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[bookmark: _Toc196741094]Abstract
This report covers the testing, simulation, and results of vacuum and Teflon waveguides, as well as the analysis of a half-wave dipole antenna. Research and evaluation of radar to detect drones or UAVs with the use of radar and similar systems, along with the impacts of such a system.
[bookmark: _Toc196741095]Introduction
This report is broken up into three tasks, each focusing on a different area of research and testing.
Task 1a/b focuses on the simulation and calculations for vacuum and Teflon rectangular waveguides, detailing their modes, field overlays and accompanying calculations.
Task 2 is centred around the calculation and simulation of a half-wave dipole antenna, including its gain plot and radiation pattern.
Task 3 covers research and evaluation of using radar to detect drones, and the implications or issues it may cause as a result. 
[bookmark: _Toc196741096]Task 1
[bookmark: _Toc196741097]Task 1a
[bookmark: _Toc196741098]Modelling Vacuum Waveguide
A vacuum-filled waveguide was created in HFSS, with the following dimensions as shown below:




[image: The Vacuum Waveguide modelled in HFSS]
[bookmark: _Toc196584783][bookmark: _Toc196741177]Figure 1 - Vacuum Filled Waveguide Modelled in Ansys HFSS
The wave guide was created with two ports at either end of the wave guide
[image: A screenshot of a computer
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[bookmark: _Toc196741178]Figure 2 - Port 1 on Vacuum Waveguide
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[bookmark: _Toc196741179]Figure 3 - Port 2 on Vacuum Waveguide
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[bookmark: _Toc196741180]Figure 4 - Mode 1 Port Field Display (Underside)
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[bookmark: _Toc196741181]Figure 5 - Mode 1 Port Field Display
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[bookmark: _Toc196741182]Figure 6 - Mode 2 Port Field Display (Underside)
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[bookmark: _Toc196741183]Figure 7 - Mode 2 Port Field Display
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[bookmark: _Toc196741184]Figure 8 - Mode 3 Port Field Display (Underside)
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[bookmark: _Toc196741185]Figure 9 - Mode 3 Port Field Display
(See Figures 20-31 for Vacuum Waveguide, Mode Field Overlays)
[bookmark: _Toc196741102]Cut of Frequency Calculations
The Cut-off frequency was calculated using the following equation:

[1]
Where:




Mode 1
For mode 1, the following values  were used:







Mode 2
For mode 2, the following values  were used:






Mode 3
For mode 2, the following values  were used:





[image: ]
[bookmark: _Toc196741186]Figure 10 - Vacuum Waveguide Cut-Off Frequency Graph
When the 3 modes are plotted, the dominant mode is shown to be mode 1, due to it having the lowest cut-off frequency, with a cut-off frequency of 6.48GHz.
The expected values calculations vs the simulated ones were close, with an acceptable amount of tolerance..







[bookmark: _Toc196741103]Task 1b
[bookmark: _Toc196741104]Modelling Teflon Waveguide
The Teflon Waveguide was created in the same way as the vacuum waveguide, with the same dimensions, but the material was changed to Teflon.
[bookmark: _Toc196741105]Mode 1
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[bookmark: _Toc196741187]Figure 11 - Teflon Waveguide Mode 1 Port Field Display
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[image: A screen shot of a computer
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[bookmark: _Toc196741188]Figure 12- Teflon Waveguide Mode 2 Port Field Display
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[bookmark: _Toc196741189]Figure 13- Teflon Waveguide Mode 3 Port Field Display
(See Figures 32-43 for Teflon Waveguide, Mode Field Overlays)

[bookmark: _Toc196741108]Cut of Frequency Calculations
The Cut-off frequency was calculated using the following equation:

[1]
Where:






Mode 1
For mode 1, the following values  were used:







Mode 2
For mode 2, the following values  were used:






Mode 3
For mode 2, the following values  were used:
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[bookmark: _Toc196741190]Figure 14 - Teflon Waveguide Cut-Off Frequency Graph
As shown in both the calculations and the simulation graph, mode 1 was shown to be the dominant mode, as well as all three sets of cut-off frequencies were near identical to their simulated counterparts.



[bookmark: _Toc196741109]Waveguide Results Comparison
Once the results for each of the waveguides were calculated, they were compared with one another, as shown in the table below:
[image: ]
[bookmark: _Toc196741191]Figure 15 - Waveguide Cut-Off Frequency Comparison

As the Table illustrates, the cut-off frequencies for the Teflon waveguide are much lower than those of the vacuum waveguide. This is due to the Teflon's dielectric properties and relative permittivity of 2.1, compared to the permittivity of a vacuum, which is 0. Put simply, the Teflon ‘slows’ the wave propagation, then passes through it, and consistently affects all the modes.
Other points to note are how the Teflon can operate at lower frequencies with the other parameters kept the same, which may be useful when designing waveguides with restrictions to reach a certain frequency range.
[bookmark: _Toc196741110]Task 2
For task 2, a half-wave dipole Antenna was created with the following dimensions and parameters:



Calculations
The remaining values were then calculated as such:








[bookmark: _Toc196741111]Design and Simulation
The antenna was created to the specifications of the brief.
Firstly, the antenna was made from a cylinder that was extruded to the required length. Then the two halves were created by creating a smaller cylinder in the centre and having its material set to a vacuum.
This was then subtracted from the total cylinder, creating a ‘physical’ gap between the two halves. Then, a lumped port was created by inserting a plain excitation in the YZ axis, effectively bridging the gap; its port impedance was then set to 50Ω.
(See Figures 44,45 & 46 for Images)

[bookmark: _Toc196741112]Gain pattern
Once the Dipole was created and validated, it was then  simulated and had its gain results plotted on a 3D polar plot, The results are shown below:
[image: A computer screen shot of a diagram
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[bookmark: _Toc196741192]Figure 16 - Dipole 3D Polar Gain Plot
[bookmark: _Toc196741113]S Parameter Plot
The S Parameter was also plotted on a rectangular graph.
[image: A graph with red lines
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[bookmark: _Toc196741193]Figure 17 - S Parameter Plot for Halfwave Dipole
[bookmark: _Toc196741114]Discussion
Comparing the Results from the S parameter plot and the operating frequency Calculations reveals a slight discrepancy between the two:
[image: ]
[bookmark: _Toc196741194]Figure 18 - Calculated vs Simulated Frequencies for half-wave dipole
This could have been caused by a few factors:
· End Effect, in essence, the electromagnetic fields extend beyond the physical antenna dimensions, making it ‘electrically longer’, resulting in a lower resonant frequency.
· Simulations Settings, when creating the dipole, a non-zero diameter was used, which the calculations don't consider (they assume infinitely thin material.

Resonances shifts will occur when antennas make contact with mediums different dielectric constants. With a prior knowledge of the ground electrical parameters, these shifts can accounted for.’ [2]

‘Resonator losses may be due to conductor loss, dielectric loss, or radiation loss, and are represented by the resistance, R, of the equivalent circuit. An external connecting network may introduce additional loss.’ [3]
	

Whilst these factors can all contribute to result discrepancies, the simulated results are still in tolerance as and expected with 10-15% variance between the two results is to be expected.
[4]
[bookmark: _Toc196741115]Task 1 & 2 Conclusion
To conclude tasks 1 & 2, results were taken from the two sets of waveguides (1a & 1b) and were compared with each other.
Task 2 was the design and testing of a half-wave dipole antenna and comparing calculated and simulated results, as well as rationalisation for the discrepancies between them. 
[bookmark: _Toc196741116]Task 3
[bookmark: _Toc196741117]Abstract
Task 3 covers research and evaluation of using radar to detect drones, and the implications or issues it may cause as a result. 
Research and evaluation found that there are better alternatives to ‘plain’ radar with the use of multiple sensors or AI; however, increased use of EMF can have detrimental effects on wildlife populations in proximity.
[bookmark: _Toc196741118]Introduction
With the rise in drone use in recent years for recreational, commercial and military purposes, there is a growing need for advancements in detection systems and countermeasures in the event of malicious or reckless use.
[bookmark: _Toc196741119]Literature Review
Most drones (consumer and commercial) are often characterised by using multiple rotors, being unmanned or remotely controlled and typically having a small RCS, as well as low speeds and altitudes.
These characteristics often present an issue for conventional radar, as these systems are not optimised for detecting such targets. 
· Small RCS/Material Use; As drones are smaller and typically use composite materials, there is less reflection from a radar, reducing the chance of it being detected.
· Low Speeds; Low Speeds make using Doppler detection harder, due to how Doppler radar works. Simply put, Doppler works by measuring the change in frequency from a signal reflected from a moving object, as a result, faster-moving objects stand out more than slower-moving objects, which could be interpreted as background noise or a stationary object which the system would filter out. [5]
· Low Altitudes; This can present a few issues for the detection of drones as well as radar in general. Radar often struggles with line of sight and low angles, which are caused by the radar beams being less concentrated at lower angles, making the detection of smaller targets harder.
[6] [7] [8]
[bookmark: _Toc196741120]Solutions 
There are several solutions to help aid in the detection of drones.
[bookmark: _Toc196741121]AI Detection
By using machine learning/AI in the detection of drones, anti-drone systems can ‘learn’ to distinguish drones from things like birds or other objects that could be misinterpreted as a drone. AI can also adapt to new drone types or flight behaviours, as well as having the potential to classify them and thus could determine if a drone is a potential threat or not. In using this, AI could help to keep a radar system efficient by only monitoring or focusing on probable threats rather than anything in range.
AI can be used to merge multiple inputs monitoring a section of airspace from different sensors, and then can interpret the data, leading to more accurate monitoring with a reduced chance of false positives.
[8]
[bookmark: _Toc196741122]Additional Sensors
Similar to how AI could merge multiple readings from a target for a comprehensive understanding, multiple detection systems can help to cover the shortcomings of a single detection method.
Some examples could include:
· Optical Cameras, can be used to see the visual look of the object 
· IR/Thermal Cameras, can be used to identify heat from batteries or motors
· Acoustic Sensors, can be used to hear the sound of motors in the drone’s propellers
· RF Scanners, can be used to detect communications to and from the drone
· LiDAR, can be used for small objects in cluttered surroundings
[bookmark: _Toc196741123]Higher frequencies
Higher frequencies can be used to get a better resolution from smaller objects due to the short wavelength, and reflect better.
Compared to lower frequencies, which have a larger wavelength and have a harder time reflecting waves from smaller objects. [9]
[bookmark: _Toc196741124]Social & Environmental Impacts
There are numerous factors that can have a societal impact regarding drone and radar uses.
[bookmark: _Toc196741125]Increase in Drone Use
With the increase of drone usage, societal issues with drones also increase and become more pronounced. A table showing the main 3 categories is shown below, with their sub-issues:
[image: ]
[bookmark: _Toc196741195]Figure 19 - Issues Presented by the Use of Drones
[10] [11]
[bookmark: _Toc196741126]Environmental
Radar can also have detrimental effects on wildlife, such as avian and insecta life. While low infrequent exposure tends to have minimal threats to wildlife, prolonged or cumulative exposure can have potentially serious repercussions.
As many of the aforementioned species utilise or are sensitive to Electromagnetic waves, which can often cause psychological stress in animals. Other behaviours that can be affected by EMF and radar systems can potentially include:
· Orientation and navigation in animals that utilise magnetoreception (‘seeing’ magnetic field using proteins in the eye) [12]. As the EMF from radars can affect this, this can cause animals to become disorientated or stray from migration paths, potentially resulting in mortality due to exhaustion or arrival in an unsafe environment. 
· Relocation of species, due to strong magnetic fields, animals with magnetoreception can behaviourally avoid ideal habitats, potentially resulting in a decline in breeding & feeding ground and as a result a decrease in population.
· Ecological effects, as a result of changes in populations, predator-prey dynamics can change, potentially causing entire ecological systems to collapse.
[13]
[bookmark: _Toc196741127]Conclusion
To conclude, there are a variety of factors to consider when detecting drones with the use of radar. Whilst there are significant benefits of additional drone detection systems, there is also tangible issues with such systems, such as the effects on wildlife and society. When implementing these systems, ethical and practical considerations need to be taken to ensure as minimal impact as possible.
[bookmark: _Toc196741128]Appendix
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[bookmark: _Toc196741196]Figure 20 - Vacuum Waveguide, Mode 1, E Field, Magnitude
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[bookmark: _Toc196741197]Figure 21 - Vacuum Waveguide, Mode 1, E Field, Vector
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[bookmark: _Toc196741198]Figure 22 - Vacuum Waveguide, Mode 1, H Field, Magnitude
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[bookmark: _Toc196741199]Figure 23 - Vacuum Waveguide, Mode 1, H Field, Vector
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[bookmark: _Toc196741200]Figure 24 - Vacuum Waveguide, Mode 2, E Field, Magnitude
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[bookmark: _Toc196741201]Figure 25 - Vacuum Waveguide, Mode 2, E Field, Vector
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[bookmark: _Toc196741202]Figure 26 - Vacuum Waveguide, Mode 2, H Field, Magnitude
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[bookmark: _Toc196741203]Figure 27 - Vacuum Waveguide, Mode 2, H Field, Vector
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[bookmark: _Toc196741204]Figure 28 - Vacuum Waveguide, Mode 3, E Field, Magnitude
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[bookmark: _Toc196741205]Figure 29 - Vacuum Waveguide, Mode 3, E Field, Vector
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[bookmark: _Toc196741206]Figure 30 - Vacuum Waveguide, Mode 3, H Field, Magnitude
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[bookmark: _Toc196741207]Figure 31- Vacuum Waveguide, Mode 3, H Field, Vector
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[bookmark: _Toc196741208]Figure 32 - Teflon Waveguide, Mode 1, E Field, Magnitude

Vector
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc196741209]Figure 33 - Teflon Waveguide, Mode 1, E Field, Vector
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[bookmark: _Toc196741210]Figure 34 - Teflon Waveguide, Mode 1, H Field, Magnitude
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[bookmark: _Toc196741211]Figure 35 - Teflon Waveguide, Mode 1, H Field, Vector
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[bookmark: _Toc196741212]Figure 36 - Teflon Waveguide, Mode 2, E Field, Magnitude

Vector
[image: A screen shot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc196741213]Figure 37 - Teflon Waveguide, Mode 2, E Field, Vector
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[bookmark: _Toc196741214]Figure 38 - Teflon Waveguide, Mode 2, H Field, Magnitude
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[bookmark: _Toc196741215]Figure 39 - Teflon Waveguide, Mode 2, H Field, Vector
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[bookmark: _Toc196741216]Figure 40 - Teflon Waveguide, Mode 3, E Field, Magnitude

Vector
[image: A screen shot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc196741217]Figure 41 - Teflon Waveguide, Mode 3, E Field, Vector
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[bookmark: _Toc196741218]Figure 42 - Teflon Waveguide, Mode 3, H Field, Magnitude
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[bookmark: _Toc196741219]Figure 43 - Teflon Waveguide, Mode 3, H Field, Vector
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[bookmark: _Toc196741220]Figure 44 - Dipole cylinder creation
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[bookmark: _Toc196741221]Figure 45 - Dipole Lumped Port Creation
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[bookmark: _Toc196741222]Figure 46 - Dipole Radiation Boundary
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