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ДОДАТОК А  

Апробація результатів роботи 
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ДОДАТОК Б  

Код програми 

 

import numpy as np 

import matplotlib.pyplot as plt 

import random 

import time 

import tkinter as tk 

from tkinter import filedialog 

 

grid_size = 20 

start = (0, 0) 

goal = (18, 15) 

directions = [(-1, 0), (1, 0), (0, -1), (0, 1), (1, 1), (-1, 1), (1, -1), (-1, -1)] 

num_obstacles = 30 

max_generation_time = 120 

n_fireflies = 30 

n_iter = 50 

 

obstacle_map = np.zeros((grid_size, grid_size)) 

main_path = [] 

alt_path = [] 

best_path = [] 

 

def is_free(cell, obstacle_map, allow_buffer=False): 

    x, y = cell 

    if not (0 <= x < grid_size and 0 <= y < grid_size): 

        return False 

    value = obstacle_map[x, y] 

    return value == 0 or (allow_buffer and value == 0.5) 
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def clear_zone_around(cell, obstacle_map, radius=2): 

    x0, y0 = cell 

    for dx in range(-radius, radius + 1): 

        for dy in range(-radius, radius + 1): 

            x, y = x0 + dx, y0 + dy 

            if 0 <= x < grid_size and 0 <= y < grid_size: 

                obstacle_map[x, y] = 0 

 

def bfs_check_path(start, goal, obstacle_map): 

    from collections import deque 

    queue = deque([start]) 

    visited = set([start]) 

    while queue: 

        current = queue.popleft() 

        if current == goal: 

            return True 

        for dx, dy in directions: 

            next_cell = (current[0] + dx, current[1] + dy) 

            if is_free(next_cell, obstacle_map) and next_cell not in visited: 

                queue.append(next_cell) 

                visited.add(next_cell) 

    return False 

 

def generate_valid_map(): 

    start_time = time.time() 

    while time.time() - start_time < max_generation_time: 

        obstacle_map = np.zeros((grid_size, grid_size)) 

        obstacles = set() 

        while len(obstacles) < num_obstacles: 
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            x, y = random.randint(0, grid_size - 1), random.randint(0, grid_size - 1) 

            cell = (x, y) 

            if cell != start and cell != goal: 

                obstacles.add(cell) 

        for (x, y) in obstacles: 

            obstacle_map[x, y] = 1 

            for dx in [-1, 0, 1]: 

                for dy in [-1, 0, 1]: 

                    nx, ny = x + dx, y + dy 

                    if 0 <= nx < grid_size and 0 <= ny < grid_size: 

                        if obstacle_map[nx, ny] == 0: 

                            obstacle_map[nx, ny] = 0.5 

        clear_zone_around(start, obstacle_map) 

        clear_zone_around(goal, obstacle_map) 

        if bfs_check_path(start, goal, obstacle_map): 

            return obstacle_map 

    return obstacle_map 

 

def generate_maze_with_multiple_paths(): 

    maze = np.ones((grid_size, grid_size)) 

    visited = np.zeros((grid_size, grid_size), dtype=bool) 

    def in_bounds(x, y): return 0 <= x < grid_size and 0 <= y < grid_size 

    def dfs(x, y): 

        visited[x, y] = True 

        maze[x, y] = 0 

        dirs = [(-2, 0), (2, 0), (0, -2), (0, 2)] 

        random.shuffle(dirs) 

        for dx, dy in dirs: 

            nx, ny = x + dx, y + dy 

            if in_bounds(nx, ny) and not visited[nx, ny]: 
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                wall_x = x + dx // 2 

                wall_y = y + dy // 2 

                maze[wall_x, wall_y] = 0 

                dfs(nx, ny) 

    sx, sy = start 

    if sx % 2 == 0: sx += 1 

    if sy % 2 == 0: sy += 1 

    dfs(sx, sy) 

    clear_zone_around(start, maze) 

    clear_zone_around(goal, maze) 

    def simple_path(from_point): 

        path = [] 

        current = from_point 

        visited_local = set() 

        while current != goal and len(path) < 300: 

            path.append(current) 

            visited_local.add(current) 

            next_moves = [(current[0] + dx, current[1] + dy) for dx, dy in directions] 

            next_moves = [m for m in next_moves if in_bounds(*m) and maze[m[0], 

m[1]] == 0 and m not in visited_local] 

            if not next_moves: 

                break 

            current = min(next_moves, key=lambda c: np.linalg.norm(np.array(goal) - 

np.array(c))) 

        if current == goal: 

            path.append(goal) 

        return path 

    main_path = simple_path(start) 

    alt_start = (min(start[0] + 4, grid_size - 1), start[1]) 

    alt_path = simple_path(alt_start) if maze[alt_start[0], alt_start[1]] == 0 else [] 
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    return maze, main_path, alt_path 

 

def smart_path(): 

    path = [start] 

    current = start 

    visited = set([start]) 

    while current != goal and len(path) < 100: 

        primary_moves, buffer_moves = [], [] 

        for dx, dy in directions: 

            next_cell = (current[0] + dx, current[1] + dy) 

            if not (0 <= next_cell[0] < grid_size and 0 <= next_cell[1] < grid_size): 

                continue 

            if obstacle_map[next_cell[0], next_cell[1]] == 0 and next_cell not in 

visited: 

                dist = np.linalg.norm(np.array(goal) - np.array(next_cell)) 

                primary_moves.append((dist, next_cell)) 

            elif obstacle_map[next_cell[0], next_cell[1]] == 0.5 and next_cell not in 

visited: 

                dist = np.linalg.norm(np.array(goal) - np.array(next_cell)) 

                buffer_moves.append((dist, next_cell)) 

        if primary_moves: 

            next_cell = min(primary_moves)[1] 

        elif buffer_moves: 

            next_cell = min(buffer_moves)[1] 

        else: 

            break 

        path.append(next_cell) 

        visited.add(next_cell) 

        current = next_cell 

    return path 
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def smart_path_maze(maze): 

    path = [start] 

    current = start 

    visited = set([start]) 

    while current != goal and len(path) < 300: 

        possible_moves = [ 

            (current[0] + dx, current[1] + dy) for dx, dy in directions 

            if 0 <= current[0] + dx < grid_size and 0 <= current[1] + dy < grid_size 

        ] 

        valid_moves = [ 

            cell for cell in possible_moves 

            if maze[cell[0], cell[1]] == 0 and cell not in visited 

        ] 

        if not valid_moves: 

            break 

        current = min(valid_moves, key=lambda c: np.linalg.norm(np.array(goal) - 

np.array(c))) 

        path.append(current) 

        visited.add(current) 

    return path 

 

def path_has_collision(path): 

    return any(obstacle_map[x, y] >= 0.5 for x, y in path) 

 

def fitness(path): 

    if path[-1] != goal: 

        return 1e6 

    return len(path) 
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def load_map_from_file(): 

    file_path = filedialog.askopenfilename(title="Select map file (CSV)", 

filetypes=[("CSV Files", "*.csv")]) 

    if file_path: 

        try: 

            loaded_map = np.loadtxt(file_path, delimiter=',') 

            if loaded_map.shape != (grid_size, grid_size): 

                raise ValueError("Incorrect map size") 

            return loaded_map 

        except Exception as e: 

            print("Error loading map:", e) 

    return None 

 

def start_gui(): 

    def on_generate(): 

        nonlocal maze_var 

        global obstacle_map, main_path, alt_path 

        if maze_var.get(): 

            obstacle_map, main_path, alt_path = generate_maze_with_multiple_paths() 

        else: 

            obstacle_map = generate_valid_map() 

            main_path = [] 

            alt_path = [] 

        run_firefly() 

 

    def on_load(): 

        global obstacle_map, main_path, alt_path 

        loaded = load_map_from_file() 

        if loaded is not None: 

            obstacle_map[:] = loaded 
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            main_path = [] 

            alt_path = [] 

            run_firefly() 

 

    def run_firefly(): 

        global best_path 

        if maze_var.get(): 

            fireflies = [smart_path_maze(obstacle_map) for _ in range(n_fireflies)] 

        else: 

            fireflies = [smart_path() for _ in range(n_fireflies)] 

 

        for _ in range(n_iter): 

            for i in range(n_fireflies): 

                for j in range(n_fireflies): 

                    if fitness(fireflies[j]) < fitness(fireflies[i]): 

                        cut = random.randint(1, min(len(fireflies[i]), len(fireflies[j])) - 2) 

                        new_path = fireflies[i][:cut] 

                        current = new_path[-1] 

                        visited = set(new_path) 

                        while current != goal and len(new_path) < 100: 

                            next_moves = [(current[0] + dx, current[1] + dy) for dx, dy in 

directions] 

                            next_moves = [m for m in next_moves if is_free(m, 

obstacle_map) and m not in visited] 

                            if not next_moves: 

                                break 

                            current = min(next_moves, key=lambda c: 

np.linalg.norm(np.array(goal) - np.array(c))) 

                            new_path.append(current) 

                            visited.add(current) 
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                        if not path_has_collision(new_path) and new_path[-1] == goal: 

                            fireflies[i] = new_path 

        best_path = min(fireflies, key=fitness) 

        draw_result() 

 

    def draw_result(): 

        plt.figure(figsize=(8, 8)) 

        plt.imshow(obstacle_map.T, origin='lower', cmap=plt.cm.gray_r) 

        best_path_np = np.array(best_path) 

        plt.plot(best_path_np[:, 0], best_path_np[:, 1], 'r-o', label='Best Path') 

        if main_path: 

            plt.plot(np.array(main_path)[:, 0], np.array(main_path)[:, 1], 'g--', 

label='Maze Path') 

        if alt_path: 

            plt.plot(np.array(alt_path)[:, 0], np.array(alt_path)[:, 1], color='purple', 

linestyle='--', label='Alt Path') 

        plt.plot(start[0], start[1], 'go', label='Start') 

        plt.plot(goal[0], goal[1], 'bo', label='Goal') 

        plt.title("Path") 

        plt.grid(True) 

        plt.legend() 

        plt.show() 

 

    root = tk.Tk() 

    root.title("Path Planner") 

    frame = tk.Frame(root) 

    frame.pack(padx=10, pady=10) 

    maze_var = tk.BooleanVar() 

    tk.Button(frame, text="Генерувати карту", 

command=on_generate).pack(fill="x", pady=5) 
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    tk.Button(frame, text="Завантажити карту з файлу", 

command=on_load).pack(fill="x", pady=5) 

    tk.Checkbutton(frame, text="Maze режим", 

variable=maze_var).pack(anchor='w') 

    tk.Label(frame, text="* Карта повинна бути CSV з розміром 20x20").pack() 

    root.mainloop() 

 

if __name__ == "__main__": 

    start_gui() 
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ДОДАТОК В  

Демонстраційний матеріал 
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