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1. [bookmark: _Toc228761353]Introduction 
The purpose of this report is to outline the development of the TruePath humanitarian mine clearance system, with a focus on the group collaboration it took to develop the solution and the application of systems engineering principles throughout the project. The system was designed to enable safe route clearance for humanitarian convoys operating in mine-contaminated environments using a dual drone solution for detection and neutralisation. 
The project was conducted as a group exercise, with each team member assigned a specific role including research and development, Manufacturing, Test and Evaluation, safety and Disposal. This report evaluates how these roles interacted to produce a strong project design for the task and how the decisions were made using structured engineering tools.
Particular focus was placed on communication methods, how the team worked together and contribution to the manufacturing role in the overall system design. This report reflects on how effective our group approach was, showing the strengths, challenges and areas for improvement. 
2. [bookmark: _Toc228761354]Literature/Content
Systems engineering provides a structured framework for managing complex design problems by making sure key project areas like requirements, design and final output link and work together. Within group based engineering projects, this approach supports collaboration by clearly defining roles and responsibilities and interactions between team members. 
Effective teamwork is essential in engineering design projects, particularly when different area roles must contribute to create a single system design. Clear communication channels, shared documentation and regular collaboration are critical to ensuring design decisions are aligned across all roles and that is the route TruePath project team took. 
In this project a number of systems engineering tool were used for example requirements analysis and Quality function Deployment (QFD) to name a few. These helped not only to guide the technical decisions but also in facilitating communication between team members and there different roles. This ensured each role could contribute effectively while maintaining alignment with overall system objectives. 
This approach aligns really well with the fundamentals layed out is NASA’s systems engineering handbook as it states systems engineers are usually responsible for “ defining boundaries, defining and allocating requirements, evaluating design trade-offs, balancing technical risk between systems, defining and assessing interfaces, and providing oversight of verification and validation activities, as well as many other tasks. The systems engineer typically leads the technical planning effort and has the prime responsibility in documenting many of the technical plans, requirements and specification documents, verification and validation documents, certification packages, and other technical documentation.” [1]
3. [bookmark: _Toc228761355]Team Structure & Roles
The TruePath project was structured around a multidisciplinary team as each team member had a specific role to focus on which aligned with key stages of the system lifecycle. These roles were as follows: Research and Development (R&D), Manufacturing, Test and Evaluation (T&E), Safety and Disposal.
Each role had their individual responsibilities to produce outputs that are relevant to there discipline but also contribute as a group towards the general system design. The R&D role focused on generating and evaluating potential design solutions and their feasibility, while manufacturing ensured the system could be produces safely and efficiently under the requirements set out. T&E was responsible for verification and validation of system performance, safety addressed the hazard identification and mitigation activities along with ensuring compliance against relevant standards and disposal considered end of life and waste management activities. This structure reflects established systems engineering approach as found [2], where different lifecycle functions such as design, manufacturing, verification, safety and disposal are distributed across specialised roles but must remain integrated throughout the project. 
Interaction between the roles was essential to make sure the final design had hit all the key requirements and was a realistic design for example manufacturing considerations influenced design decisions proposed by R&D, while safety constraints impacted both design and process choices. The interdependence between the roles required continuous collaboration and information sharing across the team. 

4. [bookmark: _Toc228761356]Communication & Teamworking
Effective communication was critical to the success of the TruePath project, especially due to the number of roles within the team. Due to this a number of communication lines were set up and used to ensure both formal and informal collaboration was possible. This way of working aligns with [reference 3] which shows that teams benefit from using a combination of communication channels, including digital tools, instant messaging and regular meetings to enable rapid information sharing, collaboration and effective problem solving. 
 Microsoft teams was used as the primary platform for sharing documents and maintaining version control, allowing access to the most up to date information for group and individual work. In addition, a WhatsApp group was used for quick communication allowing team members to resolve minor issues rapidly without any formal communication. 
Regular in person meetings were also conducted, which proved to be the most effective form of communication. It allowed the whole team to come together and develop ideas, resolve any design challenges and make sure all the roles were working as one team. Working in person together improved efficiency and reduced misunderstandings compared to remote communication alone. 
Despite the communication being really effective overall, there were some challenges throughout the process. Time constraints limited the depth of discussion that could be achieved in certain areas or on one topic and occasional disagreements arose between team members. These disagreements were typically resolved through group discussion and where necessary by taking a majority vote to ensure progress was still being made and time was not getting away from us. Please see section 4.2 for further breakdown.  

4.2 [bookmark: _Toc228761357]Challenges in team communication 
While communication within the team was generally effective, several challenges were encountered throughout the group work. The primary limitation was time which restricted depth of discussion and the ability to fully explore all design options which occasionally led to decisions being made with limited analysis particularly in later stages of the project. 
Differences in perspective between roles also created challenges as each role prioritised different aspects of the design. For example, manufacturing considerations clashed with performance focused decisions from R&D. While these differences were bound to happen in a team with varying roles they required careful management to ensure progress was maintained. 
Despite these challenges, the team was able to maintain effective communication through a combination of structured meetings and informal discussion allowing issues to be resolved without hindering overall progress. 

5. [bookmark: _Toc228761358]Design Development & Decision Making 
The development of the TruePath system followed a structured systems engineering approach, with design decisions guided by the use of formal tools and collaborative evaluation. 
Initial concepts were generated by the R&D role, this explored the different ways to detect and neutralise mines. These different approaches were then evaluated against system requirements using the systems engineering workbook, which gave the team and evidence backed most effective solution based on performance, safety and practicality.
The dual drone system with one detection and one neutralisation drone as the selected design  was chosen because it satisfied the operational requirements while remaining feasible from manufacturing, safety and logistical perspectives. Again the use of the structured tool ensured that decisions were not based solely on opinion but a full comparison of options.
However, as mentioned in section 4 decision making was not always straightforward, in some cases differing perspectives between roles led to disagreements in terms of the design this was majority safety but also some conflicting points for manufacturing and performance. All were resolved swiftly through discussion and where necessary group voting, ensuring decisions were and progress were made while also maintaining the team bond and cohesion. 

5.2 [bookmark: _Toc228761359]Use of Systems engineering tools in team decision making 
The use of systems engineering tools played a significant role in supporting the team's decision-making throughout the project. Tools such as QFD enabled the team to compare design options in a way that is objective and against weighted requirements which reduces reliance on subjective judgment. It also allowed us a traceable “paper trail” of how we made decisions aligned with operational needs defined at the start of the project. 
The structure provided by the toolset also supported communication between roles because each team member was able to contribute for their own role while maintaining a common understanding of system priorities. This was found to be beneficial when resolving disagreements, as decisions could be justified using data rather than opinion. 
However, the effectiveness of these tools was limited by time available, while they provided a strong basis for decision making additional time would mean mire detailed analysis and refinement of the outputs we received could be done. 

6. [bookmark: _Toc228761360]The Manufacturing Role
The manufacturing role was responsible for ensuring the system could be produced in a way that satisfied all the requirements that related to the role. Therefore design decisions had to be evaluated to identify potential challenges associated with integrating sensors, explosive payloads and drone platforms. 
A key contribution of the manufacturing role was challenging any design decisions that didn’t align with things the requirements ruled out for manufacturing for example considerations such as minimising structural modifications of COTS drone platforms, simplifying assembly process and ensuring safe handling of explosive payloads were emphasised through the design process. Consistent with design for manufacturability approaches that prioritise simplicity, standardisation and reduced modification of existing components. [4]
Another key contribution of the manufacturing role was identifying critical process steps and safety consideration particularly those  that touched manufacturing to make sure the system could be implemented realistically. This influenced the final design by promoting a solution that balanced key factors of the system like performance, practicality and safety. 
By maintaining a manufacturing focused perspective, the role ensured the final system was not only theoretically effective but also feasible to produce and deploy. 

7. [bookmark: _Toc228761361]Reflection 
Overall, the project demonstrates effective teamwork and collaboration with strong communication between team members who contributed both individually and as a group to achieve a successful design process. The use of all the different communication methods particularly the in person working sessions enabled problems to be solved in a way that was efficient but also suited all the roles. 
However, this project was heavily constrained by time limits, which restricted the level of detail that could be explored in certain areas. While the team did develop a viable system concept, additional time would have allowed for further use of the toolset to enable more in-depth analysis, refinement and validation of the design. 
Occasional disagreements between team members also highlighted the challenges of this project. While these were generally resolved effectively through discussion and voting. A more structured decision making process could further improve efficiency. 
In future group based work projects, an increased allocation of in person working time would definitely improve how much of the toolset could be utilised as the group could collaborate for much longer. Despite these challenges, the overall team performance was very strong and the chosen design for the project successfully demonstrated the application of systems engineering principles in a group environment. 

8. [bookmark: _Toc228761362]Conclusion
The TruePath project successfully demonstrated the application of systems engineering within a group environment. The use of effective communication channels, clear roles and use of the toolset to inform decisions allowed the team to develop a coherent and realistic system. 
The integration of multiple disciplines ensured that the final solution balanced performance, safety and manufacturability, while the use of the systems engineering toolset supported informed decision making throughout the project. 
Despite time constraints and occasional challenges, the project highlighted the importance of teamwork, communication and structured methodologies in delivering complex engineering solutions. 
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