7/6/26, 7:27 PM

Image_ Classification-Hussam Almokayed_BrainTumor

Hussam Almokayed Assigment 1 image
classification

(Brain Tumor MRI)

** Brain Tumor MRI Dataset — 4 class: glioma - meningioma - notumor - pituitary

download dataset from Kagel

dataset path https://www.kaggle.com/datasets/masoudnickparvar/brain-tumor-mri-dataset

import os

import shutil
import numpy as np
import pandas as pd

import torch

from torch import nn, optim

from torch.utils.data import Dataloader

from torchvision import datasets, transforms as T, models

import cv2
from PIL import Image

from sklearn.model_selection import train_test_split

from sklearn.metrics import (confusion_matrix, accuracy_score, precision_score, rec

import matplotlib.pyplot as plt
import seaborn as sns
from tqdm import tqdm

import warnings
warnings.filterwarnings("ignore™)

(1 8 polxall) 8yg:0)l Sluwlwl — 1 3glnl

dspoy lguoymig 8a5lg disc 8)gu0 1yai RGB ¢ Grayscale 83g>g0 Lilal ol 35U ol (o sleyl gubig
ol gl

# (Juc wlizo Uxodl powl o Lol Jic) ,raoll 1Uxo

SOURCE_DIR = "Brain Tumor MRI Dataset/Training"

# owMS oo 6,90 Jol izl glioma duseS

sample_class = os.path.join(SOURCE_DIR, "glioma")

sample_img = os.path.join(sample_class, os.listdir(sample_class)[@])

# 6,92l éc/,8 (OpenCV i [ﬁy BGR)
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image = cv2.imread(sample_img)

# Je= BGR _JI RGB pu=col Lol
image_rgb = cv2.cvtColor(image, cv2.COLOR_BGR2RGB)

# J 9= Grayscale
gray_image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

# slell aclb
h, w = gray_image.shape
print(f"Width: {w}, Height: {h}")

# ool

plt.figure(figsize=(8, 4))

plt.subplot(1, 2, 1); plt.imshow(image_rgb); plt.title("RGB"); plt
plt.subplot(1l, 2, 2); plt.imshow(gray_image, cmap="gray"); plt.title("Grayscale");
plt.show()

Width: 512, Height: 512
RGB Grayscale

(4 5 polxall) jgall x> yusuai — 2 bghazll

Ao (b lghinig 1390 pao Wl jguadl JS yiai output . yail £ 5w g Blal pzs Jl&) lia.

input_root
output_root
resize_size

SOURCE_DIR
"output”

(256, 256) # 13gall ozl

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):

continue

output_class_path = os.path.join(output_root, class_name)
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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")):
in_path = os.path.join(class_path, image_name)
out_name = os.path.splitext(image_name)[0] + '.jpg’
out_path = os.path.join(output_class_path, out_name)
try:
with Image.open(in_path) as img:
img = img.convert('RGB")
img = img.resize(resize_size)
img.save(out_path, 'JPEG")
except Exception as e:
print(f"Failed to process {in_path}: {e}")

print("ise & lehing jsall pes psaal & output.™)

Aae 8 lehiag sall pes sl & output.

] UlJl puwsd — 3 dgbxJl train / validation / test

cloawl ducys Oladze (e Sgizg Mz JS izl %20 - §éxi %10 -y yai %70 amwdill duw

S lwMSIIL

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

train_ratio, validation_ratio, test _ratio = 0.7, 0.1, 0.2

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))]

train_images, temp_images = train_test_split(
all images, test_size=(1 - train_ratio), random_state=42)

validation_images, test_images = train_test_split(
temp_images, test_size=test_ratio / (validation_ratio + test_ratio), randonm

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_
os.makedirs(dest_dir, exist_ok=True)
for file in images:
shutil.copy(file, dest_dir)

for class_dir in os.listdir(original_dataset_dir):
full class_dir = os.path.join(original_dataset_dir, class_dir)
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if os.path.isdir(full_class_dir):
split_and_copy_files(full class_dir, base_dir)

print("glad Ul sl 5.")

clai Ul s N,

Sample Image for each class from training

# wls JS o dic Sy90 osc
import matplotlib.pyplot as plt
from PIL import Image

# ,9a)l yaao (J oy ,asi "output” 9[”Brain Tumor MRI Dataset/Training")
sample_dir = "new dataset/train”

class_names = sorted([d for d in os.listdir(sample_dir)
if os.path.isdir(os.path.join(sample_dir, d))])

plt.figure(figsize=(14, 4))

for i, cls in enumerate(class_names):
cls_path = os.path.join(sample_dir, cls)
first_img = os.listdir(cls_path)[0] # oM 9 6,90 Jsf
img = Image.open(os.path.join(cls_path, first_img))

plt.subplot(1l, len(class_names), i + 1)
plt.imshow(img)

plt.title(cls, fontsize=13)
plt.axis("off")

plt.suptitle("Sample Image from Each Class", fontsize=15)
plt.tight_layout()
plt.show()

Sample Image from Each Class
notumaor

glioma meningioma

pituitary

g illoall — 4 d¢lnxJl Augmentation g Dataloaders

e §ibi wyadl Ol wde Augmentation (yugaJ ‘WiJ/k___,\_a_bi wuls).
o §ibi )lisVlg gaxil e Resize g Normalize bas.
* SWdgall gres cuwlii) 299%299 ax> JI Ji=3 jguall US (lgie Inception-V3).
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Image_ Classification-Hussam Almokayed_BrainTumor

culs 1jgaipg ddsMe num_workers=e .\ Jupyter o) odel 048 2o &lsy Gl j9iug wle
Jaexill &y yuil) 4_9i2 ol lg=o,i aai JSlie oy bo jle>

def get classes(data_dir):
all data = datasets.ImageFolder(data_dir)
return all_data.classes

def get data_loaders(data_dir, batch_size, train=False):
if train:

transform = T.Compose([
T.RandomHorizontalFlip(),
.RandomVerticalFlip(),
.RandomRotation(10),
.Resize((299, 299)),
.ToTensor(),
.Normalize(mean=[0.485, 0.456, 0.406], std=[0.229, 0.224, 0.225]),

i e R

D

train_data = datasets.ImageFolder(os.path.join(data_dir, "train/"), transfo
train_loader = DatalLoader(train_data, batch_size=batch_size, shuffle=True,
return train_loader, len(train_data)

else:

dataset_path

transform = T.Compose([
T.Resize((299, 299)),
T.ToTensor(),
T.Normalize(mean=[0.485, 0.456, 0.406], std=[0.229, ©.224, 0.225]),

1

val data = datasets.ImageFolder(os.path.join(data_dir, "validation/"), tra
test_data = datasets.ImageFolder(os.path.join(data_dir, "test/"), tra
val loader = DatalLoader(val data, batch_size=batch size, shuffle=False, n

test_loader = DatalLoader(test_data, batch_size=batch_size, shuffle=False, n
return val_loader, test_loader, len(val_data), len(test_data)

"new dataset”

batch_size = 32

train_loader, train_data_len = get_data_loaders(dataset_path, batch_size, train=Tru
val loader, test_loader, valid data_len, test_data_len = get data_loaders(dataset_p

classes = get_classes("new dataset/train™)
num_classes = len(classes)
print("Classes:", classes, "| Count:", num_classes)

dataloaders = {"train": train_loader, "val": val_loader}
dataset_sizes = {"train": train_data_len, "val": valid_data_len}

device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
print("Device:", device)

Classes: ['glioma', 'meningioma', 'notumor', 'pituitary'] | Count: 4

Device:

cuda

gyl Ay — 5 3ozl
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Jl go Jolaiig (Ol polxall (6 doaxiuwall wuy jadl dIs Guai auxiliary logits Jusdges dolzl

Inception-V3.

def train_model(model, criterion, optimizer, scheduler, num_epochs=5):

for epoch in range(num_epochs):

print(f"Epoch {epoch+1}/{num_epochs}")
print('-' * 10)

for phase in ['train', 'val']:
if phase == 'train':
model.train()
else:
model.eval()

running loss = 0.0
running_corrects = 0

for inputs, labels in dataloaders[phase]:
inputs = inputs.to(device)
labels = labels.to(device)

optimizer.zero_grad()

with torch.set_grad_enabled(phase == 'train'):
outputs = model(inputs)

# olb,xo go Joledl Inception-V3 (aux logits)

if isinstance(outputs, tuple) or hasattr(outputs, "logits"):
main_outputs = outputs.logits if hasattr(outputs, "logits")
aux_outputs = outputs.aux_logits if hasattr(outputs, "aux_
loss = criterion(main_outputs, labels)
if aux_outputs is not None:

loss += 0.4 * criterion(aux_outputs, labels)

else:
main_outputs = outputs
loss = criterion(main_outputs, labels)

_, preds = torch.max(main_outputs, 1)

if phase == 'train':
loss.backward()
optimizer.step()

running_loss += loss.item() * inputs.size(©)
running_corrects += torch.sum(preds == labels.data)

i-F phase == 'tr‘ain':
scheduler.step()

epoch_loss = running_loss / dataset_sizes[phase]
epoch_acc = running_corrects.double() / dataset_sizes[phase]
print(f"{phase} Loss: {epoch_loss:.4f} Acc: {epoch_acc:.4f}")

return model
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oy sl Jlg> — 6 3ozl

e get_predictions : OVli>Vlg dssgially duasixll audll &> )5g HLisVl SUly (e joi.
* evaluate_model : dxyill ;%59 « bVl dsgaion + cayinil j )85 + Juuliadl gubni
4 laoll.

results = {} # >V @,loll OMsgad JS el guozi

def get_predictions(model, loader):

model.eval()

y_true, y pred, y proba = [], [], []

with torch.no_grad():

for x, y in tqdm(loader):

output = model(x.to(device))
probs = torch.softmax(output, dim=1)
preds = torch.argmax(probs, dim=1).cpu().numpy()
y_true.extend(y.numpy())
y_proba.extend(probs.cpu().numpy())
y_pred.extend(preds)

return np.array(y_true), np.array(y_pred), np.array(y_proba)

def evaluate_model(model name, y_true, y pred, classes):
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("Model:", model_name)

print("Accuracy :", accuracy)

print(“Precision:", precision)

print("Recall :", recall)

print("Fl-score :", f1)

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

# ﬁJJLé'.a.U A/ LA
results[model_name] = {"Accuracy": accuracy, "Precision": precision,
"Recall"”: recall, "Fl-score": f1}

# wliVl ad9ém0

plt.figure(figsize=(6, 5))

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

plt.xlabel("Predicted Label")

plt.ylabel("True Label")

plt.title(f"Confusion Matrix - {model_name}")

plt.show()

w2l Slslae] — 7 Bghazll
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PRETRAINED = True luwo &ji0 LTIJ'gi pdxiui sy (Transfer Learning) — ds5 oy
S0 olel.

yuall e Cuyd Odgell yosy brolxall (o (pretrained=False ) lg=ili Gmlbg
i,

o] doudll yie ol e wyyadl sui 8)¢iSaJl o False lnas.

* >ac 1y} yadi EPOCHS (opiusiy o edny Taw) Jussl aili.

PRETRAINED
EPOCHS

True
5

1 Judgoll — EfficientNet-BO

model = models.efficientnet_b@(pretrained=PRETRAINED)
model.classifier[1] = nn.Linear(model.classifier[1].in_features, num_classes)
model = model.to(device)

criterion = nn.CrossEntropyLoss().to(device)
optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
exp_lr_scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=EPOCH

y_true, y pred, y_proba = get_predictions(model, test_loader)
evaluate_model("EfficientNet-BO", y_true, y_pred, classes)

Epoch 1/5

train Loss: 0.3498 Acc: 0.8790
val Loss: 0.1558 Acc: 0.9500
Epoch 2/5

train Loss: 0.1862 Acc: 0.9328
val Loss: ©.0817 Acc: 0.9732
Epoch 3/5

train Loss: 0.1425 Acc: 0.9553
val Loss: 0.0766 Acc: ©.9732
Epoch 4/5

train Loss: 0.0956 Acc: 0.9665
val Loss: ©.2372 Acc: 0.9268
Epoch 5/5

train Loss: 0.0950 Acc: 0.9655
val Loss: 0.1242 Acc: 0.9625

100% 6/36 101<00:00, 21.31it/s
00% 36/36 [00:01<00:00, 21.31it/
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Model: EfficientNet-BO

Image_ Classification-Hussam Almokayed_BrainTumor

Accuracy : 0.9741992882562278
Precision: 0.9747550557190438
Recall 1 0.9741992882562278
Fl-score : ©.9740892149491932

Classification Report:

precision
glioma 0.97
meningioma 0.98
notumor 1.00
pituitary 0.95
accuracy
macro avg 0.97
weighted avg 0.97

recall fl-score

0.99 0
0.93 0
0.99 0
0.99 0

0
0.97 0
0.97 (4]

.98
.95
.99
.97

.97
.97
.97

support

281
281
281
281

1124
1124
1124

Confusion Matrix - EfficientNet-BO

glioma

True Label
meningioma

notumaor

pituitary

glioma meningioma

Predicted Label

2 Judg0ll — ResNet-18

notumeor

pituitary

model = models.resnetl8(pretrained=PRETRAINED)

model.fc = nn.Linear(model.fc.in_features, num_classes)

model = model.to(device)

criterion = nn.CrossEntropyLoss().to(device)
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optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
exp_lr_scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=EPOCH

y_true, y _pred, y_proba = get_ predictions(model, test_loader)
evaluate_model("ResNet-18", y true, y_pred, classes)

Epoch 1/5

train Loss: 0.4354 Acc: 0.8399
val Loss: 1.2550 Acc: 0.7268
Epoch 2/5

train Loss: 0.2759 Acc: 0.9017
val Loss: 0.7510 Acc: 0.7589
Epoch 3/5

train Loss: 0.2372 Acc: 0.9198
val Loss: ©.2350 Acc: 0.9179
Epoch 4/5

train Loss: 0.1953 Acc: 0.9331
val Loss: 0.2010 Acc: 0.9375
Epoch 5/5

train Loss: 0.1748 Acc: 0.9367
val Loss: ©.2352 Acc: 0.9232

100% | I | 36/36 [00:01<00:00, 22.21it/s]
Model: ResNet-18

Accuracy : 0.9350533807829181
Precision: 0.9384904318003641
Recall : 0.9350533807829181
Fl-score : 0.9355821093835778

Classification Report:

precision recall fl-score support

glioma 0.99 0.90 0.94 281
meningioma 0.88 0.93 0.90 281
notumor 0.99 0.94 0.96 281
pituitary 0.90 0.97 0.93 281
accuracy 0.94 1124
macro avg 0.94 0.94 0.94 1124
weighted avg 0.94 0.94 0.94 1124
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Confusion Matrix - ResNet-18

1 250
=
=2
=)
- 200
=
=
[m)]
_ E
S E 150
g
ik}
S
E o
.g - 100
2
> - 50
m
2
(=]
| i i -0

glioma meningioma  notumaor pituitary
Predicted Label

3 Judgell — DenseNet-121

model = models.densenetl121(pretrained=PRETRAINED)
model.classifier = nn.Linear(model.classifier.in_features, num_classes)
model = model.to(device)

criterion = nn.CrossEntropyLoss().to(device)
optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
exp_lr_scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=EPOCH

y_true, y_pred, y_proba = get_predictions(model, test_loader)
evaluate_model("DenseNet-121", y true, y_pred, classes)
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Epoch 1/5

train Loss: 0.3817 Acc:

Image_ Classification-Hussam Almokayed_BrainTumor

0.8588

val Loss: 0.3522 Acc: 0.8946

Epoch 2/5

train Loss: 0.2554 Acc:

0.9083

val Loss: 1.1829 Acc: 0.7625

Epoch 3/5

train Loss: 0.2288 Acc:

0.9188

val Loss: 0.2555 Acc: 0.9179

Epoch 4/5

train Loss: 0.1806 Acc:

0.9354

val Loss: ©.3470 Acc: 0.8679

Epoch 5/5

train Loss: 0.1745 Acc:

0.9374

val Loss: 0.1262 Acc: 0.9554
100% || 36/36 [00:02<00:00, 17.93it/s]

Model: DenseNet-121

Accuracy : 0.9653024911032029
Precision: 0.9654267298458563
Recall : 0.9653024911032029
Fl-score : 0.9652451322987242

Classification Report:

precision
glioma 0.96
meningioma 0.96
notumor 0.99
pituitary 0.95
accuracy
macro avg 0.97
weighted avg 0.97

recall fl-score support

0.97 0.97 281
0.93 0.95 281
0.98 0.98 281
0.98 0.97 281

0.97 1124
0.97 0.97 1124
0.97 0.97 1124
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Confusion Matrix - DenseNet-121
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glioma meningioma  notumaor pituitary
Predicted Label

4 Jsdgell — VGG-16

model = models.vggl6(pretrained=PRETRAINED)
model.classifier[6] = nn.Linear(model.classifier[6].in_features, num_classes)
model = model.to(device)

criterion = nn.CrossEntropyLoss().to(device)
optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
exp_lr_scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=EPOCH

y_true, y_pred, y_proba = get_predictions(model, test_loader)
evaluate_model("VGG-16", y_true, y pred, classes)
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Epoch 1/5

train Loss: 1.4753 Acc:

Image_ Classification-Hussam Almokayed_BrainTumor

0.3751

val Loss: 0.9926 Acc: 0.5286

Epoch 2/5

train Loss: 1.0164 Acc:

0.5401

val Loss: ©.9388 Acc: 0.5679

Epoch 3/5

train Loss: 0.8968 Acc:

0.5840

val Loss: 0.8103 Acc: 0.6161

Epoch 4/5

train Loss: 0.8413 Acc:

0.6279

val Loss: ©.8099 Acc: 0.6196

Epoch 5/5

train Loss: 0.7678 Acc:

0.6494

val Loss: 0.7094 Acc: 0.6839
100% || 36/36 [00:02<00:00, 15.24it/s]

Model: VGG-16

Accuracy : 0.7090747330960854
Precision: 0.7069115877462795
Recall : 0.7090747330960854
Fl-score : 0.7064842094601979

Classification Report:

precision
glioma 0.61
meningioma 0.50
notumor 0.95
pituitary 0.76
accuracy
macro avg 0.71
weighted avg 0.71

recall fl-score support

0.67 0.64 281
0.44 0.47 281
0.90 0.92 281
0.83 0.80 281

0.71 1124
0.71 0.71 1124
0.71 0.71 1124

file:///C:/Users/PC/Downloads/Image_Classification-Hussam Almokayed BrainTumor.html

14/18



716/26, 7:27 PM Image_ Classification-Hussam Almokayed_BrainTumor

Confusion Matrix - VGG-16
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glioma meningioma  notumaor pituitary

Predicted Label

5 Jdga0ll — Inception-V3

Jasiusig (@il go ezl sy pasis U Ul ol 920) 299%299 S\so 2lizy didgall 1is
Jldaybhg 5)4;'3” dagbhll o \IS auxiliary classifier.

model = models.inception_v3(pretrained=PRETRAINED, aux_logits=True)
model.fc = nn.Linear(model.fc.in_features, num_classes)
if model.aux_logits:
model.AuxLogits.fc = nn.Linear(model.AuxLogits.fc.in_features, num_classes)
model = model.to(device)

criterion = nn.CrossEntropyLoss().to(device)
optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
exp_lr_scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=EPOCH

y_true, y_pred, y_proba = get_predictions(model, test_loader)
evaluate_model("Inception-V3", y true, y_pred, classes)
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Epoch 1/5

train Loss: 0.5630 Acc: 0.8631
val Loss: 0.4837 Acc: 0.8286
Epoch 2/5

train Loss: 0.3377 Acc: 0.9170
val Loss: ©.2323 Acc: 0.9179
Epoch 3/5

train Loss: 0.2409 Acc: 0.9392
val Loss: 0.4121 Acc: 0.8625
Epoch 4/5

train Loss: 0.2423 Acc: 0.9428
val Loss: 0.2622 Acc: 0.9161
Epoch 5/5

train Loss: 0.2223 Acc: 0.9425
val Loss: 0.3626 Acc: 0.8821

100% || 36/36 [00:01<00:00, 20.89it/s]
Model: Inception-V3

Accuracy : 0.8825622775800712

Precision: 0.9089086730084246

Recall 1 0.8825622775800712

Fl-score : ©.8739575226575653

Classification Report:

precision recall fl-score support

glioma 0.91 0.99 0.95 281
meningioma 1.00 0.55 0.71 281
notumor 1.00 0.99 0.99 281
pituitary 0.73 1.00 0.85 281
accuracy 0.88 1124
macro avg 0.91 0.88 0.87 1124
weighted avg 0.91 0.88 0.87 1124
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Confusion Matrix - Inception-V3

glioma

True Label
meningioma

notumaor

pituitary

I
glioma meningioma

Predicted Label

notumor

pituitary

S gall eld] &ylio — 8 3glnzll

4y lial) lgauyig 151y Jgaz (b Hdgall JS 2l gazi.

Recall
0.9742
0.9653
0.9351
0.8826

Fl1-score
0.9741
0.9652
0.9356
0.8740

df = pd.DataFrame(results).T
df = df.sort_values("Fl-score", ascending=False)
print(df.round(4))
Accuracy Precision
EfficientNet-Bo 0.9742 0.9748
DenseNet-121 0.9653 0.9654
ResNet-18 0.9351 0.9385
Inception-V3 0.8826 0.9089
VGG-16 0.7091 0.7069

0.7091

# LngiLépuLJ &o @gio Qi dswas Wj)liod Jogu>
df = pd.DataFrame(results).T
df = df.sort_values("Fl-score", ascending=False)

# dgio doni | pasll g

df _pct = df * 100

styled = (df_pct.style

format("{:.2F}%")

.background_gradient(cmap="Greens")

0.7065

.highlight max(color="#38a169", axis=0)
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.set_caption("fil Models Comparison (%)")
.set_properties(**{"text-align": "center", "font-size": "14px"})
.set_table_styles([{"selector": "caption",
"props": [("font-size", "16px"), ("font-weight", "bol
styled

il Models Comparison (%)

Accuracy Precision Recall F1-score

ST DV 97429 O7.48%  97.42%  97.41%
DI A PAN 96.53%  96.54% 96.53% 96.52%
LE BN 93.51%  93.85% 93.51% 93.56%

(WLTOGHREN 88.26%  90.89%  88.26% = 87.40%

VGG-16 7091%  70.69% 7091% 70.65%
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