terms of integration and performance. Therefore, there is a 

need for a compact-sized antenna that can be easily mounted on a drone while operating in 

multiband frequencies to improve the communication capabilities of UAVs. 
The primary objective of this master's thesis is to design a compact-sized antenna that can 

be seamlessly integrated onto the UAV body and operate in multiband frequencies. The focus 

will be on achieving a high gain value while maintaining a simple design without unnecessary 
complexity. Furthermore, considerations will be given to the weight and thickness of the 

antenna, aiming to use a patch antenna with a single- layer substrate for easy compatibility with 

the UAV body. The impact of the UAV's body on antenna performance will be assessed through 
simulation and far-field measurements. 

In addition, various techniques such as proper feeding and incorporating slots on the copper 

patch will be explored to achieve good impedance matching, symmetric radiation pattern, and 
high gain values. Different frequency bands commonly used in drone IoT applications, such as 

the 2.4 GHz and 868 MHz bands, will be considered for communication purposes. Finally, a 

fabrication prototype will be created to measure the far-field parameters of the antenna and 
compare them with the simulation design, providing valuable insights into the real-world 

performance and the influence of the drone body on antenna characteristics. 

By addressing these objectives, this thesis aims to contribute to the development of high-
gain, compact-sized antennas suitable for UAV applications, ultimately improving the 

communication capabilities of drones in various use cases. 
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2 ANTENNA 

2.1 Introduction of UAV antenna 

Unmanned aerial vehicles (UAVs) have drawn great attention in military, civilian and scientific 
applications [6]. UAVs have become increasingly popular in recent years and can be used in a 

variety way to collect and transmit data specifically in IoT applications like environmenta l 

monitoring, agriculture, disaster response and traffic monitoring. 
UAV antenna should have a compact size and be light weight [7]. There are several types of 

UAV antennas, each with its unique characteristics, advantages, and disadvantages. Some of 

the common types of UAV commercial antennas include Monopole, Dipole, Flat or Flat array 
and conformal array. They are presenting different performance based on operating frequency, 

gain value, radiation pattern and way of attaching to UAV’s body. The antenna efficiency will 

be affected when UAV start flying. In addition, the radiation pattern due to the proximity of the 
antenna to the drone’s body rotors and electrical components will be affected.  

 Dipole antennas are simple and cost-effective with omnidirectional pattern and are often 

used in small and low-cost UAVs. They usually provide maximum gain of 4 dBi and 54% 
efficiency [8]. 

   
2.1.1 Introduction to UAVs 

There are various types of Unmanned Aerial Vehicles (UAVs), each designed for specific 

purposes. Classification of UAVs based on some sort of conventional typology can be as below:  
- Medium altitude long endurance (MALE).  

- Tactical UAVs.  

- Vertical take-off and landing (VTOL).  
- Mini- and micro-UAVs. 

- High altitude long endurance (HALE). 

Vehicle configurations are typically split into three main categories: fixed-wing, flapping 
wing, and rotary-wing configurations and if combines any of the first three categories the fourth 

can be created as convertible vehicles either tilt-rotor, tilt-wing, or tilt-body platforms [9]. 

Figure 1 shows different types of UAV based on wing configuration [9].  
UAV miniaturization has become increasingly popular because of some reasons like 

Improved Manoeuvrability, Increased Flexibility, Lower Cost and Enhanced Portability which 

make them easier to transport and deploy, and ideal solutions for operations in remote or hard 
to-reach locations. Miniaturizing UAVs is not only a difficulty for physical reasons related to 

aerodynamics, propulsion, and flight control, it also represents a technical challenge for other 

practical reasons – one of which is associated with electromagnetic interference. Indeed, when 
all electronic components are packed within a tight space, the electromagnetic field created by 

the motor tends to jam signals within the magnetometer or the GPS receiver [9]. 

A group of UAVs can be considered as an airborne wireless network where each UAV 
functions as a node that sends its own data to other nodes, receives information intended for it, 

or transfers data intended for other nodes in the network. Figure 2 demonstrates the 

collaborative efforts of two UAVs in transmitting information from a ground radio to another. 
By utilizing multiple UAVs, a sequence of relay nodes can be established, thereby expanding 

the scope of communication range. 
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Figure 1. a) A 50cm-span fixed-wing solar-powered UAV (Solar-Storm from Murat Bronz). b) 

Flapping wing UAV, flying bird inspiration. c) Rotary wing UAV. d) A 20-kg convertible UAV 

developed by Aerovel Corporation (copyright Aerovel. Reproduced with permission) 
 

 
Figure 2. Two UAVs working together as a simple relay network extending the range of 

coverage on the ground [9]. 
 

UAVs can act as communication relays by establishing temporary or ad-hoc networks in 

areas with limited or disrupted infrastructure. They can provide wireless connectivity in 
remote regions, disaster-stricken areas, or during emergency situations where traditiona l 

communication networks are unavailable or damaged. Equipped with communica t ion 

payloads, UAVs can act as flying base stations, relaying signals between ground devices or 
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serving as temporary mobile cell towers. UAVs can also gather data from IoT devices or 

sensors deployed in different locations. They can be programmed to collect data at specific 

intervals or upon detecting specific events. Once collected, the data can be analysed onboard 
the UAV or transmitted to a central processing unit for further analysis. This enables real-

time decision-making and monitoring of IoT systems in various applications, such as 

environmental monitoring or smart city management. 
 

2.1.2 State of the art for UAV antenna 

UASAM stands for Unmanned Aerial System Antenna Measurement. It is a type of UAV based 

system used for measuring the antenna radiation pattern of communication systems, such as 

those used in wireless communication networks. The system consists of a UAV equipped with 
a specialized antenna and measurement equipment that allows it to collect data while flying in 

the vicinity of the antenna under test. In [10] printed monopole works in frequency range of 2-

5 GHz with a symmetry semi hemispherical radiation pattern. Error! Reference source not 

found.[11] focuses on multiband omnidirectional antenna while polarization is horizonta l. 

Researcher has reviewed a significant amount of research on horizontally polarized antenna and 

concluded that most of them are not in multiband. Generally, tapered patch shows better 
performance in resonant frequency than a flat patch and placing a folded patch antenna inside 

a metal enclosure generates an additional resonance band. Introducing slits into the design 

further expands the bandwidth of the upper band. [12] discusses a horizontally polarized 
omnidirectional antenna that has a wide frequency range and consistent radiation pattern. 

Wideband operation from 2.5 to 6.5 GHz with gain values higher than 2dBi in the whole 

frequency band is the design specification. Power divider alongside wideband baluns make the 
feeding network. The design exhibits a gain ripple at different frequencies and angles, with less 

ripple indicating better performance.  

A dual polarized with dipole like radiation pattern has been described in [13] which helps to 
avoid discontinuous communication between UAV and Base Station. Magneto-Dielectr ic 

material (Hexaferrite) is used to allow miniaturization, wider bandwidth, and easy impedance 

matching. Dielectric antenna impedance matching is rather difficult and high capacitive 
coupling usually happens withing the near-field region which results in low Radiation 

Efficiency and narrow Bandwidth. [14] discusses the benefits of utilizing a linear antenna array 

which helps to have a higher directivity, gain, SNR and data throughput.  Beam steering as one 
an array feature can be accomplished by using appropriate algorithm that feeds proper voltage 

& phase levels to antenna array elements. Electrically small size UAV is evaluated by 

Characteristic Mode (CM) theory method in [15] which talks about the UAV platform 
interaction with antenna and its effect on radiation pattern. 

IPMC (Ionic Polymer Metal Composite) actuator to achieve frequency reconfigura t ion 

ability in UHF band is introduced in [16]. It can tune resonant frequency as much as 35MHz 
after deviation. [17] presents a UWB conformal antenna for UAV applications while a reflector 

can be used to increase the antenna gain. [18] introduces a segmented loop antenna that operates 

at 956 MHz and has a wide bandwidth. The segments are electrically connected using capacitive 
coupling to create in-phase current. To achieve wideband operation, a patch element and 

shorting strip are added. Although a balun is typically required in this type of antenna, the article 

uses an SMA connector to avoid the need for a balun, which can take up space and increase the 
cost of fabrication.  

Table 1 shows a comparison of studied antennas in UAV application based on frequency 

band operation, size, gain value and radiation pattern. Reference [19] shows a unique feature 
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of design by using a surrounding rectangular loop to improve both the bandwidth and 

impedance matching. However, this approach may lead to cross-polarization and larger antenna 

dimensions, which could be improved upon. A dual bow tie slot antenna with high level of gain 
has been introduced in [20] . Reference [21] is about a reconfigurable antenna that utilizes an 

RF switch to switch between RFID and GPS frequency bands. Although the size of the antenna 

is appropriate, it does not offer sufficient gain. The antenna is based on dipole arms and exhibits 
an omnidirectional radiation pattern. However, the use of an RF switch makes the design more 

complex and costly.  

 
Table 1. Comparison of UAV antennas reported in literatures. 

Reference 

Freq 

Band 

(MHz) 

Size 

(mm) 

Antenna 

type 

Gain 

(dBi) 
Pol 

Radiation 

pattern 

[19] 

697–991 

130×90×6.15 
Microstrip 

Patch 

2.79 

Linear 
Partly 

Omnidirectional 

2380–
2500 

3.29 

3070–
3350 

5.96 

5610–
5920 

5.5 

[20] 

863-915 

101×49×1.5 
dual bow-

tie slot 

6.56 

N/A Omnidirectional 

2193-

2580 
6.36 

4670-

5932 
7.67 

[21] 

1160-

1300 

90×25×1.6 
C-shaped 
patches 

2 

N/A Omnidirectional 860-930 3.3 

2410-

2540 
3.3 

[22] 

910 

96×72×1.5 

Sierpinski 

Fractal 
Antenna 

0.96 

N/A Omnidirectional 2440 4.1 

5700 4.44 

[11] 

840-845 

57.7×117 

×29.6 

Folded 
tapered 

Patch 

1.5 

N/A Omnidirectional 
1430-
1444 

3 

2408-
2440 

4 

[7] 810-830 20×130.8 
Conformal 
patch 

1.5 Vertical Omnidirectional 

[14] 2400 195×38×20.8 

4-element 
linear 

antenna 

array 

8-12 N/A Steering pattern 

 

The most interesting thing in [22] is using Carbon Fibre Composite which is commonly used 
in aerospace industry. The low gain value observed in design in [11] is partly attributed to the 

use of Carbon Nanotube material (CNT). Compared to copper, CNTs may result in lower gain 
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and less desirable radiation patterns. Therefore, there is a trade-off to consider when using 

composite materials, which could potentially lead to reduced performance. The only 

disadvantage of design here is the implementation of metal box in the design which makes it 
bulky for UAV usage. The utilization of a conformal shape antenna in [7] makes it attractive 

for UAV applications. However, the antenna's length is excessively long (130 mm), posing a 

challenge as we lack sufficient space on the UAV. Additionally, the antenna provides low gain, 
indicating room for improvement in various aspects. Reference [14] offers an array design with 

beam steering ability. It is showing a good value of gain, but the antenna has been designed for 

a large UAV to be implemented on its wings and at the same time it is using RF phase shifter 
and RF switch which make the fabrication process costly.   

 
2.2 Antenna Theory 

The purpose of an antenna is to radiate electromagnetic energy into the surrounding space or to 

collect electromagnetic energy from the space and deliver it to a receiver. To gain a deeper 
understanding of antenna performance, it is necessary to introduce a set of parameters.  

Radiation pattern, Antenna Impedance, efficiency, gain, polarization  

 
2.2.1 Radiation Pattern 

An antenna radiation pattern or antenna pattern is defined as “a mathematical function or a 
graphical representation of the radiation properties of the antenna as a function of space 

coordinates [2]. The radiation pattern can be visualized as lobes and nulls while the angular 

separation between the two points on the main lobe where the radiation intensity is half of the 
maximum value known as Half Power Beam Width (HPBW). It provides a measure of the 

angular resolution of the antenna which means antennas with wider HPBW have a lower can 

cover a larger area and are suitable for UAV applications. 
 

2.2.2 Antenna Impedance 

The ratio between the voltage and current at the antenna terminals is known as the antenna 

impedance. Impedance is a complex value made up of both real and imaginary parts, and it can 

be represented as:  
 

 𝑍𝐴 = 𝑅𝐴 + 𝑗𝑋𝐴 (1) 

 
The real part of impedance known as resistive part consists of radiation and loss resistance 

while the imaginary section known as reactance value, and all are in ohms units. The circuit 

model of antenna in transmitting mode illustrated in Figure 3.  
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Figure 3. Circuit model of antenna in transmitting mode 

  

 
 𝑅𝐴 = 𝑅𝐿 + 𝑅𝑟 (2) 

 

The power dissipated in the radiation resistance is the power actually radiated by the antenna, 
and the loss resistance is power lost within the antenna itself [3] . Impedance matching concept 

arises here which helps to reduce the return loss value as much as possible at the antenna input. 

It is used to minimize signal reflection or maximize power transfer when the generator 
impedance and the total antenna impedance are complex conjugate. How well an antenna 

impedance is matched to a desired port impedance is given as VSWR and Reflection Coefficient 

(Γ) measurement. VSWR doesn’t account for how well an antenna radiates the power supplied 
it, but it provides evidence that an antenna may not be tuned properly. 

 

 𝛤 =  
𝑍𝐴 −𝑍𝑔

∗

𝑍𝐴 +𝑍𝑔
∗  (3) 

 
 

 𝑉𝑆𝑊𝑅 =  
1+|𝛤|

1−|𝛤|
 (4) 

 

 
2.2.3 Efficiency 

Radiation efficiency is the measure of how effectively an antenna converts the power delivered 
to it into electromagnetic radiation. It is the ratio of power radiated by antenna to the power 

supplied to it. The parameter should be measured in an anechoic chamber. The ideal antenna 

shows 100% efficiency means all fed power will be radiated by the antenna. Total efficiency is 
another term which uses Radiation Efficiency and Impedance Mismatch loss which is a value 

between 0 and 1. Total antenna efficiency can be written as:  

 
 𝑒𝑇 = 𝑒𝑟𝑒𝑓𝑒𝑟𝑎𝑑 (5) 

 

Where 𝑒𝑟𝑎𝑑 is antenna radiation efficiency which is used to relate the gain and directivity 

[2] while 𝑒𝑟𝑒𝑓is mismatch efficiency. During antenna simulation, you may face two different 

efficiencies in simulation results known as Radiation Efficiency which is defined as the ratio of 

gain to directivity or equally the ratio between the radiated power to the accepted power of the 

antenna while Total Efficiency would be the ratio of the radiated power to the simulated power 
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of the antenna. In contrast to the radiation efficiency, the total efficiency also considers losses 

due to reflections at the feeding location [4]. The total efficiency during simulation in CST 

Studio software is defined as the ratio of the radiated power to the stimulated power of the 
antenna. Stimulated power is the overall power the structure is simulated with by excitation 

sources [4]. 

 
2.2.4 Directivity and Realized Gain 

The directivity of an antenna can be defined as the proportion of its radiation intensity in a 
particular direction compared to its overall radiation intensity, and it can be expressed as:  

 

 𝐷(𝜃, 𝜑) =  
4𝜋𝑈(𝜃,𝜑)

∫ ∫ 𝑈(𝜃,𝜑)
𝜋

0 sin(𝜃)𝑑𝜃𝑑𝜑
2𝜋

0

=
4𝜋𝑈(𝜃,𝜑)

𝑃𝑟𝑎𝑑
 (6) 

 
where 𝑈(𝜃, 𝜑) is the radiation intensity in a given direction and 𝑃𝑟𝑎𝑑 represents the total 

radiated power. If the total efficiency 𝑒𝑇 is multiplied by directivity, then realized gain can be 

obtained. When antenna manufacturers specify simply the gain of an antenna, they are usually 
referring to the maximum value of gain [3] which usually express in dBi unit to emphasize that 

isotropic antenna is being used as a reference.  

 
 𝐺𝑟 = 𝐷.𝑒𝑇 (7) 

 

The realized gain is a quantity during simulation in CST Studio software which uses the 
stimulated power as a reference quantity. The realized gain is generally smaller than the gain 

as it takes into account the impedance mismatch loss [4] and follows equation (9). 

 

 𝐺𝑟𝑒𝑎𝑙𝑖𝑧𝑒𝑑(𝜃, 𝜑) = 4π ×
𝑃𝑜𝑤𝑒𝑟  𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡  𝑠𝑜𝑙𝑖𝑑 𝑎𝑛𝑔𝑙𝑒

𝑠𝑡𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟
  (8) 

 

 
2.2.5 Polarization 

The polarization of an antenna describes the time-varying direction and relative magnitude of 

the generated electric-field vector, and it is determined as the curve traced by the end point of 
the arrow representing the instantaneous electric field vector [5]. Polarization can be 

categorized into three types: linear, circular, or elliptical. When the electric field vector at a 

specific point in space remains aligned with a straight line over time, the field is linear ly 
polarized. In general, linear, and circular polarizations are special cases of elliptical one.   

Some important factors to choose the right polarization for antenna are the type of 

application, environment, and interference. Additionally, the polarization of the transmit t ing 
and receiving antennas must match to maximize signal strength and minimize signal loss. In 

Figure 4 four different polarizations have been described while the wave propagates in Z 

direction. Figure 5 shows a wave traveling along the Z axis which the electric field is 
perpendicular all the time traveling direction which means vertical linear polarization.  
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Figure 4. a) Vertical linear polarization, b) Horizontal linear polarization, c) Circular 

polarization, d) Elliptical polarization.  

 
 

 
Figure 5. Vertical linear polarization and wave propagation along Z direction. 
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3 DESIGN MULTIBAND ANTENNA FOR UAV APPLICATIONS 

3.1 Overall methodology 

The primary objective of the design is to attain particular performance characteristics. In this 
thesis, the main focus was on creating a compact and thin microstrip rectangular patch antenna 

that can be conveniently mounted on a drone's body. Simultaneously, the antenna should be 

capable of supporting multiple frequency bands, particularly 868 MHz and 2.4 GHz, while 
exhibiting a high gain value of approximately 5 dBi. 

The utilization of unmanned aerial vehicles (UAVs) is swiftly expanding across various 

sectors, including commercial, scientific, agricultural, and military domains. For effective 
communication and navigation, UAVs necessitate compact and lightweight antennas. Among 

these antennas, omnidirectional ones have gained widespread use in UAV systems. The primary 

objective of UAV missions is to gather and transmit accurate real-time information to base 
stations, emphasizing the paramount importance of reliable wireless communication. For UAV 

applications, there are designated frequency ranges allocated for remote control, telemetry, data 

transmission, and backup purposes. Consequently, developing a multiband omnidirectiona l 
antenna specifically designed for UAV applications holds considerable importance. 

 
3.2 Design and measurement procedure 

The design of practical antennas often relies on numerical electromagnetic tools, which 

effectively simulate and predict the behaviour of intricate structures. The electromagnetic 
simulations conducted in this thesis were carried out using the CST Microwave Studio 

simulator. By using Finite-Integration Techniques (FIT) and Finite-Element-Method (FEM), 

the CST Studio Suite software provides a fast and accurate 3D EM simulation tools for high 
frequency problems [23]. The S parameters measurement has been done by N5242B Network 

Analyser with 85561A calibration kit, and SH800 Dual Ridge horn antenna is used as reference 

gain calibration while it has been done near field measurement inside SATIMO anechoic 
chamber. Far field values have been received by exporting data from SPM software to SatENV.  

A patch antenna is a type of antenna that is widely used in various wireless communica t ion 

systems such as satellite communications, cellular networks, Wi-Fi networks, Bluetooth 
devices, RFID and IoT applications where space and size constraints are important 

considerations. in addition to its compact size, they are known as low-profile antennas. The 

patch antenna consists of a metallic patch which is printed or etched on a dielectric substrate. 
The patch uses different shapes and is positioned above a ground plane.  The substrate material 

is chosen to provide mechanical support to the patch and to have desirable electrical properties 

such as permittivity and loss tangent. The shape and size of the patch, as well as its proximity 
to the ground plane, determine the radiation pattern and the characteristics of the antenna, such 

as gain, bandwidth, and polarization. Typically, a patch antenna has a gain between 5 and 6 dB 

and exhibits a 3- dB beamwidth between 70°and 90° [24]. In this thesis, a rectangular microstr ip 

patch antenna (MPA) which is a thin profile with very easy fabrication process and support 

multi-frequency operation.  
Patch antennas can be fed using various structures, each with its own configuration, ease of 

fabrication, impedance matching capabilities, and bandwidth achievements. One such feed 

structure is the coaxial-probe feed, which is a nonplanar configuration. However, this type of 
feed requires soldering and drilling, making it challenging to implement, especially when 

working with thin substrates while it shows easy impedance matching. The coplanar microstr ip 
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feed is an alternative feed type for patch antennas, offering increased reliability and reduced 

spurious feed radiation compared to the coaxial probe. However, achieving impedance 

matching with the coplanar feed type requires more effort and attention. Interestingly, the 
coplanar feed type can achieve up to 12% bandwidth, which is twice the bandwidth achieved 

by the coaxial probe, while maintaining proper impedance matching [24]. The microstrip inset 

feed as a type of coplanar structure where a section of the microstrip line is inserted into the 
patch. This configuration enables effective power transfer between the feed line and the patch. 

The position and dimensions of the inserted section influence the impedance matching and 

radiation properties of the antenna. 
 

The radiating edge of the patch typically exhibits a high input impedance, which differs from 

the 50-ohm impedance of the feed line. To achieve impedance matching (without radiating edge 
coupling effect) in the microstrip inset feed configuration, equation (8) can be used [2]: 

 

 𝑅𝑖𝑛(𝑦 = 𝑦°) = 𝑅𝑖𝑛(𝑦 = 0) × cos2(
𝜋

𝐿
𝑦°) (9) 

 
 

 
Figure 6. Microstrip inset feed structure. 

 
To analyse an antenna and predict radiation characteristics such as radiation pattern, gain, 

and polarization, as well as near-field characteristics like input impedance and efficiency, 

various analytical models are available. Some of these models such as transmission line model 
and cavity model can be categorized based on their proposed accuracy. While the transmiss ion 

line model may not provide highly accurate results for complex antennas or at high frequenc ies, 

it offers a simplified approach to estimate the radiation pattern and gain. More advanced 
techniques, such as numerical methods like the Method of Moments or Finite Element Method, 

are often employed for more precise analysis and simulation of antennas. 

 
3.2.1 Substrate selection 

The initial stage of the design process involves the selection of an appropriate dielectr ic 
substrate with the desired thickness (ℎ) and loss tangent. Although using a thicker substrate can 

improve the impedance bandwidth, it is opted for a thin substrate to ensure easy fitting on the 

drone's body and to reduce weight. Additionally, a thinner substrate helps minimize dielectr ic 
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losses, ultimately enhancing the overall efficiency of the antenna. By choosing a substrate with 

a low value of 휀𝑟 , the fringing field at the periphery of the patch is increased, resulting in higher 

radiated power. Consequently, it was selected RT/duroid 5870 high frequency laminate from 
Rogers Corporation in simulation design Error! Reference source not found., as substrate 

with properties mentioned in Table 2. A rectangular patch antenna stops resonating for substrate 

thickness greater than 0.11𝜆0 due to inductive reactance of the probe feed [26]. 
 

Table 2. Rogers 5870 lossy substrate properties. 

Dielectric constant 

@ 10 GHz 

Dissipation Factor 

@ 10 GHz 

Thermal 

Conductivity 

(W/K/m) 

thickness (mm) 

2.2 0.0009 0.22 1.7 

 
3.2.2 Patch Width and Length 

The resonant frequency of a patch antenna is determined by its length, and for the TM10 mode 

it would be as equation (9) which 휀𝑟 is determined by substrate. Some of the field extends 

beyond the physical dimensions of the patch, so to account for this extension, 휀𝑟 is replaced by 

휀𝑟𝑒𝑓𝑓 , and additional length ∆𝐿 is added on both ends of the patch. equation (10) provides the 

descriptions for the width of the patch, and it has been suggested that 1 𝑊
𝐿⁄ < 2 [27] 

 

 𝐿 =
𝑐

2𝑓𝑟√𝜀𝑟𝑒𝑓𝑓
− 2∆𝐿 (10) 

 

 

 𝑊 =
𝑐

2𝑓𝑟
√

2

𝜀𝑟+1
 (11) 

 
Effective dielectric constant and additional line length can be found in equations (11,12) 

respectively.  

 

 휀𝑟𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2
[1 + 12

ℎ

𝑊
]

−
1

2
 (12) 

 

 

 
∆𝐿

ℎ
= 0.412

(𝜀𝑟𝑒𝑓𝑓 +0.3)(
𝑊

ℎ
+0.264 )

(𝜀𝑟𝑒𝑓𝑓 −0.258 )(
𝑊

ℎ
+0.8)

 (13) 

 
Upon identifying the appropriate length for the patch to resonate at a frequency of 868, it is 

observed that changing the width value has a negligible impact on the resonant frequency itself. 

However, it has a significant influence on the input impedance of the antenna. Increasing the 
width leads to a decrease in the resonant resistance, resulting in an increase in radiated power 

and ultimately expanding the bandwidth. Figure 7 demonstrates that the changes of width from 

113 mm to 140 mm results in a negligible 1.2% variation in resonant frequency, whereas the 
input impedance undergoes a significant alteration of 34%. By employing the above-mentioned 

formulas for patch size, preliminary understanding of the patch dimensions can be obtained. 

However, the fine-tuned values can be gotten by using CST parameter sweep option in this 
thesis.  
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Figure 7. The impact of patch width changes on input impedance and resonant frequency. 

 
3.3 Fabrication procedure 

The fabrication process involves a series of steps to create the antenna structure. It starts with 
the creation of multiple layers, each serving a specific purpose. One layer is designated as the 

antenna radiating patch, and it is constructed using copper material. Another layer functions as 

the ground layer to provide stability and reference for the antenna. 
To construct these layers, copper material with a thickness of 0.05 mm is utilized . 

Additionally, a substrate material known as RT/duroid 5880 is employed, which has a standard 

thickness of 0.787 mm.  
The two layers, consisting of the copper patch and the ground layer, are carefully joined 

together to form the final structure. During the joining process, a maximum air gap of 0.35 mm 

is maintained between the layers. This air gap ensures proper separation and allows for optimal 
performance of the antenna. 

The decision to use two different layers for fabricating the antenna was influenced by the 

unavailability of an in-house substrate with a thickness of 1.7 mm. Once the antenna is 
fabricated, it is connected to an SMA (Sub Miniature version A) connector. This connector 

serves as the point of connection between the antenna and the external system, providing a 

means for feeding signals into the antenna and receiving signals from it. 
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4 RESULTS AND DISCUSSION 

4.1 Designed and simulated antenna structure 

The design procedure consisted of three distinct steps. Firstly, the initial step involved the 
creation of individual microstrip patch antenna that met the specified parameters. During this 

phase, the impact of substrate length and the presence of a slit on top of copper patch are also 

examined. The gain and efficiency values for two resonant frequencies are then assessed, and 
the resulting optimized values are compiled in Table 3. Moving on to the second step, the 

influence of the UAV body on antenna performance is evaluated. Lastly, in the third step, a 

tuneable antenna is simulated and designed by incorporating a slit along the edge. 
 

4.1.1 Multiband microstrip patch antenna simulation 

To ensure effective communication between a UAV and ground nodes as the drone flies 

overhead, it is desirable to design the antenna with a semi-omnidirectional radiation pattern 

directed towards the ground. The radiation pattern of UAV antennas should ideally possess 
specific characteristics, including high gain to compensate for communication range 

limitations, low sidelobes to minimize interference with other systems, and wide coverage to 

maintain reliable connections and effective communication with ground-based systems, 
regardless of the UAV's orientation. In microstrip patch antenna the main lobe of the radiation 

pattern is typically directed perpendicular to the antenna plane, making it more suitable for 

UAV applications.  
In this thesis, it has been stated in 1.2 that the intention is to create a multiband antenna 

capable of functioning in both the 868 MHz and 2.4 GHz frequency ranges. Based on the UAV 

sample was utilized in the laboratory, DJI Phantom 4 model, the optimal location to place the 

antenna was between two landing legs and the available space was 144 × 144 𝑚𝑚2  which 
means the maximum patch antenna size for length and width would be 144 millimetres. 

According to the data provided in Figure 9, the highest gain value recorded for commercia l 

antennas operating at 868 MHz is below 3 dBi. Additionally, referring to Table 1, it is observed 
that nearly all studies, except for [20], report a maximum gain value of 3.3 dBi for antennas 

operating at the same frequency.  

The final design for multiband microstrip patch antenna is as Figure 8. 
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Figure 8. Multiband Microstrip Patch antenna. (a) back view of ground layer. (b) front view 

patch, feedline, and substrate.  

 

Patch and ground layer are chosen as perfect electric conductor with same thickness 0.05 
millimetres. Rogers RT 5870 lossy, Table 1, acts as a substrate. Inset feed technique on 

radiating edge is adjusted to match input impedance for optimal power transfer. To reduce the 

thickness of the substrate for convenient integration with the UAV body and minimize the 
overall weight and production costs, it was chosen a single- layer configuration with a thickness 

of 1.7 millimetres, but this decision resulted in a trade-off in terms of power carry on by surface 

waves. A higher value of the loss tangent leads to increased dielectric losses, resulting in 
reduced efficiency. In the case of this substrate, the loss tangent is specified as 0.0009. It is 

important to notice that sometimes achieving a favourable return loss (S11) value in the design 

process could be influenced by the selection of a high loss tangent value for the substrate, which 
is actually related to heat rather than pure radiation. The presence of slit on patch not only can 

help to tune the resonant frequency but play a role for impedance matching and modifying 

radiation pattern.   
Figure 9 shows S11 value for two different substrate length sizes (GL). As depicted in Figure 

9 a longer length contributes to improved radiation characteristics and impedance matching. 

However, in order to accommodate the limited space available in UAV’s body, it becomes 
necessary to play with 𝐺𝐿 = 144 𝑚𝑚.  

It was observed that the presence of a slit structure influences the resonant frequency at 2.4 

GHz. To optimize this value, it was performed parameter sweep by varying the length, width, 
and distance from the edge of patch to find the best value for the slit structure which can be 

seen in Figure 10. 
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Figure 9. S11 value in dB for multiband microstrip patch antenna.  

 

 

 
Figure 10. S11 value for different slit structure and its effect on 2.4GHz resonant frequency. 

 

The antenna main parameters used to obtain the simulation results in this thesis are as Table 
3. The far-field radiation pattern along with the realized gain in dBi, Figure 11, and total 

efficiency measurements, Figure 12, were specifically examined at frequencies of 869 MHz 

and 2432 GHz. Far-field main lobe shows 3dB angular width of 92.5 and 75 degrees with 
maximum realized gain of 5.8 and 1.12 dBi for 869 MHz and 2432 MHz respectively. Main 

lobe direction would be in Z direction. Total efficiency values would be around 77% and 85% 

for 869 and 2432 MHz respectively. 
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Figure 11. Far field radiation pattern and gain value in elevation plane and 𝜑 = 0° at resonant 

frequencies. 

 
 

 
Figure 12. Total efficiency in linear scale for resonant frequencies 869 and 2432 MHz.  

 

 
Table 3. Main antenna parameters  

 
Dimensions (mm) 

휀𝑟 2.2 

tan 𝛿 0.0009 Parameter Value 

Patch Length L 116.5 

Patch Width W 120 

Ground Length GL 144 

Ground Width GW 137 

Feedline length FL 25.75 
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Feedline Width FW 1.75 

Feed inset FetchW 12 

Slit Length Slit_L 10 

Slit Width Slitw 4.5 

Slit Gap gap 2 

PEC thickness (patch/ground) t 0.05 

 
4.1.2 Multiband microstrip patch antenna with UAV in proximity simulation 

To assess the impact of UAV structure and its bult-in electronic circuits in the simula t ion 
process, the size of the UAV's structure and the placement of the antenna on the UAV's body 

were examined. Figure 13 shows UAV structure and its components. To simulate the impact of 

a UAV on antenna performance, it was modelled as a Perfect Electric Conductor (PEC) 

structure with the same dimensions as the UAV body (289 × 289 × 30 𝑚𝑚3 ). However, due 
to the limitations of the learning edition of CST, maximum mesh cell number of 100,000, it was 

challenging to accurately model the intricate structure of the UAV.  

 

 
Figure 13. UAV structure with a power-driven IoT gateway board. (a) IoT gateway labelled 
as a PCB alongside with a power bank to power it on and a camera with side and top view. 

antenna structure below plastic separator facing towards ground when UAV is in flight. (b) 

DJI phantom 4 UAV and dimensions in millimetre.  
 

  The design structure for multiband Microstrip Patch antenna in proximity to UAV structure 

has been shown in Figure 14. All the parameters associated with the antenna structure are same 
as Table 3.   
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Figure 14. Multiband microstrip patch antenna with UAV structure. (a) Side view reveals that 

the distance between the antenna and the UAV's PEC structure is UAVE=40mm while the 

UAVT=30mm. (b) Front view of microstrip patch antenna with UAV structure while 
UAWL=UAVW= 289 mm.  

 

Figure 15 provides a visual representation of the influence of the UAV structure distance 
(UAVE parameter) on the S11 value, facilitating a comparative analysis. As depicted in Figure 

15, the close proximity of the UAV structure to the antenna demonstrates improved impedance 

matching at 2.4GHz. This implies that bringing the UAV structure closer to the antenna results 
in a decrease in the S11 value. However, it is evident that the UAV body has less influence on 

the S11 value for 869 MHz. 
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Figure 15. The influence of UAVE parameter on the S11 value.  

 

The related simulation results for radiation patter, gain value and efficiency can also be found 
in Figure 16 and Figure 17 respectively.  

 

 
Figure 16. Far field radiation pattern and gain value in elevation plane and 𝜑 = 0° at resonant 

frequencies.  
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Figure 17. Total efficiency in linear scale for resonant frequencies 869 and 2432 MHz 

 
4.1.3 Tuneable microstrip patch antenna simulation 

A reconfigurable antenna is an antenna capable of adjusting its operational characteristics, such 

as frequency, radiation pattern, polarization, or beam direction, in reaction to external factors 

or commands given by the user. It is designed to adapt to different operating conditions or 
communication requirements without physically modifying the antenna structure. 

Reconfigurable antennas offer several advantages over conventional fixed antennas. 

There are different techniques used to achieve reconfigurability in antennas. Some common 
methods are mechanical reconfiguration which works with antenna shape and configurat ion, 

electrical reconfiguration which adjusts electrical properties of antenna elements and software 

defined reconfiguration which controls antenna parameters by software or digital signal 
processing algorithms. In this chapter the mechanical reconfiguration by introducing two slits 

on the non-radiating edges will be evaluated. Compared to existing reconfiguration methods, 

liquid metal-based reconfiguration has been shown as a promising technique in terms of lower 
loss, more power handling, and greater tuning range [30]. In relation to the Liquid-Based 

Reconfigurable Antenna Technology, [31] provides a thorough and skilfully conducted survey.  

Liquid metal Eutectic Gallium Indium (EGaIn) demonstrates low toxicity, high conductivity 
(3.4 × 106S/m), and very good flexibility and can be easily reconfigured into different shapes 

and patterns. The liquid metal is controlled either by the pressure difference with syringes or 

pumps, or by the voltage difference utilizing the effect of electrowetting by applying a voltage 
across a liquid metal droplet placed on a solid surface coated with a thin insulating layer, the 

contact angle between the droplet and the surface can be controlled. Liquid metal droplets can 

be used as conductive pathways that can be repositioned or reshaped using electrowetting. This 
allows for the creation of reconfigurable electronic circuits, such as switches, interconnec ts, 

and antennas, where the conductive paths can be dynamically altered. 

The observation was made that altering the length of two slits positioned on non-radiating 
edges enables the manipulation of the resonant frequency at 2.4 GHz. Initially, the primary 

objective was to determine the ideal placement of the slits on the patch, followed by conducting 

simulations to observe the impact of varying their length on tuning the resonant frequency. The 
tuneable antenna structure would be as Figure 18 and the antenna parameter as Table 4 which 

only shows the new values while the rest of the parameters are same in value and definition as 

Table 3. 
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Figure 18. Tuneable microstrip patch antenna with two slits on non-radiating edges. (a) Side 

view while h=1.7mm is substrate thickness. (b) Front view of two slits.  
 

 

Table 4. Tuneable Patch antenna parameter.   

 Tuneable Patch antenna 

Dimensions (mm) 

Patch Length L=112.5 

Patch Width W=115 

Slit Length LS=18 

Slit Width WS=1 

Distance from patch 
centre line 

PS=45 

 
Based on Figure 18, the optimal values for parameters PS and WS have been determined, 

and Figure 19 illustrates how resonant frequency at 2.4 GHz can be tuned when Slit length 

parameter increases from 7.5 mm up to 18 mm (7.5 < 𝐿𝑆 < 18). As it is clear, increasing the 
length of the slit leads to a decrease in the resonant frequency at approximately 2231 MHz, 

while reducing the length results in resonance occurring around 2429 MHz.  
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Figure 19. Tuneable patch antenna resonant frequency at 2.4 GHz when slit length changes.  
  

By loading the liquid metal into the slits and changing the length of liquid metal, there is 

possibility to change resonant frequency for instance from 2231 MHz to 2429 MHz.  
 

4.2 Measured benchmark antennas and results 

It was conducted an evaluation by installing two commercial antennas, Alpha ISM Blade [28] 

and dipole LPWA [29], onto the body of a UAV to assess how the UAV and its electronic 

circuits impact the performance of these antennas. The test was carried out in three distinct 
scenarios. Initially, it is measured the individual performance of each antenna. Subsequently, it 

is assessed the performance of the antennas when attached to the UAV's body, both while the 

UAV was powered on and powered off. That provided a solid foundation for understanding the 
behaviour of commercial antennas and how they respond in different scenarios.  
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Figure 20. Alpha ISM blade antenna characteristics attached to the UAV body. (a) S11 

parameter in dB (b) Gain value in dB (c) Efficiency (d) 2D pattern versus φ in XY plane.  

 

 
Figure 21. Dipole LPWA antenna characteristics attached to the UAV body. (a) S11 

parameter in dB (b) Gain value in dB (c) Efficiency (d) 2D pattern versus φ in XY plane. 

 
It is clear from Figure 20 and Figure 21 that the radiation pattern, gain value and efficiency will 

be affected more or less based on operational frequency when the antennas attached to the UAV. 

Figure 22 illustrates the antennas, UAV body dimensions, and the testing environment in this 
context. Based on practical measurements for commercial antennas, one of the best positions 

to put designed antenna on UAV would be on the area between the landing legs in the bottom.   
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Figure 22. (a) Alpha ISM blade. (b) Dipole LPWA. (c) UAV body size. (d, e) anechoic 

chamber with N5242B network analyzer as the test environment to measure individual 
antenna and UAV with antenna setup respectively.  

 

Table 5 shows the measured main antenna far field parameter values for two commercia l 
antennas.  

 

Table 5. Far field parameter values of commercial antennas 

  Antenna 
Antenna with 

UAV off 

Antenna with 

UAV on 

Alpha ISM 

blade 

resonant frequency 1.0GHz 960 MHz 960 MHz 

gain (dB) 4.9 4 3.5 

efficiency 46% 66% 65% 

Dipole 

LPWA 

resonant frequency 1.0 GHz 1.07 GHz 1.02 GHz 

gain (dB) 0.1  -0.5 -2.5 

efficiency 35% 20% 16% 

 
4.3 Fabricated structures and results 

The designed antenna has been fabricated by utilizing Rogers RT/duroid 5880 laminate as the 

substrate, which provides consistent dielectric properties across a wide frequency range.  
Due to the unavailability of a substrate material with a thickness of 1.7 mm, the decision was 

made to affix two 0.8 mm substrates together, maintaining a 0.1 mm air gap between them. 

Observations revealed that altering the air gap value within the range of 0.05 mm to 0.35 mm 
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has minimal impact on the final results concerning radiation pattern and resonant frequency.  

Figure 23 shows fabricated antenna and its dimensions.  

 

 
Figure 23. Fabricated Microstrip Patch Antenna. (a) Copper ground. (b) Copper patch (c) 

Substrate length, 144.76 mm (d) substrate width, 139.34 mm (e) patch length 116.69 mm  

 (f) patch width 120.29 mm (g) substrate thickness, 1.7 mm.  
 

The fabricated microstrip patch antenna’s performance has been measured in three different 

scenarios utilizing a SATIMO chamber and utilizing the SH800 horn antenna as a reference 
antenna for the purpose of chamber calibration:  

Scenario 1: Antenna itself. 

Scenario 2: Antenna attached to UAV when electronic circuit on UAV is powered off. 
Scenario 3: Antenna attached to UAV when electronic circuit on UAV is powered on. 

The measurement of the S11 parameter was conducted using an HP 8723 ES network 

analyser. To extract results and generate figures from the network analyser, MATLAB code 
was employed. Figure 24 shows related setup for S11 measurement and antenna performance 

in SATIMO chamber.  
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Figure 24. The process of measuring reflection coefficient value by HP 8723 ES network 
analyser and far field parameters in SATIMO chamber. (a) Antenna S11 measurement (b) 

Antenna with UAV powered off S11 measurement (c) Antenna with UAV powered on S11 

measurement (d) Antenna Far field measurement (e) Antenna with UAV powered off Far 
field measurement (f) Antenna with UAV powered on Far field measurement. 

 

Far field values were obtained by exporting the data acquired from the SPM software to 
SatENV. The raw data was then processed using Origin Pro to generate the relevant graphs. 

Figure 25 show the measurement results for the S11 value within the frequency range of  

500 𝑀𝐻𝑧 < 𝑓 < 3 𝐺𝐻𝑧, as well as the radiation pattern, gain, and efficiency within the 
frequency range of 800 𝑀𝐻𝑧 < 𝑓 < 3 𝐺𝐻𝑧 can be seen in Figure 26 and Figure 27.  

The resonant frequencies in the fabricated microstrip patch antenna are clearly identified as 

910 MHz and 2510 MHz, indicating an upward shift of 50 MHz. Although the presence of a 
UAV may slightly influence the resonant frequency, the effect is negligible, as the resonant 

frequency remains unchanged regardless of whether the UAV is powered on or off. 
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Figure 25. S11 value for three different scenarios. Resonant frequencies occur in 910 MHz 

and 2510 MHz for scenario 1.   

 

 

 
Figure 26. Efficiency and gain of fabricated microstrip patch antenna as far field parameter 

values for three different scenarios (a) Efficiency (b) Gain in dBi. 
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Figure 27. Radiation pattern of fabricated microstrip patch antenna (a) at 2510 MHz resonant 

frequency (b) at 910 MHz resonant frequency. 
  

In scenario 1, the measured efficiency exhibits a significant value at 2510 MHz, while the 

gain values for both resonant frequencies demonstrate higher values. For a comprehens ive 
analysis of the gain, efficiency, and resonant frequency, please refer to Table 6, which contrasts 

the final values obtained from the fabricated and simulated antenna. Furthermore, Figure 28 

presents a comparison between the radiation pattern of the simulated antenna and the measured 
fabricated antenna.  

 

Table 6. Comparison of simulation design and fabricated antenna 

Parameter 
Simulation design 

(Antenna with UAV) 
Fabricated 

Resonant 

frequencies 
870 MHz 2434 MHz 915 MHz 2515 MHz 

Gain (dBi) 6.78 4.3 4.8 1.4 

Efficiency  77% 83% 71.7% 37.5% 

 
 

 
Figure 28. Radiation pattern comparison between simulated and fabricated antenna. 
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5 SUMMARY 

This thesis focuses on the design and interpretation of key findings regarding a multiband 

antenna suitable for both the 868 MHz and 2.4 GHz frequency ranges, with specific 

considerations given to UAV integration. The antenna design is tailored to match the size of 
the UAV body, resulting in reduced fabrication costs and weight, enabling longer flight times 

and battery conservation. 

Reviewing previous research, it is evident that most antennas operating in the unlicensed 
ISM bands below 1 GHz had a gain value below 4 dBi. These bands are widely used in 

consumer and industrial applications where long-range communication, system cost, and 

battery life are crucial. In contrast, The microstrip patch antenna design in this thesis achieved 
a maximum gain of 5.8 dBi for 869 MHz, representing a significant improvement. Notably, the 

size of the antenna is well-suited for UAV integration, overcoming limitations faced by larger 

or unconventional patch antenna designs found in literature. 
One key feature is the simplicity of the antenna structure. The absence of complex design 

elements simplifies manufacturing, making the antenna more practical for implementation. 

To assess commercial antenna performance commonly used in UAV applications, 
measurements of radiation patterns and gain values were conducted. While these antennas 

exhibited semi-omnidirectional radiation patterns are suitable for UAVs, their gain values are 

below 4 dBi, indicating room for improvement. In contrast, the designed antenna in this thesis 
achieved a significantly higher gain while maintaining a semi-omnidirectional pattern, making 

it a more favourable choice for UAV communication. 

Additionally, this research focused on an attractive method to adjust the resonant frequency 
within the 2.4 GHz range without modifying the antenna's size or main structure. By introduc ing 

two slits on the non-radiating edges, the length of the slits can be adjusted, thereby altering the 

resonant frequency. This approach provides flexibility for fine-tuning the antenna's 
performance without extensive modifications. Moreover, this structure can be potentially tuned 

by simply loading liquid metal reconfiguration method. Besides that, future research directions 

include designing even smaller antennas that seamlessly integrate with UAV bodies, 
overcoming space constraints while maintaining optimal performance. Another important area 

for investigation is the impact of the UAV body on antenna performance and developing 

strategies to mitigate any negative effects. 
In conclusion, this thesis presents a simple multiband antenna design suitable for UAV 

applications. The antenna achieves improved gain performance compared to existing solutions, 

while being compatible with UAV body sizes. The simplicity of the design enables cost-
effective fabrication, and the attractive approach to adjusting the resonant frequency offers 

flexibility and versatility.  
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6 FUTURE WORK 

While this thesis has made progress in the design and development of a multiband antenna for 

UAV applications, there are several areas that warrant further exploration and investigation.  

One important avenue for future research is the miniaturization of antennas to seamlessly 
integrate with UAV bodies. As UAVs become smaller and more compact, space constraints 

pose challenges for antenna integration. Exploring innovative design approaches, such as novel 

materials, fractal geometries, or metamaterials, could potentially lead to even smaller antennas 
without compromising performance. By reducing the antenna footprint, enhanced 

aerodynamics and improved maneuverability of UAVs can be achieved. 

Building upon the success of the introduced method for adjusting the resonant frequency 
within the 2.4 GHz range, future work should explore more advanced reconfigurable antenna 

designs. Investigating techniques such as tuneable metamaterials, liquid metal reconfigura t ion 

methods, or switchable feeding networks can enable dynamic control of the antenna's operating 
parameters, such as resonant frequency, bandwidth, polarization, or radiation pattern. These 

advancements will enhance the adaptability of UAV communication systems to varying 

mission requirements and operating environments. 
Comprehensive performance evaluation and validation of the designed antenna should be 

conducted in real-world UAV applications. Field tests and measurements can provide valuable 

insights into the antenna's performance under practical scenarios, including varying altitudes, 
atmospheric conditions, and interference environments. Comparisons with existing commercia l 

antennas and benchmarking against industry standards will help assess the antenna's efficiency, 

reliability, and suitability for UAV communication. 
As UAV technology progresses towards increased autonomy and swarming capabilit ies, 

future work should explore the integration of the designed multiband antenna with autonomous 

systems. Investigating communication protocols, network architectures, and cooperative 
communication strategies among UAVs can further enhance the overall system performance 

and reliability. Collaborative research involving experts in both antenna design and autonomous 

systems can lead to groundbreaking advancements in UAV applications. 
By pursuing these avenues of research, the field of UAV antenna technology can continue 

to evolve, providing efficient and reliable communication systems for various UAV 

applications. These advancements will contribute to the broader goal of advancing UAV 
technology and unlocking new opportunities in fields such as surveillance, aerial mapping, 

package delivery, and beyond. 
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