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ABSTRACT 
 

The primary goal of antenna array design is to produce a radiation pattern determined by 

the antenna's amplitude and phase. Both features, amplitude, and phase, can be 

accomplished by adjusting factors such as the location of the feeding point, the patch's 

dimensions, the operating frequency, and the elements specified. 

This thesis examines the 2-D conformal array antenna. A conformal antenna is one that 

is designed to take on any predetermined shape, in this case cylindrical. Cylindrical array 

antenna is the antenna in which we place numerous circular arrays vertically with specific 

radius. It is used in a variety of communication systems, navigation systems, and combat 

aircraft, among others. 

Then, we began our discussion by presenting a quick overview of antennas and their 

many configurations, including linear, planar, and circular array antennas, as well as how 

they aid with 5G technology. 

With the evolutions in the field of wireless communication have a significant impact not 

only on the environment but also on our daily life. In this research work a technique called 

beam scanning is introduced. To observe the performance of the conformal antenna on 

2.45 GHz frequency, and to find the best results using these designs, Microwave Studio 

by CST is used for simulation purposes.  

Firstly, the initial design of the conformal antenna is created with the single patch. The 

simulation is conducted on these single patches one by one, and the resulting simulation 

pattern are studied. With the help of these results, the successful dimensions of the 

patches on 2,45GHz were obtained as well as with the discrete port position of each 

patch. 
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The conformal antenna design incorporates sixteen elements arranged in a circle with 

four circles stacked on top of one another. On one side of the cylinder's substrate surface 

are antenna patches, with a copper ground plane on the opposite end.  

Element patches are attached to ground plane through discrete ports crossing through 

substrate material. Each of the 64 patches is supplied independently by a discrete port. 

Rogers RT5880 substrate and copper ground (annealed) are employed in the design. 

This thesis also includes theoretical analysis and, using the CST microwave studio 

software, simulation study with graphical representation for beam scanning. 

The experimental results obtained show a good agreement with numerical simulation and 

therefore revalidate the approach used. This concept can be extended to base stations 

with the necessary adjustment of the radius of the supporting cylinder. 

 

Index Terms –antenna array, beamforming, beam scanning, gain, efficiency, linear array 

antenna, planar array antenna, circular array antenna, cylindrical array antenna, 

conformal antenna 
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Chapter 1: Introduction 

1.1 Brief Overview of Antenna 
With the increasing growth of mobile data and communication over the last 

decade, there was a need for commercial as well as private users for a higher data, more 

stable connection, which resulted in the development of 4th generation technology and 

already 5th generation technology. However, in order to accomplish these greater 

performance levels, more complex equipment was required, one of which is a wireless 

antenna. An antenna is a device that takes an electromagnetic signal and converts it to 

an electric signal, or that changes an electric signal into an electromagnetic signal and 

radiates it. 

It is primarily utilized as a communication medium, with various types of antennas 

supporting a variety of applications. It is a necessary component of wireless 

communication, from the antennas embedded in mobile phones through the 

telecommunications infrastructure. Other fields where antennas are used include 

surveillance, television transmission, and radar technology, to name a few. 

As technology advances, a need for more advanced and better configured antennas 

arises, and thus the development of antenna arrays commences. An array of antennas is 

a configuration in which numerous antennas are connected and work in conjunction to 

provide the desired output. 

Depending on the architectural design we select, every element of the array can 

indeed be fed separately or via a single feed. Each array of antennas is unique in terms 

of its specifications, which include the dimensions of the patches, the spacing between 

patches, the operating frequencies, the substrate material used, the thickness of the 

material used, and the placement of the feed. With array antennas, the user can create 

specific radiation patterns and steer them in the desired directions. Numerous research 

projects have been conducted on these types of antenna designs, and more will be 

conducted in the future to pave the way for even more advanced and improved technology 

utilization by users. 
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1.2 Antennas and Modern Technology: 
The fast advancement of wireless communication technology implies a need for 

increasingly sophisticated solutions, which involve the transmission of data. The antenna 

is a critical component of that transmission. Matching the required strength and radiation 

pattern over long distances is quite difficult with a conventional single antenna. As a result, 

an antenna array solution is offered. Which enables higher gains, a narrower beam, and 

improved radiation patterns over extended distances. 

These antenna arrays are more popular in today's 4G and 5G networks. 

Additionally, they should have a high gain to compensate for the significant path loss at 

mm-wave frequencies in 5G networks. Another type of antenna, the microstrip patch 

antenna, was developed to meet these objectives, although it too had limitations in terms 

of bandwidth and radiation efficiency. 

As a result, many antenna designs are proposed to achieve the desired outcomes 

of the 5G network. A technology called beamforming is utilized in 5G networks to achieve 

a better directional gain and a narrow beam. Beamforming is accomplished by employing 

an array antenna element and altering the phase of these elements to generate a powerful 

directional beam directed in intended direction. The main lobe is formed between the two 

nulls along either side of the beam pointing direction. The width of the beam (primary 

lobe) between two half-power points is referred to as the half-power beamwidth, while 

other minor side radiations are referred to as sidelobes, which are typically undesirable 

since they radiate signal in an undesirable direction. 

 

1.3 Thesis Contribution 

The main contribution of the study is the combination of theoretical and simulation 

of the techniques used such as the calculations of the cylinder radius, patch elements 

dimensions, discrete port positioning, and substrate material. Another contribution lies in 

the experience gained through the process of designing the cylindrical conformal antenna 
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and an interpretive approach and optimization techniques applied for obtaining desired 

simulation results. 

The practical contribution of this thesis work is the detailed insight study from the 

simulation results for different cases used for antenna designing. The simulation results 

revealed that how the dimensions of a single antenna patch can affect operating 

frequency as well as bandwidth of the antenna. It can also be seen that different 

theoretical values are used to obtain an optimal antenna design with the operating 

frequency of 2.45GHz. The contribution of this research is to understand, with the help of 

theoretical calculations, how an optimal cylindrical antenna is designed and used to 

perform beam scanning techniques. 

 

1.4 Outline of Thesis: 
In this thesis cylindrical design of conformal antenna is observed by conducting 

theoretical investigation, implementation of codes, creation of antenna and its patches 

design with the use of commercially available simulation tool and the analysis of the 

results obtained. 

The thesis is structured as follows: In Chapter 1, a brief review of the antenna and 

its application in current technology is addressed, along with an introduction to the 

beamforming process. Chapter 2 examines antenna parameters, beamforming 

techniques, and various antenna array configurations. Chapter 3 outlines the designs and 

simulations created for the thesis using CST software. Additionally, it discusses in depth 

the results gained from structural designs, the resulting graphs, the optimization results, 

and the graphs obtained from simulation results. Finally, Chapter 4 concludes. 
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Chapter 2: Review of Literature 

Antenna array principles and classifications 
Antenna arrays are frequently utilized to optimize the system's overall 

performance. They continue to be at the heart of mobile communication's present and 

future growth. The term "antenna array" refers to a collection of elements that are 

separated by a specific inter-element spacing. By arranging these elements, we can 

control the array's gain, radiation patterns, and directivity[1]. The gain of an antenna 

increases as radiation density in a particular direction increases[1]. 

 

Figure 1 2.1: Array of equally distance elements [2] 

When d=λ/2, which is inter-element spacing, and the array factor for isotropic M-elements 

is calculated by[2] 

 

 

2.1 Antenna Parameters: 
An antenna's performance is highly dependent on a number of critical parameters. The 

gain of the antenna, the efficiency of the antenna, the radiation characteristics, the 
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bandwidth, the polarization, and the directivity of the antenna are just a few of the critical 

aspects to consider. 

 

2.1.1 Antenna Radiation Pattern: 
The radiation pattern of an antenna can be conceived of as a graphical representation of 

the antenna's radiation qualities in a coordinate system. Such radiation patterns may be 

observed with an angular distribution in far field region [3]. These radiation patterns are 

critical for antenna representation because they represent critical factors like as 

directivity, radiation intensity, phases, gains, field strength, power flux density, and 

polarization[3]. 

 

Figure 2 2.1.1 (a): Radiation pattern representation in coordinate system [3] 

Furthermore, the above illustration introduces the concept of the major lobe, or direction 

of highest radiation. We have back lobe at phase shifts 180 degrees of main lobe. Along 

with the major lobe, side lobes are present[3]. 
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Figure 3 2.1.1 (b): Lobe’s representation of an antenna [3] 

Two critical parameters are depicted in the image above. To begin, first null beamwidth 

(FNBW) is the angle between the major lobe's initial nulls, whilst half power beamwidth 

(HFBW) is an angle on the major lobe where the signal strength is half of the overall peak 

value[4]. Beam topic is further discussed in beamforming section. 
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When an antenna transmits an electromagnetic wave, it divides into two distinct regions: 

the near field and the far field. Near field region refers to the region created nearby to an 

antenna [5]. 

 

The near field region is further subdivided into reactive near field and radiative near field. 

The reactive near field region is the area adjacent to the antenna where the E-Field and 

H-Field are out of phase with one another[5]. 

 

The radiative near field is indeed the region among reactive and radiative fields in which 

electromagnetic waves begin their transition from reactive to radiative fields. It is provided 

by[5] 

 

The far field region is located beyond an antenna and follows the radiative near field. Its 

distance equation[5] 

 

 

All of the regions are depicted in the image below, 
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Figure 4 2.1.1 (c): Fields’s representation of an antenna [3] 

 

The antenna average power is represented by[3]: 

 

 

2.1.2 Antenna Directivity: 
The term "directivity" refers to an antenna's ability to radiate and gain more radiation in a 

certain direction. Increased directivity implies that the beam will travel a longer distance. 

It is expressed in decibels (dB)[6]. 

In mathematical form, 

𝐷 =
𝑈

𝑈0
=

4𝜋𝑈

𝑃rad
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The direction in which the greatest amount of radiation is emitted (highest directivity), 

given as[3], 

𝐷max = 𝐷0 =
𝑈|max

𝑈0
=

𝑈max

𝑈0
=

4𝜋𝑈max

𝑃rad
 

Where, 

D = directivity (dimensionless) 

D0 = maximum directivity (dimensionless) 

U = radiation intensity (W/unit solid angle) 

Umax = maximum radiation intensity (W/unit solid angle) 

U0 = radiation intensity of isotropic source (W/unit solid angle) 

Prad = total radiated power (W) 

It is self-evident from the preceding equation that the directivity of an isotropic source is 

unity, as U, Umax, and U0 are all equal[3]. 

 

Antenna efficiency accounts for all the losses that can occur such as dielectric, VSWR 

and many more. 
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Figure 5 2.1.2: Isotropic antenna pattern [5] 

 

Antennas with higher directivities are frequently employed in more fixed sites, like radio 

communication and television satellites, where data must be carried over longer 

distances. 

 

2.1.3 Antenna gain: 
Gain is depending on the antenna's efficiency and directivity. Thus, gain is defined as 

ratio of the power density of the antenna at a given distance to its input power. An 

antenna's gain (in a particular direction) is given as "the ratio of the intensity in a particular 

direction to the radiation intensity that would be attained if the antenna absorbed all power 

isotropically radiated."[3] This can be stated mathematically as, 

Gain = 4𝜋
 radiation intensity 

 total input (accepted) power 
= 4𝜋

𝑈(𝜃, 𝜙)

𝑃𝑖𝑛
          (dimensionless) 

In above equation, 

U = radiation density, 
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Pin = total input power. 

Relative gain is frequently used and is defined as "the ratio of the power gain in a given 

direction to the power gain in the referenced direction of a reference antenna." Both 

antennas must share the same power supply[3]. 

In case of lossless isotropic antenna, the equation of gain becomes 

𝐺 =
4𝜋𝑈(𝜃, 𝜙)

𝑃in 

 

As a result, when no direction is specified, the direction of strongest radiation is used to 

calculate the power gain. 
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2.1.4 Antenna efficiency: 
The antenna's efficiency can be defined as the sum of loss at the input terminal and within 

the antenna's structure. It can be seen from figure below[3] 

 

Figure 6  2.1.4 Antenna's reference terminals, losses, reflection, and 
conduction [3] 

 

As a result, total efficacy can be expressed as[3], 

e0= er ec ed 

where, 

e0= total effieciency  (dimensionless) 

er = reflection (mismatch effieciency) 

ec = conduction effieciency  (dimensionless) 



26 
 

ed = dielectric effieniency 

ec and ed both can be computed experimentally but are difficult to compute. 

 

2.1.5 Polarization: 
Since we understand that an antenna's electromagnetic wave is indeed a vector quantity 

in terms of time and space. This vector quantity is of an electromagnetic wave in medium 

it is radiated is also called polarization[7]. Polarization is classified into three types: linear, 

circular, and elliptical. When an electromagnetic wave propagates vertically or 

horizontally as a function of time and space, it is said to be linearly polarized. Circularly 

polarized waves propagate in circles, and so fall into two categories: right-hand circular 

polarization (RHCP) and left-hand circular polarization (LHCP). Elliptical polarization 

occurs when radio waves have a phase and magnitude discrepancy[7]. 

 

 

Figure 7 2.1.5: Polarization of an antenna [7] 
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2.1.5 Bandwidth: 
The antenna bandwidth is the frequency range over which it works as specified[3]. 

 

 

 

 

A broadband antenna's bandwidth is commonly defined as the ratio of its permissible 

upper-to-lower operating frequencies. For example, a 10:1 bandwidth indicates that the 

topmost frequency is 10 times higher than that of the bottom frequency. The bandwidth 

of the narrowband antenna is measured as a proportion of the frequency variation (upper 

minus lower) between the bandwidth's center frequency and the frequency variations 

(upper minus lower). For example, a 5% bandwidth indicates that the maximum frequency 

difference permitted for functioning is 5% of bandwidth's center frequency. [3]. 

Since the characteristics of are constantly varying depending on the frequency, bandwidth 

cannot be characterized. Therefore, the specification is defined for each case uniquely to 

meet the desired outcome. 

 

2.1.6 Input Impedance: 
The word "input impedance" refers to "the impedance produced by an antenna at its 

terminals, the voltage to current ratio at a pair of terminals, or the ratio of the 
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corresponding components of the electric as well as magnetic fields at a point". Now 

considering terminal, a, and b,[3] 

 

Figure 8  2.1.6 Examples of different transmitting antennas [3] 

 

At these terminals, the voltage-to-current ratio is defined as[3] 

𝑍𝐴𝐼 = 𝑅𝐴𝑅 + 𝑗𝑋𝐴𝑅 

Where, 
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𝑍𝐴𝐼 = antenna impedance (ohms) 

𝑅𝐴𝑅 = antenna resistance (ohms) 

𝑋𝐴𝑅 = antenna reactance (ohms) 

Now, for the above equation, the resistive part consists of two components[3], 

𝑅𝐴 = 𝑅𝑎𝑟 + 𝑅𝑎𝑙 

Where, 

𝑅𝑎𝑟 = Antenna radiation resistance 

𝑅𝑎𝑙 = Antenna loss resistance 

 

2.2 Antenna Beamforming: 
Beamforming is a method that is used in the latest generation of mobile communication's 

smart antennas. Which operates on the fundamental idea of directing the radio signal's 

beam in a specific direction instead of transmitting the signal across all directions[8]. 

 

Figure 9 2.2: Beamforming schematic Diagram [3] 

 



30 
 

This technique is common practice from a while now in both radar and mobile 

communication. With the time this technique is becoming more and more critical and 

therefore different methods are being use for its further improvements. 

 

2.2.1 Principles of Beamforming: 
Antenna with beamforming consists of a set of smaller antennas that work in concert to 

transmit amplitude and phase signals. By adjusting the phase of each individual antenna, 

overall phase of the beam can be adjusted to suit the application[9]. 

 

Figure 10 2.2.1.1: Single and double antenna radiating pattern [5] 

 

Another main component includes the use of MIMO (multiple input multiple output) 

technique which is around telecommunication technology since 3G. It enables the 

reception or transmission of signals via multiple antennas. The primary advantage of this 

technology is the increased data rate[9]. More on this later. 
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Figure 11 2.2.1.2: Two and four elements radiating pattern [5] 

 

As illustrated above, the signal beam grows denser and narrower as the numbers of 

elements increases. One disadvantage of this approach is that it results in the formation 

of side lobes. These are essentially undesired signals that exist near the main lobe of our 

signal. The intensity of such signals can be reduced by increasing the number of antenna 

elements and optimizing them. 
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2.2.2 Beam Steering and Beam Switching: 
The beam steering approach is accomplished by changing the phase of antenna 

patch. This phase shift enables the array of elements to aim a beam in a specific 

direction[10]. 

 

Figure 12 2.2.2.1: Beam steering and beam switching [7] 

 

As can be seen, an array of elements can utilize a single common frequency to 

direct a beam, or it can use several more frequencies to serve multiple users via sperate 

beams. In the instance of beam switching, the direction in which the beam can be 

switched is determined by the antenna arrangement. This function is meant to protect the 

signal and improve its usability[9]. 
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Figure 13 2.2.2.2: Radiating patterns of common frequency and differing 
frequencies [5] 

By beam steering an antenna, we potentially can increase its gain and, to a large extent, 

eliminate interference. Generally, these antennas are capable of delivering 360 degrees 

of angular coverage[11]. Additionally, they are capable of providing limited angular 

coverage of around 45 degrees by combining 'm' equally spaced directed beams [11]. 

 

2.2.3 Beamforming for Capacity and Coverage: 
While adding antennas increases gain, the number of layers that can be spatially 

multiplexed using MIMO is limited at the user end[10]. As a result, extra antennas are 

employed to enhance coverage[10]. 

 

Figure 14 2.2.3: Beamforming for capacity and coverage [3] 
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This approach is more effective when operating at higher frequencies when attenuation 

is greater. Beamforming is a critical technique for enhancing the coverage of a network. 

 

2.3 Types of Antenna array: 
Antenna array are different from one another based on their radiation patterns and 

radiating elements used. The use of antennas in modern mobile communication enables 

us to achieve superior signal quality, more coverage, decreased channel interference, 

increased efficiency, and beam directing capabilities[12]. Some of the different types of 

antenna array are explain below. 

 

2.3.1  Linear Array Antenna: 
When elements of antenna are consistently aligned, the antenna is referred to as a linear 

array antenna. The elements of the antenna are uniformly spaced apart[12]. 

In order to understand, let us consider an example of N- elements[13]. 

 

Figure 15 2.3.1: Linear array of M-elements [3] 
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In the above figure it can be seen that elements are separate by inter-elements 

spacing d. Since we assume that it is a uniform array with which means that all the 

elements have identical magnitude with a progressive phase and are isotropic as well. 

The array factor of each element in the N-dimensional linear array is equal to [3]: 

AF = 1 + 𝑒+𝑗(𝑘𝑑cos 𝜃+𝛽) + 𝑒+𝑗2(𝑘𝑑cos 𝜃+𝛽) + ⋯+ 𝑒𝑗(𝑁−1)(𝑘𝑑cos 𝜃+𝛽)

AF = ∑  

𝑁

𝑛=1

𝑒𝑗(𝑛−1)(𝑘𝑑cos 𝜃+𝛽)  

By neglecting the phase factor, the equation of AF becomes[3]: 

AF = ∑  

𝑁

𝑛=1

𝑒𝑗(𝑛−1)𝜓 

Where,  = kdcos + . 

 

Figure 16  2.3.1 Multiplication pattern of array factor, element, and total of 2-D 
array [3] 
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It can be concluded that in order to achieve maximum radiation, the array elements must 

be consistent with array factor and then the direction can be managed by the array factor. 

 

2.3.1.1  Narrowband Signal Model: 
Given that the array's signal is a narrowband signal, its complex envelope is denoted by 

[13]: 

 

Due to the fact that the envelope does not really change during certain cycles of sinusoidal 

waveforms. As a result, the signal received at the mth antenna becomes [13]: 

 

Now by arranging each antenna as M x 1 vector, the steering vector can be represented 

as[13]: 

 

And the spacing of an antenna becomes[13]: 

 

2.3.2  Planar Array Antenna: 
As illustrated in the picture, a planar array configuration has N elements along the y-axis 

and M elements along the x-axis. The distance among elements is expressed by dx along 

the x-axis and by dy along the y-axis. All distances are equal. A planar array is essentially 

a collection of several linear arrays[3]. 
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Figure 17 2.3.2.1: Planar array of MxN elements [3] 

 

Consider the situation of an 8x8 uniform planar array with dx=dy=λ/2 spacing[13], 

 

(b) 
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(c) 

(d) 

Figure 18 2.3.2: 3-D representation of planar array radiation pattern [8] 
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As the elevation angle increases, the array's vertical resolution degrades noticeably. 

Now, because the design principle of a planar array antenna is indeed very identical to 

that of a linear array antenna, the array factor of the planar array antenna may be derived 

by multiplying the linear arrays along the x-axis and y-axis[3]. 

𝐴𝐹𝑝𝑙𝑎𝑛𝑎𝑟 = (𝐴𝐹𝑥 ). (𝐴𝐹𝑦) 

 

 

Where, 

𝜓𝑥 = 𝑘𝑑𝑥 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜑 + 𝜉𝑥 

𝜓𝑦 = 𝑘𝑑𝑦 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜑 + 𝜉𝑦 

By employing the linear array steering vector's formulae for x-axis and y-axis[13], 

𝜉𝑥 = 2𝜋
𝑑𝑥

𝜆
cos 𝜃 

𝜉𝑦 = 2𝜋
𝑑𝑦

𝜆
sin 𝜃sin 𝜙 

Both axes now have a steering vector[13], 

𝐚𝑥 = [

1
𝑒𝑗𝜉𝑥

⋮
𝑒𝑗𝜉𝑥(𝑀−1)

]  𝐚𝑦 = [

1
𝑒𝑗𝜉𝑦

⋮
𝑒𝑗𝜉𝑦(𝑁−1)

] 

As a result, we obtain the planar steering vector by multiplying the above steering vector 

by the Kronecker product[13], 

a(𝜃, 𝜙) = 𝐚𝑧 ⊗ 𝐚𝑦 = [

1

𝑒𝑗(𝜉𝑧+𝜉𝑦)

⋮

𝑒𝑗[𝜉𝑧(𝑀−1)+𝜉𝑦(𝑁−1)]

] 
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2.3.3 Circular Array Antenna: 
The N elements of the antenna are placed in a ring shape and are evenly spaced 

apart in a circular array configuration. One of the most significant features of this design 

is its ability to perform 360o beam scanning by adjusting the beam width or side lobe 

levels slightly. 

 

Figure 19 2.3.3.1: N elements Circular array antenna [3] 

 

3D representation of 32 elements of circular array antenna is given by[13], 
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Figure 20 2.3.3.2: 3-D representation of circular array radiating pattern [8] 

Now, referring to the preceding illustration, the radius of the circle in the 

normalization field can be stated as[3] 

En = ∑n=1
N  an

e−jRu

Rn
 

Where, 

an represents the nth element's excitation coefficient. 

The distance between the nth element and the observation point is denoted by Rn, 

which can be represented as[3], 

𝑅𝑛 = 𝑟 − 𝑎sin 𝜃cos (𝜙 − 𝜙𝑛) 

Taking into consideration Rn  r, normalization field equation becomes[3], 

𝐸𝑛(𝑟, 𝜃, 𝜙) =
𝑒−𝑗𝑘𝑟

𝑟
∑𝑛=1

𝑁  𝑎𝑛𝑒𝑗𝑘𝑎sin 𝜃cos (𝜙−𝜙𝑛) 

And, 
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𝐸𝑛(𝑟, 𝜃, 𝜙) =
𝑒−𝑗𝑘𝑟

𝑟
[𝐴𝐹(𝜃, 𝜙)] 

Circular array factor is represented by 𝐴𝐹(𝜃, 𝜙) whose simplified equation is given by[3], 

𝐴𝐹(𝜃, 𝜙) = ∑𝑛=1
𝑁  𝐼𝑛𝑒𝑗[𝑘𝑎sin 𝜃cos (𝜙−𝜙𝑛)+𝛼𝑛] 

Where, 

𝛼𝑛  is the phase excitation of nth element. Main beam can be directed by changing 

the phase excitation, which is represented as[3], 

𝛼𝑛 = −𝑘𝑎sin 𝜃0cos (𝜙0 − 𝜙𝑛) 

Therefore, the AF can be written as[3], 

𝐴𝐹(𝜃, 𝜙) = ∑  

𝑁

𝑛=1

  𝐼𝑛𝑒𝑗𝑘𝑎[sin 𝜃cos (𝜙−𝜙𝑛)−sin 𝜃0cos (𝜙0−𝜙𝑛)]

 

𝐴𝐹(𝜃, 𝜙) = ∑𝑛=1
𝑁  𝐼𝑛𝑒𝑗𝑘𝑎(cos 𝜓𝑛−cos 𝜓0) 

Where,  

cos𝜓𝑛 = [sin 𝜃 cos(𝜙 − 𝜙𝑛)] 

cos𝜓0𝑛
= [sin 𝜃0cos (𝜙0 − 𝜙𝑛)] 

As the array's radius increases, the uniform circular array's directivity reaches the value 

of N, the array's element count. 

From the observation angle pair (, ), we have phase term equation[13], 

𝜉𝑛 =
2𝜋

𝜆
𝑅sin 𝜃cos (𝜙 − 2𝜋

𝑛

𝑁
) 
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By using the above equation, steering vector for the uniform circular array becomes[13], 

𝐚(𝜙, 𝜃) =

[
 
 
 
 𝑒𝑗

2𝜋
𝜆

𝑅sin 𝜃cos 𝜙

𝑒𝑗
2𝜋
𝜆

𝑅sin 𝜃cos (𝜙−
2𝜋
𝑁

)

⋮

𝑒𝑗
2𝜋
𝜆

𝑅sin 𝜃cos (𝜙−2𝜋
𝑁−1
𝑁

)]
 
 
 
 

 

And the antenna spacing design becomes[13], 

 

𝑑𝑎𝑟𝑐 ≜
2𝜋𝑅

𝑁
≤

𝜆

2
⟹ 𝑅 ≤

𝑁𝜆

4𝜋
 

 

2.3.4 Cylindrical Array Antenna: 
A cylindrical array is made up of N-elements organized in a circular configuration 

and M-elements arranged in a cylindrical arrangement[14]. These M-elements are 

linear array with each having radius a as shown in figure below. 

 

Figure 21 2.3.4.1: NxM element cylindrical array antenna [3] 
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The primary advantage of adopting these circular arrays is that they provide 

symmetrical radiation patterns in radar technology[14]. 

Radiation pattern of these elements can be written as[15]: 

 

𝐸(𝜃, 𝜑) = e−j((𝑀−1)/2)𝜓𝑧 ∑  

𝑀

𝑚=1

e𝑗(𝑚−1)𝜓𝑧

× ∑  

𝑁−1

𝑛=0

𝑎𝑚𝑛𝑓𝑛(𝜃, 𝜑 − 𝑛Δ𝜑)e𝑗𝑘𝑎(sin 𝜃cos (𝜑−𝑛Δ𝜑))

 

Where, 

k = 2π ∕ λ 

𝑓𝑛(𝜃, 𝜑) Are the elements radiation patterns, 𝑎𝑚𝑛 is amplitude weight applied to the 

mnth element. 

The three-dimensional representations of 32 elements every circle in a four-ring 

structure is provided by [8], 
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Figure 22 2.3.4.2: 3-D representation of 32x4 elements cylindrical array radiating 
pattern [8] 

 

2.3.5 Conformal Array Antenna: 
The conformal antenna is one that adheres to a specified shape. The purpose is 

to integrate the antenna into the construction while minimizing friction. Additionally, 

the objective of antenna integration may be to make the antenna less visible[16]. 

According to the IEEE definition of antenna terms “An antenna [an array] that 

conforms to a surface whose shape is determined by considerations other than 

electromagnetic, for example, aerodynamic or hydrodynamic”[16] 

Conformal antennas are often cylindrical or spherical in shape due to their primary 

applications in military, aircraft, and high-speed trains. 
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The traditional solution in mobile communication is to use three sperate antennas, 

each covering 120 degrees in azimuth[17]. Instead of three separate antennas, 

modern technology allows for the use of a single cylindrical or circular antenna, 

which is more efficient and less expensive[18]. 

 

Figure 23 2.3.5.1: Conformal cylindrical antenna [16] 

Another application of conformal antennas is in modern aircraft[16], 

 

Figure 24 2.3.5.2: Conformal antenna for aircraft wing integration [16] 
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When conformal antennas are operated, the substrate surface changes with time, 

resulting in radiation distortion in non-planar orientations. Its problem can be solved by 

the use of a technique known as phase steering[17]. 
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Chapter 3:   Design and Simulation 

3.1 Simulation tool: 
The CST microwave studio tool is used to design and simulate antennas. It encompasses 

equipment for the design, recreation, and development of a diverse range of devices, 

ranging between fixed through optical and electrically big to tiny scale. It is not limited to 

electromagnetic waves, but it also takes into account the circuit's thermal and mechanical 

effects. CST microwave studio offers a variety of experimentation settings, including 

virtual design modeling prior to physical preliminary work and simplifying or advancement 

instead of experimentation. Execution of gadgets can be facilitated, potential 

inconsistency concerns can be identified and mitigated prior to the design phase, the 

number of physical models needed can be reduced, and the risk of test disappointments 

and reviews may be reduced[19]. 

 

3.2 Cylindrical Conformal Array: 
An antenna [an array] that adapts to a surface governed by factors other than 

electromagnetics, such as aerodynamic or hydrodynamic considerations[20]. A conformal 

array antenna is one that has a radiating surface that is a cylinder, sphere, or cone. The 

shape of the antennas may be dictated by a specific electromagnetic requirement, like 

antenna beam design and/or angular coverage[20]. Cylindrical conformal antennas are 

used in telecommunication base stations because they appear to be less congested than 

conventional sectorial antennas. 

Due to the fact that these types of antennas conform to the geometry of the platform, their 

performance but also radiation patterns are significantly different than those of typical 

planar array antennas[21]. 

3.3 Design of conformal array antenna: 
Three components comprise the antenna design: a rectangular patch element, a dielectric 

substrate material, and a ground plane. The rectangular patches and ground are both 
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made of copper. The thickness of dielectric substrate used is 0.8mm of rogers RT 5880, 

on this in next section. Design is of 4x16 configuration as shown below, 

 

Figure 25  3.3: Conformal antenna of 4x16 configuration 

 

All patches are equally distance from one another and the equally distance from both end 

of cylinder. 

 

Figure 26  3.3: Equally spaced elements 
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Single element rectangular patch can be seen below, 

 

Figure 27  3.3: Single element dimension [3] 

 

The details of the dimensions of the cylinder are given in table below, 

Table 1 Table of conformal design dimensions in millimeter 

Type Material Dimension Height 
Thicknes
s Radius 

Patch Copper 
38.13 x 
48.53 / / / 

Substrate 
Rogers 
RT5880 / 535 0.8 

174.61(outer) 
173.81(inner) 

Ground Copper / 535 / 173.81 
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3.3.1 Rogers RT5880 substrate: 
The fundamental component of every antenna design is the dielectric material chosen. 

There are numerous substrates available for designing antennas with dielectric constants 

ranging from 2.2 ≤ε ≤ 12. Those with a dielectric constant near the lower end of the 

spectrum are preferred for antenna performance because they provide high efficiency, 

wide bandwidth, and loosely bound radiation fields[3]. 

In this design, the substrate used is from Rogers which is rogers RT5880. Because 

RT/duroid 5880 laminates have a low dielectric constant and a low dielectric loss, they 

are well suitable for large frequency/broadband applications[22]. For more demanding 

electrical applications, RT/duroid 5880 composites can be covered with rolled copper foil, 

using electrodeposited copper of ½ to 2 /ft.2 (8 to 70m) or reverse treated EDC on both 

sides[22]. 

 

Figure 28  3.3.1: Dielectric loss versus frequency for different types of 
dielectric substrate materials [22] 
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The primary benefits of RT 5880 include its consistent electrical qualities over a broad 

frequency range, and  suitability for high moisture environments[22]. 

 

3.4 Simulation Setup and Results: 
After the design of cylinder, discrete port is setup between two points, that are patch and 

ground passing through substrate. Different position of port is tested until the desired 

results are obtained. The port excitation type is S-parameter. 

The frequency is given in gigahertz (GHz), and the length is given in millimeters. The 

frequency range is set to between 2Ghz and 2.9Ghz, and the material type is set to 

standard. 

Now, when the discrete port coordinates are "0", "radius", "-lp/2+lp/3" (X,Y,Z) for 1st point 

and  "0", "radius-hs-hs-0.2", "-lp/2+lp/3" for 2nd point, 

 

Figure 29  3.3.2: Discrete port of single element 
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The S-parameter is illustrated below, 

 

Figure 30  3.3.2: S-parameter with initial port location 

 

Then, by changing different location of discrete port where 1st point is "wp/3", "radius-hs", 

"(-3*lp/2-lp/3)+(2*lp)+(3*spacing)" and 2nd point  "wp/3", "radius-3*hs-hs/2", "(-3*lp/2-

lp/3)+(2*lp)+(3*spacing)", 

 

Figure 31  3.3.2: Repositioned Discrete port location 
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As a result, the resulting S-parameter is, 

 

Figure 32  3.3.2: S-parameter with repositioned port location 

 

The above graph of S-parameters demonstrates that the patch's resonant frequency point 

is positioned at 2.45GHz, which is a good matching frequency, and that the patch's center 

frequency is likewise low. 

Further improvement is achieved by using optimization solution with the following 

configuration, 
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Figure 33  3.3.2: Optimizer window in CST 

 

Figure 34  3.3.2: Resulting S-parameter after optimization 
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Each of these modifications was carried out on a single patch until the desired results 

were reached. After attaining the desired outcome, the port is rotated at an angle of 22.5 

degrees using the ‘Rotate' function for the remaining 15 patches in the same circle. 

 

Figure 35  3.3.2: Discrete Ports using transform function 

 

Field monitor is setup for Fairfield calculation in 2.45Ghz. 

 

Figure 36  3.3.2: Field Monitor window in CST 
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In far-field, the radiation pattern of an antenna is determined and expressed as a function 

of the near-field directional coordinates. 

 

Figure 37  3.3.2: Polar coordinates representation for equal Amplitude and 
Phase in XY plane 

 

Figure 38  3.3.2: Polar coordinates representation for equal Amplitude and 
Phase in XZ plane 
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The polar representation of the single element whose S-parameter is depicted in figure 

34 is illustrated in the figures above. 

 

Figure 39  3.3.2: 3-D representation for equal Amplitude and Phase 

The antenna parameters observed here are the radiation intensity, Gain, directivity and 

more. 

Given that the above findings are from a single element simulation, it is worth noting that 

the time required to run the simulation is far longer than anticipated. While simulating the 

full conformal antenna, 4x16 elements, and each element 64 times, it was discovered that 

it took almost 12 hours to simulate a single patch element. 

As a result, the design is adjusted to a 4x5 arrangement in order to attain the desired 

results within a manageable simulation time. 
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Figure 40  3.3.2: Conformal antenna of 4x5 configuration 

 

Discrete ports are used in 3rd column, 

 

Figure 41  3.3.2: Discrete ports on center column 

Simulation is then performed on port 12, 13, 14, and 15. Below are the results obtained, 



60 
 

 

Figure 42  3.3.2: S-parameter result of port 12 

It can be seen that the minimum return loss of the antenna is -16.9 dB at 2.45 GHz. It has 

a -10 dB bandwidth of 20MHz. The far-field radiation pattern shows that the directivity 

and gain of the antenna is 7.80 dBi and 7.02 dBi, respectively. The main lobe magnitude 

observed 7.45 dBi, main lobe direction is 47o, 3dB angular beamwidth is 68.2o and side 

lobe level is -20.6 dB. 

 

 

Figure 43  3.3.2: Polar coordinates representation of equal amplitude and phase 
of port 12 
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Figure 44  3.3.2: S-parameter result of port 13 

It can be seen that the minimum return loss of the antenna is -17.04 dB at 2.45 GHz. It 

has a -10 dB bandwidth of 20MHz. The far-field radiation pattern shows that the directivity 

and gain of the antenna is 7.40 dBi and 6.713 dBi, respectively. The main lobe magnitude 

observed 5.93 dBi, main lobe direction is 47o, 3dB angular beamwidth is 69.5o and side 

lobe level is -31.6 dB. 

 

 

Figure 45  3.3.2: Polar coordinates representation of equal amplitude and phase 
of port 13 
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Figure 46  3.3.2: S-parameter result of port 14 

It can be seen that the minimum return loss of the antenna is -16.98 dB at 2.45 GHz. It 

has a -10 dB bandwidth of 190MHz. The far-field radiation pattern shows that the 

directivity and gain of the antenna is 7.441 dBi and 6.661 dBi, respectively. The main lobe 

magnitude observed 6.61 dBi, main lobe direction is 47o, 3dB angular beamwidth is 71.6o 

and side lobe level is -28.6 dB. 

 

 

Figure 47  3.3.2: Polar coordinates representation of equal amplitude and phase 
of port 14 
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Figure 48  3.3.2: S-parameter result of port 15 

It can be seen that the minimum return loss of the antenna is -17.19 dB at 2.45 GHz. It 

has a -10 dB bandwidth of 210MHz. The far-field radiation pattern shows that the 

directivity and gain of the antenna is 7.760 dBi and 6.981 dBi, respectively. The main lobe 

magnitude observed 6.72 dBi, main lobe direction is 47o, 3dB angular beamwidth is 66.4o 

and side lobe level is -19.7 dB. 

 

Figure 49  3.3.2: Polar coordinates representation of equal amplitude and phase 
of port 15 
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Due to the fact that each element of the conformal antenna has a separate discrete port 

feed, CST will simulate each port in a queue. Other ports will then automatically adjust 

their absorbency to comply. As a result, when the simulation is complete, the active 

radiation pattern for each element is obtained. 

As we already know the radiation pattern for each element, the 'Combine Result' option 

in CST post-processing is employed to generate the pattern synthesis. 

 

 

The amplitude and phase parameters are listed below, followed by their radiation pattern, 
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3.4.1 When having same Amplitude and Phase shift: 
 

Table 2 Post processing parameters of same amplitude and Phase shift 

Excitation Power avg. Amplitude Phase Shift 
12 0.5 1 0 
13 0.5 1 0 
14 0.5 1 0 
15 0.5 1 0 

 

 

Figure 50  3.4: 3-D representation of Farfield with same amplitude and phase 
shift 

 

The 3D radiation pattern can be observed in figure 50 in which it can be seen that we 

have narrower beamwidth of far field performance having directivity of 13.40dBi and gain 

of 12.64dBi. The element radiation pattern is observed when there is no changes were 

made to its amplitude or phase.  
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Figure 51  3.4: Polar coordinate representation of same amplitude and phase 
shift 

 

As illustrated in figure 51, the primary lobe direction is parallel to the axis plane simply 

due to the identical phase shift. The primary lobe has a magnitude of 8.64 dBi and a 

direction of 90o. 
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3.4.2 When having same Amplitude but positive Phase shift: 
 

Table 3 Post processing parameters of same amplitude and different Phase shift 

Excitation Power avg. Amplitude Phase Shift 
12 0.5 1 60 
13 0.5 1 120 
14 0.5 1 180 
15 0.5 1 240 

 

 

Figure 52  3.4: 3-D representation of Farfield with same amplitude and positive 
phase shift 

 

The 3D radiation pattern can be observed in figure 52 in which it can be seen that we 

have narrower beamwidth of far field performance having directivity of 13.03dBi and gain 

of 12.24dBi.  

The radiation pattern in observed with the beam of antenna is steered with positive phase 

shift of 60o in each element. Therefore, there is change observed in the resulting beam 

compared to case 1 with slight drop in gain value. 
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Figure 53  3.4: Polar coordinate representation of same amplitude and positive 
phase shift 

 

As illustrated in Figure 53, when the phase of the elements is changed to positive 

degrees, the orientation of the main lobe likewise changes from 90 to 107o, a change of 

17o. This also leads in a shift in the magnitude of the major lobe, which is now 8.57dBi. 
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3.4.3 When having same Amplitude and negative Phase shift: 
 

Table 4 Post processing parameters of same amplitude and negative Phase shift 

Excitation Power avg. Amplitude Phase Shift 
12 0.5 1 -60 
13 0.5 1 -120 
14 0.5 1 -180 
15 0.5 1 -240 

 

 

Figure 54  3.4: 3-D representation of Farfield with same amplitude and negative 
phase shift 

 

The 3D radiation pattern can be observed in figure 54 in which it can be seen that we 

have narrower beamwidth of far field performance having directivity of 12.99dBi and gain 

of 12.22dBi. 

The radiation pattern in observed with the beam of antenna is steered with negative phase 

shift of 60o in each element but with similar amplitude. Direction of the resulting beam 

changes in clockwise direction with shift of 18o. 
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Figure 55  3.4: Polar coordinate representation of same amplitude and negative 
phase shift 

 

As illustrated in Figure 55, the resulting pattern occurs when the phase shift is performed 

in the negative direction. The direction of the main lobe has been changed to 72o, and the 

magnitude of the main lobe has been increased to 8.57dBi. 
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3.4.4 When having different amplitude and positive Phase shift: 
 

Table 5 Post processing parameters of both different amplitude and Phase shift 

Excitation Power avg. Amplitude Phase Shift 
12 0.5 1 0 
13 1.125 1.5 45 
14 2 2 90 
15 3.125 2.5 135 

 

 

Figure 56  3.4: 3-D representation of Farfield with different amplitude and 
positive phase shift 

 

The 3D radiation pattern can be observed in figure 56 in which it can be seen that we 

have narrower beamwidth of far field performance having directivity of 12.78dBi and gain 

of 12.00dBi. 

The radiation pattern in observed with there is positive phase shift of 45o and change in 

amplitude of each element. It is observed that there is slight drop in gain value and 

increase side lobes.  
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Figure 57  3.4: Polar coordinate representation of different amplitude and 
positive phase shift 

 

The results of the radiation pattern when the amplitude and phase shift of the elements 

are changed are depicted in Figure 57. The resulting major lobe is angled at 103o, with a 

magnitude of 8.17dBi. 
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3.4.5 When having different amplitude and negative Phase shift: 
 

Table 6 Post processing parameters of different amplitude and negative Phase shift 

Excitation Power avg. Amplitude Phase Shift 
12 0.5 1 0 
13 1.125 1.5 -45 
14 2 2 -90 
15 3.125 2.5 -135 

 

 

Figure 58  3.4: 3-D representation of Farfield with different amplitude and 
negative phase shift 

 

The 3D radiation pattern can be observed in figure 58 in which it can be seen that we 

have narrower beamwidth of far field performance having directivity of 12.58dBi and gain 

of 11.82dBi. 

The radiation pattern in observed with there is negative phase shift of 45o and change in 

amplitude of each element is same as case 4.  
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Figure 59  3.4: Polar coordinate representation of different amplitude and 
negative phase shift 

The radiation illustration shown in Figure 59 occurs when the amplitude changes with 

negative phase. The primary lobe has a magnitude of 7.99dBi and a direction of 77o. 
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Chapter 4: Conclusion 
Numerous technical and non-technical components of this thesis can be evaluated. From 

a technical perspective, it is critical to consider crucial factors such as radiation pattern, 

gain, phase shift, and VSWR while designing the antenna. These are crucial components 

for both conventional and conformal antennas, and some of them, such as gain and 

radiation pattern, are application dependent. 

The conformal array antenna on the cylinder's surface is presented in this thesis. Time-

domain solvers, optimization, as well as other similar techniques are applied during the 

design process. Additionally, the antenna array's beam scanning performance is also 

performed. 

It is worth mentioning that the properties of an antenna vary according on its physical 

parameters. For instance, the width of the dielectric and even the ground plane alters the 

antenna's bandwidth due to a phenomenon called fringing. Additionally, the gain and 

directivity of the antenna are also related to ground plane. The radiation pattern varies 

according to the antenna's environment. Similarly, dielectric constant has an effect on the 

gain, reflection coefficient, and bandwidth characteristics. By altering the antenna 

dielectric, we may also alter the antenna's radiated power and return loss. 

Once antenna is designed, the simulation is performed using CST microwave studio 

software. At first, each antenna element's radiation pattern is calculated by solving it 

separately. Then optimization is performed for desired 2.45Ghz frequency using both 

parameters sweep and post processing optimization. Then the simulation of all patch 

elements is performed, and the resulting Farfield radiation patterns are then discussed 

with s11 parameters. 

Beam scanning is performed by using the post processing method in CST, in which 

different phase and amplitude parameters are assigned to the conformal antenna and 

there radiation pattern is studied. 

The proposed antenna design provides the gain of 8.64 dBi when amplitude is unity and 

phase shift is 0. The gain of an antenna changes to 8.57dBi and the direction of antenna 
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changes when there is positive phase shift, and it becomes 8.17dBi when there is change 

in both amplitude and phase shift. 

For future work, the proposed design can be further improved in terms of gain, radiation 

pattern and beamforming scanning capabilities. It can be achieved by increasing the 

patch elements on the conformal antenna. However, a trade-off analysis between patch 

elements parameters and port feeding techniques will be required. 
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