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Task 1 – Rectangular Waveguide
Abstract
This report section outlines the modelling of two 23 x 11 x 50mm rectangular waveguides in Ansys HFSS - one made of Teflon, the other a vacuum – based on student number 2322728. [1]It covers the port field displays to identify TE10, TE20 and TE01 modes through field variations in the x and y planes. Cut-off frequencies and S-parameter plots for mode 1 confirm the dominant mode and increasing losses at higher frequencies. Field overlays for each mode were analysed near cut-off and at sweep maximum, revealing clear directional propagation near cut-off and increased distortion at higher frequencies. The discussion highlights affect dielectric properties have on propagation speed. 
Introduction
Task 1 covers the building and simulating of two different rectangular waveguides built to the same dimensions, made with different materials. This section will explain the steps of building the waveguides, then go on to compare the results of both waveguides, looking at the gamma plots for the cut-off frequencies, calculations for the wave speed in Teflon and comparing that to the speed of light in a vacuum. Following that, there are comparisons into the field overlays at the maximum sweep frequency and close to the cut-off frequency, and why the waveguide is less efficient at frequencies far above the cut-off.
Methodology
The rectangular waveguides built were 23 x 11 x 50mm, with ones material set to vacuum and the other to be Teflon. The figures below show the box setup.
[image: A computer screen shot of a green rectangular object

AI-generated content may be incorrect.]Figure 1 – Box set to the correct size
[image: A computer screen shot of a purple rectangular object

AI-generated content may be incorrect.]Figure 2 – Box properties setup for the Vacuum waveguide
Once the Teflon and vacuum boxes were built, the side walls were defined as perfect electrically conductive (PEC) boundaries, assumed to be infinitely thin. Wave ports were applied to the top and bottom surfaces to enable excitation. Boundary and excitations setups are shown in appendix A.
Both waveguides then had an analysis sweep setup to allow a series of results to be created. The setup for this analysis can be seen in appendix B.  
The sweep also showed the Port field display for mode 1, 2 and 3 at both port 1 and port 2 – The sweep for Port 1 can be seen below and will be explained further in the results discussion section.
[image: A screen shot of a computer

AI-generated content may be incorrect.]Figure 3 – Port 1, Mode 1 port field display (TE10)
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 4 – Port 1, Mode 2 port field display (TE20)
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 5 – Port 1, Mode 3 port field display (TE01)
The port field display for Port 2 is similar to port one but with the direction of the wave propagation travelling in the opposite direction. They can be seen in appendix C. The port fields for the Teflon Waveguide can be seen in appendix D. 
Results
Once both rectangular waveguides were created, they each had a series of results setup and created. 
Rectangular waveguide with Vacuum
The first result created was a rectangular gamma plot of mode 1, 2 and 3 on the port 1. The graph below shows the cut-off frequencies of each mode.
[image: A graph of a graph

AI-generated content may be incorrect.]Figure 6 – Rectangular gamma plot showing the cut-off frequencies
[image: A graph with green line

AI-generated content may be incorrect.]Below is the S plot, showing the dominant mode.
Figure 7 – S Plot of Mode 1 for the Vacuum waveguide
The following results include magnitude and vector field overlays for the electric and magnetic waves. Magnitude plots are scalar use colour to indicate field strength, while vector plots both strength (by colour) and direction. These overlays were produced at the maximum sweep frequency and near the cut-off frequency for comparison (see discussion section).
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]Figure 8 –magnitude of the electric field for mode 1 at maximum sweep frequency
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AI-generated content may be incorrect.]Figure 9 – Vector of the electric field for mode 1 at maximum sweep frequency
[image: A computer screen shot of a colorful object

AI-generated content may be incorrect.]Figure 10 – Magnitude of the electric field for mode 1 close to the cut-off frequency
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AI-generated content may be incorrect.]Figure 11 – Vector of the electric field for mode 1 close to the cut-off frequency
[image: A computer screen shot of a rectangular object

AI-generated content may be incorrect.] Figure 12 – Magnitude of the magnetic field for mode 1 at maximum sweep frequency
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AI-generated content may be incorrect.]Figure 13 – Vector of the magnetic field for mode 1 at maximum sweep frequency
[image: A computer screen shot of a rectangular object

AI-generated content may be incorrect.]Figure 14 – Magnitude of the magnetic field for mode 1 close to the cut-off frequency
[image: A computer screen shot of a computer screen

AI-generated content may be incorrect.]Figure 15 – Vector of the magnetic field for mode 1 close to the cut-off frequency
The magnitude and vector field patterns for modes 2 and 3 can be seen in appendix E.
Rectangular waveguide with Teflon
The second waveguide is made of Teflon, and the results below show the cut-off frequencies, S plot for mode 1 and the field patterns for Mode 1. 
[image: A graph with colored lines

AI-generated content may be incorrect.]Figure 16 – Rectangular gamma plot showing the cut-off frequencies

[image: A graph of a function

AI-generated content may be incorrect.]Figure 17 – S Plot of Mode one for the Teflon waveguide
[image: A computer screen shot of a rectangular object

AI-generated content may be incorrect.]Figure 18 – Magnitude of the electric field for mode 1 at maximum sweep frequency
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AI-generated content may be incorrect.]Figure 19 – Vector of the electric field for mode 1 at maximum sweep frequency
[image: A computer screen shot of a colorful diagram

AI-generated content may be incorrect.]Figure 20 – Magnitude of the electric field for mode 1 close to the cut-off frequency
[image: A screen shot of a computer

AI-generated content may be incorrect.]Figure 21 – Vector of the electric field for mode 1 close to the cut-off frequency
[image: A computer screen shot of a rectangular object

AI-generated content may be incorrect.]Figure 22 – Magnitude of the magnetic field for mode 1 at maximum sweep frequency
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AI-generated content may be incorrect.]Figure 23 – Vector of the magnetic field for mode 1 at the maximum sweep frequency
[image: A computer screen shot of a rectangular object

AI-generated content may be incorrect.]Figure 24 – Magnitude of the magnetic field for mode 1 close to the cut-off frequency
[image: A screen shot of a diagram

AI-generated content may be incorrect.]Figure 25 – Vector of the magnetic field for mode 1 close to the cut-off frequency
The results for mode 2 and 3 for the Teflon rectangular waveguide can be found in appendix F.
Discussion and conclusion
[1]The cut-off frequencies for the Vacuum waveguide were calculated using  where c is the speed of light in a vacuum (a is the length of 23mm, b is the width of 11mm, m is the number of field variations in the x plane, and n is the number of field variations in the y plane. The Port field display in figure 3, 4 and 5 for port 1 can be used to calculate the number of field variations in the x and y plane. For mode 1, there is 1 field variation in the x and 0 in the y, making it transverse mode TE10. Mode 2 has 2 field variations making up a full wave in the x direction, and 0 in the y direction, making it TE20. Finally, mode 3 has 0 field variations in the x direction, and 1 in the y direction. This makes mode 3 TE01. This can then be used for the m and n value in the equation. Below are the cut-off frequency calculations for each mode for both the vacuum waveguide and Teflon waveguide.
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These calculations are repeated for the Teflon waveguide; however, EM waves propagate through Teflon slower than the speed of light in a vacuum due to Teflon’s dielectric properties. Calculating the speed that the waves propagate through Teflon uses the equation where  is the relative permeability of the material,  is the permeability of free space,  is the relative permittivity, also known as the dielectric constant and  is the permittivity of free space. For Teflon, it has the properties of   and . 
Therefore,  or  
Using this value for the c in the equation for the cut-off frequency, mode 1 = 4.497GHz, mode 2 = 8.995GHz and mode 3 = 9.404GHz.
Comparing the cut-off frequencies confirms that waves travel slower through Teflon, as its waveguide operates at a lower frequency compared to the vacuum one. Then comparing these calculated frequencies to the ones marked on the rectangular plots in figure 6 and 16 above, the frequencies match very closely to what is calculated.
The S-parameter plots show that signal transmission is efficient near the cut-off, with minimal losses in gain. However, as frequency increases, losses grow, which is consistent with the 30GHz field overlay results. 
Comparing the field overlays around the cut-off frequency (6.55GHz for the vacuum and 4.45GHz for the Teflon), a single dominant mode is excited. This resulted in the clear electric and magnetic field distribution in both the magnitude and vector overlay for every mode (see appendix E and F for the mode 2 and 3 results for each material). At these frequencies, the EM waves propagate in an orderly fashion in the same direction. Modes 2 and 3 propagate once their cut-off frequency is reached. The vector directions match the port field displays in figures 3-5 - consistent with both materials. 
At higher frequencies, both waveguides exhibit more complex, less organised field patterns, with a lower field magnitude. This is caused by mode mixing or signal distortions, leading to a less efficiency and losses.











TASK 2 – Halfwave Dipole Antenna
Abstract
This section of the report will cover the methodology of building a dipole of 1mm radius and 116mm in length. This includes adding the excitation to the modal lumped port at the centre of the antenna and adding the box around the dipole, which is where it will radiate. The frequency that the dipole resonates at is calculated as 1.29GHz and is compared to the simulated frequency of 1.18GHz from the S-parameter plot. The radiation pattern is also discussed, along with the elevation view of the dipoles gain plot which both matched the theoretical expectation. 
Introduction
This task will cover the building and simulation of a half wave dipole using my student number in Ansys HFSS. The dipole is built with a perfect electrical conductor, and the frequency is fed at the centre through an excited lumped port. It then goes on to the calculations of the resonant frequency of the dipole which is compared to the simulated result. The results will show the resonant frequencies the dipole operates at, which is its main resonant frequency, and the radiation pattern the dipole emits. [2]The typical result of a perfect dipole is toroidal shaped and is what will be expected in the results.  
Methodology
The Dipole built had a radius of 1mm and a length of 116mm. This was calculated using the first three digits of my student number (2322728) as the wavelength, divided by 2 since it is a half wave dipole. 
The air gap was then made in the middle for the port. The figures below briefly show the process of building the dipole. 
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 26 – Main dipole body cylinder
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 27 – Air Gap of the Dipole
Modal lumped port excitation was applied to the centre of the gap since this was where the frequency was being fed into the dipole. The open region was also setup where the antenna radiates. These can be seen below in Figure 28 and 29.
[image: A computer screen shot of a diagram

AI-generated content may be incorrect.]Figure 28 – Modal lumped port excitation







[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 29 – Open region for the antenna to radiate within
The resonant frequency was then calculated for the setup of the analysis frequency sweep. The assumptions are there is no resistance, only currents on the surface, ideal radiation and simplified boundary conditions. [3]The calculations for the operating frequency are below.
 


Using this in the analysis setup, the operating frequency was set to 1.3GHz and the sweep was between 0.5GHz and 4GHz, giving a good range of frequencies before and after the operating frequency. 
Results
[image: A graph of a function

AI-generated content may be incorrect.]The first result created was the S-parameter plot. The minimum point is the resonant frequency. The graph of the S-parameter plot below also shows a second point where the dipole radiates strongly.
Figure 30 – S-parameter plot of the half-wave dipole
The second result created was the radiation pattern (gain plot) of the half-wave dipole.
[image: A red apple with green center

AI-generated content may be incorrect.]Figure 31 – Radiation pattern of the half-wave dipole 
The radiation pattern above can be seen better on the elevation plane as a 2d polar plot. This can be seen blow.
[image: A diagram of a graph

AI-generated content may be incorrect.]Figure 32 – Elevation view of half-wave dipole
Discussion and conclusion
The calculated resonant frequency of 1.29GHz is 0.11GHz higher than the simulated frequency of 1.18GHz, [4]likely due to the fringing fields at the dipole ends, where EM fields extended beyond the physical length. Another factor of the assumption of an ideal thin wire in the calculations, meanwhile the simulated dipole has a thicker 1mm radius. 
The radiation pattern in figure 31 matches the theoretical expectation of a toroidal shaped far field radiation pattern. [5]The gain plot 1 shows how much power is being transmitted in the direction of peak radiation, to that of an isotropic source. The simulated dipole has a gain of 2.27dB.  [6]The elevation view also matches the expected shape for a dipole antenna and shows its directivity. 







Task 3 – Radar Study
Introduction
This report explores the fundamental principles of unmanned aerial vehicle (UAV) radar detection systems, with an emphasis on recent technological advancements, and evaluating their associated environmental and societal implications. In addition, it critically examines current detection methodologies, including radar signal modulation techniques and system architecture, while exploring the limitations posed by environmental clutter and UAV design characteristics. Furthermore, the report investigates opportunities for enhancing detection effectiveness through third-part system integration, enhanced signal processing techniques, and the application of artificial intelligence and machine learning. These improvements aim to contribute to the development of more robust radar systems with improved range and higher detection resolution capabilities
Literature review 
[7, 8]Radar systems work by transmitting electromagnetic pulses and analysing the reflected signals. [9, 10]Modern systems have significantly improved, addressing environmental and technical challenges. Detection accuracy depends on the drone’s size, structure, material, speed, altitude, and radar cross section. Detecting smaller, low flying or non-reflective drones are harder, particularly in urban settings. Current capabilities include detection ranges of up to 10km [10], tracking in real time, and classify by size, shape and speed.
[11, 9]The characteristics of the UAV radar detection systems technologies can be divided into two classifications: classification by frequency range (L, S, C, X, Ka and W bands) and classification of modulation. [9]Radar signal modulation plays a significant role in optimising performance. Techniques such as FMCW, LFPM, FSK, LFM and SFM  offer distinct advantages in range resolution, doppler sensitivity and noise resilience. FMCW provides accurate distance and velocity data, while LFM is better in cluttered environments, but offers reduced doppler resolution. [12]Therefore, FMCW is better for observation and monitoring applications, [13]while LFM fits practical radar applications. Matching modulation with the appropriate frequency bands helps to differentiate UAVs from clutter effectively.
[11]Acoustic Sensor Fusion technologies further enhance UAV detection. Passive acoustic systems use microphones to detect UAV sounds and offer long range detection but cannot identify the characteristics of the UAV since they are limited by external factors, such as ambient noise. Active systems emit sound waves and analyse reflections, helping to identify UAV type but have limited range. Hybrid systems combine both, using machine learning to process acoustic signatures and classify them accurately. 
[11]Sensor Fusion integrates data from various sensors to improve the detection accuracy. A combination like optical-electronic sensor with radar is used to classify drones based on their unique dynamic parameters and characteristics, such as  speed and direction.
The Environmental and societal impacts of radar systems are mixed. They enhance safety, especially in sensitive areas like airports for ensuring the airspace is clear for planes to take off, or if there are foreign drones flying in restricted zones. This can cause operational disruptions, which has a severe societal impact. [14]For instance, a suspected drone near Gatwick airport led to major flight delays and rerouting 
[15]Radars interference with other communication bands (e.g. mobile signals, emergency services) is a concern if systems don’t comply with regulatory standards. The FFA and recent EU Regulations (effective as of 2023) has guidelines to mitigate these risks that affect people’s daily lives.
There could be ethical concerns regarding civilian privacy relating to radar enhanced by AI, giving adaptive and autonomous threat detection. The concerns of a false positive from the radar in these areas may lead to unnecessary countermeasures, meaning these concerns will need to be considered, affecting how and where these systems can be deployed.
[16]Radar noise pollution also affects humans and wildlife. The high frequency signals can disrupt animals like birds and whales, which rely on high frequency sound for communication, leading to stress or habitat displacement. 
[17]USDA research into radars’ effect on avian behaviour showed that during the summer with stationary radar, the brown-headed cowbirds were more careful and aware, and their movement behaviour changed during radar exposure. In the winter, the radar increased their movement behaviour. With the approaching radar tests, they found that the birds had earlier escape responses compared to when the radar was off. These findings suggest radar can significantly affect animal behaviour, especially in high areas of exposure. 
Discussion
To improve radars’ effectiveness, integrating multiple systems increases its range, accuracy, and effectiveness. Using advanced signal processing will improve the radars’ performance by reducing the clutter, along with the integration of AI and machine learning, representing a shift in UAV detection capabilities. Machine learning models trained on large datasets – such as UAV signatures and animal movement – can detect patterns and anomalies that traditional signal processing may miss. Moreover, adaptive learning algorithms can constantly adjust their behaviour or decision-making based on real time conditions.
[15]Some of the current drone radar systems in development are listed below:
· Raytheon’s Counter-UAS system uses a combination of radar, cameras, and acoustic sensors to track drones.
· Lockheed Martin’s Indago system uses both advanced radar and sensor fusion for drone tracking. 
· Dedrone’s DroneTracker uses radar, cameras, and sensor fusion.
[15]Some methods of Advanced Radar include:
· Signal Processing - reducing clutter and improving target detection.
· Array Processing – improves target detection and tracking accuracy by the combination of multiple antennas.
· Machine Learning – machine learning and AI can analyse radar data and improve drone classification and detection.
Another potential enhancement involves increasing the radar to a higher frequency and power. This would increase the range the radar can detect up to with a higher frequency, adding more detail in detection. This means the radar can spot smaller UAV’s at a longer distance. 
Integrating the higher power radar with a combination of Acoustic passive and active sensors mixed with the machine learning advancements should give the best improvement results. 
[16]The other thing to consider is reducing the noise pollution from the radar systems. Soundproofing the radar will help absorb and mitigate the noise emissions. Having it located away from certain habitats that may be more susceptible to noise can also help reduce the environmental impact. Mixing this with some directional antennas for the radar will reduce how spread out the noise is, therefore reducing the area that it would affect.
Conclusion
This report has covered the key principles when operating radar detection systems, evaluating current advancements and integrating sensors. It has covered the new emerging technologies, like AI and acoustic systems, to help further improve drone detection. While these methods provide improvements over standard radar, there are concerns regarding environmental, regulatory and ethical impacts, all of which need to be considered when designing and deploying radar systems. Further research into radar and its effects will help give a better understanding of these concerns.
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Appendices
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AI-generated content may be incorrect.]Appendix A – Waveguide Boundaries and Excitation ports
Figure 33 – PEC boundaries set
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AI-generated content may be incorrect.]Figure 34 – Assigned excitation on wave port 1
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AI-generated content may be incorrect.]Figure 35 – Assigned excitation on wave port 2
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      Figure 36 – Setup analysis of frequency sweep
Appendix C – Port field displays for mode 2 and 3 of vacuum waveguide
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AI-generated content may be incorrect.]Figure 37 - Port 2, Mode 1 port field display (TE10)
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AI-generated content may be incorrect.]Figure 38 - Port 2, Mode 2 port field display (TE20)
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AI-generated content may be incorrect.]Figure 39 – Port 2, Mode 3 port field display (TE01)
Appendix D – port field displays of Teflon waveguide
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AI-generated content may be incorrect.]Figure 40 – Port 1, Mode 1 port field display (TE10)
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Figure 47 – Vector of the electric field for mode 2 at maximum sweep frequency
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Figure 50 – Magnitude of the magnetic field for mode 2 at maximum sweep frequency
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Figure 52 – Magnitude of the magnetic field for mode 2 close to the cut-off frequency[image: A screen shot of a computer
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Figure 53 – Vector of the magnetic field for mode 2 close to the cut-off frequency
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Figure 62 – Magnitude of the electric field for mode 2 at maximum sweep frequency
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