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[bookmark: _Toc229383809]Abstract
This report outlines the development of a portable mine‑detection and neutralisation system designed for use in a mined desert pass where traditional clearance assets could not be deployed. With helicopter operations restricted by a MANPADS threat and heavy vehicles unavailable, the team adopted a drone-based approach to detect OZM-72 and M15-HE mines using ground-penetrating radar and magnetometer sensors, followed by remote thermite neutralisation. The author’s role focused on Drone Research and Development, evaluating unmanned aerial platforms suitable for carrying these payloads and operating reliably in harsh conditions. The report describes how this research-informed system design was implemented, how the team collaborated across roles, and concludes with a reflection on project performance and areas for improvement. 
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1. [bookmark: _Toc229383810]Introduction
The project was undertaken in response to a humanitarian need to reopen a desert pass where mines such as the OZM‑72 bounding fragmentation mines and M15‑HE anti‑tank mines had been laid, to ensure safe movement of medical supplies. Steep rock walls and impassable terrain on either side constrain the designated route. Conventional clearance methods were either unavailable or unsuitable due to a persistent ground-to-air MANPADS threat; helicopter-borne operations were ruled out, while heavy flail and roller systems could not be transported into the area because of ongoing mechanical failures in the low-loader fleet. The Python line charge system, although historically effective, was prohibited due to concerns about its vulnerability to small arms fire and the risk of explosive capture by hostile groups. As a result, the requirement shifted toward a portable, vehicle‑deployable solution capable of being transported by Land Rovers or Toyota Hi‑Lux vehicles.
The team had to come up with an idea that was rapid, reliable, and repeatable for mine detection, marking, and neutralisation in time-critical humanitarian operations. The emphasis was on a “move in, clear, and move on” approach that would allow the initial convoy to pass safely while leaving the route accessible for subsequent civilian traffic. To meet this need, the team explored a range of other options before deciding on a drone‑based system capable of detecting, confirming, and neutralising mines without exposing personnel to unnecessary risk.
The author’s role within the team focused on Drone Research and Development, specifically identifying and evaluating suitable unmanned aerial platforms capable of carrying specialised payloads. These payloads included ground‑penetrating radar for primary detection, a magnetometer system for confirmation, and a thermite‑based neutralisation package. The R&D role required close collaboration with other roles, such as Safety, Trials and Evaluation, and Manufacturing and Disposal, to ensure the selected platforms met operational, environmental, and safety requirements. This report outlines the project's progression from initial concept to proposed system design, highlighting how research outputs informed team decisions and contributed to the overall solution.




1.1 [bookmark: _Toc229383811]Literature Review
Reviews on unmanned aerial systems (UAS) for mine clearance highlight their value in hazardous areas. NATO’s Innovation Challenge [1] emphasises research into the use of autonomous and remotely operated systems to reduce human exposure to explosive threats. At the same time, recent developments such as Insta Safe EOD™ [2] and Fraunhofer IFF’s AutoDrone [3] demonstrate applications of drones for detection, mapping, and neutralisation. These sources show that drones offer a platform for integrating subsurface sensors and neutralisation tools in environments where traditional clearance methods are unavailable or unsafe.
In many of the reviews, the importance of flight stability, payload capacity, and environmental resilience when deploying airborne detection systems is emphasised. Fraunhofer’s work shows that low-altitude autonomous flight is essential for generating high-resolution GPR and magnetometer data, but this requires a platform capable of maintaining precise altitude, resisting wind disturbances, and minimising vibration. 
This aligns with the capabilities of the DJI Matrice 350 RTK. [4], which features Real-Time Kinematic (RTK)-level positioning accuracy (a high-precision satellite navigation technique that corrects GPS signals in real time). Instead of the drone drifting within a 1–3 metre radius (typical for normal GPS), RTK reduces that drift to about 1–3 centimetres. It has an IP55 environmental rating (Ingress Protection rating against dust and water) and a payload structure designed for multi-sensor integration. Its documented compatibility with third‑party payloads reflects trends in COTS drone adoption for humanitarian and EOD applications.
The literature highlights the need for lightweight, UAV‑optimised sensors. The Zond Aero 500 GPR [5] It is designed for subsurface imaging, offering a compact 500 MHz antenna and low power consumption. Similarly, the MagNIMBUS atomic total-field magnetometer [6] demonstrates advances in lightweight, high-sensitivity magnetic sensing, enabling detection of ferrous mines such as the M15-HE without imposing excessive electromagnetic interference. 
Neutralisation systems, such as Insta Safe EOD™, demonstrate that drones can safely transport small, stable charges. Using thermite-based neutralisation fits this narrative: it is lightweight, non-explosive, and effective against metal-cased mines. 
The literature also identifies limitations that help shape platform selection. Sensor performance requires a drone with good stability and low vibration. Environmentally, wind and dust demand robust sealing and reliable positioning systems. These constraints contributed to the rejection of platforms such as the Roze Mobility Autonomous Helicopter and TALON DT‑300, which, although capable in other contexts, were either too large, too complex, insufficiently sealed, or lacked documented integration with GPR and magnetometer systems. They also did not align with the portability and safety requirements.


























2. [bookmark: _Toc229383812]Understanding and Knowledge
[bookmark: _Toc229383813]2.1. Understanding the role of Research and Development
In this project, the author’s role focused on Research and Development, with responsibility for identifying, evaluating, and recommending a system capable of detecting and neutralising OZM‑72 and M15‑HE mines within the constraints of the case study. This required analysing a range of possible clearance concepts and technologies and assessing their suitability, efficiency, and safety for mine clearance.
The author began by reviewing two well-established approaches: traditional demining and unmanned ground vehicles (UGV). Traditional demining is accurate and widely proven; however, it poses significant risk to personnel, results in slow clearance rates, and presents human factors challenges in extreme desert environments, such as personnel being unable to work effectively in desert temperatures, risk to personnel not only from the mines but also from potential dust storms and enemy fire. UGVs offer remote operation and reduced risk, but raise concerns regarding mobility and performance on soft, variable terrain, as well as the difficulty of recovering a disabled vehicle in a mined area. It was decided that neither concept aligned with the project’s requirement for a rapid, low‑risk, and vehicle‑deployable solution.
The author evaluated several unmanned aerial platforms. The Roze Mobility Autonomous Helicopter [7] and the TALON DT-300 [8] were considered for their payload capacity and endurance. However, the Roze Mobility helicopter was too large to be transported and launched from Land Rovers or Toyota HiLux vehicles; it was mechanically complex and posed safety risks when transporting thermite because it is petroleum-fuelled. The TALON DT 300 is more compact but lacks sufficient environmental sealing for desert conditions and lacks the integration requirements for potential GPR or magnetometer systems. Due to these findings, neither platform met the project's operational or logistical requirements.
The author identified the DJI Matrice 350 RTK. [4] as a suitable platform, its RTK-level positioning accuracy, IP55 environmental rating, multi-payload capacity, and compatibility with third-party sensors align with the case study's needs. The Matrice 350 RTK also demonstrates characteristics that make it safe and appropriate for transporting a neutralisation charge. As thermite is a stable, non-explosive material that requires extremely high temperatures to ignite, it does not pose a detonation risk under normal flight conditions. The Matrice’s low‑vibration flight profile, safety systems, and precise hover capability further reduce operational risk. At the same time, its payload capacity comfortably exceeds the mass of a lightweight thermite‑delivery mechanism. 
This research helped shape the team’s final concept through evidence-based recommendations on platform selection, payload feasibility, and the practicalities of remotely delivering thermite. This required close collaboration with other team members, particularly Safety, Trials, and Disposal, to ensure the proposed system was technically feasible, safe to operate, and aligned with mission requirements. 
[bookmark: _Toc229383814]2.2 Team Communications
Effective communication was essential to the project. While at university, the team established a routine of daily in-person meetings, usually held in a lecture room or the university library. These sessions were not only used to share and review progress, clarify individual responsibilities, and agree on priorities for periods of independent work, but also to discuss ideas openly, challenge assumptions, and present individual viewpoints on what could work, what might not, and why. This ensured that everyone had the same information and a shared understanding of the project direction.
An example of this was the task set at the end of the first teaching week, when the team agreed that each member would develop an individual mine‑clearance concept over the weekend. These ideas were then brought back to the group at the start of the following week, giving everyone a chance to explain their thinking and compare different approaches. This exercise helped the team understand the strengths and weaknesses of each concept and supported a more informed discussion about which direction to take.
Between university blocks, the team stayed in touch through a group chat so that work could continue while everyone studied independently. It was used to share research and remind the group of deadlines or tasks that still needed attention. An example of this chat has been included in the appendix to show how the team kept each other informed and supported throughout the project.
Throughout the project, the author also kept in regular contact with the members responsible for Safety, Trials, and Disposal to ensure that any R&D work aligned with their study. These conversations covered topics such as payload limits, how the sensors might be mounted, and whether the thermite-delivery idea was practical. By staying involved in these discussions and checking in with the rest of the team, the authors' work helped ensure that the final concept matched the case study and was something the group could realistically justify.
[bookmark: _Toc229383815]2.3 Requirements and design
To understand what the system needed to achieve, the team gathered requirements from all stakeholders. The user wanted a system that was simple, safe, easy to maintain, and capable of detecting, locating, and clearing both types of mines. The customer required high reliability in desert conditions, while logistics needed something light enough to transport in a Land Rover or HiLux. The design team highlighted the need for protection against small-arms fire, and the manufacturing and disposal teams stressed the need to minimise environmental impact. The system also had to comply with standards such as IMAS, COSHH, REACH, ADRM, STANAGs, Def Stans, and HSE.
Because this produced a long list, the team conducted pairwise comparisons to identify the essential requirements. These were:
· Be deployed – The system must be transportable and deployable using only Land Rovers or Hi‑Lux vehicles.
· Survive the desert environment – It must operate reliably in heat/cold, dust, sand, and wind.
· Resist kinetic attack – It must tolerate small‑arms fire or fragmentation.
· Interface with an energy source – It must be powered safely and reliably.
· Receive command – It must accept and respond to operator instructions.
· Move – It must be able to move or be positioned to carry out detection and clearance tasks.
· Detect mine – It must detect both M15‑HE and OZM‑72 mines.
· Communicate the location of mine – It must provide accurate coordinates or markings.
· Clear mine – It must neutralise or remove the threat safely.
· Be recoverable – It should be retrievable after use, where possible.
· Be disposable – If recovery is not possible, it must be safe to dispose of in accordance with standards.
Each team member then developed an individual concept. The author’s idea was a drone‑suspended “spider” device for detection and marking, with a second wheeled version carrying a neutralisation charge. Although creative, the concept introduced mechanical complexity and potential reliability issues in desert conditions.
When all concepts were compared against the essential requirements, the team agreed that a simpler approach was needed. A drone equipped with dedicated sensors and a lightweight neutralisation method would reliably meet the requirements. This led to the selection of the DJI Matrice 350 RTK as the core platform.



3. [bookmark: _Toc229383816]Analysis
3.1 [bookmark: _Toc229383817]Output to Team
Most of the author’s contribution came from research conducted during the R&D phase. Early decisions depended on what was realistic for the scenario, so the author compared the team’s ideas, which included ground-based unmanned vehicles, to using the HiLux with a plough attached to clear the field, and assessed which equipment could withstand the desert environment and terrain. During this comparison, the author noted that drones would be the most sensible, safe, and cost-effective option, combined with sensors that could operate in both hot and cold temperatures, and that the question of whether thermite would pose a threat to the drone would need to be addressed. These findings were shared with the group in meetings and through short updates in the chat.
The author compared the Roze Mobility helicopter, the TALON DT-300, and the DJI Matrice 350 RTK, highlighting issues such as dust protection, transportability, and practicality in a narrow valley. This helped the team rule out the first two platforms and focus on the Matrice 350 RTK as the only realistic option.
The author also compared the Zond Aero 500 GPR and the MagNIMBUS magnetometer to show how each contributed to detecting the two mine types. Points such as vibration, flight height, and dust interference were raised to help the team understand how the sensors would behave in the environment. The author also noted that the drone and sensors could be reused, which supported the disposal team’s aim to minimise waste.
As a group, thermite was decided as the best neutralisation method as it is non-explosive, stable, and safe to transport by air. Overall, the author’s analysis helped narrow down the options and supported the team in choosing a system that was realistic for the scenario and achievable within the project constraints.

3.2 [bookmark: _Toc229383818]Conclusions and recommendations
From the work the team carried out, it became clear that using a drone was the most practical way to address the mined section of the route. The Matrice 350 RTK handled environmental issues better than anything else we looked at, and it didn’t rely on any heavy kit that wasn’t available. Once the GPR and magnetometer were paired with it, the system gave us a practical way to find both mine types and pass that information back accurately. The drone was also stable enough to carry a small thermite charge, which meant we had a workable method for neutralising the mines without needing flails, rollers, or anything too complicated. Overall, the final design met the main requirements we identified earlier, especially portability and the ability to clear the route quickly.
The sensors should be tested in actual desert soil to assess their behaviour under real-world conditions, rather than relying on assumptions. The payload mounts could do with being tougher or better sealed, because dust will be a constant problem. It might also be worth considering other payload options or alternative neutralisation methods in the future to give the system flexibility for its use after this operation.



















4. [bookmark: _Toc229383819]Practical application and deployment
4.1 [bookmark: _Toc229383820]Design solution
The final system uses the DJI Matrice 350 RTK, fitted with the Zond Aero 500 GPR and the MagNIMBUS magnetometer. The idea was to create something that could be used in the scenario described in the brief: a narrow, dusty desert valley with no access for heavy equipment. Everything in the design can be transported and deployed from the back of a Hi‑Lux or Land Rover and easily operated by a small team from a safe distance.
In practice, the system is simple to deploy. The drone and sensors are unloaded, checked over, and powered up. Once over the minefield, the GPR and magnetometer work together to scan the ground. The GPR detects buried items, while the magnetometer checks for an electromagnetic field to determine whether it could be a mine or just buried rubbish. When either sensor detects something, the drone sends the coordinates back to the operator, who can mark the location on a map.
If a mine needs to be neutralised, the drone can carry a small thermite charge to the location. The operator positions the drone above the mine and releases the charge, which burns through the casing, rendering the mine safe without bringing in flails, rollers, or other heavy kit. Once the area is clear, the drone returns to the vehicle for battery changes or recovery.
The whole system is designed to be used repeatedly. None of the detection equipment is expendable, and the drone itself is rugged enough to cope with dust and heat. This keeps the environmental impact low and makes the system practical for longer operations.
4.2 [bookmark: _Toc229383821]Presentation
During the group presentation, the author delivered the sections covering the initial concepts and the technical justification for the final drone-based system. On slides 12 and 14, the author outlined the early ideas the team considered: traditional manual demining and a drone‑based approach. Slide 13 covered unmanned ground vehicles, which Tegan Ingram presented. The author explained the practical limitations of the first two options, such as safety concerns, slow progress, and mobility issues in soft sand, which helped show why the team moved towards an airborne solution.
Slides 20–27 focused on the Research and Development details of the chosen system. This included the drones that were ruled out and the reasons they were unsuitable for the scenario, followed by an overview of the DJI Matrice 350 RTK as the selected platform. The author then described the two detection sensors, the ZOND 500 GPR and the MagNIMBUS atomic total field magnetometer, explaining what each sensor detects and why using both together was necessary to identify the mines. The final part of the author’s section covered how the drone would deliver the thermite charge once a mine had been located.
The author’s contribution helped link the early concept work to the final design in a way that was clear and easy for the audience to follow. The slides were kept to a minimal design to hold the audience's attention, so the author was reading more from a prepared script than from the presentation word-for-word. Explanations were kept practical and focused on how the system would work in the scenario. The content itself was communicated clearly and supported the overall flow of the presentation.


















5. [bookmark: _Toc229383822]Skills for professional practice
5.1 [bookmark: _Toc229383823]Reflection
During the project, the author gained experience in working as part of a team and dealing with situations that did not always go smoothly. Although the group had six members, only five were regularly involved in discussions and decision‑making. One member contributed very little throughout the project, which caused frustration and extra pressure on the rest of the team. This eventually led the group to raise the issue with the lecturer and ALO. The situation meant the team had to focus on communicating clearly and staying on track despite the added stress. The same member also arrived at the rehearsal without any slides prepared, and the material they produced on the day of the presentation appeared to be AI‑generated. This worried the group, but the lecturers reassured them that their marks would not be affected.
During the presentation, the author received positive feedback from lecturers and guests. When asked questions they could not answer, such as the cost of the system or details about radar filtering, the author acknowledged this openly and recognised these as areas they should have researched further. Feedback from David Holley also asked about the figures for testing; these figures were based on separate real‑world tests for the GPR and magnetometer, and the author accepted that the number of drones required should have been stated more clearly. The author also noted that although the thermite torch was not part of their R&D work, they should still have understood how to ignite it, as this could affect the drone.
Feedback from Jenni Steen focused on nerves during the presentation. The author was aware of the pauses and hesitations and recognised that they usually occurred when trying to remember their place on the slides. This is something the author intends to work on, particularly improving confidence and fluency when speaking.
The author also reflected on the end-of-presentation questioning. Most questions were fair and helped the team think about what they could have explained more clearly. However, one line of questioning focused heavily on operator safety, even though this had been addressed earlier in the presentation. The author understood that the topic was personal for the individual asking, but found it difficult when the individual spoke over them while some team members were trying to respond. The author also found some comments indicating that the group had not considered personnel safety, which is challenging, especially since two team members have partners who serve. The experience highlighted the importance of staying calm and professional.
Overall, the project helped the author build confidence in presenting technical information, working with others, and responding to feedback. It also made clear the areas they want to improve, such as managing nerves, answering questions more clearly, and preparing for unexpected challenges within a team.
5.2 [bookmark: _Toc229383824]Quality of Report
The author has written the report clearly, adhering to the assignment's proposed structure. Each section was written to explain why the decisions were made during the project. The author focused on ensuring the reasoning behind the choices was easy to follow, even for someone not involved in the work. The layout was kept consistent throughout, and the author tried to link the technical points back to the scenario, keeping the report relevant. Overall, the report reflects the author’s attempt to present the project simply and in an organised manner.
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