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[bookmark: _Toc202885337]5.	Abstract 
ESAs (electrically small antennas) are a requirement for modern wireless communications systems, but are prone to complex impedance matching problems, particularly for wideband frequencies. As such, this report undertakes an investigation into the novel technique of non-Foster impedance matching. This is examined through a literature review of impedance matching ESAs and non-Foster circuit theory. Following this, the design and development of a PCB circuit in conducted; this generates a negative reactance to produce the wideband impedance match required (according to non-Foster theory). The non-Foster circuit PCB is simulated in software, then manufactured and tested in an ATF (anechoic test facility). The results show success in increasing the bandwidth performance of a dipole antenna from 60 MHz to 120 MHz, as well as frequency shifting upwards by approximately 200 MHz within the UHF band tested (400-800 MHz). To conclude, recommendations for the refinement of the circuit design - in addition to progressing development and testing on to using the circuit with ESAs - are made. {CL}


6. [bookmark: _Toc202885338]Introduction 
[bookmark: _Hlk199864595]Electrically small antennas (ESAs) are essential for compact wireless systems but suffer from impedance matching challenges due to their narrow bandwidth and size related constraints. This report explores a range of approaches using non-foster network designs to overcome these limitations. Non-Foster matching circuits offer wider broadband impedance matching capabilities, potentially allowing wider frequency ranges, without changing the size of the antenna. Focusing on these non-Foster configurations, this project reviews existing literature, applies ethical design practices, and details the development, simulation, and implementation of four different matching circuit designs where one final design is chosen, built, and tested in an anechoic chamber; with results analysed to assess improvements in bandwidth and efficiency. This project demonstrates the design and benefits of non-Foster techniques in modern antenna engineering and provides recommendations for future applications in compact communication systems. {BS}

7. [bookmark: _Toc202885339]Literature Review 
[bookmark: _Toc202885340]7.1.	Dipole Electrically Small Antennas Literature Review 
An ESA (electrically small antenna) can be defined as having a length significantly less than the free space wavelength () at its operational frequency [2]. They are desirable because there is an increased effort to reduce the real estate and material requirement of electronics products across industries [3]. One example is the implementation of PCB (Printed Circuit Board) ESAs, that have a compact size and low profile. The two, combined, result in an antenna well-suited for integration into systems where space is constrained, such as IoT (Internet of Things) devices [4], mobile phones [5], and military equipment [6]. In testing for these cases, the 400-800 MHz (centred at 600 MHz) frequency range would be beneficial. {BS}
For current UHF (ultra-high frequency) technologies, dipole antennas are widely deployed due to their simple construction and reliable performance characteristics [7]. In the context of 600 MHz operation, a conventional half-wave dipole would have the following approximate length: {BS}


[bookmark: _Ref201756976][bookmark: _Toc202886862]Equation 1 – Half-Wave Dipole Calculation
{CL} 

However, its size prevents it from being classified as electrically small, a term which is governed by the equation below, where a is the radius of the smallest sphere enclosing the antenna and  is the free space wavenumber [8]:

[bookmark: _Toc202886863]Equation 2 – The Free Space Wavenumber Calculation for ESAs
{CL}

The radiation efficiency and radiation resistance of an ESA are given by:

[bookmark: _Toc202886864]Equation 3 – Radiation Efficiency and Radiation Resistance
{CL}

Here we can infer that the radiation efficiency of an ESA decreases as the radiation resistance decreases, and in this case, it is particularly low. However, the losses will mainly be due to the components of the attached circuit, rather than the actual antenna losses [8]. In addition, as radiation resistance decreases, the antenna Q (quality) factor increases – making it more difficult to match under the Bode-Fano limit [9]. To increase the frequency bandwidth, and antenna efficiency (power transfer), a complementary matching circuit must be produced [2]. {BS}


[bookmark: _Toc202885341]7.2.	Impedance Matching Literature Review
Impedance matching is a key element in the design of RF systems, particularly to achieve power efficiency in AC (alternating current) circuits [10]. For a time-varying circuit, the maximum power transfer theorem states that it is most efficient when “the load impedance is equal to the complex conjugate of the source impedance” [11]. In the case of RF circuit design, this means that the load impedance should be designed to be as representative of the complex conjugate of the source impedance as possible. {CL}
However, this in reality is complicated to achieve, and often brings compromises. Since impedance (arising from reactance) is frequency-dependent, the ideal match occurs at only one frequency; the spread either side becomes increasingly poor, until there is no impedance match at all [11]. As a result, sophisticated dedicated circuits must be implemented to successfully achieve broadband matching. In the case of ESAs, this is particularly difficult due to the dissipative losses in circuits that arise in poor radiation efficiency [8]. Typical techniques such as an L-section configuration do not achieve the performance required, so more novel solutions must be examined. {CL}


[bookmark: _Toc202885342]7.3.	Non-Foster Techniques Literature Review
Following on from the challenges of wideband impedance matching, the novel non-Foster technique is identified as a potential solution [8]. Foster’s reactance theorem follows the principle of the conservation of energy, stating that “for a lossless passive two-terminal device, the slope of its reactance plotted versus frequency must be strictly positive”. This is demonstrated in the below equation: {CL}

[bookmark: _Toc202886865]Equation 4 – Partial Derivatives of Foster Immittance and Susceptance 

Following this, a non-Foster element may be considered a two-terminal device, where the derivatives of its reactance and susceptance are zero or negative (when frequency is a real value) [12]. However, this does not mean the circuit components (inductors and capacitors) are themselves negative, as demonstrated in the following derivation: {CL}

[bookmark: _Toc202886866]Equation 5 – Partial Derivatives of Non-Foster Immittance and Susceptance

[bookmark: _Toc202886867]Equation 6 – Capacitive Reactance and its Partial Derivative
Instantaneous frequency is positive [13], so we can evaluate the capacitance as negative: 

[bookmark: _Toc202886868]Equation 7 – Derivation of Angular Frequency and Capacitance for Non-Foster
Moreover, this principle of negative capacitance can be used to demonstrate impedance matching:

[bookmark: _Toc202886869]Equation 8 – Source Impedance for AC Circuit

[bookmark: _Toc202886870]Equation 9 – Load Impedance for AC Circuit under Non-Foster

The above equation shows the complex conjugate of the load impedance is negative and, with consideration taken for the resistor and capacitor values, impedance matching can be achieved by this method. As seen in Figure 1, the positive and negative reactances (across frequency), when tuned correctly, will result in a net reactance of zero at all the targeted frequencies [1]. This theoretically suggests that wideband impedance matching can be produced using a non-Foster circuit. {CL}
[image: ]
[bookmark: _Ref201156125][bookmark: _Toc202779835][bookmark: _Ref202781612][bookmark: _Toc202781777]Figure 1 – Reactance Graph for Non-Foster Impedance Match for Antennas [1]
However, it must be considered that the above theory relies on perfect constant capacitance and resistance, which is never achieved in real-life due to component parameters, operation environments (such as temperature) and parasitics that occur in RF circuits [11]. Further investigation is required to verify the validity of this theory. {CL}

8. [bookmark: _Toc202885343]Research & Development Methodology
[bookmark: _Toc202885344]8.1.	Development Method
The team used the agile product development method, a dynamic and collaborative approach, for delivering this project [14]. This delivery method will enable the team to allocate workloads to utilise all team members and resources effectively and throughout the project duration. The waterfall method will be used to approach the project development, with a phased deliverable-based timeline [15]. This is shown through the Gantt and critical path charts below. {AP}
[image: ]
[bookmark: _Ref200706710][bookmark: _Toc202779836][bookmark: _Toc202781778]Figure 2 – Gantt Chart Showing Expected Delivery Timeline
[image: ]
[bookmark: _Ref200706759][bookmark: _Toc202779837][bookmark: _Toc202781779]Figure 3 – Critical Path of Delivery Timeline (in Red)


[bookmark: _Toc202885345]8.2.	Project Planning 
As aforementioned and shown in Figure 2, the Gantt chart has been created and demonstrates the project timeline. The asterisk, as labelled, highlights the critical delivery date for the project report. Consideration has been taken to include redundancy at certain points; this includes an allocated manufacturing time of three weeks, to account for long lead times by supply chain issues and delivery delays. One pertinent example is how the current (Spring 2025) US tariffs have affected the global technology and electronics supply chains [16]. The focus has been made on technical and testing validation deliverables (see Figure 3), due to the engineering demand of the project. {AP}
The team are aiming to deliver the product to TRL-3 (Technology Readiness Level 3) [17], which means a prototype schematic and a clear proof of concept are an absolute requirement. They will have to develop the proof of concept and schematic but will not require a physical prototype. However, the ideal aim is to deliver a TRL-5 physical prototype that demonstrates operation in a test environment, at the target frequency. {AP} 
[bookmark: _Toc202885346]8.3.	Design Ethics
Ethics are a key consideration when planning an engineering project; correct scrutiny can be the difference between a successful launch and development cycle and failure. The figurehead examples to follow are the IES (International Ethics Standard) [18] and the UWTSD ethics standards [19]. {AP}
Firstly, proper GDPR (General Data Protection Regulation) practice will be observed for the team’s testing records [20]. This will be stored on an encrypted, controlled-access system, with no paper copies held. Plagiarism will not be used under any circumstances; rather the literature will be written with IEEE referencing [21]. Moreover, DEI (Diversity, Ethics and Inclusion) consideration is critical for modern design undertakings. A visible step taken will be the use of large ‘Arial’ font for presentations, to improve readability for dyslexic individuals [22]. {AP}
Health and safety are a key part of the team ethos, with particular focus on CEMFAW regulations [23] due to the work with non-ionising radiation. Risk assessments for anechoic chamber testing and soldering have been written and will be observed (see Appendix). In addition, environmental ethical considerations will be made. Non-leaded solder and solder paste will be used in the manufacture [24], and all electronics waste will be disposed of correctly [25]. {AP}




9. [bookmark: _Toc202885347]Design & Implementation 
[bookmark: _Toc202885348]9.1.	Dipole Antenna Design
A typical half-wave dipole antenna has been designed in CST software to work at the desired centre frequency of 600 MHz. This dipole has a length of 245 mm, radius of 25 mm and a gap between the poles of 35 mm (total length 560 mm), as shown below in Figure 4. The S-parameter graph shows that the antenna is in fact tuned to 600 MHz, with an acceptably low reflection coefficient (S11) of -13.72 dB [7]. Figure 6 shows the far-field, omnidirectional radiation, of this dipole. {BS}

[image: ]
[bookmark: _Ref199868500][bookmark: _Ref199868496][bookmark: _Toc202779838][bookmark: _Toc202781780]Figure 4 – Dipole Antenna Designed at 600 MHz
[image: ]
[bookmark: _Ref199868528][bookmark: _Toc202779839][bookmark: _Toc202781781]Figure 5 – S11 for the Dipole Antenna at 600 MHz
[image: ]
[bookmark: _Ref200706871][bookmark: _Toc202779840][bookmark: _Toc202781782]Figure 6 – Far Field Plot of the Dipole Antenna at 600 MHz
However, for the purpose of this development project a PCB half-wave dipole antenna has been produced (Figure 7). This is because the use of PCB material makes the antenna cheaper and faster to manufacture (see appendix) – crucial for this project timeline (see section 8.1). Moreover, the development and use of a half-wave dipole is a widely accepted standard [11]. This will aid in proving the concept of the non-Foster matching circuit, before steps are taken to develop example ESAs (see section 12). {CL}
The PCB antenna has a length of 96 mm and width of 6 mm and a gap between the poles of 10 mm (total length 210 mm), as shown below. Similarly, Figure 8 shows a reflection coefficient of -22.53 dB. As with above, since the value is below the level of -10 dB, the matching efficiency of the antenna will be 90% or greater, according to antenna theory [3]. {BS}

[image: ]
[bookmark: _Ref199868603][bookmark: _Toc202779841][bookmark: _Toc202781783]Figure 7 – PCB Dipole Antenna
[image: ]
[bookmark: _Ref199868568][bookmark: _Ref201156796][bookmark: _Toc202779842][bookmark: _Toc202781784]Figure 8 – S11 for PCB Antenna at 600 MHz

Figure 9 illustrates the far field radiation of the PCB dipole, and the Smith chart in Figure 10 shows that the antenna, whilst mildly capacitive, is correctly impedance matched [11]. {BS}

[image: ]
[bookmark: _Ref200706983][bookmark: _Toc202779843][bookmark: _Toc202781785]Figure 9 – Far Field Plot of the PCB Antenna

[image: ]
[bookmark: _Ref200706998][bookmark: _Toc202779844][bookmark: _Toc202781786]Figure 10 – Smith Chart for the PCB Dipole Antenna
{BS}
[bookmark: _Toc202885349]9.2.	Circuit (1-4) Simulations
Circuit 1 (Figure 11) uses a typical L-circuit to impedance match at 600 MHz [11]. {CL}
[bookmark: _Ref202257559][bookmark: _Toc202779845][bookmark: _Toc202781787][image: ]
Figure 11 – Circuit 1 Proteus Schematic
Circuit 2 (Figure 12) uses a floating type NIC (negative impedance converter) to impedance match at 600 MHz [26]. {BS} 

[image: ]
[bookmark: _Ref200707174][bookmark: _Toc202779846]Figure 12 – Circuit 2 Proteus Schematic
Circuit 3 (Figure 13), uses a dual feedback loop amplifier to impedance match at 600 MHz [8]. {AP}
[image: ]
[bookmark: _Ref200707189][bookmark: _Toc202779847]Figure 13 – Circuit 3 Proteus Schematic

[image: ]
[bookmark: _Ref200707228][bookmark: _Toc202779848]Figure 14 – Circuit 4 Proteus Schematic
Circuit 4 (Figure 14) uses a transistor and capacitor network to produce a non-Foster impedance match at 400-800 MHz [27]. Since there were difficulties simulating this high frequency sweep on Proteus, the design was reproduced in qucs-s software (Figure 15) below. {DF} {CL}
[image: ]
[bookmark: _Ref200714185][bookmark: _Toc202779849]Figure 15 – Circuit 4 qucs-s Simulation
{DF} {CL}


[bookmark: _Toc202885350]9.3.	PCB (1-4) Designs
The PCB for circuit 1 (Figure 16) {CL}, is given below to demonstrate a typical impedance matching circuit. However, it does not employ non-Foster technique, so is not appropriate a final design – despite providing a good comparison. {DF}
[image: ]
[bookmark: _Ref201157695][bookmark: _Toc202779850]Figure 16 – Circuit 1 PCB

The PCB for circuit 2 (Figure 17) {BS} demonstrates a basic non-Foster matching circuit. However, simulations showed that the impedance match was narrowband, so it is not appropriate for our antenna. {DF} 
[image: ]
[bookmark: _Ref200707255][bookmark: _Toc202779851]Figure 17 – Circuit 2 PCB

The PCB for circuit 3 (Figure 18) {AP} is a successful non-foster matching design. However, due to the use of legacy components [28] it is not a suitable final design. Future investigation could be made into upgrading and integrating the components. {DF}
[image: ]
[bookmark: _Ref200707314][bookmark: _Toc202779852]Figure 18 – Circuit 3 PCB

The PCB for circuit 4 (Figure 19) {DF} is given below using KiCAD software (as with previous). This is the design that will be progressed to the final product, with performance evaluated in sections 9.4 and 10. {DF}
[image: ]
[bookmark: _Ref200716642][bookmark: _Toc202779853]Figure 19 – Circuit 4 PCB
9.4. [bookmark: _Toc202885351]Final Design
Firstly, a design was researched and from academic literature [27] which operated at 36 MHz but achieved a stable broadband operation – exactly our aim for achievement. This was then adapted to operate at the required UHF frequency. It must be noted that this setup is designed to use the antenna as a transmitter. Should it be wished to be used as a receiver, the antenna and signal output SMA connections must be switched. {CL}
Secondly, upon producing the initial circuit in software, work then began to select specific circuit components - researching the availability and tolerance suitability by popular supplier companies. It was determined that SMT (surface-mount) components should be used for high-frequency RF performance [29]. During this time, key adaptations were made to the circuit design: such as switching the varactor for a diode and small capacitor to enable the higher-frequency operation. The process of optimisation was repeated several times, with the circuit re-simulated at each stage, until acceptable gain plots and Smith charts were produced. {DF}
The circuit operates using combined capacitor and transistor networks, with necessary added resistors and diodes, to form a non-Foster impedance matching circuit for 400-800 MHz operation. Q1 and Q2 are RF bipolar NPN transistors, rated up to 1.5 GHz, form the main body of the non-Foster circuit. The series negative resistance (see section 7.3) for this network is produced by capacitor C8 (100 nF) and resistor R2 (5k11 Ω). C3 (100 nF) and C7 (100 nF) are parasitic capacitors which, combined with resistors R3 (50 Ω) and R8 (50 Ω), form high-pass RC filters about Q1 and Q2 [30]. D1 and D2 are Schottky diodes used for biasing to protect Q1 and Q2. R5 (50 Ω) and R6 (50 Ω) are degeneration resistors which form a biasing circuit with NPN transistors Q3 and Q4 for the non-Foster core, with its negative capacitance value given by capacitor C8 (100 nF). Moreover, R1 (50 Ω) and R4 (50 Ω) are current limiting resistors, and R7 (10 KΩ) is the parallel resistor. C1 (10 pF) and C2 (10 pF) are smoothing capacitors for the battery input, ensuring that the circuit is protected from any potential spikes in current [30]. Similarly, diode D4 (Schottky diode) and capacitor C4 (5 nF) act as protective circuitry on the signal input. Again, diode D3 (Schottky diode) and capacitor C5 (1 pF) are setup to accommodate antenna reactance variation (positive). Finally, J1 is the input signal and J2 is the output to the antenna, both provided as side mounted SMA ports. {DF}
Following successful simulation, KiCAD software was used to reproduce the schematic and design the PCB. Before the footprints for each component were assigned, research was conducted to select the largest, but affordable, SMT components available from popular electronics suppliers – to ensure practicality for hand-soldering. The assigned footprints were downloaded from Mouser, the chosen supplier [31]. However, customised footprints were required, and produced, for the side-mounted SMA ports and the through-hole 9-volt battery connectors. The layout of the PCB was then produced to minimise trace length, by placing components closely together, for best RF performance [32]. A four-layer (including a copper ground plane) FR4 PCB, with dimensions 48.5 x 32.5 mm, was ordered for the final design. {DF}

9.5. [bookmark: _Toc202885352]Parts & Costings
Figure 20 & Figure 21 outline our estimated and final costs, including manufacturing, materials, labour, and consulting. {AP}
[image: ]
[bookmark: _Ref201159770][bookmark: _Toc202779854]Figure 20 – Costings Estimate for Final Design
 {AP}, {DF}, {BS} 
[image: ]
[bookmark: _Ref201159772][bookmark: _Toc202779855]Figure 21 – Parts and Costings for Final Design 
{BS} {DF} {AP}
[image: ]
[bookmark: _Ref201163356][bookmark: _Toc202779856]Figure 22 – Manpower Time Costing Table 
{BS} {AP}
[image: ]
[bookmark: _Ref201163411][bookmark: _Toc202779857]Figure 23 – Direct, Indirect & Contingency Costs 
{BS} {DF}
Figure 20 highlights the budget for this task is £39,600. Figure 21 and Figure 22 show the actual part costings and the calculated time totals for the project. As noted in Figure 23, the projects total cost was £36,206.49, and was over budget by £206.49  - although this was accounted for in the buffer. Arriving under budget by £3393.51, or approximately 9% of the allocated £39,600, clearly demonstrating that resources were utilized effectively, and any unforeseen costs were either minimal or well mitigated. This positive financial outcome reflects well on the planning, procurement, and execution phases, highlighting the effectiveness and cost-conscious budgeting that was implemented. {BS} {AP}


9.6. [bookmark: _Toc202885353]PCB Assembly
[image: ]
[bookmark: _Ref201757002][bookmark: _Ref201756989][bookmark: _Toc202779858]Figure 24 – Application of Solder Paste
{CL}
Figure 24 shows the application of solder paste on the PCB. This was strategically applied to each pad, with varying amounts based on component and pad size. {DF}
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[bookmark: _Ref201757441][bookmark: _Toc202779859]Figure 25 – Placing Components
{CL}
Figure 25 shows the placing of individual components by hand. The process was conducted by starting at the centre of the PCB and working outwards, to enable the best opportunity for correction of any errors. Rework was conducted using a Q-tip and flux, before re-applying. {DF}
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[bookmark: _Ref201757613][bookmark: _Toc202779860]Figure 26 – PCB with Components Before Heat Applied
Figure 26 shows the PCB with the components placed on the solder paste before heating. {DF}
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[bookmark: _Ref201757728][bookmark: _Toc202779861]Figure 27 – Alignment of Components During Heating
{CL}
Figure 27 shows the solder heating process, conducted on a heat plate, and adjustments being made as and where needed. {DF}
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[bookmark: _Ref201757798][bookmark: _Toc202779862]Figure 28 – PCB with Soldered SMT Components
Figure 28 is the finalised PCB, after soldering of the SMT components was completed. {DF}
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[bookmark: _Ref201757901][bookmark: _Toc202779863]Figure 29 – Soldering of SMA Ports (Top Side)
{CL}
[image: ]
[bookmark: _Ref201757902][bookmark: _Toc202779864]Figure 30 – Soldering of SMA Ports (Bottom Side)
{CL}
Figure 29 and Figure 30 show the hand soldering of the SMA ports onto the PCB pads. {DF}
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[bookmark: _Ref201757934][bookmark: _Toc202779865]Figure 31 – Soldering of Battery Connector 
{CL}
Figure 31 shows the hand soldering of the battery connector cabling. {DF}
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[bookmark: _Ref201757939][bookmark: _Toc202779866]Figure 32 – Final Completed Circuit
{CL}
Figure 32 shows the final PCB with all the components soldered. A total of two PCB’s were made to allow for redundancy during testing. {DF}
9.7. [bookmark: _Toc202885354]Antenna Assembly 
[image: ]
[bookmark: _Ref202527288][bookmark: _Ref202527281][bookmark: _Toc202779867]Figure 33 – Drilling of Holes for SMA Port
{CL}
Figure 33 shows the assembly of the manufactured PCB antenna, in order to attach the SMA port (see Figure 34 and Figure 35). Firstly, two drill holes were made (one per dipole section). Then the SMA port feed was soldered into one hole, and the SMA grounding strip (using a wire) into the other (Figure 36). Both of these were done by hand, as seen below. {DF}
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[bookmark: _Ref202527404][bookmark: _Toc202779868]Figure 34 – Attaching Cable to SMA Port
{CL}
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[bookmark: _Ref202527431][bookmark: _Toc202779869]Figure 35 – Soldering Cable to SMA Port
{CL}
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[bookmark: _Ref202527701][bookmark: _Toc202779870]Figure 36 – Soldering SMA Port to Dipole
{CL}
10. [bookmark: _Toc202885355]Results & Analysis 
[bookmark: _Toc202885356]10.1.	Anechoic Chamber Testing
[image: ]
[bookmark: _Ref202256379][bookmark: _Toc202779871]Figure 37 – Anechoic Test Set Up Diagram
The developed product testing was conducted in an ATF (anechoic test facility), as planned in Figure 36. Firstly, the team set out to first evaluate the dipole antenna (Figure 37), using a VNA (vector network analyser), to ensure its operating frequency peaked at 600 MHz as designed. Secondly, the circuit was also independently tested, using the VNA, to ensure acceptable operation. {AL}
[image: ]
Figure 38 – Test Set Up of PCB Dipole in Anechoic Chamber 
{BS} {DF} {AP} {CL}

Following this, the circuit was connected to the antenna – as seen in Figure 38. A very short SMA cable was used for size practicality, and to minimise RF losses over distance [33]. The combined antenna and circuit were tested in the 400-800 MHz range, in 50 MHz increments. This was first done with a VNA also, and then an OTA (over-the-air) test was conducted. As seen in Figure 39, a pulsed waveform swept across the frequency range, was transmitted from the test antenna and circuit using a signal generator. An idealised log periodic antenna [34] was placed to receive the transmitted waveform, with its output measured by a spectrum analyser. The antennas were placed with 3 metres of separation distance, to ensure the receiver sat in the radiated far-field [7]. {BS}
[image: ]
[bookmark: _Ref201235766][bookmark: _Toc202779873]Figure 39 – PCB Dipole Antenna Connected to Non-Foster Circuit in Anechoic Chamber
{BS} {DF} {AP} {CL}

[image: ]
Figure 40 – Spectrum Analyser View of the Test Waveform
{BS} {CL} {DF} {AP}
Correct calibration of all the test equipment was ensured during the course of the testing, to provide confidence in the accuracy of the results [35]. The results were taken from the equipment (Figure 40) and processed in section 10.2. {CL}
[image: ]
Figure 41 – Team Testing the Antenna and Circuit in the Anechoic Chamber
{BS} {CL} {DF} {AP}
[bookmark: _Toc202885357]10.2.	Test Data Analysis
As prescribed in section 10.1, a MATLAB script was written {CL} (see appendix) to process the data from the test instruments. {CL}
Figure 41 shows the reflection coefficient for the dipole antenna, taken from port 1 S-parameters (scattering parameters) measured by the VNA. Reading from below -10 dB, which can be taken as acceptable operation [36], it is seen that the antenna is effective at approximately 590-650 MHz. {CL}
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[bookmark: _Toc202779874]Figure 42 - Antenna S11 Plot

Figure 42 shows the transmission coefficient for the non-Foster circuit, taken from port 1 to 2 S-parameters measured by the VNA. Reading from below -10 dB, the circuit has sufficient performance across the entire UHF frequency sweep. {CL}

[image: ]
[bookmark: _Toc202779875]Figure 43 - Circuit S21 Plot
Figure 43 shows the reflection coefficient for the dipole and circuit, taken from port 1 S-parameters measured by the VNA. Reading from below -10 dB, it is seen that the setup performs at approximately 760-860 MHz. {CL}
[image: ]
[bookmark: _Toc202779876]Figure 44 - Antenna and Circuit S11 Plot
Figure 44 shows the OTA performance when the log periodic and test antenna are cross-polarised (log periodic vertical and test antenna horizontal polarisation) [37]. There is no received power, since the signal received (-60 dBm or below) is representative of the ‘noise floor detected [36]. {CL}
[image: ]
[bookmark: _Toc202779877]Figure 45 - OTA Antenna HP Test Plot
Figure 45 shows the OTA performance when the log periodic and test antenna are co-polarised (log periodic vertical and test antenna vertical polarisation) [37]. There is received power (above the noise floor) detected in the range of approximately 400-900 MHz. {CL}
[image: ]
[bookmark: _Toc202779878]Figure 46 - OTA Antenna VP Test Plot
11. [bookmark: _Toc202885358]Evaluation
The undertaking of the ATF testing was instrumental in evaluating the performance of the antenna and accompanying non-Foster matching circuit. The results, as previously taken from the test equipment, can be inspected in order to draw conclusions on the success of the development project. {CL}
Firstly, Figure 46 shows the Smith chart of the dipole antenna. This reveals that it is somewhat capacitive but is acceptably impedance matched [11], corroborating the CST simulation in section 9.1. {CL}
[image: ]
[bookmark: _Toc202779879]Figure 47 – Smith Chart of PCB Dipole without Circuit

[bookmark: _Hlk202858562]Secondly, Figure 47 is the antenna dipole S11 graph, which represents the reflection coefficient. The lower the received value, the better the power transfer of the antenna [36] – with the threshold at -10dB (see section 10.2). The markers show the operating frequency is 594.4-657.2 MHz, meaning the bandwidth of the antenna is approximately 60 MHz. {CL}
[image: ]
[bookmark: _Toc202779880]Figure 48 – S11 of PCB Dipole without Circuit
Thirdly, Figure 48 is the circuit S21 graph, which is its transmission coefficient. In opposition to S11 graphs, the higher the received value – the greater the power transferred. The peak operational frequency is shown here to be 830.5 MHz. {CL}
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[bookmark: _Toc202779881]Figure 49 – S21 of PCB Circuit

[bookmark: _Hlk202858585]Following this, Figure 49 shows the Smith chart of the dipole antenna with the non-Foster circuit. This shows that it is mildly inductive and short-circuited, but still can be considered impedance matched as required. This result is close to that produced by the qucs-s simulation, with the small margin of error explained by the soldering of the components, and the effect that heat generated may have [11]. {CL}
[image: ]
Figure 50 – Smith Chart of PCB Dipole with Circuit

[bookmark: _Hlk202858631][bookmark: _Hlk202858642]In addition, Figure 50 is the combined antenna and circuit S11 graph (with the same principle applied as above). It demonstrates a new operating frequency range of 759.7-882.2 MHz, meaning that the antenna’s operational bandwidth has been doubled (approximately 120 MHz) by the implementation of the non-Foster matching circuit. Moreover, the peak operating frequency has been shifted upwards by approximately 200 MHz – a notable increase. This is a significant challenge since the problems associated with RF circuits increase in magnitude with the increase in frequency [11]. Similarly, since the components will be operating closer to their threshold frequencies, they will be more susceptible to environmental effects such as temperature [38]. {CL}
[image: ]
Figure 51 – S11 of PCB Dipole with Circuit

[bookmark: _Hlk202858656]Whilst the operational bandwidth is not as wideband as the initial outset, the result achieved may be considered highly successful as a prototype. This is particularly highlighted when the limitation that arises as a result of the tolerances of modern market components is considered [11]. Overall, the project can be evaluated as an acceptable success, particularly given the small scale of resourcing and production. {CL}
[bookmark: _Hlk202858696]Finally, a consideration must be taking for the results in Figure 44 and Figure 45 of section 10.2. Inspection of the results draws the conclusion that there is no received signal (beyond the noise floor) at cross-polarisation of antennas, whereas there is the full expected signal at co-polarisation. This is because the polarisation of the transmitted waves is consistent with the orientation of the dipole, by definition it is vertically polarised [7]. This means that the orientation of the transmitting antenna must remain consistent with the receiver – a key future consideration for any platform integration, particularly for any small portable devices [39]. {CL}



12. [bookmark: _Toc202885359]Conclusions & Recommendations 
The push for miniaturized technology in military applications demands antennas that are compact, low-profile, and capable of operating at standard frequencies without compromising performance. ESAs are a key solution to meeting these requirements, offering reduced size and a minimal visual footprint which are essential for modern tactical platforms where space, concealment, and reliability are critical [6]. However, ESAs inherently suffer from narrow bandwidth and impedance matching challenges due to their compact size (see section 7.1). {BS}
To overcome these limitations, non-Foster matching circuit designs are employed. By generating negative reactance (in this case, negative capacitance), they improve impedance matching and significantly enhance operational bandwidth. The result from testing our developed project shows that it works effectively as a TRL-5 product. As explored in section 11, the circuit performance successfully provides the proof of concept for impedance matching across wideband UHF transmission, as previously set out in simulation. {BS}
Since the non-Foster matching circuit has been proven in concept, the following stage of development would be to design and build various ESAs in the UHF band. These could then be tested with the non-Foster circuit to measure the frequency response. Unfortunately, this could not be conducted within the scope of this project, due to time-based and financial limitations, but would form the next stage of any future development of this work. {CL}
In addition, improvements to the design, such as optimizing component values to improve circuit stability, could be undertaken in the future. Furthermore, the PCB design could be refined; providing better sized SMA pads for ease for soldering and better curving of copper traces to ensure the minimising of signal reflections [11]. These techniques, if implemented correctly, could further enhance impedance characteristics and transmission efficiency – creating a product that could be fully brought to market. {BS}
Lastly, another consideration to be made is that due to the limited availability of UHF-suitable components, focusing on lower frequencies (10–70 MHz) may offer better performance using standard components. Future work may include exploring alternative non-Foster techniques, testing other frequency ranges, or testing various new antenna designs for improved matching and bandwidth performance. {BS}









13. [bookmark: _Toc202885360]Reflection
Over the course of the nine-week project, the team has worked in a collaborative and practical manner, even in the face of some particularly challenging development tasks. Two particular examples can be highlighted; firstly, there was high level of pressure to complete the PCB design and order it along with the timescale, to ensure it could be manufactured and tested before the formal project deadline. Secondly, a dynamic allocation of workload between team members had to be conducted to follow this demand – which was enacted efficiently and effectively. {AP}
On a day-to-day basis each team member focused on their respective allocated area (aligned with their personal expertise), whilst communicating and supporting each other. A key example of effective teamwork was the testing conducted in the ATF: BS headed the trials planning and risk assessment, DF handled the collection of data using the test equipment, AP lead the hardware setup using the chamber, and CL processed the test data and accompanying graphs. Through this collaboration, the team were able to work confidently and to good effect. {AP}
All the team members have greatly pushed and developed their technical skills through the course of the project, particularly in the area of circuit design. The process of each investigating, simulating, and designing a PCB for different circuit interpretations not only enabled the team to analyse different designs and select the best for production, but for each individual to develop their electronics understanding, circuit design, and software simulation skills. Furthermore, personal skills have been developed in the areas of communication and flexibility; these were key for this project but also for any future group endeavours. {AP}
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[bookmark: _Toc202779882]Figure 52 – Final Circuit PCB Schematic in KiCAD
{DF}
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[bookmark: _Toc202779883]Figure 53 – Final Circuit PCB Bottom View in KiCAD
{DF}
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[bookmark: _Toc202779884]Figure 54 – Final Circuit PCB Top View in KiCAD
{DF}
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[bookmark: _Toc202779885]Figure 55 – Final Circuit PCB Bottom View in JLCPCB
{DF}
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[bookmark: _Toc202779886]Figure 56 – Final Circuit PCB Top View in JLCPCB
{DF}
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[bookmark: _Ref201236041][bookmark: _Toc202779887]Figure 57 – Final Circuit Frequency Simulation in qucs-s
{DF} {CL}

[image: ]
[bookmark: _Toc202779888]Figure 58 – Final Circuit Reactance Graph in qucs-s
{DF} {CL}
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[bookmark: _Toc202779889]Figure 59 – Final Circuit Smith Chart in qucs-s
{DF} {CL}
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[bookmark: _Toc202779890]Figure 60 – Final Circuit Original 36 MHz Circuit Simulation in qucs-s
{DF}
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[bookmark: _Toc202779891]Figure 61 – Meeting 1 Minutes. Presentation to Jenifer
 {BS}
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[bookmark: _Toc202779892]Figure 62 – Meeting 2 Minutes. Presentation Review  
{BS}
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[bookmark: _Toc202779893]Figure 63 – Meeting 3 Minutes. Group Project Catch Up
 {BS}
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[bookmark: _Toc202779894]Figure 64 – Meeting 4 Minutes. Group Project Catch Up with Jenifer
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[bookmark: _Toc202779895]Figure 65 – Meeting 5 Minutes. Group Catch Up and Evaluation of Progress
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T [ Feedback
‘What de-briefing and feedback wil be provided to participants, how will this be done and when?

No feedback required.

this box shouid expand as you type)

2| Informed consent

Describe the arrangements to inform potential participants, before providing consent, of whatis
involved in participating. Describe the arrangements for participants to provide full consent before.
data collection begins. If gaining consent in this way is inappropriate, explain how consent will be
obtained and recorded in accordance with prevailing data protection legislation.

na

this box shouid expand as you type)

3| Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality wil be ensured in any outputs. If
anonymity is not being offered, explain why this s the case.

wa

this box shouid expand as you type

SECTION J: Data Protection and Storage

In completing this section refer to the University's Research Data Management Policy and the
extensive resources on the University's Research Data Management web pages
(htto://uwtsd ac uklibraryiresearch-data-management)).

7 [ Does the research activity involve personal data (as defined by the General
Data Protection Regulation 2016 “GDPR" and the Data Protection Act 2018 YES | NO
“DPA)?

“Personal data” means any information refating fo an identied or
identifiable natural person (‘Gata subject). An identifiable natural
person is one who can be identified, directly or indirecty, in
particular by reference to an identifier such as a name, an o a
identiication number, location data, an online identifier or to one o
‘more factors specific to the physical, physiological, genetic, mental,
economic, cultural or social identity of that natural person.

2| It YES, provide a description of the data and explain why this data needs to be collected:

this box shouid expand as you type

3 | Does it involve special category data (as defined by the GDPR)? YES NO

“Special category data” means sensiive personal dala Consisting of
information s to the data subjects'
(a) racial or ethnic orgin,
() poitical opinions,
(c) relgious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade
Union and Labour Relations (Consolidation) Act 1992), o o
(¢) physical or mental health or condtion,
(0 sexual e,
() genetics,
(h) biometric data (a5 used for ID purposes).

4 [ FYES, provide a description of the special category data and explain why this data needs {o be
collected:

October 2020 10 Ethical Approval Form




image91.png
Prifysgol Cymru

¥ Drindod Dew Sant

University of Wales PG2/E1FORM
Trinty Saint David
5[ Will the research aciiity invoive storing personal data and/or special category | YES | NO
data on one of the following:
& [ Manual fles (L. in paper form)? o ]
7| University computers? o ]
8 | Private company computers? ] =]
S| Home or other personal computers? o =
70 | Laptop computers/ CDs/ Portable disk-drives! memory sicks? o =
71 | “Cloud" storage or websies? o ]
72 | Other — speciy: o =
73 | For all stored data, explain the measures in place o ensure the security of the data collected, data
‘confidentialty, including details of password protection, encryption, anonymisation and
pseudonymisation:
Laptops have high end encryption with MFA. Alldrives are secured and encrypted.
14 | All Data Storage
75 | Wil the research activity involve any of the following activiies: ves | No
16 | Electronic transfer of data in any form? B [=]
17 | Sharing of data with others at the University? [ o
18 [ Sharing of data with other organisations? ] o
79| Export of data outside the European Union or importing of Gata from outside 5 =
the UK?
20 [ Use of personal addresses, postcodes, faxes, emails or telephone numbers? o B
21 | publication of data that might allow identification of individuals? o B
22 [ Use of data management system? ] o
23 | Data archiving? ] o
24 | If YES to any question, please provide fulldetails, explaining how this will be conducted in
‘accordance with the GDPR and DPA (andior any intemational equivalent):
There is no personal data being Used so no GDPR or DPA Is applicable.
25| List all who will have access to the data generated by the research activity:
Benjamin Scott, Caitlin Lonsdale, Daniel Frankland, Alexander Price, Professor Stephen J Boyes,
Jenifer Prince Devaraj, Olubodun Olubenga, Patrick North, Belinda Shute et al
6 | List who will have conirol of, and act s custodian(s) for, data generated by the research acivty:

October 2020 1" Ethical Approval Form
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Benjamin Scott, Caitiin Lonsdale, Daniel Frankiand, Alexander Price + DSTL.

this box shouid expand as you type)

27 | Give detall of data storage arrangements, including security measures in place (o protect the data,
‘where data will be stored, how long for, and in what form. Will data be archived ~if so how and it
not why not.

‘The data will be stored on a private, encrypted secure network managed by MOD.

this box shouid expand as you type)

28 | Please indicate if your data will be stored in the UWTSD Research Data Reposiory (see
hitps:fresearchdata uwtsd ac uk/ ). If so please explain. (Most relevant to academic staff)

Nia
(this box should expand as you type)

29 [ Confirm that you have read the UWTSD guidance on data management (see

hitos://www.uwtsd.ac.ukllibrary/research-data-management/)

30 [ Confirm that you are aware that you need to keep all data until afer your

38 33

research has completed or the end of your funding

October 2020 12 Ethical Approval Form
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SECTION K: Declaration

31

The information which | have provided is correct and complete to the best of my knowledge. | have
attempted to identify any risks and issues related to the research activity and acknowledge my.
obligations and the rights of the participants.

In submitting this application | hereby confirm that | undertake to ensure that the above named
research activity will meet the University's Research Ethics and Integrity Code of Practice which is
published on the website: https://www uwtsd ac uk/researchiresearch-ethics/

Signature of applicant: | Bscott 1910512025

according to the guidelines and attached any required documentation:

B | I have read the guidance notes supplied before completing the form.

B | I have completed ALL RELEVANT sections of the form in full

B | I confimn that the research activity has received approval in principle

B | I have attached a copy of final/interim approval from extemal organisation (where appropriate)

o | ! have attached a ull risk assessment (and have NOT completed Section H of this form) (where
appropriate) ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

@ | ! understand that it is my responsbilty to ensure that the above named research actvity wil meet
the University's Research Ethics and Integrity Code of Practice.
| understand that before commencing data collection il documents aimed at respondents

@ | (including information sheets, consent forms, questionnaires, interview schedules etc.) must be
confirmed by the DoS/Supervisor, module tutor or Academic Director.

[]

I have deleted the guidance notes before submitting the PG2 for consideration

RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to
paresearch@uwtsd ac.uk , with the title ‘Ethical Approval followed by your name.

You will be informed of the outcome of your claim by email; therefore it is important that you check your
University and personal email accounts regularly.

October 2020 13 Ethical Approval Form
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'STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form,
(and receive the outcome) via systems explained to you by the supervisorimodule leader

‘This form is available electronically from the Academic Office web pages:

Al staff research projects and all research students must submit the Ethical Approval Form 1o the
University Research Ethics Committee via the Academic Office (paresearcn@uwisd.acuk)  Staff
research directly in relation to personal study for taught undergraduate or Masters programmes should be
submitted via the Institute procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within
Institutes. Institutes will provide details o the specific processes for this. Where the Ethical issues within any
single ethical application are of particular concern the Institute willrefer these o the University Research Ethics
Commitiee. Any student activty thatinvolves the collection of primary data needs to undergo Ethical approval,
this includes assignment work as well as dissertations.

Notes for guidance in completion of this form

Section A: About You
Please complete allrelevant sections

Soction B: Approval for research activity
Research proposals must be approved in principle before applying for Ethical Approval. The proposal approval
only becomes final when the ethical approval Is received.

‘The process for proposal approval varies according the individual and programme of study:
+ Research students, by application on form PG1 to the Research Degrees Committee
« Taught students by review of research proposal withi Insttutes (Insttutes provide specifc detais of
these processes)
« Staff, by agreement by the Acadeic Director/Assistant Dean

Section C: Extornal Ethical Guidance materials
Many discipline areas are required to operate with the discipline specific codes of research ethics (for example
health, psychology, education etc.), any such codes must be listed and you must tick to confirm that you have
consulted with these.

Section D: Extornal Collaborative Research Activity
Provide detalls of the external collaborative partners, where appropriate you might want to submit a copy of
the extemal collaboration agreement with the Ethical Approval Form. f the pariner requires the research to
be subject to its own internal Ethical approval process then please provide details of that process and a copy
of any final (or interim) approvals received from the organisation.

Soction E: Details of Research Activity
Remember that the individuals reviewing this Ethical Approval Form may not have seen your research
proposal, and also may not be experls in the specific area of your research. The information provided should
therefore be jargon free and clearly stated.

Indicative Title: please use the same tite as used on the research proposal.

Purpose: the Ethical approval process willwant to ensure that the methods you propose are adequate and
appropriate to address the research aims and objectives. Excessive additional data collection can be seen as
unethical,

Proposed Mathods: the Ethical approval process seeks to ensure that you understand the methods that are
intended, and that the implementation of those methods will be appropriate and without unnecessary impact
on respondents. This section must explain how the methods described wil lead to the collection of necessary
and suffcient data, but not excessive dala. Please be specifc.
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Location: this needs to mention geographical location and also local situation (for example, within Local
Authority Offices in Cardiff, using a private room but close o other individuals). If you are collecting data within
an organisational setting then you need to explain the permissions that you have obtained to do this.

Resoarch Activity outside of the UK: please complete this section in detail, and note any guidance you
have received. Also describe your own familiarty (or not) with the location that you wil be utiising.

Soction F: Scope of Research Activity
Please tick ALL of the research activties that might be undertaken. ~If any addiional types of activty are
intended then please add an exira box and describe these.

Ifyou have answered noto all questions in F then sections G and | do not need to be completed. . Signatures
are stil required in section K.

Soction G: Intended Participants.
Please tick all categories that might apply.

Numbers & Source: f you are using a series of different methods o research activties please list numbers
for each stagel/phase. Be clear about how you wil find respondents. - Will you use intermediaries, and if so
how? How will you ensure compliance with your sampling strategy?

Information for participants: all participants should be appropriately informed about the research, what is
expected of them and what will happen to the information that they provide. The Ethical review process does
ot ask to see this documentation, but requires this to be reviewed and approved by the Director of Studies in
the case of research students, the supervisor/module tlor in relation to students on taught programmes and
the Academic Director/Assistant Dean in relation to staff research.

Soction H: Anticipate Risks
Al research carries some level of isk. The answers you provide to questions in this section wil be reviewed
to ensure that you have an appropriate understanding of the type of risks involved and how you can mitigate
against these risks. If you have completed a full risk assessment, as required for example for Iaboratory work,
field work, clinical tests, diving operations, or by a collaborative partner, you may append that 1o this form. In
that case, please tick the box indicating this has been provided.  You will not then be required to complete
Section H.

Risk to participants Think very carefully about how your actions/questions/discussions might affect the
people you are involving as participants. You might identify the risk as small but it would stil be a risk. Many
types of question have the potential to make respondents less content with theirIfe / jobs; you need to recognise:
and ty to ameliorate any such effects

Ifthese are business owners, time with you may reduce profit.

In some locations physica risk is very real to both participants and yoursel, please consider ths.

Risk to you, the researcher Think about where you will meet people, i there are any dangers involved in
the location. If you are meeting people as individuals think about using & public place. In general do not visit
people in their own homes or remote locations. Ifyou are talking to individuals about certain sstes think about
how their responses might affect you emotionally. What about the risk of collecting insufficient data?

Risk to the University When undertaking your research, you are acting as a member of the University
(student or staff). Professionalism is imporiant, so t is important to be well organised and well prepared.
Punctuality, clarty etc. are allpart of this. What wil you do 10 ensure this? You must ensure you do not harm
the good name of the University in any way and do nothing to undermine the reputation of the research it
conducts and sponsors. Upholding high standards of conduct and integrity are vital in this regard. You must
also conduct the research in such a way to minimise the potential for claims of negligence made against the
Universiy, its researchers and any collsborating individual or organisation. In this respect you should always
‘comply with ethical, legal and professional frameworks, obligations and standards as required by statutory and
regulalory authorities, as well as the university's Research Integrity and Ethics Code of Practice. Research
misconductin this respect can take many forms, including:
fabrication: making up results or other outpus (eg, artefacis) and presenting them as if they were real

falsfication: manipulating research processes or changing or omitting data without good cause
plagiarism: using other people’s material without giving proper credit.

ilure to meet ethical, legal and professional obligations: for examle failure to declare competing
interests; misrepresentation of involvement or authorship; misrepresentation of nterests; breach of
confidenialty; lack of informed consent; misuse of personal data; and abuse of research subjects or
material

October 2020 15 Ethical Approval Form





image96.png
Prifysgol Cymru

¥ Drindod Dew: Sant

University of Wales. PG2/E1FORM

Trinity Saint David

« improper dealing with allegations of misconduct: faling to address possible infringements such as
attemps to cover up misconduct and reprisals against whistle-blowers

Adverse Outcomes. Think carefully about the possibilties, and cover here

Section

Feedback, Consent and Confidentiality

Foedback to participants: outine your approach. - Willinterview transcripts be shared with respondents to
check accuracy? Will summaries of questionnaire analysis be made available to respondents in some way?
Wil an overview report be provided? How and when?

Informed consent: Draft letter / e-mail | or heading (or footer) section of questionnaire must be approved by
DoSlsupenvisor (if research student), supervisorimodule tutor if taught student, or Academic Director /
Assistant Dean if a member of staf

Confidentiality/Anonymity. Explain clearly how you will ensure confidentialty and anonymiy.

Section J: Data Protection and Storage
Before completing this section it s necessary to read the University's Research Data Management information.
The questions that follow are designed fo ensure compliance with the Data Protection Act s well as
established research protocols.

Many research actviies will involve electronic transfer of data and use of data management systems in the
summarisation and analysis of data. You will need to explain these In relation to compliance with the Data
Protection Act.

“Think carefully about who will have access o your data, this wilinclude supervisors and examiners. Also that
athesis will be made available via the University ibrary and the British Library system. If you are seeking an
‘access bar for a period of time after completion then mention ithere. If you willprovide a copy of your findings,
or intend to give a presentation, 1o a faciltating/ supporting/accessing organisation then explan that In this
section. But also think about the general principle of data sharing, as explained in the Research Data
Management information.

Interms of storage of data please ensure security, and also mitigate against loss of data.
Section K: Declaration

Ensure the appropriate countersignatures have been provided
Look carefully at the checkiist and ensure that you comply with and tick

that are relevant to your research.
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Engineering Capability Tasking Form

Purpose

“This form i for requesting all aspects of Mechanical & Electronic hardware design, prototyping and

manufacturing support provided by Dsts Engineering Capabilty

When complete email o Trils & Engineering Support Team,

Ploase complete all sections.

Do you require a quote for this work? Yes.

Task No (TEST use only):

Wnere did you hear about the Enginesring Capabilty? Recommendation

Part 1 - Your Details

Name: Benjamin Scott

Altenative Contacts

Daniel J Frankland

dfrankland@dstlgov.uk
Alexander O Price

Site: PTN
aprico2@dstlgov.uk
Cait Lonsdale

Building / Room: 144
clonsdale@dst.gov.uk

Totophone: [

Click o tap here to enter text,

Part 2 — Work Required Contact Trials & Engineering Support for assistance

Task Title: University Group project

Date Required: 25" June 2025

UOR UCR? (please provide reference
number) Click or tap here to enter text

Procurement Process

Date of issue Apr 20

OFFICIAL

Page Tof4
DstIMSNVersion. 8.0
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1P (Contibuton to & novel idea or development of novel manufacture process? Give detals I
~known.) Gick o tap here to enter ext
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Details of Requirement (Use addtional sheets for further information,include sketches,
rawings and attachments as necessary)

Detais:

New design dipole created using standard PCB meterials (FR4 substrate s the backing with
copper channels for the elemens)

The overallsizing ofthe design for the FRA is 210 mm x 20 mm x 1.64 mm (LW'H) with the
copper channelling being 0.035 mm (Heigh) lying on top of the FR4 Plate.

Materials:

The backing piece willbe made from Fire Reterdant 4 (FR4) with the dipoles being made from
copper.

Sketch

Ixtot
Black Backing - PR

Orange Pieces - Copper

#aaveotn/weght-163mm | fumn | fuoom

Number of attachments: Clck o tap here 1o ener ext

Procurement Process Page3of4

Date of issue Apr 20 OFFICIAL DstIMSNVersion. 8.0
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‘Signature: BSCOTT Date: 050612025

Part 3 - Safety: o be completed for altasks

A safely clearance certificate is mandatory for tems suppled by the customer forrepair or
modification which may have been exposed to harmiful agents.

Ave there any other safety implications for this work? Ciick or tap here to ener text

Part 4 — Authorisation: To be completed by the Project Manager

Project Code or Cost Contre Code | NN

Limit of Liability: €5k

Iauthorise this work to be carried out including purchase of materials, services and technical
consultancy services:

Nar

Role: Project Manager
Date: 10/06/2025.
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Date of issue Apr 20 OFFICIAL DstIMSNVersion.8.0
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VAT Number:

Basket Summary

Mirs Part No:

Mirs Part No:
Desc.:

.
Mirs Part No:
Desc.:

.
Mirs Part No:

Mirs Part No:
Desc.:

.
Mirs Part No:
Desc.:

None Selected

SEI Stackpole
RNCF1206BKTSOR0

“Thin Film Resistors - SMD 500hms 20
1206 10ppm 0.001 Precision AEC-

a

Vishay
MCS0402MD1002BE100

“Thin Film Resistors - SMD .063W
10Kohms 0.1% 0402 25ppm Auto

Skyworks
SMS7630-076LF

‘Scholtky Diodes & Reclifiers
Ls=7nH SC-79 Single:

10

onsemi
15GNO3CA-TBE

RF Bipolar Transistors BIP NPN
70MA 10V FT=15G.

10

Vishay
MCS04020D5111BE100

“Thin Film Resistors - SMD MCS.
040225 0.1% E1 5K11

KYOCERAAVX
0402YJ100FBSTR

Silicon RF Capacitors / Thi
16V 10pF 1%Tol ThinF ilm 0402

10

Availability

20 Dispatches Now

4 Dispatches Now.

10 Dispatches Now

10 Dispatches Now

4 Dispatches Now.

10 Dispatches Now

1-15015 | ViewLess

£0.350

£031

£0.208

£0.105

Ext Total

£7.18

£1.24

£1.95

£1.96

£365

Order Summary (15 items )

Merchandise Total: £145.93

Delivery Charge: £0.00

VAT Total: £20.19

Order Total: £175.12
‘Submit Order

Incoterms: DDP (Duty and customs fees paid by Mouser).

Chat Now
Engisn @
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Mir:
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Mir:
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1% 120
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Silicon RF Capacitors / Thin Film
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KYOCERAAVX
12061C502JAT2A

Multiayer Ceramic Capacitors
MLCC - SMDISMT 100V 5000pF
XTR 1208,

Keystone Electronics
816

9V Battery Snaps & Contacts 9V
BATTERY STRAP

Metcal
MFTC-6CNS001

Soldering Irons MF TIP CART,
CON, 0.1MM X 5MM, 600

Chip Quik
CQaLFBR

‘Soldering Flux Liquid Flux No-
Clean in 6l (0.202) Refilable Pen

TE Connectivity
24846371
RF Connectors / Coaxial

Connectors SMA Jack RA Edge
Mnt Solder Ta

Chip Quik
TS391AX
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Availability

10 Dispatches Now

4 Dispatches Now.

4 Dispatches Now.

2 Dispatches Now.

1 Dispatches Now

1 Dispatches Now

6 Dispatches Now.

1 Dispatches Now

£0476

£0.530

£0.220

4110

1007

£453

£13.08

Ext Total

£4.76

£1.05

£a1.10

£1007

£27.18

£13.03

Order Summary (15 items )

Merchandise Total: £145.93

Delivery Charge: £0.00

VAT Total: o

Order Total: £175.12
‘Submit Order
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Chat Now
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Desc:: Solder Paste No-Clean 159
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Mir's Part No: 095-902601-006 VAT Tota: 0
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EXPORT CONTROL NOTICE
Al products purchased from Mouser are subject to Export Controls and shall only be resold, transferred, re-exported or

disposed of in any other way in strict compliance with all US, EU, UK and other export laws, rules, regulations and
‘sanctions. This includes sanctions imposed on Iran, North Korea, Cuba, Syria, Venezuela, Sudan, Russia, Belarus, the
Crimes, Donetsk and Luhansk regions of Ukraine, and includes sanctions on miltary end use in China, Burma and
Cambodia. See Mouser Terms and Conditions for details.
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for shipments to specific countries. If required, you will be notified before shipment.
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(A Editor - C\Users\ISA06021822\Documents\University\Group Project\Non_Foster_Test_Results.m
| Non_Foster_Test_Results.m |+

1 %% Non-Foster Test Data Plots

2 % Written by Cait Lonsdale 04/07/25

3 clear;

4

5 %% Test Circuit S21

6 c_S21_data = readmatrix("circuit_s21.x1lsx"); % Call in VNA data

7 c_S21_mag = c¢_S21_data(:,2); % Read magnitudes from column 2
8 c_S21_frequency = c_S21_data(:,1)./10"6; % Read frequencies (MHz) from column 1
9

10 figure(1); % Plot figure

11 plot(c_S21_frequency,c_S21_mag,'b','linewidth',2); % Plot frequency and magnitude
12 ylim([-70 @]); % Set y axis range

13 grid on; % Set grid on

14 title('Test Circuit S21');

15 xlabel('Frequency (MHz)');

16 ylabel('Transmission Coefficient (dB)');

17 saveas(1, 'Test Circuit S21 Graph.jpg'); % Save figure as image

18 close(1); % Close figure

19

20 %% Test Ae S11

21 a_S11_data = readmatrix("ae_s1l.x1lsx"); % Call in VNA data

22 a_S11_mag = a_S11_data(:,2); % Read magnitudes from column 2
23 a_S11_frequency = a_S11_data(:,1)./10"6; % Read frequencies (MHz) from column 1
24

25 figure(2); % Plot figure

26 plot(a_S11_frequency,a_S11_mag,'r','linewidth',2); % Plot frequency and magnitude
27 ylim([-3@ @]); % Set y axis range

28 grid on; % Set grid on

29 title('Test Antenna S11');

30 xlabel('Frequency (MHz)');

33 ylabel('Reflection Coefficient (dB)');

32 saveas(2, 'Test Antenna S11 Graph.jpg'); % Save figure as image

33 close(2); % Close figure

34

85 %% Test Ae and Circuit S11

36 ac_S11_data = readmatrix("ae_circuit_s11l.x1lsx"); % Call in VNA data

37 ac_S11_mag = ac_S11_data(:,2); % Read magnitudes from column 2
38 ac_S11_frequency = ac_S11_data(:,1)./10"6; % Read frequencies (MHz) from column 1

39
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40 figure(3); % Plot figure

41 plot(ac_S11_frequency,ac_S11_mag,'r','linewidth',2);% Plot frequency and magnitude

42 ylim([-3@ @]); % Set y axis range

43 grid on; % Set grid on

44 title('Test Antenna and Circuit S11');

45 xlabel('Frequency (MHz)');

46 ylabel('Reflection Coefficient (dB)');

47 saveas(3, 'Test Antenna and Circuit S11 Graph.jpg'); % Save figure as image

48 close(3); % Close figure

49

50 %% OTA Test Ae VP

51 a_VP_data = readmatrix("OTA_VP.x1lsx"); % Call in Sig Gen and Spec Anl data
52 a_VP_mag = a_VP_data(:,2); % Read magnitudes from column 2

53 a_VP_frequency = a_VP_data(:,1)./10"6; % Read frequencies (MHz) from column 1
54

55 figure(4); % Plot figure

56 plot(a_VP_frequency,a_VP_mag, 'g', 'linewidth',2); % Plot frequency and magnitude

Sl ylim([-8@ @]); % Set y axis range

58 grid on; % Set grid on

59 title('Over the Air Antenna (Vertical) Test');

60 xlabel('Frequency (MHz)');

61 ylabel('Recieved Power (dBm)');

62 saveas(4, 'OTA Antenna VP Test Graph.jpg'); % Save figure as image

63 close(4); % Close figure

64

65 %% OTA Test Ae HP

66 a_HP_data = readmatrix("OTA_HP.x1sx"); % Call in Sig Gen and Spec Anl data
67 a_HP_mag = a_HP_data(:,2); % Read magnitudes from column 2

68 a_HP_frequency = a_HP_data(:,1)./10"6; % Read frequencies (MHz) from column 1
69

70 figure(5); % Plot figure

71 plot(a_HP_frequency,a_HP_mag, 'g', 'linewidth',2); % Plot frequency and magnitude

72 ylim([-80 @]); % Set y axis range

73 grid on; % Set grid on

74 title('Over the Air Antenna (Horizontal) Test');

75 xlabel('Frequency (MHz)');

76 ylabel('Recieved Power (dBm)');

77 saveas(5, 'OTA Antenna HP Test Graph.jpg'); % Save figure as image

IR

cloca(S)

Close ficure
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Costing Estimate
Work Package Time (Hours Components Cost Comments
Gircuit 1 and PCB creation 10 £ 585.00
Gircuit 2 and PCB creation 20 1,170.00
Gircuit 3 and PCB creation 20 1,170.00
Gircuit 4 and PCB creation 30 1,755.00
Gircuit 1 and Simulation 10 585.00
Gircuit 2 and Simulation 20 1,170.00
Gircuit 3 and Simulation 20 1,170.00
Gircuit 4 and Simulation 30 1,755.00
Antenna Design and Simulation 20 1,170.00
Materials for construction
Antenna Creation 20 In House Engineering £5,000 approx 6,170.00
Antenna Research and Analysis 2 I @ 16250
PCBS, Surface Mount components
JLCPCB $2 for 5 units
Gircuit Construction Components £250 2,590.00
Anechoic Testing 7,020.00 time for all 4 team members
Report Writing 7,020.00
Consulting 1,000.00 Any additional technical support

£ 35,792.50 Total without buffer
Conversion Rate International Currencies £ 39,371.75 Total with buffer
USD > GBP 0.74
EUR >GBP 0.87 total project costing expected at £40,000
Hour Rate for staff £58.50
Consulting aprox rate £100
Budget buffer 10% £ 3,579.25
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rect

Item Description Amount (GBP)
Labour - Dan F £ 8,383.05
Labour - Ben S £ 8,128.58
Labour - Alex P £ 3,451.50
Labour - Cait L £ 6,610.50
Labour - Steve B £ 257.25
Labour - Jack L £ 508.20
Labour - Josh P £ 145.20
Components & Materials (Mouser orders
incl. VAT) £ 5708
PCB Dipole Engineering £ 5,000.00
PCB Fabrication £ 2518
Total £ 32,541.30

direct

Item Description Amount (GBP)
Soldering Tip Cartridge £ 4119
Solder Paste £ 13.03
Soldering Flux Pen £ 1097
Other General Tools/Consumables £ -
Total £ 65.19

Contingency

Item Description Amount (GBP)
Estimated Risk Buffer / Unexpected Costs
(10% of Overall Budget) £3,600.00
Grand Total Without Buffer £ 32,606.49
Grand Total Cost: £ 36,206.49
Budget Inc Buffer £ 39,600.00
Budget £ 36,000.00
Overspend/Underspend (Eating into Buffer) -£ 206.49
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Meeting 1 :
Date:  19hay-25

Time: 112-1220
Location: Team Workspace! Oriine

Adiend Discussion of Group project oulines and Presentation of graup project

Minutes:

1417 - Jenifer presents ACDASOTZ Group Project slide deck and explains what the expectations are for group project.

1145 - Cait states we have a group project idea and have already come up with an idea and ask to present our slide show that had been made.
TE47 - Dan starts by introducing our group project idea and the team

1154 - Cait describes the technical content and the testing and evaluation mehods

12:02 -Ben explains the developed product and the vision of the product

12:12 - Alex talks about skills developmentin software, hardware and the project conciderations

1217 -Dan thanks and ends the slide show

12:20 -Jenifer says project scope looks good and ends the call

Meeling Adiourn 220

Actions: Gt started on the group project
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Meeting 2: Initial Planning Session
Date: 19 May 2025
Time: 12.31- 1252
Location: Team Meeting Floam
Attendees: CL. 4P, DF, BS
Chair: CP
Minute Taker: AP
Adienda: presentation of Graup project review
Minutes:
12:31 - The meeling commenced. CL presented the primary document oulining the proposed orgarisation and structure o the final report.
12:42 - Procesdings were delaye for approximately 10 minutes due to CL attending a prior mesting.
12:44 - 4P presented an updsted Ganit chart and explained the current project tmeline and milsstores.
12:51 - The team held a discussion on the final repor, inclucing agreement on the wordl count allocalion and overall structure.
12:58 - MATLAB was discussed as a potential ool far test equipment coriral and data analysis. The team reviewed ts capabilities and integration Feasibilty.
13:11 - The team discussed the project’s financial costings and the broader ime structure.
13:16 - A mick-project calch-up meeting was scheduled o assess progress and re-align tasks.
13:28 - Continued discussion on costings and considerations for the strctural setup of the report and techrical comporents.
13:33 - BS provided an updale regarding the submission of the ethics form. The requirements and subrmission timeline were reviewed.
13:37 - Confirmation was made regarding AF’s resporisibilty to formally submit the revised Gant chrt
13:40 - DF explained the plan for component procurement and logistics associated with hardware sourcing
13:52 - CL and DF disoussed sourcing and referencing acaderic papers. Methods for locating peer-reviewed materials were also consicered
Meeling Adiourn 35200

Actions: No actions nated
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Meeting 3: Mid-Project Catch-Up

Date: 9 th June 2025

Time: 13:01 - 13:16

Location: Team Workspace / Online
Attendees: CL, AP, DF, BS

Chair: cL

Minute Taker: BS

[Adjenda: Ensure all work completed so far meets eritera. Create plan for work going forward.

| —

Minutes:
13:01 - The team convened to review project progress. A decision was made to switch to alternative simulation software due to inaccuracies in the e»
13:05 - AP presented a progress update on his circuit design, including a development timeline and estimated completion date.
13:07 - DF and BS presented their circuit designs, explaining design approaches and estimated timeframes for completion. Disscussed and confirmed changing simulation software to qucs-s due to frequency constraints
13:11 - Following a group discussion, it was agreed to extend the circuit design and prototyping deadline to 13 June 2025. This extension allows sufficient time for board finalisation and preparation for manufacturing.
:16 — With the new deadline confirmed, team members resumed th lual tasks focused on completing circuit board de:
Meeting Adjourned: 13:16:00

Actions: Ensure that s designed and ordered by June 13th, BS ensured that dipole would be in construction/ in process of being made by same date.
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18th June 2025
time:  09:30-02:40
Location: Team Workspace / Online

[ Adjenda: Catch up with Jenifer to discuss progress

Minutes:

1.- Meeting starts
- CLeives overview of team progress.
-85 states about new costing powerpoint on moodle

- Senifer asks when team is happ to present VIVA, CL requests afternoon on the 17th July.

5:41 - Meeting is finished and team returns to working on Uni project

09:41

Actions: keep progressing with group project and ensuring that the team are all contributing to their sections
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Meeting 5 : Group Project Progress Evaluation

20th June 2025
10:00- 1100

Location: Team Workspace / Online

attendees: 1, ap, OF, B

chair: 5.

Minute Taker

[ Adienda: review of component delivery times, ensure all chamber bookings are confirmed. Review assignment document o ensure strong progress has been made. General team well being and review of how well they think project is going

Minutes:

88 is opening the main assignment to review it with the team
8 runs through the table of figures and contents and formating
AP shows the cirucit boards that are delivered

Review the introduction for structure

All members review CL itertaure review

All members reviewing the document sections.

Memebrs reviewed the references of the document

Memebrs review the budget and costing reviews

All members discuss meeting room for the final presentation

Actions: Get soldering completed in w/c 23rd and testing later that week, book a meeting room for final presentation. AP and BS organise equipment for testing.
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Description Of Task

1.Turn on soldering iron

ated Hazards

Wires are exposed and the

ron is poorly maintained
could

cause slecrocution.

Non-Foster Network Design for Impeadence Matching Electrically Small Antennas.
Soldering
This task is the soldering of the teams components onto the chosen PCB design
this will use non leaded solder and a heat station to attach the components.
to the PCB of choice.

2. Holding the solder

i the solder is held could lead|
to burning of team members.
hand.

3. Setting up the clamps.

clamp
pinch their hand and damage.
skin/hands

4. Soldering the PCB.
‘and components

I errors are made team
member could burn their hand

5. Turning off soldering iron

on the soldering iron

cooled
down it could burn team
members.

Risk Assessm

Critical ()

Likelih

hood
Very Unlikely (1) | Unlikely (2) Possible (3 Likely (2] Very Likely (5)

High

Check the soldering iron
before turning it on to make
Sure the iron is safe to use.

trained on how to solder
correctly.

Have the instructions
avaliable and easy to read for
users of the des.

Stored

safely and the procedures are
always followed

(Check the iron before the team
member leaves the station
and store is securely.

REF: Joshua Port Design of Rectenna Energy Harvesting
Photoplethysmography (PPG) Monitor with Bluetooth Connectivity.
29.04.25, Page 14
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HS&E Risk Assessment Form

Purpose
This form is to be used by trained Risk Assessors to record the identification and mitigation of risk(s) prior to undertaking the task being assessed.

Risk Assessor
DIIS Reference Number | DSTLIDOC153491 Signature
(print name)
Title Risk Assessment for Lab 106, including Anechoic Chamber and Screened Rooms
Associated Work SOP - Conducting RF Workin Bidg. 800
Procedure / Trial Plan
number(s)
Division cts Group Ewc Overall Residual Risk
Date of Issue 01/03/2024 Review Date 0210312026 Type of Assessment | Facilty/Building
Location Lab 106, BIdg.800 | Names of all persons
(Site, building, etc.) PTN involved in
conducting the
‘assessment
Health, Safety and Environmental Risk Assessment Page 10f 15

Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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Other associated Title Reference No
assessments and
ments Lab 106 EMF Assessment
Working Instruction for the RF Anechoic Chamber located in Room 106, Bldg. 800 Dstl/CTS/S186 v7
Use of Novel Sources within HPEM Techniques Team Dstl/CTS/S175 v6.

Work on Low Voltage ElectricalElectronic Equipment

Safe Use of Electrical Equipment - Guidance

Lone Working - Guidance

Working with Radio Frequency Installations and Electromagnetic Fields

Battery Safety Process

Manual Handling at Work - Guidance

Health, Safety and Environmental Risk Assessment Page 2 0f 15

Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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Brief Description of Task
(include sufficient details
to make the scope of the
RA clear)

Lab 106 contains the Anechoic Chamber with an ante-room, which is intended to be for use, and evaluation, of:

Electronic Warfare and Communication (EWC) Groups research and RF related testing activities.
General purpose usage for other Dstl groups within CTS.

These activities include, waveform testing, wireless network testing and development, Electromagnetic
Compatibility (EMC), radiated emissions and immunity type testing.

A suitable EMF Exposure assessment (RAD HAZ) assessment must be conducted before where any safe distances for
RF transmissions aren't available. EMF exposure assessment guidance can be found here: Electromagnetic Field -
EMF - Exposure Assessment and Risk Assessment

The Electromagnetic Fields (EMF) HSLJ14 Practitioner level competency must be achieved by staff with a requirement
to work with RF and EMF. Staff who haven't achieved this competency must refer and seek guidance and authority from
the TL and GL and be supervised by a SQEP.

A separate risk assessment is required to work on ‘live’ open case mains powered equipment.

A separate risk assessment must be in place for staff with medical devices, including; pacemakers and implanted
cardiac defibrillators, insulin pumps, hearing aids, and any other device that could be affected by EMF.

Any Anechoic Chamber tasks involving High Power Electro Magnetics (HPEM) magnetrons (operating over SkW),
Atificial Optical Radiation (AOR), Lasers and sources known to emit X-Rays, will require a separate Risk Assessment.

Any work that falls ouside the scope of this RA will need to have a separate test plan and risk assesment authorised.
The Anechoic Chamber is used on a daily basis for up to 8 hours at a time (some tasks run over multiple days).

A personal risk assessment must be in place for staff expectant mothers and those using medical devices (including;
pacemakers and implanted cardiac defibrillators, insulin pumps, hearing aids etc), that could be affected by EMF. This
should be generated by the Line Manager of the individual involved and the individual/LM should be aware of the risk if
they are asked to undertake work in and around the Anechoic Chamber.

Health, Safety and Environmental Risk Assessment Page 3 0f 15

Date of issue Sep 20

OFFICIAL Dsti/Themis/Version.1.0
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No | Hazard How could harm | Wholwhat Control Measures Residual Risk Rating
Description occur? could be — -
harmed Likelihood | Severity
Electrical (lab Fauly electrical Upto6 Dstistaff | « Visual checks must be carried out on electri
equipment): equipment may lead | £ ioment equipment before use.
Fauly squipment | 0 gecticalresor | ECE . ,(agﬂu;‘:mla r.;nahle appliances to be tested
Equipment Knowledge or rule +  Equipment out of PAT date to be quarantined.
1| running ; « Extension cables should be fully unwound.
based mistake
unattended and + Overall current draw must not exceed the rating
out of hours of extension leads.
« Equipment running overnight must be inspected
before being left unattended (See Working
Instruction)
Manual handiing | Inappropriate or Upto2Dstistaff | « Manual handiing aids to be used where possible.
of heavy and /or | poor lfing leading to | o o « Visual inspection of manual handling aids to be
awkward musculoskeletal damage caried out before use.
equipment onto | injury « Where appropriate (heavy or awkward items
racking, into ing of over 20kg), assistance with movement of items
Dre f item: Q).
| chamber, benches 3;’;’,:;‘—1,‘3,5,, i must be sought from colleagues.
and between labs | {0208 MR « Al staff must have Practical Manual Handling
training.
Knowledge/rule «  Where possible, loads should be marked with
based mistake/Loss. gross weight and centre of gravity.
of concentration « Safety footwear to EN ISO 20345 must be wom
when moving large/heavy loads
Health, Safety and Environmental Risk Assessment Page 4 of 15
Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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Accessing storage | Use of top shelfof | Upto6DSTL | » Heavy equipment must not be stored at height.
racking rack leading to Staff « Shelves labelled with weight imits, indicative
musculoskeletal weight to be applied on packages.
injuries. + Kick stools are to be used to reach top shelif of
3 Falling from kick racking. _
stool with equipment « Kick stools must be inspected for damage before
leading to injuries. use.
and equipment
damage.
Cable runs or Personnel may Upto6DSTL | « Good housekeeping to be maintained, walkways
equipment leftin | suffer injuries from | Staff clear of obstructions.
walkways, and | trips Dama « Staffto report any defects immediately to WPM.
i ge to o . f
4 | setupin chamber equipment +  Good lighting throughout and is checked in
Raised step into monthly lab inspections.
chamber «Trailing cables should have cables covers,
bariers or signage to indicate their presence.
« Userinduction to include awareness of step
Sharps/Protruding | Cuts or puncture | Upto6DSTL | « Sharps are to be disposed of in the “sharps”
5 | Objects injury from shap | Staff boxes provided within the lab.
components and « Ensure sharp edges do not protrude and are
tools protected.
High powered RF | Interference to radio |Upto6DSTL | « The anechoic chamber room, ante-room and
e.g. reference communications to | Staff screen rooms are shielded to reduce RF power
levels above the | emergency services, | ¢ oroancy escapes o very low levels.
6 | Workers AL Civil Air Aviation sorviows and « The chamber, ante room and screen rooms
threshold (CAA) and other CAA should be regularly checked for leakages.
RF Energy spectrum users. other « User checks of chamber door seals must be
escaping the Exposure Inside & | e” spectrum undertaken to ensure they are intact before use.
Outside the
Health, Safety and Environmental Risk Assessment Page 5.0f 15

Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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System

chamber and ante | Anechoic Chamber + The chamber door must be closed at il tmes,
room to high during testing.
Electromagnetic « Nostaff members should be inside the chamber
Fields (EMFs) levels ‘when transmitting levels of RF above the
leading to body Workers AL Threshold
heating, bums and +  Rad Haz monitors must be used when
temporary sensory transmitting.
effects « Safe distance calculations conducted for each
task.
Lone working/ | Insufficient medical/ | 1x Memberof | « No Lone Working within the chamber.
Work alone within | emergency cover, | staff « Abuddy system must be used during periods of
Lab106 and Incapacitating injury fone working in the lab (excluding the chamber)
7 | chamber orillness during normal working hours (0700 — 1900 Mon-
Fii).
« Lone working guidance must be followed out of
hrs.

Review and Authorisation
Review and authorisation are to be recorded in the table below. Further review and/or revision are required:

« when the task being performed no longer matches the risk assessment
«every three years, based on the authorisation date

Review history should be summarised in the Change Record on the next page.

Health, Safety and Environmental Risk Assessment

Date of issue Sep 20 OFFICIAL

Page 6 of 15

Dsti/Themis/Version.1.0
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Review by line manager

Peer / technical reviewer

SH&EP review (Mandatory review required
for all residual risk at Medium or above)

“Additional review (if required)

*i Themis

OFFICIAL
Signature Date 14/03/2024

Signature Date 14/03/2024

Signature Date 14/03/2024

Date 14/03/2024

AUTHORISATION

-

On behalf of Dstl, | authorise the activity covered by this risk assessment to commence / continue on the basis that the hazards have been thoughtfully
considered and the associated risks demonstrably controlled to as low as reasonably practicable (ALARP).

Date

14/03/2024

Change Record

Record here the review history and key changes to the Risk Assessment

Health, Safety and Environmental Risk Assessment

Date of issue Sep 20

OFFICIAL

Page 7 of 15

Dsti/Themis/Version.1.0
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Issue Date Review / Change Summary Reviewer
22 01/03/2024 Title changed — Screened rooms added Name Click here to enter text Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature
Name Click here to enter text. Signature

Each new Issue of the Risk Assessment must be authorised on the previous page at the appropriate level of delegation. Authorised copies of all Issues must
be retained as defined in the ‘Records’ section of the HS&E Risk Assessment process.

Health, Safety and Environmental Risk Assessment Page 8 of 15

Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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Risk Assessment Awareness Record (Delete this page if an alternative method of recording is used)

The following staff have read, or been briefed, and understand the requirements of the attached risk assessment and will comply with the controls specified
therein.

Name Signature Date

Health, Safety and Environmental Risk Assessment Page 9 of 15

Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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i ij“ Themis
L ot Management

System

Residual Risk Rating Action required

Authorisation

This represents a low residual risk; where the
tiskis expected o be effectively managed and
o further controls are needed other than
monitoring.

However this is dependent on the control
measures being applied and maintained

Local line management

Local line management

Consider only simple, low-cost additional
controls.

Local line management

Local line management

Consider a range of additional controls to
manage the residual risk OR accept that risks
have been adequately controlled and are
demonstrably ‘As Low as Reasonably
Practicable’ (ALARP)

Local line management
(HS&E review required)

Where residual risk for very low
likelinood, high severity hazards remains
at Medium, Local line management must
make department/ Divisional managers
aware and pass up for review as
required.

Division Manager (CL, GL)
or their

delegated authority

Health, Safety and Environmental Risk Assessment

Date of issue Sep 20 OFFICIAL

Page 12 of 15

Dsti/Themis/Version.1.0
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OFFICIAL ! Q‘L_ Dstl's Managem:
Action must be taken to review the (HS&E review required) Executive or delegated
proposedexisting controls. Work should not authority
commence or should be suspended pending
the outcome of the review.
Where all possible mitigation has been
exhausted and all risks demonstrably ALARP,
seek ‘Executive Authorisation’ to proceed.
Key to colour coded areas: Very Low (G) = Green, Low (Y) = Yellow, Medium (A) = Amber, High (R) = Red
Risk Matrix
Likelihood 1 Very Low 2Low 3 Medium 4High 5 Very High
Expected to occur
May occur but only in
Not likely to occurin | May occur at some | Expectedto occurat |  regularly under
Probability of Occurrence exceptional ; . .
N normal circumstances time some time normal
circumstances .
circumstances
Health, Safety and Environmental Risk Assessment Page 13 of 15

Date of issue Sep 20 OFFICIAL

Dsti/Themis/Version.1.0
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Severity Health & Safety Property & Equipment Environment
A No likely injuries or Injuries requiring First | Non-disruptive unplanned property | Small-scale contained spillage
Minor Aid damage or programme disruption
B Minor non-disabling injury requiring Minor unplanned property damage or | Minor localised spillage or release requiring action at local
Moderate | Professional medical advice programme disruption level to contain and clear effectively.
c Superficial Injuries or acute illness resulting | Damage or plant and equipment up to | Uncontained spillage o release causing with pollutant
Major in temporary discomfort or disability £5k causing disruption to programme | confined to the site. No damage to the local environment
and no breach of any statutory limit.
D Lacerations, burns, concussion, sprains, | Extensive damage or loss of plant, | Localised contamination with limited intervention required
Sovere chronic illness or permanent disablement. | equipment, and/or facilies, up to to remediate. Breach of statutory limits, with potential for
RIDDOR reportable injuries /diseases £50k causing extensive disruption to | enforcement action.
programme.
E Fatality or serious life changing injury with | Complete loss of equipment, plant | Significant / permanent or long term damage to the
Critical major effect on quality of ife. and/or infrastructure greater than | environment. Significant sustained remediation required.
£50k with loss of programme Regulatory enforcement action likely.
Health, Safety and Environmental Risk Assessment Page 14 0f 15
Date of issue Sep 20 OFFICIAL Dsti/Themis/Version.1.0
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Probability of Likelihood
1 Very Low 2Low 3 Medium 4High 5 Very High

(E) Critical
(D) Severe

Severity (C) Major
(B) Moderate
(A) Minor

Key to colour coded areas: Very Low (G) = Green, Low (Y) = Yellow, Medium (A) = Amber, High (R) = Red

Health, Safety and Environmental Risk Assessment

Date of issue Sep 20

OFFICIAL

Page 15 of 15

Dsti/Themis/Version.1.0
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AAPPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted
ethically. A researcher may not be covered by the University's insurance if ethical approval
has not been obtained prior to commencement.

‘The University follows the OECD Frascati manual definition of research activity: “creative work
undertaken on a systematic basis in order to increase the stock of knowledge, including
knowledge of man, culture and society, and the use of this stock of knowledge to devise new
applications”. As such this covers activities undertaken by members of staff, postgraduate
research students, and both taught postgraduate and undergraduate students working on
dissertations/projects.

‘The individual undertaking the research activity is known as the “principal researcher”

Ethical approval is not required for routine audits, performance reviews, quality assurance studies,
testing within normal educational requirements, and lterary or artstic criicism.

Please read the notes for guidance before completing ALL sections of the form.

‘This form must be completed and approved prior to undertaking any research activity. Please
see Checklist for details of process for different categories of application.

Delete the Guidance Notes at the end of the form BEFORE submitting your application

SECTION A: About You (Principal Researcher)

T [ Full Name: Benjamin Connor Scotl, Daniel James Frankiand, Cailin Beth
Lonsdale, Alexander Owen Price

2| Tiok all boxes which apply: FHonorary research

Member of staff: o

fellow:
3 Taught Postaraduate Postgraduate
Undergraduate Student | @ | (| Bl oo Stacent
7 [ Instiute/Academic University of Wales Trinity Saint David
Discipline/Centre:
5 | Campus:
Swansea Bay Campus

6 | E-mail address:
iprince-devaraj@uwisd.ac.uk

7 | Contact Telephone Number:

01792 481000
For students:

S | F—— 2306925, 2308433, 2306891, 2306892

9 [p e of Study: Group Project

o] — Jenifer Prince Devaraj

October 2020 1 Ethical Approval Form
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SECTION B: Approval for Research Activity

1 [ Has the research actvity received approval in principle?
(please check the Guidance Notes as to the appropriate ves (W v BB
‘approval process for different levels of research by different

categories of individual)

Dafe
2 [ Yes, please indicale source of | Rosearch o=
sl et T o Lesssi Doy e Conni tee =
Approval 'in_principle must bo | Institute Research Committes. o
B e ook inical mamovel " [Other (write i) Jerifer Prince
prior to secking ethical approval
Devaraj in project proposal ® | 19052025

SECTION C: Internal and External Ethical Guidance Materials

Please ist the core ethical quidance documents that have been referred to during the completion of
this form (including any discipline-specific codes of research ethics, and also any specific ethical
‘guidance relating to the proposed methodology). Please tick to confirm that your research proposal
adheres to these codes and guidelines.

7| UWTSD Research Ethics & Integrity Code of Practice B

2 []
UWTSD Research Data Management Policy

3 [=]

SECTION D: External Collaborative Research Activity

T [ Does the research activity involve collaborators outside of the
omversiy? YES | @ | N0 | O

2| Yes, please provide the name of the exteral organisation and name and contact details for the
main contact person and confirnation this person has consented to their personal data being
shared.as part of this collaboration.

3 [ Institution

7| Contact person name

Contact person e-mail address

& | Hias this indvidual consented to sharing their details on this
oo B | N0 | O
7| Are you in receipt of a KESS scholarship? 0| N [ ®
& [ Is your research externally funded ® | N0 | O
9 [ Are you specifically employed to | Voluniary Yes | o | no | =
-5 undertake ths research in either a 3
paid or voluntary capacity? Employe YES ] NO o
11 | Is the research being undertaken | If YES then the,
within an existing UWTSD Athrofa | permission question | ves | & | no | m
Professional Learning Partnership | below does not need
(aPLP) t0 be answered.
72 | Permission o undertake the (T VES attach copy)
research has been provided by the | If NO the application | YES | ® | NOo | O
partner organisation cannot continue

October 2020 2 Ethical Approval Form
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Where research activity is carried out in collaboration with an external organisation

13 | Does this organisation have its own ethics approval system? | YES | @ | NO.

14| Form not available for public release.

SECTION E: Details of Research Activity

1 . R Non-Foster Network Design for Impedance Matching Electrically Small
Indicative itle: Pucibon
2 |Proposed start date:  |19/0512025 Proposed end date: | 17/07/25

3 |introduction to the Research (maximum 300 words)

Ensure that you write for a Non-Specialist Audience when outlining your response to the
three points below:

= Purpose of Research Activity
«  Proposed Research Question
= Aims of Research Activity
«  Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
« What the research activity will add to the body of knowledge
= How it addresses an area of importance.

4 [Purpose of Research Activity
= To provide technological advancements in the miltary domain

Small Antennas work and operate.
Allow for a dipole designed at 600MHz to operate at different frequencies.
Evaluate the feasibilty for future research and development.

ihis box shouid expand as you type

= Leam and understand how Non-Foster Network Design for Impedance Matching Electrically

5 [Research Question

= How do Non-Foster Network Designs for Impedance Matching Electrically Small Antennas
work and operate?

i box shouid expand as you type)

6 [Aims of Research Activity

= Design and research different circuit types for impedance matching.
= Antenna design that are below half wavelength

ihis box shouid expand as you type

7 [Obiectives of Research Activity
= An antenna that operates in the 400-800 MHz range with a
« 4 different circuits where the best will be selected and made into a real prototype.

iis box shouid expan

8 [Proposed methods (maximum 600 words)

October 2020 3 Ethical Approval Form
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[Provide a summary of all the methods that may be used in the research activity, making it clear what
specific techniques may be used. If methods other than those listed in this section are deemed
appropriate later, additional ethical approval for those methods will be needed.

[0 [circuit Design Using Online Simulation Software

The initial stage will involve the design and simulation of electronic ircuits using online
platforms such as Tinkercad, LTspice or proteus. These tools allow for rapid prototyping of
circuit configurations, testing theoretical functionality, and identifying potential design issues
a virtual environment before physical implementation. The digital nature of these tools
ensures no physical risk is involved during this phase.

|Antenna Design Using CST Studio Suite

[Antenna components will be designed using CST Studio Suite. A variety of antenna
structures such as a PCB Dipole and standard dipole antennas will be modelled using
electromagnetic simulation techniques. Performance metrics including return s11 plots,
[smith chats and radiation pattern, where the efficiency will be evaluated. Several design
variants will be explored, and the most effective design will be selected based on simulated
results.

Soldering Surface-Mounted Components

Once a final circuit and antenna design is confirmed, components will be assembled using
surface-mount soldering techniques. Soldering will be carried out following established
safety protocols, with the use of fume extraction systems and personal protective equipment.
Only trained individuals or those working under supervision will perform soldering tasks to
ensure safe handiing of electronic components.

Cost Analysis

[A comprehensive cost analysis will be conducted to evaluate the financial feasibility of the
[design. This will include assessing the costs of individual components, PCB manufacturing,
[and overall production. The goal is to ensure that the product design s not only technically
[sound but also economically viable for potential deployment or commercialization.

Product Testing in an Anechoic Test Facility
Final prototype testing will be carried out in a controlled anechoic chamber to measure
antenna performance under ideal conditions. Key parameters such as gain, bandwidth,
radiation pattern, and retun loss will be evaluated without external signal interference. All
testing will follow strict safety and technical standards, and only authorized personnel will
operate the equipment or conduct measurements.

Results Review
The final stage will involve a detailed analysis and interpretation of all data obtained from
simulations, physical assembly, and controlled testing. Performance reslts will be compared|
against nitial design objectives. Any deviations will be investigated, and findings will guide
recommendations for future development. Emphasis will be placed on the reliability,
repeatability, and practical relevance of the results.

s box should expand as you type)

October 2020 4 Ethical Approval Form
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10 [Location of research activity
Identify alllocations where research activity wil take place.
1
1. DSTL, Labs, anechoic testing facility
2. UWTSD
this box shouid expand as you typ
12 |Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical
considerations are complied with and that the relevant permissions are sought. Specify any local
quidelines (e.g. from local professional associationsflearned societies/universities) that exist and
[ whether these involve any ethical stipulations beyond those usual in the UK (provide details of any.
licenses or permissions required). Also specify whether there are any specific ethical issues raised
by the local context in which the research activity is taking place, for example, particular cultural
[andlor legal sensitviies or vulnerabiltes of participants.
3
NA
74| Use of documentation not in the public domain: Are any documents NOT | No )
publicly available?
YES o
75 | Yes, please provide detalls here of how you will gain access (o speciic documentation that is not

in the public domain and that this is in accordance with prevailing data protection law of the country
in question and England and Wales.

this box should expand as you type)

SECTION F: Scope of Research Activity

T | Will the research activity include:
ves | No
2 | Use of a questionnaire or similar research instrument? o ]
3 | Use of interviews? o|®
4| use of diaries? o | ®
5 | Participant observation with their knowledge? o L]
6 | Participant observation without their knowledge? o )
7| Use of video or audio recording? o| =
8| Access (o personal or confidential information without the pariGipants’ speciic ERE
consent?
S| Administration of any questions, test stimull, presentation that may be ERE
experienced as physically. mentally or emotionally harmul / offensive?
10 [ Performance of any acts which may cause embarrassment or affect self-esteem? | 0 ]
11| Investigation of participants involved in illegal activities? [=] L]
12 [ Use of procedures that involve deception? o ]
13 | Administration of any substance, agent or placebo? o|®
14 [ Working with live vertebrate animals? o &
October 2020 5 Ethical Approval Form





image86.png
Prifysgol Cymru

¥ Drindod Dawi Sant

University of Wales PG2/E1FORM
Trinty Saint David

75 [ Ofher primary data collection methods, please expiain in this box

For example, ‘focus groups’. Please indicate the type of data collection method(s)
in this box and tick the accompany box.

76 | Details of any other primary data collection method: ol e

(this box should expand as vou type)

ITNO o every question, then the research actviy is (ethically) low fisk and may be exempt from
‘some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until fullethical approval
has been obtained.

SECTION G: Intended Participants

7 [ Who are the intended participants:

i
]
3

Students or staf at the University?

Adults (over the age of 18 and competent to give consent)?

Vulnerable adults?

EEEER

Children and Young People under the age of 167 (Consent from Parent, Carer or
Guardian will be required)

o)

Prisoners?

7 | Young offenders?

8 | Those who could be considered to have a particularly dependent relationship with
the investigator or a gatekeeper?

o|lo(ojo|lo|o|e|®
B|® (@ 8 (@00

9 | People engaged in illegal activities?

70 | Others (please identify speciically any group who may be unable 1o give consent)
please indicate here and tick the appropriate box.

1 | Other — please indicate here:

Professor Stephen J Boyes, Anechoic chamber Booking team, apprentice liaison | g | g
officers

ihis box should expand as you type

72 | Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and
how will they be recruited?

3
How many participants are | The research team (4), Professor Stephen J Boyes (1), University
expected? technical reviewers (2/3), apprentice TL's (2/3).

@
Benjamin Scatt, Caitin Lonsdale, Daniel Frankland, Alexander
; o Price, Professor Stephen J Boyes, Jenifer Prince Devaraj,
Who 2

wil the participants be? | (). dun Olubenga, Patrick North, Belinda Shute

October 2020 6 Ethical Approval Form
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76 | Information for participants: ves | wo | wa
77| Will you describe the main research procedures to participants in o = =
‘advance, so that they are informed about what to expect?
18 | will you tell participants that their participation is voluntary? o o B
19 Will you obtain written consent for participation? o o ]
20| Will you explain to particpants that refusal to participate in the 5 = O
research will not affect their reatment or education (i relevant)?
27| Ifthe research is observational, wil you ask participants for their 5 = O
consent to being observed?
22| Will you tell participants that they may withdraw from the research at 5 = O
any time and for any reason?
23 | With questionnaires, will you give participants the option of omitting o o =
questions they do not want to answer?
24| Will you tell participants that their ata wil be treated with ful 5 = O
confidentiality and that, if published, it will not be identifiable as theirs?
25| Will you debrief participans at the end of thei participation, in a way o o ®
‘approprite to the type of research undertaken?

26 [ 1f NO to any of above questions, please give an explanation

28 [ Information for participants:
YES | NO | NA

Will participants be paid?

30 | 1 specialist electrical or other equipment to be used with participants?

31 | Are there any financial or other interests to the investigator or
University arising from this study?

32| Wil the research activity involve deliberately misleading partiGpants in
any way, or the partial or full concealment of the specific study aims?

o|o|e|®
®|® |00
o|o|o|o

If YES to any question, please provide full details

The participants are employed as apprentices therefore are being paid

Specialised electrical testing equipment such as vector signal generators, spectrum analysers, an
‘anechoic chamber.

SECTION H: Anticipated Risks

1| Outline any anticipated risks that may adversely affect any of the participants, the
researchers and/or the University, and the steps that will be taken to address them.

If you have completed a full risk assessment (for example as required by a laboratory, or external
research collaborator) you may append that to this form.

2| Fullisk assessment completed and appended? Yes [ &

No ]

3| Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data,
sensitive organisational information

4 [
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Risk (o Participant.
Eye strain from long periods at a desk.
Back pain from long periods at a desk.
Weariness from long periods at a desk.
Soldering, inhalation of fumes.

Loose hair or hanging clothing getting caught in
equipment

Heat from soldering iron.

Sharp components while assembiing circut.

Antenna radiation fields

this box should expand as you type)

Fow wil you mifgats the Risk o Paricipant?
Take regular breaks.
Take regular breaks.
Take regular breaks.

Have afan or extractor fan running in a
ventiated space.

‘They will have their hair tied up and all loose:
clothing will be tucked away.

Ensure safe to use and work, do not touch the
end of the soldering iron.

Be careful when assembling.

Staying outside the anechoic test faciity while

the tests are in progress as per anechoic test
faciles risk assessment.

this box shouid expand as you type)

5 | If research activity may

lude sensitive, embarrassing or upsetting topics (e.q. sexual activit,
drug use) or issues likely to disclose information requiing further action (e.q. criminal activity), give
details of the procedures to deal with these issues, including any supportiadvice (e.g. helpline
numbers) to be offered to participants. Note that where applicable, consent procedures should
make it clear that if something potentially or actually illegal is discovered in the course of a project,
it may need to be disclosed to the proper authorities

© | Risks to investigator

ham/impropriety. conflict

For example: personal safety, physical harm, emotional distress, risk of acousation of

Risk to Investigator:
Same as above.

this box shouid expand as you type)

How wil you mitigate the Risk (o Investigator

(this box should expand as you type)

7 | University/institutional risks.

For example: adverse publicity. financial loss, data protection

Risk to University:
na

this box shouid expand as you type)

“How willyou mitigate the Risk fo Universiy:

(this box should expand as you type)

© | Disclosure and Barring Service

'3[ ITthe research actvty involves chidren or vulnerable adults, a Disiosure
and Baring Service (DBS) certficate must be obtained before any Yes | No | na
contact with such participants.

10 | Does your research require you to hold a current DBS Certificate? o|lo|m

SECTION I: Feedback, Consent and Confidentiality
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