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[bookmark: _Toc149293386]Introduction
This projects aim is to develop and implement effective and efficient algorithms for solving mazes. Mazes are a common problem in various fields such as: Robotics, Gaming and navigations systems. This project is primarily motivated by game characters navigation systems. Effective maze navigation is crucial in creating realistic and engaging gameplay, as NPCs need to interact with their surroundings, complete tasks, and avoid obstacles.


[bookmark: _Toc149293387]Why This Project?

Maze-like environments are prevalent in a wide range of video game genres, including adventure, puzzle, horror, and stealth games. In these genres, the maze serves as a tool to challenge players and NPCs. Effective maze navigation is essential for creating gameplay that is not only challenging but also immersive. The more lifelike an NPC's navigation is, the deeper the player's immersion becomes. This project aims to bridge the gap between the static, scripted NPC movements of the past and the more dynamic and interactive behaviours expected by modern gamers.

While some research has been conducted in the field of NPC navigation, there remains a significant gap. Existing studies have explored various aspects of AI-driven NPC behaviour, but there is a clear need for a comprehensive maze navigation algorithm that can adapt to different scenarios and game genres. The previous work has typically been specialized, focusing on specific game types, and often lacks the adaptability required for diverse gaming environments.

[bookmark: _Toc149293388]Aim and Objectives

Aim: The overarching aim of this project is to develop a comprehensive navigation algorithm for Non-Playable Characters (NPCs) that enhances their ability to traverse mazes of varying sizes, complexities, and designs while potentially optimizing their pathing towards the exit.

Objectives:

1. Design and Develop a Maze Generation Component:

Develop a maze generation component that can create diverse maze structures, catering to various game scenarios and level designs.
Implement algorithms for generating mazes with varying levels of complexity, size, and design. This ensures that game developers have the flexibility to create mazes that suit their specific gameplay needs.

2. Develop an NPC Navigation Algorithm:

Design and develop an AI-based navigation algorithm that empowers NPCs to autonomously navigate through the generated mazes.
Implement pathfinding, decision-making, and obstacle avoidance mechanisms to ensure NPCs can make intelligent and responsive choices while navigating the maze.


3. Implement a Real-time Maze Navigation Algorithm:

Develop a real-time maze navigation algorithm that allows NPCs to navigate through mazes efficiently.
This algorithm should enable NPCs to adapt to dynamic changes within the maze, such as doors opening and closing, new obstacles appearing, and changes in the maze layout. It should maintain a high level of responsiveness to provide players with a seamless gaming experience.

[bookmark: _Toc149293389]Deliverables

At the conclusion of this project, the following key deliverables are expected:

A fully functional codebase comprising:

A maze generation component capable of creating mazes of different sizes and complexities based on provided parameters.
A comprehensive NPC navigation algorithm that includes pathfinding, decision-making, and obstacle avoidance mechanisms.
Detailed testing, evaluation, and performance comparison reports. These reports will provide insights into the efficiency and effectiveness of the developed algorithm, highlighting its advantages over existing solutions.

In summary, this project will produce tangible and valuable outcomes in the form of software components and documentation that can be applied in various game development scenarios, ultimately contributing to the enhancement of NPCs' maze navigation capabilities and the overall gaming experience.
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Project Initiation:
· Define project scope, objectives, and deliverables.
· Assemble a multidisciplinary project team with expertise in game development, AI, and UX design.
· Identify key stakeholders, including game developers and potential end-users.
Requirements Gathering:
Collaborate with stakeholders to gather specific requirements for the maze navigation algorithm.
Identify the range of maze scenarios and game genres the algorithm should support.
Define performance benchmarks and constraints (e.g., real-time responsiveness, hardware requirements).
Maze Generation Component:
· Design and Develop a Maze Generation Component
· Develop a flexible maze generation component capable of creating diverse maze layouts.
· Ensure the component can be configured for different maze complexities and styles.
 Real-time Maze Navigation Algorithm Development:
· Implement a Real-time Maze Navigation Algorithm
· Develop the maze navigation algorithm that enables NPCs to navigate mazes, make decisions, and avoid obstacles in real-time.
Implement pathfinding, decision-making, and obstacle avoidance mechanisms.


Algorithm Optimization:
Optimize the Navigation Algorithm for Computational Efficiency
· Conduct performance profiling and optimization to ensure the algorithm runs efficiently.
· Optimize code and data structures to minimize computational resource usage.
Testing and Evaluation:
· Testing and Evaluation
· Perform rigorous testing in various maze scenarios, both automated and with user participation.
· Document and analyse the results, addressing any identified issues or optimization opportunities.
Documentation and Reporting:
· Project Report, and Results
· Compile a comprehensive project report summarizing project objectives, methodology, and results.
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Objective 1: Design and Develop a Maze Generation Component

Maze Generation Algorithm Output Data:
Gather data on the mazes generated using the maze generation component.
Collect maze specifications, including size, complexity, design and build time.

This data is essential for evaluating the performance of the maze generation component. It allows for verification of whether the component can create mazes as intended and whether it can cater to varying game scenarios.










Objective 2: Develop an NPC Navigation Algorithm

NPC Movement Data:

Capture data on the movements of NPCs navigating through generated mazes, including their paths and decision points.
Record information on the speed, efficiency, and accuracy of NPC movement.
This data provides insights into how well the NPC navigation algorithm performs and whether NPCs are navigating mazes effectively.
Obstacle Interaction Data:

Collect data on how NPCs interact with obstacles within the maze, such as avoiding or circumventing obstacles.
Record the frequency and success of obstacle avoidance actions.
Understanding how NPCs interact with obstacles helps assess the algorithm's obstacle avoidance mechanisms and its adaptability.


Objective 3: Implement a Real-time Maze Navigation Algorithm

Data Collection Methods:

Real-time Performance Metrics:

Monitor and collect data on the real-time performance of the navigation algorithm, including processing time, frame rate, and memory usage.
Record data during different in-game scenarios and environmental changes.
Why: Real-time performance data helps evaluate the efficiency and responsiveness of the algorithm, ensuring that it meets the requirements of real-time gaming.
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There are several risks associated with the development of this project such as:

Algorithm Complexity:
Risk: The development of complex algorithms may lead to performance issues, making them unsuitable for real-time gaming.
Mitigation: Regularly conduct performance profiling and optimization to ensure that the algorithms remain computationally efficient. Consider simplifying algorithms if they become too complex to meet real-time requirements.

Intellectual Property (IP):
Risk: IP issues can arise from similarities with existing algorithms or unintentional infringement.
Mitigation: Conduct thorough IP research to ensure that the developed algorithms do not infringe on existing patents or copyrights. Document any IP-related considerations and secure appropriate permissions when necessary.










Algorithm Bias:
Risk: Algorithms may unintentionally exhibit bias in their decision-making, leading to unfair or discriminatory NPC behaviours.
Mitigation: Regularly review and analyse algorithm behaviour to identify and address biases. Implement fairness and bias mitigation strategies to ensure equitable NPC interactions.

I will be performing a Performance Metric Analysis to evaluate the performance of the algorithms in terms of response time, computational load, frame rate, and NPC movement efficiency. I will also be performing an Error Rate Analysis to assess the accuracy and reliability of the algorithms in navigating mazes.


[bookmark: _Toc149293393]Generalisability, Reliability, and Validity:
The analysis and evaluation of the data collected during the project will involve a combination of quantitative and qualitative methods to comprehensively assess the maze generation and navigation algorithms, as well as their impact on the gaming experience.

[bookmark: _Toc149293394]Required Resources
I will need an IDE to develop, this will either be Unreal Engine, or Visual studio (Code or 2022/23), I will also need access to PC running windows 10 or later. Apart from these items no specific specialized equipment will be needed.

Gantt Chart 
The Gantt chart below gives a rough outline of the time scale of each task.
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