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Introduction  
The REDPATH (Rapid Explosive Detection and Path Harmonisation) project was developed in response to a complex and high risk operational scenario involving the safe movement of a civilian convoy through a desert mountain pass. The environment itself presented a number of constraints that heavily influenced the design process. The route was narrow, with a steep sided terrain limiting any possibility of deviation, meaning that any obstruction could stop the progress entirely. This was combined by the confirmed presence of both anti-personnel OZM-72 mines and anti-tank M15 mines, creating a layered threat that could not be addressed through a single simple solution.
The time sensitivity of the convoy added further pressure to the design process. Traditional clearance methods, while effective, would likely introduce unsuitable delays and expose personnel to unnecessary risk. This means, the project aimed to develop a system capable of detecting, identifying, neutralising explosive threats in a way that balanced safety and reliability. This required not only a technically sound solution but one that could realistically operate in a harsh desert environment and comply with a range of legislative and logistical constraints.
The final concept developed by the team was a semi-autonomous drone based system that integrates dual sensor detection with a thermite based neutralisation approach. This report reflects on the development of that system from an individual perspective, focusing on how the team operated, how decisions were made and how effectively communication supported the design process. It also considers the strengths and weaknesses of the approach taken and identifies areas where the process could have been improved.

Literature Review and Research Informed Context
The direction of the REDPATH system was strongly influenced by existing research and industry practices, particularly in the areas of mine clearance and unmanned systems. Traditional demining remains heavily reliant on trained Explosive Ordnance Disposal personnel and while this approach is proven and reliable, it is also very dangerous. The risk is not only connected with the mines themselves but also with environmental conditions, especially in desert regions where heat and fatigue and visibility can significantly affect human performance [1].
The shift towards unmanned systems is therefore not surprising. Unmanned Ground Vehicles have been used in similar contexts, but their effectiveness is often limited by terrain. In loose sand or uneven ground, mobility becomes unreliable and recovery can be difficult if the system becomes disabled. However, aerial systems offer a level of flexibility that ground based systems cannot match [2]. The ability to operate above the surface reduces the risk of triggering mines and allows for faster coverage of large areas.
However, the use of drones introduces its own set of challenges, particularly in relation to detection accuracy and payload limitations. Ground Penetrating Radar has been widely studied for subsurface detection, but its performance is inconsistent, particularly when separating between mines and other buried objects. This was reflected in the project’s own testing, where the accuracy of GPR alone was relatively low. The addition of magnetometry significantly improved performance, highlighting the importance of combining complementary technologies rather than relying on a single method [3].
The choice of thermite as a neutralisation method was also informed by research. Unlike traditional explosive disposal, thermite provides a controlled way of destroying a device without detonation [4]. This reduces the risk of fragmentation and collateral damage, which is particularly important in confined environments. However, this approach also introduces new challenges, particularly in terms of handling, ignition reliability and integration with the drone platform.
What became clear through the research phase was that no single technology could fully address the problem. Instead, the solution required a combination of systems, each compensating for the limitations of the others. This understanding played a key role in shaping the final design and highlights the importance of a systems level approach to engineering problems.

Knowledge and Understanding of Subject
Understanding of Own Role
My role within the team was primarily focused on Research and Development of the thermite neutralisation system, which involved investigating suitable thermite compositions and supporting the development of how this system would be integrated into the overall design. This was not limited to simply identifying a viable thermite mixture, but required a deeper understanding of how the material would behave in a controlled application and how it would interact with both the target and the delivery platform.
One of the more challenging aspects of this role was balancing the effectiveness of the thermite reaction with practical constraints. While certain thermite compositions offered higher burn temperatures and faster reaction rates, they could also be more difficult to control or less stable during handling and deployment [5]. Considerations such as ignition reliability, storage safety and compatibility with the drone platform introduced further complications. This meant that decisions could not be based purely on performance but had to account for how the thermite system would function within the wider operational context.
Another important aspect of the role was ensuring that the development of the thermite system remained aligned with the overall project requirements. It was easy to focus on maximising destructive capability but this had to be balanced against safety legislative compliance and environmental considerations. This required continuous referencing back to the system requirements, as well as ongoing communications with other team members to ensure that the thermite solution was both effective and practical within the final design.

Communication with Team
Communication within the team was generally effective, but it became clear over time that its quality had a direct impact on the efficiency of the project. Early in the process communication was more informal, which worked well for generating ideas but sometimes led to a lack of clarity when decisions needed to be finalised. As the project progressed, the need for more structured communication became more obvious.
The interaction between roles was particularly important. For example, decisions made in Research and Development often had immediate implications for Manufacturing and Test and Evaluation. In some cases assumptions made during the design phase did not fully account for manufacturing constraints, which meant that designs had to be revisited. This highlighted the importance of involving all relevant roles in decision-making processes rather than working in isolation.
There were also instances where communication breakdowns led to duplicated work or delays. While these were fairly minor, they showed how easily inefficiencies can happen in a team environment. However, when communication was clear and consistent, the team was able to make decisions quickly and with confidence. This contrast strengthened the importance of maintaining open and structured communication throughout the project.

Requirements and Design Process
The use of a structured design process was one of the strengths of the project. The initial recognition and prioritisation of requirements provided a clear foundation for decision making and helped to ensure that the design remained focused on the key objectives. The use of pairwise comparison allowed the team to measure the relative importance of different requirements, which made it easier to justify design choices.
The functional analysis and use of QFD’s were particularly useful in linking requirements to system functions. This helped to ensure that all aspects of the design were aligned with the original objectives and reduced the risk of overlooking important factors. However it also became clear that these tools are only as effective as the assumptions that underpin them. In some cases the scoring of functions was based on subjective judgement, which introduced a level of uncertainty into the process.
The concept selection process, using a Pugh matrix, provided a structured way of comparing different solutions [6]. The selection of the drone based system was well justified, but it was worth noting that the outcome was influenced by the weighting of requirements. If different priorities had been set, the result may have been different. This highlights the importance of critically evaluating not just the results of such methods mentioned, but also the assumptions behind them.

Analysis
Output to Team
My contributions to the team were centred around supporting technical decision-making and ensuring that design choices were based on evidence rather than assumption. The evaluation of drone platforms was a key part of this, as it directly influenced the capabilities of the system. The selected platform offered a good balance between payload capacity, manoeuvrability and cost but it was not without limitations. Payload constraints required careful consideration of how sensors and neutralisation systems were integrated [7].
The analysis of detection technologies was another important contribution. The relatively poor performance of GPR alone highlighted the risk of relying on a single detection method. The integration of a magnetometer significantly improved accuracy [8], but it also introduced additional complexity in terms of data processing and system integration. This trade off between performance and complexity was a recurring theme throughout the project.
In terms of system integration, one of the key challenges was ensuring that different subsystems could operate together effectively. This required consideration of factors such as data transmission, power supply, operational workflow. While the final design achieved a good level of integration, it became clear that this was an area where further development would be beneficial.

Conclusions and Recommendations
The REDPATH system demonstrates a strong understanding of the problem and provides a well considered solution. The use of a drone based platform reduces risk to personnel, while the combination of detection technologies improves reliability. The thermite neutralisation approach offers a safer alternative to traditional methods, although it introduces its own challenges.
Looking forward, there are several areas where the system could be improved. Additional testing in more realistic environments would provide greater confidence in the design and help to identify any remaining weaknesses. Improvements in data processing could enhance detection accuracy, mainly in complex environments. There is also potential to increase the level of autonomy, which would reduce the responsibility on operators and improve overall efficiency.






Practical Application and Deployment
Design Solution
The final system integrates multiple subsystems into a single platform capable of detecting and neutralising mine threats. The use of dual sensor detection improves reliability, while the drone platform provides flexibility and reduces risk. The thermite neutralisation system allows for controlled destruction of mines, although its effectiveness depends on precise placement and reliable ignition [9].
One of the key strengths of the design is its adaptability. The use of commercially available components means that the system could be deployed relatively quickly and at a lower cost compared to fully custom made solutions. However, this also introduces limitations, as the system is restricted by the capabilities of these components.
Presentation
The final presentation effectively communicated the key aspects of the project, but it also highlighted some of the challenges faced during development. While the overall structure was clear, some areas lacked depth, particularly in relation to testing and validation. This reflects the broader challenge of balancing time constraints with the need for detailed analysis.

Skills for Professional Practice
Reflection
One of the main strengths of the project was the level of collaboration within the team. Each member contributed their expertise and there was a willingness to support each other when challenges arose. This created a positive working environment and helped to ensure that the project progressed effectively.
At the same time, the project highlighted several areas for improvement. Communication, while generally good, was not always consistent and this led to minor to little inefficiencies. Time management was another issue, as some areas of the project would have benefited from extra development and testing. The level of iteration in the design process was also limited, which reduced the opportunity to refine the system.
In future projects, a more structured approach to communication would be beneficial, particularly in terms of documenting decisions and ensuring that all team members are aligned. Earlier integration of subsystems and more frequent design reviews would also help to identify issues sooner. Increasing the level of testing and validation would provide greater confidence in the final design and reduce the risk of unforeseen problems.
An additional reflection is that the project demonstrated the importance of balancing technical ambition with practical constraints. It is easy to focus on developing an ideal solution, but this must be balanced against factors such as cost, manufacturability, operational feasibility, which is something that became more apparent as the project progressed and is an important consideration for future work.

Conclusion
The REDPATH project provided a valuable opportunity to apply engineering principles to a complex and realistic problem. The final system demonstrates a strong understanding of both the technical and practical aspects of mine clearance and highlights the importance of a systems level approach. From an individual perspective the project reinforced the importance of communication, collaboration and critical thinking. While there were challenges, these provided valuable learning opportunities and helped to develop a more realistic understanding of the engineering design process. The project represents a strong outcome and provides a solid foundation for future development.
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