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import os
import warnings
import numpy as np
import torch
from torch import nn, optim
from torch.utils.data import DataLoader, random_split
from torchvision import datasets, transforms, models
import matplotlib.pyplot as plt
from sklearn.metrics import (confusion_matrix, accuracy_score, precision_score,
                             recall_score, f1_score, classification_report, roc_curve, auc)
from tqdm import tqdm
import seaborn as sns

warnings.filterwarnings("ignore")

# 1. Download and transform dataset
transform = transforms.Compose([
    transforms.Resize((128, 128)),
    transforms.ToTensor(),
    transforms.Normalize((0.5,), (0.5,))
])

dataset_path = './image_data'  # Replace with your dataset path
dataset = datasets.ImageFolder(root=dataset_path, transform=transform)

# 2. Split dataset into training and testing
train_size = int(0.8 * len(dataset))
test_size = len(dataset) - train_size
train_dataset, test_dataset = random_split(dataset, [train_size, test_size])

train_loader = DataLoader(train_dataset, batch_size=32, shuffle=True)
test_loader = DataLoader(test_dataset, batch_size=32, shuffle=False)

# 3. Apply data augmentation (only to training set)
augment_transform = transforms.Compose([
    transforms.Resize((128, 128)),
    transforms.RandomHorizontalFlip(),
    transforms.RandomRotation(10),
    transforms.ToTensor(),
    transforms.Normalize((0.5,), (0.5,))
])
train_dataset.dataset.transform = augment_transform

# 4. Model setup
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
model = models.resnet18(pretrained=True)
model.fc = nn.Linear(model.fc.in_features, len(dataset.classes))
model = model.to(device)

criterion = nn.CrossEntropyLoss()
optimizer = optim.Adam(model.parameters(), lr=0.001)

# 5. Training loop
epochs = 5
model.train()
for epoch in range(epochs):
    running_loss = 0
    for images, labels in tqdm(train_loader, desc=f"Epoch {epoch+1}"):
        images, labels = images.to(device), labels.to(device)

        optimizer.zero_grad()
        outputs = model(images)
        loss = criterion(outputs, labels)
        loss.backward()
        optimizer.step()

        running_loss += loss.item()
    print(f"Epoch {epoch+1}, Loss: {running_loss/len(train_loader):.4f}")

# 6. Evaluation
model.eval()
y_true, y_pred = [], []
with torch.no_grad():
    for images, labels in test_loader:
        images = images.to(device)
        outputs = model(images)
        _, preds = torch.max(outputs, 1)
        y_true.extend(labels.numpy())
        y_pred.extend(preds.cpu().numpy())

# 7. Metrics
print("\nClassification Report:\n")
print(classification_report(y_true, y_pred, target_names=dataset.classes))

# 8. Confusion Matrix
cm = confusion_matrix(y_true, y_pred)
plt.figure(figsize=(8, 6))
sns.heatmap(cm, annot=True, fmt="d", xticklabels=dataset.classes, yticklabels=dataset.classes)
plt.title("Confusion Matrix")
plt.xlabel("Predicted")
plt.ylabel("Actual")
plt.show()


Classification Report:

                      precision    recall  f1-score   support

            cataract       0.94      0.90      0.92       202
diabetic_retinopathy       1.00      0.96      0.98       224
            glaucoma       0.77      0.92      0.84       216
              normal       0.90      0.80      0.85       202

            accuracy                           0.90       844
           macro avg       0.90      0.89      0.90       844
        weighted avg       0.90      0.90      0.90       844
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