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Lemon Leaf Disease Dataset (LLDD)
Step 1: Prepare the Dataset (Splitting Data)
import os
import shutil
import numpy as np
from sklearn.model_selection import train_test_split

# Path to the original dataset
original_dataset_dir = "Lemon Leaf Disease"

# Destination for the processed dataset
base_dir = "Lemon_Disease_Split"

# Define paths for train, validation, and test sets
train_dir = os.path.join(base_dir, "train")
validation_dir = os.path.join(base_dir, "validation")
test_dir = os.path.join(base_dir, "test")

# Create directories if they don't exist
for dir_path in [train_dir, validation_dir, test_dir]:
    os.makedirs(dir_path, exist_ok=True)

# Define the split ratios
train_ratio = 0.7
validation_ratio = 0.15
test_ratio = 0.15

# Function to split and copy files into respective folders
def split_and_copy_files(class_dir, dest_base_dir):
    all_images = [os.path.join(class_dir, f) for f in os.listdir(class_dir) if os.path.isfile(os.path.join(class_dir, f))]
    
    # Skip if the folder has no images
    if len(all_images) == 0:
        print(f"Skipping empty folder: {class_dir}")
        return
    
    # Split data into training and temporary (validation + test)
    train_images, temp_images = train_test_split(all_images, test_size=(1 - train_ratio), random_state=42)
    
    # Further split into validation and test
    validation_images, test_images = train_test_split(temp_images, test_size=test_ratio / (validation_ratio + test_ratio), random_state=42)
    
    # Copy files to their respective folders
    for images, folder_name in zip([train_images, validation_images, test_images], ["train", "validation", "test"]):
        dest_dir = os.path.join(dest_base_dir, folder_name, os.path.basename(class_dir))
        os.makedirs(dest_dir, exist_ok=True)
        for file in images:
            shutil.copy(file, dest_dir)

# Process each class directory
for class_dir in os.listdir(original_dataset_dir):
    full_class_dir = os.path.join(original_dataset_dir, class_dir)
    if os.path.isdir(full_class_dir):
        split_and_copy_files(full_class_dir, base_dir)

print(" Dataset successfully split into Training, Validation, and Testing sets.")

Step 2: Apply Data Augmentation
from tensorflow.keras.preprocessing.image import ImageDataGenerator

# Image size and batch size
img_size = (240, 240)
batch_size = 32

# Data augmentation for training dataset
train_datagen = ImageDataGenerator(
    rotation_range=40,         
    width_shift_range=0.2,     
    height_shift_range=0.2,    
    zoom_range=0.2,            
    horizontal_flip=True,      
    brightness_range=[0.5, 1.5],
    rescale=1./255  # Normalize pixel values
)

# Rescaling only for validation and test sets
val_test_datagen = ImageDataGenerator(rescale=1./255)

# Load datasets into ImageDataGenerator
train_generator = train_datagen.flow_from_directory(
    train_dir, target_size=img_size, batch_size=batch_size, class_mode='categorical', shuffle=True
)

val_generator = val_test_datagen.flow_from_directory(
    validation_dir, target_size=img_size, batch_size=batch_size, class_mode='categorical', shuffle=False
)

test_generator = val_test_datagen.flow_from_directory(
    test_dir, target_size=img_size, batch_size=batch_size, class_mode='categorical', shuffle=False
)

print(" Data augmentation applied successfully!")
Step 3: Build and Train the CNN Model
import matplotlib.pyplot as plt
import seaborn as sns
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Conv2D, MaxPooling2D, Flatten, Dense, Dropout

# Function to build the CNN model
def build_cnn_model(input_shape, num_classes):
    model = Sequential([
        Conv2D(32, (3, 3), activation="relu", input_shape=input_shape),
        MaxPooling2D(2, 2),
        
        Conv2D(64, (3, 3), activation="relu"),
        MaxPooling2D(2, 2),
        
        Conv2D(128, (3, 3), activation="relu"),
        MaxPooling2D(2, 2),
        
        Flatten(),
        Dense(128, activation="relu"),
        Dropout(0.5),
        Dense(num_classes, activation="softmax")
    ])

    model.compile(optimizer="adam", loss="categorical_crossentropy", metrics=["accuracy"])
    return model

# Define model parameters
input_shape = (240, 240, 3)
num_classes = len(train_generator.class_indices)

# Build the CNN model
model = build_cnn_model(input_shape, num_classes)

# Train the model
history = model.fit(train_generator, epochs=10, validation_data=val_generator)

# Save the trained model
model.save("Lemon_Disease_Model.h5")

print("Model training complete and saved as 'Lemon_Disease_Model.h5'.")
Step 4: Model Evaluation

[bookmark: _GoBack]from sklearn.metrics import accuracy_score, precision_score, recall_score, f1_score, confusion_matrix, classification_report

# Function to evaluate the trained model
def evaluate_model(model_name, y_true, y_pred):
    labels = list(test_generator.class_indices.keys())  
    
    accuracy = accuracy_score(y_true, y_pred)
    precision = precision_score(y_true, y_pred, average="weighted")
    recall = recall_score(y_true, y_pred, average="weighted")
    f1 = f1_score(y_true, y_pred, average="weighted")
    cm = confusion_matrix(y_true, y_pred)

    # Print evaluation results
    print(f"\n Model Evaluation ({model_name}):")
    print(f"Accuracy: {accuracy:.4f}")
    print(f"Precision: {precision:.4f}")
    print(f"Recall: {recall:.4f}")
    print(f"F1-score: {f1:.4f}")

    print("\nClassification Report:")
    print(classification_report(y_true, y_pred, target_names=labels))

    # Plot confusion matrix
    plt.figure(figsize=(6, 5))
    sns.heatmap(cm, annot=True, fmt="d", cmap="Blues", xticklabels=labels, yticklabels=labels)
    plt.xlabel("Predicted Label")
    plt.ylabel("True Label")
    plt.title("Confusion Matrix")
    plt.show()

# Get the true labels
y_true = test_generator.classes  

# Predict probabilities
y_pred_probabilities = model.predict(test_generator)  

# Convert probabilities to class labels
y_pred_classes = np.argmax(y_pred_probabilities, axis=1)

# Evaluate the trained model
evaluate_model("Lemon_Disease_Model", y_true, y_pred_classes)

print("Model evaluation complete!")
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