Module: Advanced software development
Assignment: Maze pathfinding implementation
Student: Supichchaya Kongyim – 2406077
Module code: ACCB5011

Introduction 
Maze pathfinding refers to the problem of finding a route from a starting point to a target location while following specific rules and avoiding obstacles. Pathfinding algorithms are commonly used in areas where efficient navigation is required. For example, in robotics, these algorithms help robots move safely through environments and in autonomous vehicles they support real‑time route planning and obstacle avoidance. Choosing the right algorithm can improve both performance and reliability when navigating through a maze.
This report will discuss two widely used algorithms, Dijkstra’s algorithm and the A* algorithm and I will be comparing their use in maze pathfinding.
In everyday life, pathfinding techniques are also widely used in autonomous vehicles with self-driving technology, which rely heavily on this type of algorithm to determine safe and effective routes in real time[2]. Choosing the right algorithm can improve both performance and reliability when navigating through a maze. This report will discuss two widely used algorithms, Dijkstra’s algorithm and the A* algorithm and compares their use in maze pathfinding. 
Dijkstra’s algorithm
Dijkstra’s algorithm is one of the pathfinding algorithms and is one of the most straightforward methods used to find the shortest path from starting point to a target location or exit point [3]. The main idea of this algorithm is that it repeatedly chooses the unvisited path with the smallest distance from the starting point and updates neighbouring positions as the search continues. At the start of the algorithm, the distance to the starting point is set to zero because no movement is required to reach it, while all other positions are given a large value to represent their distances are not yet known [4]. As the algorithm progresses, it checks neighbouring positions and update its distances until the target is reaches or all reachable paths in the graph have been visited, ensuing that the shortest path is found [5].
Dijkstra’s algorithm finds the shortest path by always choosing the unvisited position with the smallest distance from the starting point and then checking its neighbouring positions. It uses a priority queue to decide which position to explore next and guarantees the shortest path as long as all movement costs are non-negative. However, because Dijkstra’s algorithm does not consider the target’s location during the search, it often explores many unnecessary positions. Dijkstra’s algorithm is similar to A* but does not use a heuristic, which means it explores more paths and is less efficient when the target position is already known.
A* Algorithm
The A* algorithm is a widely used pathfinding algorithm designed to find the shortest path between a starting point and a target point. It is considered one of the most efficient algorithms for pathfinding. 
While similar to Dijkstra’s algorithm, A* improves efficiency by using heuristic to help estimates the remaining distance to the target, reducing the unnecessary explored. Heuristic allows the algorithm to prioritise paths that move closer to the goal rather than exploring all directions equally [6]. It works by uses a priority queue to ensure that the position with the lowest combined distance from the start and the estimated distance to the target is explored first[7]. It then selects the position with the lowest combined distance at each step and updates its neighbouring positions as the search continues. This makes A* algorithm well suited for mazes environment. 
Both Dijkstra’s algorithm and the A* algorithm can be used to find the shortest path in a maze. Dijkstra’s algorithm guarantees the shortest path, but it does not take the target’s location into account, which can cause it to explore many unnecessary paths. In contrast, A* uses a heuristic to guide the search toward the goal, reducing the number of paths explored. Because of this, A* is generally more efficient for maze-based problems where the target position is known.
	
	Dijkstra 
	A*

	Heuristic 
	No
	Yes

	Seach direction
	Explores in all directions equally
	Focuses on searching toward the target

	Efficiency 
	Lower efficiency 
	More efficient

	Shortest valid path
	Yes 
	yes

	Search behaviour
	Explores in all direction
	Focuses only on target

	Memory usage
	Can be high
	Low memory usage

	Best cases
	Finding all shortest path
	Finding goal 

	
	
	


A* is more suitable for maze navigation as it achieves the same optimal result as Dijkstra’s algorithm while avoiding unnecessary exploration. However, Dijkstra’s algorithm remains useful in situations where the shortest paths to all reachable positions are required.[8]


In conclusion, for maze-based problems where the target location is known, A* is more suitable than Dijkstra’s algorithm as it can achieves the same outcome without the unnecessary path exploration. However, Dijkstra algorithm still valuable in scenarios where the shortest paths to all reachable positions are required. [8]
Part 2: Implementation 
In this part of assignment, I will explain how I implemented the A* algorithm to create an automatic pathfinding system that able to navigate a player through a grid maze. Player should be able to move from a starting point to a target within 20x20 grid while avoiding walls, dead ends and unnecessary movement. 
Pathfinding is important in grid-based environments because it allows the system to calculate multiple possible routes and determine the most efficient path to the target. Without a pathfinding algorithm, the player’s movement would be unpredictable and may fail to reach the goal. The aim is to design an effective navigation that minimised wall collisions and ensures player be able to reach the goal using the shortest path.
I chose to use the A* pathfinding algorithm to navigate the player through the grid maze. The reason is because A* is designed to find the shortest possible path while avoiding unnecessary exploration. In a grid where each movement cost the same, A* can find the most optimal solution when an appropriate heuristic is used. 
A* combines the actual cost travelled so far with an estimated cost to the target, helping it focus the search. This ensure that the algorithm choses the routes that are more likely to lead toward the goal rather than exploring all possible paths equally. Therefore, it usually performs faster than Dijkstra’s algorithm in this environment while still choosing the shortest path.
In my implementation, I used the Manhattan distance heuristic to estimate the remaining distance from the starting point to the target. This heuristic is suitable for this task because the movement in the grid is limited to four directions: up, down, left and right. Manhattan heuristic able to accurately estimates the minimum number of moves required to reach the goal because it measures distance using horizontal and vertical steps only. The Heuristic help A* to focus on searching for the target, avoiding exploration of unnecessary , making it both efficient and reliable for this type of maze pathfinding. 
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Although Djikstra’s algorithm was considered, A* algorithm was chosen because it more efficient for a single known target, provides a good balance between efficiency and accuracy. 
While Dijkstra’s algorithm guarantees the shortest path from starting point, it does not take the target’s location into account during the search. This results in the algorithm explores many unnecessary paths, which make it less efficient in grid maze environments where only one specific target needs to be reaches. 
Whereas A* algorithm approach the maze by using heuristic to help estimate the remaining distance to the target. A* to prioritise path that move closer to the goal rather than exploring all directions equally reducing unnecessary exploration. This makes A* reach the target more quickly while still guaranteeing the shortest path. 
Overall, A* was chosen for this task because it gives the same results as Dijkstra’s algorithm but with improved efficiency. This makes it more suitable for navigating a maze where the target position is known in advance. 
The A* algorithm uses two main lists: the open list and the closed list.
The closed list contains all grid positions that have been found but not yet fully explored. These are the positions the algorithm may move to next. The open list is use because it’s prioritised the node with the lowest estimated total cost is elected first, to ensure that the path that closest to target are explored before less efficient ones. 
While the closed list stores nodes that have already been processed. One a node is placed in the closed list; it will not be explored again. this is to prevents the algorithm from visited the same direction repeatedly which can be ineffective and unnecessary. 
In the program, each node in the A* algorithm uses three cost values: g,h and f 
G represents the cost of moving from the starting point to the current node
H represents the heuristic estimate of the remaining distance from the current node to the target 
F represents the total estimated cost of the path and is calculated using the f = g+h formula. Which allows the algorithm to balance the cost already travelled with the estimated cost remaining to reach the target, ensuring that the most efficient path is chosen. 
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After reaching the target, the algorithm builds the final path by working backwards from the target to the starting position. Each node remembers where it came from, which allows the algorithm to recreate the full path from the start to the target. This ensures that the player follows the shortest and most efficient route without making unnecessary moves or hitting walls.  
I will explain how I use the automatic navigation and how I implement the A* algorithm in the program.
I use the function get grid to return a pointer to a 2D grid that represents the maze layout.
[image: ]

Each variable in the grid contains a grid item value such as empty space or a wall. It then be use by ‘myMap’ to check what is located at a specific position before moving to avoid going to walls and dead path. 
Wall is read directly from the grid using ‘myMap.’ The algorithm will skip any tils that is a wall meaning it will never try to move through the walls.
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Player’s starting and goal position is stored using fixed position, this meaning that the cost to reach the starting tile is set to zero because player don’t have to move anywhere to start.
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· 2D arrays are used to track the progress of the pathfinding algorithm. 
· gScore arrays are used for store the cost from starting to each position. 
· The closed array is used to mark path that have already been processed and should not be checked again. 
· The lastX and LastY arrays store the previous position of each cell, allowing the algorithm to go back to the final path once the target is reached. 
· A priority queue is used to manage the search order in the algorithm. It stores nodes that are waiting to be explored, each one contains its grid position, the cost from start and total estimated cost which will then to calculate using heuristics. 
A comparison function then used so that the node with the lowest f value is always selected first. This ensure that the algorithm explores the shortest path before less efficient ones. 
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Once the target is reached, the algorithm will rebuild the final path by working backwards from the goal to the starting point.  Each position is added to a path vector which is then reversed so that player can follow the path in the correct way. 
[image: ]
After the final path has been reconstructed, players can now move following the path. The program compares the current player position with the next position in the path to decide the correct direction. Movement will stop if a wall is hit or when the target is reached.[image: ]







Testing 
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I tested the algorithm using the benchmarking mode. In all tests, play is successfully reached the target without hitting any walls, which shows that the algorithm works correctly. The grid count remained consistent at 400 access per run as the grid is 20x20. The grid is only read once at the beginning of the algorithm and stored into the grid data. 
Although the A* algorithm works correctly in the grid environment, there are few limitations in this program. It only able to moves in four directions which limits the routes the player can take. this code won’t work if the there is any changes in environment like moving walls or a target changes position. Additional, if the starting and goal is not in a fixed position, the code would need to be rewrite manually to work in different maze layout. 




Improvement
There are areas in the program I could improved to make it more flexible in different kind of maze environment.
The first improvement is to remove the fixed start and target position. As in the current code, the position is fixed, meaning the program only works when the player and target is in specific positions. A better approach would be to make the program automatically scan the maze to locate the player and target position, that would allow the program to work in different maze layouts without having to changes the code every time.
In conclusion, I am able to implement the A* pathfinding algorithm and used it in a grid-based maze environment. The algorithm was able to find the shortest path from the starting point to the target while avoiding walls and unnecessary movement. The screenshot of the benchmark showed that the system be able to run smoothly across many runs, with no errors.
Working on this assignment helped me gain a much clearer understanding of heuristic search and how different design choices can affect performance and memory usage. While implementing the algorithm, I come across several issues, such as error when converting grid positions into movement directions, how the path was reconstructed and how to use heuristic. However, these problems, help build more confident in understanding how the algorithm works. The program could still be improved by automatically detecting the player and target positions from the grid, supporting different grid sizes, and allowing diagonal movement. Overall, this assignment helps me to understand how to use algorithms in a practical setting and understand how to design an efficient pathfinding system. 
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griditem#* myMap = grid->GetGrid(); //pointer
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if (myMap[nyl[nx] == griditem::wall)
continue;
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//start and goal positions
int startX = 1, starty = N - 2;
int goalX = N - 2, goalY = 1;
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constexpr int INF = std::numeric_limits<int>::max() / 4;

int gScore[N][N];
bool closed[N][NI;
int LastX[NI[NI;
int LastY[NI[NI;
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std: :priority_queue<Node, std::vector<Node>, CompareNode> open;
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while (!(x == startX && y == startY))

path.push_back({ x, y });
int px = LastX[yl[x];

int py = LastY[yl[x];

X = px;

y = Py
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std: :reverse(path.begin(), path.end());//move player

int currentX = startX;
int currentY = starty;

)
s

(auto step : path)

int nx = step.first;
int ny = step.second;

movedirection dir;

if (nx > currentX) dir = movedirection::right;
else if (nx < currentX) dir = movedirection::left;
else if (ny > currentY) dir = movedirection::down;
else dir = movedirection::up;

moveresults result = grid->MovePlayer(dir);

if (result == moveresults::wall)

{
i return;
}

currentX = nx;
currentY = ny;
if (result == moveresults::complete)

s

break;
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static int heuristic(int x1, int y1, int x2, int y2)
{
}

return std::abs(xl - x2) + std::abs(yl - y2);
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// store information about each node

struct Node

{

i int x, y; // position

i int g; // cost from start
\dnt f; // total cost (g + h)
I




