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[bookmark: _Toc229387343]Abstract
This report documents the development of TruePath, a drone-based humanitarian mine clearance system designed to enable safe convoy transit through a landmines. The report is written from the perspective of the disposal and breakdown role lead and examines how the team was structured, how communication and design decisions were managed throughout the project, and how disposal considerations were integrated into the engineering process from the outset.
The report demonstrates how early literature review, drawing on sources including JSP 762 and the United Nations explosive ordnance guidance directly influenced key design decisions before significant engineering work had been committed. Team communication challenges arising from differing organizational standards are discussed, alongside the measures taken to resolve them through the adoption of a common NAD Group framework.
Issues from the group presenataion, such as missing references and over running on time where an issue, however these are reviewd and solutions such as addional prep time to other people are surgeted for future presentations. 
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The goal of the project was to design a mine cleaning solution that can be used for a humanitarian mission. The brief outlined that a medical supply convoy must transit a narrow desert pass containing land mines. The proposed solution should not use any heavy clearance vehicles due to environmental survivability issue and as such should be able to be transported by a standard 4x4 pickup truck. No large quantity of explosives allowed either due to the possibility terrorist capture, which meant common military solutions such as MICLIC [1] or Python could not be used either. The full outline of the design brief can be found in Appendix 1.
There where two types of mines identified that any solution should be able to deal with. The first was an anti-personnel mine. 660 g TNT explosive mass with a steel body, typically tripwire or command-detonated that projected fragments after a small lifting charge [2]. There was also a larger anti-vehicle mine that had a much larger 10 kg RDX/TNT main charge. This also had a steel body and a pressure or tilt-rod fuze [3]. 
The team was split into five separate roles in order to capture all aspects of the design and manufacturing process. They were research and development, manufacturing, test and evaluation, disposal, and safety. Due to the nature of mine clearance and the use of the device in a humanitarian scenario, two team members where safety focused in order to capture all requirements effectively. 
The author held the role of disposal and breakdown within the project team. This role carried responsibility for planning safe disposal of all parts of the system from texting to end of life disposal planning. 
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During the development of the system a lot of research was required in order to properly understand the full needs that go into system disposal. JSP 762 [4] was the first and primary source of information as this is the Ministry of Defense’s (MoD’s) primary disposal policy. It was essential that the literature review was done before the design process as it influenced many of the design choices. There was an initial design idea to use single-use kamikaze drones in order to detonate the mines using a small explosive charge after detection, however the research from the United Nations debris and explosive ordinance guide [5] highlighted the risks of leaving contaminated debris. This information was able feedback into QFD 2 and allowed the team to change the deign at a very early stage of the process.
JSP 762 also highlighted the two main disposal pathways that the project would need to take into account. They were the disposal of the high explosive shaped charges, and the disposal of the drones and associated support equipment. While at the early stage of the process the team did not know exact nature that this would take, from early deigns it was clear that there would be an explosive element as well as some sort of support equipment. Therefore, Defence Code of Practice (DCOP) 104 [6] was referenced in order to find the appropriate Manufacturing to Target Disposal Sequence’s (MTDS) for these types of equipment.
It was found that the saftest and most cost-effective way of disposing of the high explosive charge is though it is functioning in its designed mode, detonating on top of a mine [6]. However, this is not always possible as the explosive may be approaching end of life or have defective packaging and as such burning at a designated Mod contracted site, such as the Disposal Service Authority (DSA) [7] would then be preferred.
The Environmental Protection Act 1990 [8] highlighted the need for a waste stream management plan. This plan is created during the design process and outlines who will be responsible for resource management during all of the life cycle stages of the project. Being able to capture the types of waste will be generated at what stage of the project allows the waste to be more easily managed, with plans needed for what will be reduced, reused or recycled.
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Commination between team members proved to be challenging at first due to the multiple different organisations that each team member worked for. This was challenging partly due to scheduling issues, but mainly it was due to the way that each company’s organised their standards. A key example of this was the two safety team members, as while they were safety engineers, there company’s had different risk matrixes. Once realised that this was an issue, a meeting was held to determine what standards should be used for the whole project. The National Armaments Director (NAD) Group’s, formally Defence Equipment & Support (DE&S), standards were chosen as there is a lot of publicly available as well as most team members having done some work with the NAD standards in previous work. These standars are outlined in JSP 815 [9].

Communication was far more efficient after this, with all team members joining a weekly progress meeting to discuss any difficulties as well as induvial roll progress. While no formal meeting minutes where produced, all the meetings were recorded on Microsoft Teams for refence and a summary of actions was also written. This proved to be effective as while each of the team members had there on speciality, each member of the team knew the progress of the project as a whole.
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The team also had many in person working groups that happened in Swansea after scheduled lectures. These working groups allowed the team to discuss the requirements and develop the design plan. This ensured collaboration during the creation of the Quality Function Deployment (QFD) tables and meant that every stakeholder had an input thought the entire design process. 
While somewhat minimal at the start, it was critical that disposal of the equipment was thought about rom the vest start. It ensured that a major change to the project was thought about early at QFD 2, catching what could have been a large environmental issue early before any of the design work had started properly. 
There were some design trade-offs, as not every stakeholder could get exactly what they wanted due to the nature of the project. An example of this occurring was the test and evaluation team member wanting to use an electric detonator cable that was dragged behind the drone to detonate the explosive charges remotely. However, the safety team member highlighted how this could be an issue if some of the cable accidently triggered a mine early, before personal had evacuated to a safe distance. When issues like this came up in the project, the QFD tables were consulted to see where the weighted priority for the device was. While this was effective, the team also discussed alternative options to see if there could be a compromise between the two stakeholders. In the case of the example a new detonator was research that could be detonated via radio frequency. This kept the charge detonation reliable, while also increasing safety, improving the concept as a whole.
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The primary output of the disposal role was to ensure that end-of-life considerations were thought about in the design process from the outset. Traditionally this can be seen as an afterthought following the completion of the engineering work. However, this can lead to complications at the systems end of life. 
The first contribution the disposal lead made to the team was during the early stages of the design process. The literature review into the United Nations explosive ordnance and debris guidance, conducted prior to the first QFD review, identified a critical issue with the initial design concept. 
Another key input to the team was in overall meeting planning and organisation. After first setting it up, the disposal lead was responsible for keeping the Microsoft Teams area working and up to date. Prior to all progress review meetings with the module lecture, an additional group meeting was organised to collate any questions. These were recorded by the disposal lead, with all the questions and their answers typed up and recorded into the team’s area for future reference. 
During the presentation creation, everybody trying to make their sections slides on a single document caused issues in PowerPoint. In order to enact a version control to stop the program crashing, the disposal lead became the custodian of the master document, with each other team lead seeing their sections to them. This allowed for all members to work on the document salaciously while not accidently editing or changing any other section. It also had the bonus of a single person then being in charge of formatting, which allowed for a single unified theme throughout the prsenation.  
At this stage the visual imagery for the concept was also created by the disposal lead. It was decided that an overview of the finished concept should be presented at the start of the presentation, so that the audience would be able to see the golden thread of development as the group then showed the engineering methedoligy. As the concept was new, there was no public domain imaged that effectively represented the team’s concept. AI imagery was also discussed as an option to show concepts. However, this was quicky decided against due to ethical concerns. As a result, pictograms were used using public Microsoft’s icon library, combining multiple of these icons along with overlapping shapes to aid in explaining the concept of the system.  
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The feedback received highlighted several strengths in the project presentation. The introduction to the project was noted as clear and effective, and the TruePath design solution selected was described as simple an appropriate for the requirements. This reflects the team's effort in evaluating multiple pathways before settling on the drone approach. Legislation was referenced consistently throughout the disposal section, and the explicit links drawn to other team members' roles. The questions section was also very successful with all of the asked questions being able to be answered adequately such as the safe separation distance calculations which while not written in the presentation, the calculations were on hand to be able to talk about them when asked. 
However, a number of areas for improvement were identified. The presentation overran by approximately ten minutes. While this was due to the amount of content presented rather than though lack of practicing, some areas could probably have been simplified with the audience encouraged to read the accompanying report for the full description.
Slide formatting issues were also noted, including text that was too small for a large room. As the group practiced the presentation in a small room, this was not picked up on until the final presentation. This highlights the need for practicing in different locations in future.
A missing reference for the minimum depth requirement, IMAS 09.10 [10], was also flagged. This had been read and included in the final report, however as the reference PowerPoint slide was a late addition, this was accidently missed. 
Several improvements can be made for future presentations. Rehearsals would be conducted from a large room at least once to verify that all slide text can be read at distance. It would also be ideal if this could be to a third-party group as they could then simultaneously proofread slides. A structured checklist will be used to verify that every standard and regulation referenced verbally is also captured in the reference slide. This will need reviewing by the whole team to ensure that all section specific references are included.
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The decision to conduct an early literature review before the start of the QFD process directly caught issues that would have affected the original design ideas. This is a strong example of how thinking about disposal as early in the deign process added value to the design.  A single member taking ownership of the master PowerPoint document solved a practical problem the team encountered. This allowed for coordination between the team while still along for all the content to be presented under a single design style. 
Teamwork was also strong though the project as a whole. The issues with standardisation were able to be sorted at the start of the project, rather than it being discovered as an issue halfway though was a testament to this. When there where disagreements due to different role leads having different prioritisations in the project, they where all able to be resolved quicky and to the agreement of all roles 
The ten-minute overrun combined with the small text issue on the presentation where likely down to the same issue of trying to present to much technical information to the live audience. While it showed the group had the technical knowledge to present, the team should have realised that too much information can lead to overload. For future presentations it would be better practice to leave the graphs of the QFD’s to the accompanying technical report only, leaving the presentation to just the general overview.
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The TruePath project successfully produced a viable humanitarian mine clearance concept that met the constraints of the brief. The team functioned effectively around a set of agreed common standards. The weekly progress meetings ensured that all role leads knew the progress of the project as a whole, as well as being able to contribute to the combined QFD’s rather simply working on their own separate areas. 

For any future group presentation, at least one full rehearsal should be conducted in a large room and with an audience outside of the team. This would help to address text legibility, timing, and provide an opportunity for independent proofreading. 
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The design scenario is that we have a column of supplies (Medical) traversing desert terrain. The approved route will come across a mined area.
The mined area is within a steep walled pass. Go-around is difficult, if not impossible. A persistent ground to air MANPAD threat makes helicopter use too risky.  As we need to open up the route for civilian medical transport for subsequent convoys the road route is much preferred. 
Time on the operation is critical. The emphasis is on a rapid move in, clear the objects and move on.
The indigenous population do not have easy access to helicopter transport. The mission is the get the convoy. (Nothing heavier than a Land Rovers or ubiquitous Toyota trucks) carrying their delicate cargo through the mined area and leave the area clear for subsequent transport.
I will present several mine clearing options as a functional guide. The grand Panjandrum, the progression from Conger to Viper to Python, flails, and rollers. 
Unfortunately, the use of Python is banned because there is a perceived vulnerability against bullet / fragment attack and also that misfires or capture would afford the opportunity of furnishing any hostiles with explosive resources. 
There is also an issue with transporting heavy vehicles to the location. There’s a driveshaft/gearbox issue with the low loaders required to bring heavy vehicles forward. Someone forgot to fit the gaiters that keep the dust out. Most of the fleet is awaiting spare parts or have been reserved for combat missions rather than humanitarian exercises. 
The teams are required to design a portable (Land Rover or Hi-Lux) mine detection, clearing and marking system to ensure safe passage for this and future convoys. 
The customer needs to know design, functionality, subcomponent design, critical feature identification, critical manufacturing process controls, (Or what is it?  What does it do? Can you make it? What are the tricky bits? How are you going to make sure it works?) 
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