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Introduction
Given my degree discipline of Software Engineering, I was naturally the teams Software Engineer and lead developer. In this role, I was responsible for designing, coding, testing and implementing our ML-driven traffic simulation and adaptive traffic light controller. In this reflective journal, I will summarise my experiences working within my team, evaluate my team’s performance, review the development process and reflect on deign limitations and challenges I encountered.

Team Roles and Collaboration
The team was made up of five members including me, team members came from a variety of computing disciplines, with representation from Software Engineering, Applied Computing, Data and Information Systems and Cybersecurity. The varied disciplines were a factor in strengthening our team, as we had the opportunity to look at problems from multiple perspectives.
My main contribution to our work was the design and development of the simulations using Python and Pygame. Included in this work was the ‘dumb’, fixed signal simulation (without ML enhancement) and the adaptive machine learning controller. This involved designing the vehicle movement logic, collision avoidance, traffic light behaviour and implementing the testing framework which quantitatively measured the system performance based on the ‘cars exited’ metric. 
During the project I also contributed continuously to our design methodology and development slides, presenting the prototype design and providing the team with development updates. I also kept the team updated on the adaptive logic used in both our second progress presentation and the final Hackathon presentation.

Team Performance
Our team met weekly in the university library and also maintained communication through a group WhatsApp chat and through Microsoft Teams. This frequent and constructive communication was essential as the project was quite technical and we had multiple deadlines through the course of the project. Everyone in the team completed all their designated work before all deadlines and to a good standard.
· Charlie Keirl (Applied Computing) – Systems integration support and general presentation support. Rating : 4/5
· Carys Rees (Data and Information Systems) – Research, literature review and general presentation support: Rating : 4/5
· Daniel James (Cybersecurity) – Assisted with network considerations and feedback on testing scenarios. Rating  : 4/5
· Ethan Hopkins (Cybersecurity) – Research, literature review, provided risk assessment input and provided information around system security and reliability. Rating : 5/5
I would rate my personal performance as 5/5, I feel I contributed significantly to the technical aspects of the project, problem solving efforts, and the amount of time and effort it required to get a functional prototype prepared before the final hackathon deadline.

Technical Achievements 
The final prototype was successful at proving our teams project concept, it also achieved several important goals:
· A functional grid-based city-like traffic simulation in Python/Pygame
· Two traffic control systems – the dumb, fixed cycle system, and the ML adaptive system
· An adaptive traffic light controller which counted approaching traffic in real time at junctions and switched the traffic lights accordingly
· Deterministic vehicle spawning was used to have consistent and repeatable testing across systems
· The metric of exited vehicles was recorded on screen at set intervals of 60, 90, 120, 180 and 300 seconds
· The adaptive ML system consistently outperformed the dumb controller with up to a 22% improvement at some timestamps.

Limitations and Risks
Despite the successful prototype, there were some limitations, including:
· Low level of Machine Learning sophistication
Rule-based adaptive ML logic was used on the successful prototype. While this method dynamically responded and improved traffic conditions, it was not a learning agent. Q-learning and reinforcement learning were mentioned in earlier progress presentations but due to time constraints and complexity issues, it was decided to pursue the adaptive method at the hackathon stage of the project.

· Single Junction Control
Each junction had its own controller and acted independently. In an ideal world, the lights would be an interconnected network able to communicate to further improve traffic flow.

· Simple Traffic Behaviour
The traffic flow used in the simulations was simple, vehicles only ran north, east, south or west and in straight lines. Early in the project we envisaged emergency vehicle prioritisation, although it was decided that this complexity, and that of making cars turn, would take longer than the deadline would allow.

· Limited Scalability
While the small city grid size we used worked fine on my local machine, if we were to run larger, longer, busier or concurrent simulations a more scalable, potentially cloud based solution would need to be identified. This also applies to incorporating more complex ML and AI methods.

· Consistency vs Realistic Simulation Trade-off
To ensure both simulations received the same number of vehicles and in the same pattern, deterministic spawning was used. In the real-world vehicles will approach at random and can be influenced by outside factors.

As a team project, there were some risks which needed to be navigated:
· Time Constraints
This was a major risk and influenced some design decisions (e.g. more complex ML models & emergency vehicles). Developing and testing the simulation within the timeframe was a challenge throughout.

· Technical Complexity
Ensuring basic simulation features such as collision avoidance, light switching logic and adaptive traffic light controllers took multiple iterations and multiple rounds of testing.

Personal Reflection and Conclusion
Working on this project has given me valuable experience in developing an AI inspired system from scratch, working within a multidisciplinary team and trying to balance our initial vision for the project with realistic project management and deadlines. My knowledge of adaptive systems, real-time data collection and city simulation design have been much improved.
Presenting technical concepts clearly to mixed discipline audiences was daunting but has improved my confidence greatly. I have also transferred the quantitative testing knowledge gained during evaluation to other university projects.
I am particularly happy with the design and control systems of the prototype. The positive feedback we received during presentations and my ability to handle audience questioning were also highlights, with the questions cementing our project idea as a worthwhile cause.
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