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eye_diseases_classification

import zipfile
with zipfile.ZipFile('eye-diseases-classification.zip', 'r') as zip_ref:
zip_ref.extractall('dataset_original')

from PIL import Image
import os

input_root = 'dataset_original/dataset’
output_root = 'output’
resize_size = (256, 256)

os.makedirs(output_root, exist ok=True)

for class_name in os.listdir(input_root):
class_path = os.path.join(input_root, class_name)
if not os.path.isdir(class_path) or class_name == 'masks':
continue
output_class_path = os.path.join(output_root, class_name)
os.makedirs(output_class_path, exist_ok=True)

for image_name in os.listdir(class_path):
if image_name.lower().endswith(('.png', '.jpg', '.jpeg', '.bmp', '.tiff')):
input_image _path = os.path.join(class_path, image_name)
output_image name = os.path.splitext(image_name)[0] + '.jpg’
output_image_path = os.path.join(output_class_path, output_image_name)
try:
with Image.open(input_image_path) as img:
img = img.convert('RGB")
img = img.resize(resize_size)
img.save(output_image path, 'IPEG")
except Exception as e:
print(f"isles & Wa {input_image _path}: {e}")

import os, shutil
from sklearn.model_selection import train_test_split

# oikiwl 'output' of usadl cidb 13 'dataset original/dataset’ aidai o) 15
original_dataset_dir = 'output' «# cwodiiwl o cows Lol ic

base_dir = 'new_dataset’

train_dir = os.path.join(base_dir, 'train')

validation_dir = os.path.join(base_dir, 'validation')

test_dir = os.path.join(base_dir, 'test")

for dir_path in [train_dir, validation_dir, test_dir]:
os.makedirs(dir_path, exist_ok=True)

train_ratio, val ratio, test ratio = 0.7, 0.1, 0.2

def split_and_copy(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))]
train_imgs, temp_imgs = train_test_split(all_images, test_size=(1 - train_ratio
val_imgs, test_imgs = train_test_split(temp_imgs,
test_size=test_ratio/(val_ratio + test_r
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random_state=42)
for imgs, folder in zip([train_imgs, val_imgs, test_imgs], ['train', 'validatio
dest_folder = os.path.join(dest_base_dir, folder, os.path.basename(class_di
os.makedirs(dest_folder, exist_ok=True)
for file in imgs:
shutil.copy(file, dest_folder)

#oas JS ole suhdl
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(full class_dir, base_dir)

import os, shutil
from sklearn.model_selection import train_test_split

original dataset_dir = 'output'

base_dir = 'new_dataset’

train_dir = os.path.join(base_dir, 'train')
validation_dir = os.path.join(base_dir, 'validation")
test_dir = os.path.join(base_dir, 'test")

for dir_path in [train_dir, validation_dir, test_dir]:
os.makedirs(dir_path, exist_ok=True)

train_ratio, val_ratio, test_ratio = 0.7, 0.1, 0.2

def split_and_copy(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))]
train_imgs, temp_imgs = train_test_split(all_images, test_size=(1-train_ratio),
val imgs, test_imgs = train_test_split(temp_imgs,
test size=test ratio/(val_ratio+test rat
random_state=42)
for imgs, folder in zip([train_imgs, val_imgs, test_imgs], ['train', 'validatio
dest_folder = os.path.join(dest_base_dir, folder, os.path.basename(class_di
os.makedirs(dest_folder, exist_ok=True)
for file in imgs:
shutil.copy(file, dest_folder)

# paasi] Gubi
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(full class_dir, base_dir)

from tensorflow.keras.preprocessing.image import ImageDataGenerator

batch_size = 32
img_size = (256, 256)

# olw=d go )il Wgo

train_datagen = ImageDataGenerator(
rescale=1./255,
rotation_range=40,
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horizontal flip=True,
vertical flip=True,
width_shift_range=0.1,
height_shift_range=0.1,
brightness_range=[0.8, 1.2],
zoom_range=0.2

# (wlw vgw) sVl ss=dl wligo
val_ test_datagen = ImageDataGenerator(rescale=1./255)

train_generator = train_datagen.flow_from_directory(
'new_dataset/train’,
target_size=img_size,
batch_size=batch_size,
class_mode="'categorical’,
shuffle=True

validation_generator = val_test_datagen.flow_from_directory(

'new_dataset/validation',
target_size=img_size,
batch_size=batch_size,
class_mode="'categorical’,
shuffle=False

test_generator = val_test_datagen.flow_from_directory(
'new_dataset/test"’,
target_size=img_size,
batch_size=batch_size,
class_mode="'categorical’,
shuffle=False

)

Found 2949 images belonging to 4 classes.
Found 422 images belonging to 4 classes.
Found 846 images belonging to 4 classes.

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Conv2D, MaxPooling2D,

def build_simple_cnn(input_shape, num_classes):
model = Sequential([

Input(shape=input_shape),
Conv2D(32, (3, 3), activation='relu'),
MaxPooling2D(2, 2),
Conv2D(64, (3, 3), activation='relu'),
MaxPooling2D(2, 2),
Conv2D(128, (3, 3), activation='relu'),
MaxPooling2D(2, 2),
Flatten(),
Dense(256, activation='relu'),
Dropout(0.5),
Dense(num_classes, activation='softmax")

D
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loss="'categorical_crossentropy"',
metrics=["accuracy'])

return model

# alJl pliziwl
input_shape = (256, 256, 3)

num_classes = 4 # cataract, diabetic_retinopathy, glaucoma, normal
model = build_simple_cnn(input_shape, num_classes)

model.summary ()

Model: "sequential_2"

Layer (type) Output Shape Param #
conv2d_6 (Conv2D) (None, 254, 254, 32) 896
max_pooling2d 6 (MaxPooling2D) (None, 127, 127, 32) 0
conv2d_7 (Conv2D) (None, 125, 125, 64) 18,496
max_pooling2d_7 (MaxPooling2D) (None, 62, 62, 64) 0
conv2d_8 (Conv2D) (None, 60, 60, 128) 73,856
max_pooling2d 8 (MaxPooling2D) (None, 30, 30, 128) 0
flatten_2 (Flatten) (None, 115200) 0
dense_4 (Dense) (None, 256) 29,491,456
dropout_2 (Dropout) (None, 256) 0
dense_5 (Dense) (None, 4) 1,028

Non-trainable params: © (0.00 B)

history = model.fit(
train_generator,
epochs=15,

Total params: 29,585,732 (112.86 MB)
Trainable params: 29,585,732 (112.86 MB)

validation_data=validation_generator
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1/15
0.4431 - val_loss: 1.1612
2/15
0.4882 - val loss: 1.1146
3/15
0.4739 - val_loss: 1.1179
4/15
0.5261 - val_loss: 1.0693
5/15
0.4692 - val loss: 1.1366
6/15
0.5237 - val_loss: 1.0681
7/15
0.5118 - val loss: 1.0580
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10/15
0.5190 - val loss: 1.0321
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12/15
0.5664 - val loss: 0.9538
13/15
0.5545 - val loss: 0.9792
14/15
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15/15
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tensorflow.keras.applications import InceptionV3

tensorflow.keras.layers import GlobalAveragePooling2D

tensorflow.keras.models import Model

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:
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loss:
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loss:
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.9524
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val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

val_accu

base_model = InceptionV3(weights='imagenet', include_top=False, input_shape=(256,25

base_model.trainable = False # dewlwll olidb)l 1oz

X X X
LU | B ||

base_model.output
GlobalAveragePooling2D() (x)
Dense (128, activation="relu')(x)
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X = Dropout(0.5)(x)
predictions = Dense(num_classes, activation='softmax"')(x)

model = Model(inputs=base_model.input, outputs=predictions)
model.compile(optimizer="adam', loss='categorical crossentropy', metrics=['accuracy

Downloading data from https://storage.googleapis.com/tensorflow/keras-applications/i
nception_v3/inception_v3_weights_tf_dim_ordering_tf_kernels_notop.h5
87910968/87910968 13s Qus/step

history = model.fit(
train_generator,
epochs=10,
validation_data=validation_generator

)

Epoch 1/10

93/93 339s 4s/step - accuracy: 0.5914 - loss: ©.9516 - val _accu
racy: 0.6730 - val loss: 0.7872

Epoch 2/10

93/93 339s 4s/step - accuracy: 0.6680 - loss: 0.7892 - val_accu
racy: 0.6967 - val_loss: 0.7525

Epoch 3/10

93/93 338s 4s/step - accuracy: 0.7063 - loss: ©.7369 - val_accu
racy: 0.6991 - val loss: 0.7498

Epoch 4/10

93/93 377s 4s/step - accuracy: 0.6952 - loss: 0.7312 - val_accu
racy: 0.7346 - val_loss: 0.6881

Epoch 5/10

93/93 375s 4s/step - accuracy: 0.7111 - loss: ©.7061 - val_accu
racy: 0.6848 - val_loss: 0.7419

Epoch 6/10

93/93 363s 3s/step - accuracy: 0.6985 - loss: 0.7144 - val_accu
racy: 0.7014 - val loss: 0.6743

Epoch 7/10

93/93 325s 3s/step - accuracy: 0.7057 - loss: 0.6875 - val_accu
racy: 0.7488 - val loss: 0.6691

Epoch 8/10

93/93 330s 4s/step - accuracy: 0.7152 - loss: ©.6737 - val_accu
racy: 0.7180 - val_loss: 0.6681

Epoch 9/10

93/93 330s 4s/step - accuracy: 0.7257 - loss: 0.6684 - val _accu

racy: 0.7251 - val loss: 0.6841

Epoch 10/10

93/93 331s 4s/step - accuracy: 0.7152 - loss: 0.6878 - val_accu
racy: 0.7251 - val_loss: 0.6529

import numpy as np

from sklearn.metrics import classification_report, confusion_matrix, accuracy_score
import matplotlib.pyplot as plt

import seaborn as sns

# ol gdgi

test_generator.reset()

predictions = model.predict(test_generator, steps=len(test_generator))
predicted_classes = np.argmax(predictions, axis=1)

true_classes = test_generator.classes
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class_labels = list(test_generator.class_indices.keys())

# adsl asl
accuracy = accuracy_score(true_classes, predicted_classes)
print(f"Test Accuracy: {accuracy:.4f}")

# Jl5)Vl a99s.a0

cm = confusion_matrix(true_classes, predicted_classes)

plt.figure(figsize=(8,6))

sns.heatmap(cm, annot=True, fmt='d', cmap='Blues’,
xticklabels=class_labels, yticklabels=class_labels)

plt.xlabel('Predicted")

plt.ylabel('True")

plt.title('Confusion Matrix"')

plt.show()

# waidl 85 (precision, recall, fl-score &b JSJ)
print(classification_report(true_classes, predicted classes, target_names=class_lab

27/27 71s 3s/step
Test Accuracy: 0.7163
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precision recall fl-score

cataract 0.85 0.86 0.85
diabetic_retinopathy 0.84 0.69 0.76
glaucoma 0.62 0.66 0.64

normal 0.60 0.66 0.63

accuracy 0.72

macro avg 0.73 0.72 0.72

weighted avg 0.73 0.72 0.72

from sklearn.metrics import roc_curve, auc

from sklearn.preprocessing import label binarize

import matplotlib.pyplot as plt
import numpy as np

# 1. (dad @lidl o SGU) LV Ugo i dslcl

test_generator.reset()

# 2. sVl dcgozo 9 90/l giox) SVloisVb guiill
predictions = model.predict(test_generator, steps=len(test_generator))

# 3. ass=x)l ol sde Joea=ll
y_true = test_generator.classes
y_scores = predictions

support

208
220
202
216

846
846
846

# (0,1,2,3) ol5,i5 ol
# a9 JJ oVloisVl (shape: 4 x 92/l suc)

# 4. aili dswwo J wlis)l Je=i (One-hot encoding) cwli ROC
y_true_bin = label binarize(y_true, classes=[0, 1, 2, 3])

n_classes = y_true_bin.shape[1]

# 5. sumio pouw, ROC a9 U
plt.figure(figsize=(10, 8))

colors = ['blue', 'red', 'green', 'orange']
class_labels = list(test_generator.class_indices.keys())

for i in range(n_classes):

fpr, tpr, _ = roc_curve(y_true_bin[:, i], y_scores[:, i])

roc_auc = auc(fpr, tpr)

plt.plot(fpr, tpr, color=colors[i], lw=2,
label=f"'{class_labels[i]} (AUC = {roc_auc:.2f})")

# b diagonal (il z3goidl Juios)
plt.plot([6, 1], [0, 1], 'k--', lw=1)
plt.xlim([0.0, 1.0])

plt.ylim([@.0, 1.05])
plt.xlabel('False Positive Rate')
plt.ylabel('True Positive Rate')

plt.title('ROC Curves - Multi-class (One-vs-Rest)')

plt.legend(loc="lower right")
plt.grid(alpha=0.3)
plt.show()

27/27 76s 3s/step
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ROC Curves - Multi-class (One-vs-Rest)

True Positive Rate

= cataract (AUC = 0.97)
- diabetic_retinopathy (AUC = 0.93)
——— glaucoma (AUC = 0.89)

normal (AUC = 0.85)

import matplotlib.pyplot as plt

0.4

False Positive Rate

0.6

0.8 1.0

# usio Ul Lo,udl history jwsi az eyl Jxw sl Sgizs model . fit

# history = model.fit(...)

# Lg..szmj/g L_.uJ_,LaJ/ 9> pow,
plt.figure(figsize=(12, 4))

# Ul sizio
plt.subplot(1, 2, 1)

plt.plot(history.history[ "accuracy'], label='Train Accuracy')
plt.plot(history.history['val _accuracy'], label='Validation Accuracy')

plt.title('Model Accuracy')
plt.xlabel('Epochs")
plt.ylabel('Accuracy"')
plt.legend()
plt.grid(alpha=0.3)

# 6,luzl sizio
plt.subplot(1, 2, 2)

plt.plot(history.history['loss'], label='Train Loss')
plt.plot(history.history['val loss'], label='Validation Loss')

plt.title('Model Loss')
plt.xlabel('Epochs")
plt.ylabel('Loss")
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plt.legend()
plt.grid(alpha=0.3)

plt.tight_layout()
plt.show()

Model Accuracy Model Loss

0.95 4
0.74
0.72 0.90 1

Ly 0.85 -

—— Train Loss
—— Validation Loss

08B £ 0.80
0.66 A 2
0.64 0731
0.62 0.70 1
—— Train Accuracy
0.60 - —— Validation Accuracy
0.65
T T T T T ; 3 i :
0 2 4 6 8 0 2 % 8
Epochs Fpochs

import os
import matplotlib.pyplot as plt

from tensorflow.keras.preprocessing.image import ImageDataGenerator, load_img, img_

import numpy as np

# (a8 S copidl Uzo 29 890 sl e
train_folder = 'new_dataset/train'’
found_image = None
for class_name in os.listdir(train_folder):
class_path = os.path.join(train_folder, class_name)
if os.path.isdir(class_path):
for file in os.listdir(class_path):

if file.lower().endswith(('.jpg', '.jpeg', '.png')):

found_image = os.path.join(class_path, file)
break
if found_image:
break

if found_image is None:
raise FileNotFoundError("wudll dae b 5ysa f o sl ab W1")

print(f"sosall Je il &0 {found_image}™)

# 892 Joxi

img = load_img(found_image, target size=(256, 256))
img_array = img_to_array(img)

img_array = img_array.reshape((1,) + img_array.shape)

# Olowsd juss UL Jgo b/

datagen = ImageDataGenerator(
rotation_range=40,
horizontal flip=True,
vertical flip=True,
width_shift_range=0.1,
height_shift_range=0.1,
brightness_range=[0.8, 1.2],
zoom_range=0.2
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)

# diiuzo 90 89 adoVl 6,94l Lo
plt.figure(figsize=(12, 4))
plt.subplot(2, 5, 1)
plt.imshow(img)
plt.title('Original')
plt.axis('off")

for i, batch in enumerate(datagen.flow(img_array, batch_size=1)):
if i >= 8:
break
plt.subplot(2, 5, i+2)
aug_img = batch[0@].astype('uint8")
plt.imshow(aug_img)
plt.title(f'Aug {i+1}")
plt.axis('off")

plt.tight_layout()
plt.show()

sysall e sl i new_dataset/train\cataract\e_left.jpg
Original Augl Aug 2 Aug 3

Aug 5 Aug 6 Aug 7 Aug 8
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