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[bookmark: _Toc223188130]1. Introduction

This reflective report provides a critical evaluation of my individual contribution to the AI-Powered Smart Waste Management System, a group hackathon prototype developed over five weeks. My designated role was Prototype Development & Planning, which encompassed the construction of the front-end web dashboard, data simulation engine, project planning, and coordination of the development lifecycle. This reflection examines my experience of collaborative teamwork, an honest assessment of the solution's limitations and risk factors, and key lessons learned through the process.

[bookmark: _Toc223188131]2. Team Experience & Performance

Working within a five-member interdisciplinary team presented both opportunities and challenges. The team adopted an informal agile methodology, dividing the project into weekly sprints aligned with each member's role: Rabia Naeem led the initial research and proposal; Hazrat Usman handled the technology and design solution; Cheikh Gaye designed the system architecture; I developed the prototype; and Evans Quartey-Tackie managed evaluation, ethics and deployment [1].

Communication was primarily conducted through Microsoft Teams, WhatsApp group chat, and face-to-face sessions. During the early weeks, the team demonstrated strong cohesion Rabia’s thorough problem analysis provided a solid foundation, and Cheikh's architectural diagrams gave me a clear blueprint from which to build the React dashboard. Hazrat's technology selection of the ESP32 microcontroller and Recharts library was well-researched and practical, which streamlined my development work considerably.

However, there were instances where coordination was less effective. During Week 3, overlapping responsibilities between architecture (Cheikh) and development (myself) caused minor confusion regarding the database schema — specifically whether to extend the original six-field specification with additional fields such as `Zone`, Waste_Type, and GPS coordinates. This was resolved through a brief team discussion, but it highlighted the importance of maintaining a shared, living design document, as advocated by Sommerville [2] in his discussion of agile documentation practices.

Evans's evaluation and deployment work in the final week was efficient and ensured GDPR compliance was addressed. Overall, the team functioned well, balancing individual accountability with collective responsibility.

[bookmark: _Toc223188132]Team Performance Rating: 4 out of 5

I rate the team’s overall performance as 4/5. The team delivered a fully functional, deployed prototype on time, with all eight dashboard modules operational and a live deployment on Netlify. The one mark deducted reflects the occasional communication gaps during mid-project handovers between design and development phases, which could have been avoided with more formal sprint reviews [3].

[bookmark: _Toc223188133]3. Evaluation of My Design & Solutions

As the prototype developer, my primary deliverable was the React-based web dashboard comprising eight interconnected modules: Dashboard, Monitoring, Alerts, Analytics, Fleet Management, Bin Management, Reports (with AI Decision Support), and Settings. The application was built using React 19, Vite 7, and Recharts 3.7, deployed on Netlify's global CDN [4].

[bookmark: _Toc223188134]3.1 Strengths

The dashboard successfully met all functional requirements specified in the group proposal. The mock data engine I developed in JavaScript (mockData.js) realistically simulated 23 smart bins across five UK cities, generating randomised fill levels, battery readings, and timestamps on a 30-second refresh cycle. This approach allowed the team to demonstrate a fully interactive prototype without requiring live hardware connectivity a pragmatic decision given the five-week timeframe [5].

The AI alert algorithm (triggering critical alerts when fill_level ≥ 80%) worked reliably across all test cases, achieving a 100% pass rate in threshold validation testing. The route optimisation visualisation demonstrated a tangible 12% distance reduction, which aligned with the project's sustainability objectives.

The production build was optimised to approximately 200KB (gzipped), ensuring fast page load times under two seconds — well within the performance benchmarks recommended by Google's Core Web Vitals framework [6].

[bookmark: _Toc223188135]3.2 Limitations

Despite these achievements, the prototype has several significant limitations that must be acknowledged.

First, the data is entirely simulated. The generateBins() function uses Math.random() to produce fill levels, meaning the dashboard cannot currently demonstrate genuine predictive capability. In a production system, this would need to be replaced with a real-time data pipeline from ESP32 sensors via AWS IoT Core or a comparable MQTT broker [7].

Second, the map visualisation uses a simplified SVG-based representation rather than a genuine geographic information system (GIS). Libraries such as Leaflet.js or Mapbox GL would be necessary for a production-grade spatial interface, enabling actual GPS-based bin positioning and routing overlays [8].

Third, the application is a single-page client-side application with no persistent backend. All state is held in React’s useState hooks and is lost on page refresh. A production version would require a database layer (e.g., PostgreSQL or Firebase Firestore) and user authentication to support multi-user access and audit trails [9].

Fourth, accessibility testing was limited. Although the design uses text labels alongside colour-coded indicators, a formal Web Content Accessibility Guidelines (WCAG) 2.1 audit was not conducted due to time constraints [10].
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Several risk factors were encountered during development. The most immediate was scope creep the temptation to add features beyond the original specification (such as dark mode, PDF export, and mobile gestures) had to be actively managed to meet the five-week deadline. This aligns with Brooks's (1995) observation that adding functionality late in a project disproportionately increases complexity [11].

A technical risk arose from dependency on third-party libraries. During Week 3, a minor version update to Recharts (3.7.0) introduced a breaking change in the ResponsiveContainer component's height calculation. This required debugging and a pinned version resolution — reinforcing the importance of dependency management and lock files in modern JavaScript development [12].

Finally, there was an ethical and regulatory risk related to potential future integration of GPS tracking for collection vehicles. While the current prototype tracks only bin locations (not personal data), any expansion to track fleet drivers would require a formal Data Protection Impact Assessment (DPIA) under UK GDPR, Article 35 [13].

[bookmark: _Toc223188137] 5. Conclusion

This project was a valuable learning experience in collaborative software development, rapid prototyping, and the practical challenges of building IoT-enabled smart city applications. The prototype is functional, deployed, and demonstrable, but its limitations particularly the absence of real sensor data and a persistent backend must be addressed before any real-world pilot. My key takeaway is that effective prototype development requires not only technical skill but also disciplined scope management and continuous team communication.
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