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[bookmark: _Toc230698730]Abstract
The purpose of this report is to obtain and analyse results from the application of specific electromagnetic modelling techniques and correlate these results with physical characteristics. The software used for the design and simulation of certain models is CST Studio Suite. Simulation results show that the material in rectangular waveguide models affects the cutoff frequencies. 
There are specific safety standards related to RF energy, and this report also explores how waveguide design can comply with these standards, as well as the societal, environmental, and ethical implications of deploying advanced RADAR technologies for certain purposes.


[bookmark: _Toc230698731]Introduction
This report explores the design and simulation of two rectangular waveguide models with PEC (Perfect Electrical Conductor) filled with vacuum and Teflon. It outlines the dominant and propagating modes along with cutoff frequencies, magnitude and vectors of Electric and Magnetic fields. It compares how different materials affect results and delves into how waveguide designs are used in modern RF systems. 
This report also details the design and simulation of a Halfwave Dipole Antenna, including a discussion of how theoretical findings align with simulated results, as well as the safety standards related to RF energy and how waveguide design can comply with them. 
Finally, this report analyses advanced radar technologies for detecting and tracking, incorporating a discussion of societal, environmental, and ethical implications of deploying such systems. 



[bookmark: _Toc230698732]Design
The following section details the application of mathematical, statistical, and electromagnetic principles to design two rectangular waveguide models with PEC walls (one filled with vacuum and another filled with Teflon) and a halfwave dipole antenna, also using PEC. 
[image: ]The dimensions of the rectangular waveguides are defined by the equation below:
a (width) = 24mm
b (height) = 15/2 = 7.5 = 8mm
Length = 50mm[bookmark: _Toc230698748]Figure 1: Normalised Waveguide Dimension Equation

[image: ]The waveguide ports are wave ports 1 and 2, with the number of modes as 3, and a frequency sweep from 2GHz to 30GHz. This setup is the same for both rectangular waveguides and is shown in the images below.
[image: ]
[bookmark: _Toc230698749]Figure 2: Unit Setup



[bookmark: _Toc230698750]Figure 3: Create Project in Time Domain
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[bookmark: _Toc230698751]Figure 4: Frequency Sweep and Field Selection


[image: ][bookmark: _Toc230698752]Figure 5: Material Selection

[image: ][image: ][image: ][bookmark: _Toc230698753]Figure 6: Waveguide Dimensions

[bookmark: _Toc230698754]Figure 7: PEC with Teflon

[bookmark: _Toc230698755]Figure 8: Waveguide Port and Mode Selection

The design of the halfwave dipole antenna used PEC and has a radius of 1mm, with a wavelength 𝜆 of 241mm (calculated from the first three digits of the student ID). An excitation is to be applied through a 50Ω lumped port within a rectangular radiating surface. 
 

The creation of the dipole antenna and radiating space follow the same steps of creation as shown in Figure 2 to Figure 8.
To apply an excitation through a 50Ω lumped port a discrete port was created.
[image: ][image: ][bookmark: _Toc230698756]Figure 9: Lumped Element between Poles
[bookmark: _Toc230698757]Figure 10: Discrete Edge Port









Before simulating both waveguides and antenna, the parameters for the time domain setup solver need to be reviewed (Figure 11).
[image: ]


[bookmark: _Toc230698758]Figure 11: Time Domain Setup Solver
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[bookmark: _Toc230698759]Figure 12: PEC Walls filled with Vacuum Waveguide

Dominant and Propagating Modes
The direction of propagation is from Port 1 to Port 2. The dominant mode is the lowest-order mode that can be supported by the waveguide for a given frequency or length – it has the lowest cutoff frequency/wavelength [1]. The TE10 dominant mode for the waveguide simulated is mode 1 with a cutoff frequency of 6.24GHz.
[image: ][image: ][image: ]Port Field Display[bookmark: _Toc230698760]Figure 13: Port 1 e3 TE01
[bookmark: _Toc230698761]Figure 14: Port 1 e2 TE20
[bookmark: _Toc230698762]Figure 15: Port 1 e1 TE10

[image: ][image: ][image: ][bookmark: _Toc230698763]Figure 16: Port 2 e3 TE01
[bookmark: _Toc230698764]Figure 17: Port 2 e2 TE20
[bookmark: _Toc230698765]Figure 18: Port 2 e1 TE10

[image: ][image: ]Magnitude and Vectors[bookmark: _Toc230698766]Figure 19: Dominant Mode E-Field Port 1 (f=16GHz)

[bookmark: _Toc230698767]Figure 20: Dominant Mode H-Field Port 1 (f=16GHz)

Cutoff Frequencies
The calculation for the theoretical cutoff frequency is shown below:

Mode 1: 

Mode 2: 

Mode 3: 

[image: ][bookmark: _Toc230698768]Figure 21: PEC with Vacuum Mode Cutoff Frequencies [Port(Mode)]

Actual Cutoff Frequencies from Simulation: 
Mode 1 = 6.24GHz
Mode 2 = 12.47GHz
Mode 3 = 18.65GHz


[bookmark: _Toc230698736]PEC Walls Filled with Teflon
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[bookmark: _Toc230698769]Figure 22: PEC Walls filled with Teflon





Dominant and Propagating Modes
The direction of propagation is from Port 1 to Port 2. The TE10 dominant mode for the waveguide simulated is mode 1 with a cutoff frequency of 4.31GHz.
[image: ][image: ]Port Field Display[bookmark: _Toc230698770]Figure 23: Port 1 e1 TE10

[bookmark: _Toc230698771]Figure 24: Port 1 e2 TE20

[image: ]From analysing the port results in the rectangular waveguide filled with vacuum, the fields displayed at ports 1 and 2 show the same result. This remains unchanged for the rectangular waveguide filled with Teflon.[bookmark: _Toc230698772]Figure 25: Port 1 e3 TE30

[image: ]Magnitude and Vectors
[image: ][bookmark: _Toc230698773]Figure 26: Dominant Mode H-Field Port 1 (f=16GHz)
[bookmark: _Toc230698774]Figure 27: Dominant Mode E-Field Port 1 (f=16GHz)

Cutoff Frequencies
As this waveguide is filled with Teflon instead of vacuum, the value of c can be calculated from the equations below:
 
 
Mode 1: 

Mode 2: 

Mode 3: 

[image: ][bookmark: _Toc230698775]Figure 28: PEC with Teflon Mode Cutoff Frequencies [Port(Mode)]

Actual Cutoff Frequencies from Simulation: 
Mode 1 = 4.31GHz
Mode 2 = 8.61GHz
Mode 3 = 12.90GHz
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[bookmark: _Toc230698776]Figure 29: Halfwave Dipole Antenna


Theoretical Operating Frequency:
 = 1.24GHz
S-parameter Plot:
[image: ]Simulation Operating Frequency = 1.09GHz[bookmark: _Toc230698777]Figure 30: S-parameter plot



[bookmark: _Toc230698738][image: ][image: ]Simulation[bookmark: _Toc230698778]Figure 31: H-Field (f=1.5GHz)
[bookmark: _Toc230698779]Figure 32: E-Field (f=1.5GHz)











[bookmark: _Toc230698739][image: ]Radiation Pattern[bookmark: _Toc230698780]Figure 33: 3D Radiation Pattern of Antenna

The radiation pattern for this antenna is omnidirectional because it radiates and receives signals equally in all directions within a specific plane [2]. Antennas with this radiation pattern have low gain and directivity and is ideal for applications that require signal reception or transmission from multiple directions without reorientating the antenna [2].













[bookmark: _Toc230698740]Discussion
[bookmark: _Toc230698741]Comparison of Waveguide Cutoff Frequencies
Vacuum Actual Cutoff Frequencies from Simulation: 
Mode 1 = 6.24GHz
Mode 2 = 12.47GHz
Mode 3 = 18.65GHz
Teflon Actual Cutoff Frequencies from Simulation: 
Mode 1 = 4.31GHz
Mode 2 = 8.61GHz
Mode 3 = 12.90GHz
For both materials, the percentage increases follow the same pattern from Mode 1 to Mode 3 (i.e. 99% increase, then 49% increase). Teflon has lower cutoff frequencies for each of the modes, this is because, compared to free space, Teflon has a higher permittivity (of 2.1). This means that the material polarises easily and the material absorption loss increases, leading to higher transmission loss – this loss also increases as the waveguide dimensions increase [3].
[bookmark: _Toc230698742]Waveguide Designs in Modern RF Systems
There are many types of waveguides that fall under two different classifications, and these include [4]:
· Metal Waveguides
· Rectangular Waveguides
· Circular Waveguides
· Dielectric Waveguides
· Optical Fibre
· Dielectric Slab Waveguides
[image: ][image: ]Rectangular waveguides support transverse electric (TE) and transverse magnetic (TM) modes, but EM waves cannot propagate below the cutoff frequency [4]. Rectangular waveguides handle high power and have low transmission loss, making them ideal for long-distance communication and radar [5]. Circular waveguides also support TE and TM modes, and are typically used in radar systems, satellite communication and microwave devices [4]. [bookmark: _Toc230698781]Figure 34: Rectangular and Circular Waveguide

Optic fibres are classified, based on the refractive index and modes, into single mode, multimode step-index, and multimode graded-index optic fibres [4]. Single mode optical fibres have a smaller core size to minimise dispersion and allow the signal to travel longer distances without significant loss or distortion, making it ideal for long-distance communications [4]. Multimode graded-index optic fibres accommodate an equalisation of the transmission time of different modes, in turn reducing the mode dispersion greatly – meaning it is ideal for medium distance and relatively higher speed communication [4]. Common materials used in dielectric waveguides include ceramics, quartz, and certain polymers because these materials allow low-loss transmission at microwave and mmWave frequencies [5].[bookmark: _Toc230698782]Figure 35: Dielectric Slab and Optical Fibre Waveguides

Some of the recent waveguide advancements include [6]:
· Integrated antenna design
· 3D printing for low-cost waveguides
· Multi-band operation in single structure
· Metamaterial enhancements for efficiency
· Adaptive beam steering with AI control
Metal and polymer-based additive manufacturing can now produce comparable waveguides to CNC machining techniques at 70% lower cost and up to 5x faster – companies like Nokia are already using 3D-printed dielectric waveguides in their 5G MIMO arrays [6]. Although impractical in many real-time applications, AI-driven control algorithms can now achieve a 50x speed improvement on beam switching while slashing power consumption under 3W [6].
[bookmark: _Toc230698743]Theoretical Antenna Findings vs. Simulated Results
The theoretical operating frequency of the halfwave dipole antenna was calculated as 1.24GHz, this would be the frequency at ‘ideal’ conditions and no external factors affecting it. 
The simulation operating frequency was 1.09GHz. This is because CST studio implements more realistic ‘real-life’ parameters, where external factors like loss, distortion, reflection or other waveguide properties can affect the results. The difference between the theoretical and simulated results do not differ significantly, meaning that there is only 0.15GHz of frequency loss. To improve the design and decrease transmission losses, the waveguide dimensions could be decreased slightly [3].
[bookmark: _Toc230698744]Safety Standards in RF Energy
Many regulatory bodies enforce or suggest safety standards regarding radio frequency (RF), and these include the Federal Communications Commission (FCC) [7] and Occupational Safety and Health (OSHA) [8] in the US, and the Office for Product Safety and Standards and IEEE in the UK. 
The IEEE Recommended Practice for Radio Frequency Safety Programs is intended for application in most RF exposure scenarios to avoid potentially hazardous exposures to electromagnetic fields, currents and/or contact voltages [9]. The Radio Equipment Regulations 2017 regulate the safety and electromagnetic compatibility and the operation of such that promotes efficient use of the radio spectrum [10]. 

[bookmark: _Toc230698745]Advanced Radar Technologies
Drones and unmanned aerial vehicles (UAVs) have become widespread and widely used in recent years – they can perform many useful functions, but they also pose a significant physical or informational threat to many sectors, including military, economic, and private life [11]. There are many technologies available for the detection, classification and tracking of UAVs (DCT-U), such as radar systems, electro-optical/infrared imaging, radio frequency (RF) analysis, and sound/noise analysis [12]. Radar systems are dominantly used compared to other methods; however, conventional radar systems are ineffective against low-altitude, low-radar-cross-section (RCS) micro and mini drones [13]. Conventional radar systems can be categorised as radar systems that have simple hardware and basic signal processing – for example, monostatic real aperture radar, pulse Doppler, continuous wave (CW), and frequency-modulated CW (FMCW) radars are in this category [12]. Conventional systems suffer from low RCS returns, ground clutter interference in urban areas, and inadequate Doppler discrimination for propeller micro-Doppler signatures [13].
[image: ]Modern drone detection radar systems follow a multi-layered architecture, including a detection layer, tracking layer, classification layer, and decision layer [13]. Most DCT-U systems operate in X-band (8-12GHz) or Ku-band (12-18GHz) because of their favourable balance between range, resolution and antenna size - these frequencies can effectively detect drones with an RCS below 0.05m2 [13]. 
Modern radar systems commonly use millimetre wave frequencies for DCT-U because these help realise concise electronically steered phased arrays. Passive electronically steered arrays (PESA) and active electronically steered arrays (AESA) are the two main types – multiple AESA beams are used to perform tasks such as communications, passive listening, imaging, and search and track tasks simultaneously, making it attractive in swarm situations [12].[bookmark: _Toc230698783]Figure 36: Modern Drone Detection Layer Architecture [13]
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[bookmark: _Toc230698784]Figure 37: PESA and AESA Radars [12]

Some of the different types of modern advanced radar systems include [12]; 
· Bistatic and Multi-static Radars – Can collect reflections from a UAV at different locations and increase detection probability.
· Cognitive Radars – Select optimum radar parameters based on the scenario and can overcome electronic countermeasures by deviating from optimal behaviour.
· Software-defined Radio-based Radars – SDRs offer advantages such as flexibility during run-time changes and system upgrades without significant hardware changes. SDRs can be used for detection, tracking, jamming and spoofing unauthorised UAVs,
· Interferometric Radars – Use the phase shift of the received radar signals at two different points to determine the direction of arrival. 
· Multiple-input-multiple-output Radars – The MIMO radars antenna elements are placed closely, resulting in high spatial and Doppler resolution and dynamic range.
· Passive Radars – In passive systems, a dedicated emitter is not required; the target illuminator can be any source. 
· Compressed Sensing-based Radars - Compressed sensing helps to suppress the clutter and achieve a low false-alarm rate.
· Monopulse Radars – These radars use additional coding of the RF signal to obtain accurate directional information.
· Polarimetric Radars – Can be used to classify UAVs based on the analysis of polarimetric parameters to differentiate different scatterers based on micro-motion that is resolved in time and velocity.
· Airborne Radars – Have the advantage of longer detection ranges, better tracking with the help of manoeuvring, and reduced clutter compared to ground-based radar systems.
Differentiation between UAV returns and clutter is essential to prevent false alarms – micro-Doppler analysis allows radar to read propeller rotation frequencies, which help AI classify flying objects as drones, birds or clutter [13]. Machine learning models can be trained on drone micro-Doppler radar spectrograms to detect hovering drones, estimate drone type and flight behaviour (to help distinguish between hobbyists and malicious intent), and filter out false alarms [13]. The use of AI for DCT-U can expose some ethical concerns with accuracy and, therefore, the safety of civilians. Incorrect classification can result in defences or preventative measures not being deployed, and civilian safety or classified information could be at risk.  
The rapid growth of UAVs has revolutionised surveillance, logistics and economics, and defence worldwide [13]. However, their misuse poses a serious threat to civilian safety, privacy, and airspace security [11]. The media regularly reports on the dangerous use of small UAVs in airports and their use for unauthorised surveillance, terrorist attacks and sabotage, and transportation of prohibited goods, etc. [11]. UAVs also operated by amateurs who do not follow regulations pose a significant threat to the surrounding environment [12]. 
Environmental concerns should be a significant consideration when deploying radar systems because electromagnetic interference can contribute to electromagnetic pollution, which impacts ecosystems and human health [14]. Sensitive species (like certain birds and insects) can experience disorientation or altered behaviours due to prolonged exposure to radar emissions. This disruption can significantly threaten ecological balance in areas with dense radar activity [14].

[bookmark: _Toc230698746]Conclusion
The main findings of this report show that the material filling the PEC in a rectangular waveguide affects the cutoff frequencies due to the relative permeability of vacuum being a lot lower than that of Teflon. There are more losses through Teflon than there was through vacuum. The different types of waveguides can also affect their use in real-world applications. 
The halfwave dipole antenna comparison between simulated and theoretical results found that there were some losses due to the lack of ‘ideal’ conditions and other factors affecting the simulation.
Research into advanced radar technologies revealed that there are some advantages to using UAVs and radar to detect them, but there is a high risk of malicious activity and environmental interference linked to electromagnetic radiation. Radar has progressed immensely, with the implementation of AI and machine learning, however this introduces ethical concerns with privacy and civilian safety.

References

[1] 	S. Jacob, “Electromagnetic Radiation (ACDC5009) Lecture 8 Waveguide Cutoff Frequency,” Stalin Jacob UWTSD, 2026.
[2] 	S. Jacob, “Electromagnetic Radiation Lecture 11 Antennas, wire antenna,” UWTSD Stalin Jacob, 2026.
[3] 	D. Z. ,. H. Z. Hao Li, “PTFE-Based Circular Terahertz Dielectric Waveguides,” Photonics - Terahertz Advancements in Fibers, Waveguides and Devices, vol. 11, no. 10, pp. 921-938, 2024. 
[4] 	S. Jacob, “Electromagnetic Radiation Lecture 7 Waveguides,” UWTSD Stalin Jacob, 2026.
[5] 	ICO Optics, “Waveguides in Microwave Radio Communication: Types, Design, and Applications,” ICO Optics, 5 May 2026. [Online]. Available: https://www.ico-optics.org/waveguides-in-microwave-radio-communication/. [Accessed 26 May 2026].
[6] 	Dolph, “What are the 5 latest trends in waveguide antenna technology,” Dolph Microwave, 4 September 2025. [Online]. Available: https://www.dolphmicrowave.com/default/what-are-the-5-latest-trends-in-waveguide-antenna-technology/. [Accessed 26 May 2026].
[7] 	ICO Optics, “RF Safety Guidelines and Exposure Limits: Standards, Risks, and Compliance,” ICO Optics, 9 May 2026. [Online]. Available: https://www.ico-optics.org/rf-safety-guidelines-and-exposure-limits/. [Accessed 25 May 2026].
[8] 	OSHA, “Radiofrequency and Microwave Radiation,” OSHA, [Online]. Available: https://www.osha.gov/radiofrequency-and-microwave-radiation/standards. [Accessed 25 May 2026].
[9] 	IEEE, “IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz to 300 GHz,” IEEE Std C95.7-2014 (Revision of IEEE Std C95.7-2005), pp. 1-58, 8 August 2014. 
[10] 	Office for Produce and Safety Standards, Radio Equipment Regulations 2017: Great Britain, GOV.UK, 2025. 
[11] 	V. P. Riabukha, “Radar Surveillance of Unmanned Aerial Vehicles (Review),” Radioelectronics and Communications Systems, vol. 63, no. 11, pp. 561-573, 2020. 
[12] 	M. E. V. S. F. E. O. O. I. G. Wahab Khawaja, “A Survey on Detection, Classification, and Tracking,” arXiv, 2025.
[13] 	P. Kumar, “Future of Drone Detection Radar: AI, 3D Tracking & Smart City Integration,” Kotai Electronics Pvt. Ltd., 12 November 2025. [Online]. Available: https://kotaielectronics.com/future-of-drone-detection-radar/. [Accessed 24 May 2026].
[14] 	Aircraft Atlas, “Understanding the Environmental Considerations of Radar Technology,” 12 February 2026. [Online]. Available: https://aircraftatlas.com/radar-environmental-considerations/. [Accessed 25 May 2026].
[15] 	F. F. Federico Corradi, “Radar Perception for Autonomous Unmanned Aerial Vehicles: a Survey,” System Engineering for constrained embedded systems, pp. 14-20, 2022. 




2 | Page

image2.png
Please select the units:

Dimensions:

Frequency:

Tim

Temperature:

Voltage:

Current:

Capacitance:

GHz

ns

oc

nH




image3.png
CST Studio Suite

Create Project Template
MW & RF & OPTICAL | Antennas | Waveguide (Horn, Cone, etc.) | Solvers | Units | Settings | Summary

The recommended solvers for the selected workflow are:

1© Time Domain

Equation
for electrically very

H Frequency Domain





image4.png
Please select the Settings

Frequency Min.: 2 GHz
Frequency Max.: 30 GHz

Monitors: e-field & H-field & Farfield & Power flow @ Power loss
Define at 2;16;30 GHz

Use semicolon as a separator to specify multiple values.
e.g. 20;30;30.1;30.2;30.3




image5.png
Waveguide Port X

Ymin: 0 - 00 Ymax: 8 +0.0

(O Free normal position  Zoos: 0

Reference plane
Distance to ref. plane: )
‘Mode settings
(O Mtin port Number of modes:
Define Pis. BB
Single-ended () Ensure shielding.
O Monitor only Electric

() 1mpedance and calbration (] Polarization angle:





image6.png
Brick

PEC with Teflon

1

PTFE (loss free)





image7.png
Boundary Conditions X

O Apply in all directions

Xmin: - electric (Et = 0) v Xmax: | electric Et = 0) e
Ymin: - electric (Et = 0) v Ymax:  electric (Et = 0) v
Zmin: | gpen « Zmax: gpen v





image8.png




image9.png




image10.png
Discrete Edge Port X
Properties

Porttye:  © sParameter O Voltage O Current Co
Neme: = Cancel
Folder: Apply.
Label Preview
Impedance: 50.0 Ohm

Radus: 0.0

8 Monitor voltage and urent b
Location

O 1nvert drection Positon:  end1





image11.png
Time Domain Solver Parameters

() Calculate port modes only
() Inhomogeneous port accuracy enhancement

Superimpose plane wave exditation
S-parameter settings
() Normalize to fixed impedance  [_) S-parameter symmetries
50 Ohm S-Parameter List...
Adaptive mesh refinement
() Adaptive mesh refinement Adaptive Properties...
Sensitivi dysi
(0 Use sensitity anaysis





image12.png




image13.png
CST Studio Suite
Learning Edition

s





image14.png
v/m

1 ]

CST Studio Suite

Learning Edition

El





image15.png
V/m

CST Studio Suite
Learning Edition

El

Masimon




image16.png
Dist.-40 68
Feutoff
Accuracy
Maximum (Plot)

Abs
16GHz

o°

i3
16307960
200272 1/m
229946 mm
186527 Gz
6.10069e-11
256336 V/m





image17.png
Vim

CST Studio Suite

Learning Edition

E





image18.png
Port2 e1

Component
Frequency
Phase

Mode type
Wave Imp.

Beta

Feutoff
Accuracy
Maximum (Plot)

Abs
16 Gz

0

3
4098200
308253 1/m
624291 Gt
420477611
206200 V/m





image19.png
Alm

CST Studio Suite
Learning Edition

d (=16) [1(1)]





image20.png
CST Studio Suite
2| et

v/m




image21.png
Frequency / GHz

18.836

Cutoff Frequency

18 4+

16 1---

14 4

12 4

101

6.0794

——1(1)
—&—102)
= 13)
—v-2(1)
——202)
——2(3)

0.018012

0.015

-0.01 -0.005 0 0.005 0.010279




image22.png




image23.png




image24.png
CST Studio Suite

nnnnnnnnnnnnnnn





image25.png
V/m

CST Studio Suite
Learning Edition

5|





image26.png
CST Studio Suite

Learning Edition

13

4

S

SN
RS





image27.png
<

CST Studio Suite

Learning Edition

d (=16





image28.png
Frequency / GHz

Cutoff Frequency
13

12

1

10

——1(1)
—— 1(2)
- 13)
—¥-21)
——22)
——2(3)

0.15 0.2 0.24006




image29.png




image30.png
S-Parameters [Magnitude]

2

S1,1

424398

—s1,1




image31.png
h-field (f=1.5) [1] L
Component Abs
Frequency 15GH
Phase (B

Maximum (Solver) 115773 A/m

A/m




image32.png
efield (f=1.5) [1]
Component

Frequency
Phase

Abs
156G
o

Maximum (Solver) 135708 V/m




image33.png
CST Studio Suite

Learning Edition





image34.png
()

(12,82)

Dielectric Slab Waveguide Optical Fiber




image35.png
(we)

Rectangular Waveguide Circular Waveguide




image36.png
Layer

Detection Layer

Tracking Layer

Classification Layer

Decision Layer

Function

Detects drone presence
using FMCW or pulse-
Doppler radar.

Maintains 3D tracking
(range, azimuth,

elevation).

Differentiates drones

from birds or clutter.

Prioritises and interfaces
with jammers or

mitigation systems.

Typical Technology

X-band or Ku-band
radar sensors; digital

beam forming.

Multi-target tracking with
Kalman filters; track-

while-scan algorithms.

Al-driven micro-Doppler
analysis and pattern

recognition.

Command and control
software; threat scoring

and fusion engine.




image37.png
PESA radar

¢!
THRX AQ_? %)

imodule

AESA ra

TX/RX
module

TXIRX
module

TXRX
modul

TIRK

dar

mogule

HPA s high-power amplifier
WA s low-noise amplifier




image1.png
a = first two numbers of the student ID

3rd and 4th number of the student ID (
2

All the dimensions are in millimetre (mm)

b=

rounded to the nearest integer)




