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1#H e oo byl D dogud] Ao Spa ) Ol I gaes B>

2

3 %reset -sf I
4

5

1 #0010 0 o¥eS by
2 from google.colab import drive
3 drive.mount('/content/drive")

Mounted at /content/drive

1H#HL Y a5 il

2 import pandas as pd

3 import numpy as np

4 import matplotlib.pyplot as plt

5

6# olids Josx3 CSV

7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
8

O# (LSS + a4 + poxds + Golus) bysall 304> o 410
10 df_ck = pd.read_csv(csv_path)
11
12 #lginwns dxn Heall oline @yxd 4J10
13 def display ck_images(df, num_samples=5):

14 plt.figure(figsize=(15,5))

15 for i in range(num_samples):

16 pixel values = [int(p) for p in df.iloc[i]['pixels'].split()
17 image = np.array(pixel _values).reshape(48, 48)

18 label = df.iloc[i][ 'emotion']

19# b)) sl pu

20 plt.subplot(1l, num_samples, i+1)

21 plt.imshow(image, cmap='gray"')

22 plt.title(f'Label: {label}")

23 plt.axis('off")

24 plt.show()

25 # Leiowns dxs 540 5 Jol gaaad A1 adl s Lle !

26 display_ck_images(df_ck, num_samples=10 )
27

Label: Label: Label: 6 Label: 6 Label: 6 Label: Label: 6 Label: 6 Label: 6 Label 6

BE PR ERBER P
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1# st 3 Hea 5 Jyl (e A cledia

2 import cv2

3

4 # b sysa Jsl dissi CSV 5,5a ) RGB sGrayscale

5 pixel_values = [int(p) for p in df_ck.iloc[@][ 'pixels'].split()]
6 image_48 = np.array(pixel values, dtype='uint8').reshape(48, 48)
7

8 # ol i 3 A Jissi RGB

9 image_rgb = cv2.cvtColor(image_48, cv2.COLOR_GRAY2RGB)
10
11 # 128 ) saall 3:e)x128
12 image_rgb_resized = cv2.resize(image_rgb, (128,128))
13 image_gray = cv2.cvtColor(image_rgb_resized, cv2.COLOR_RGB2GRAY)
14

15 # cin U Lis Ofiosa gaoal JSl s
16

17 plt.subplot(1,2,1)

18 plt.imshow(image rgb resized)

19 plt.title("RGB Image Resized")

20 plt.axis("off")

21

22 plt.subplot(1,2,2)

23 plt.imshow(image_gray, cmap='gray')

24 plt.title("Grayscale Image")

25 plt.axis("off")

26 # sl Sl (K& e

27

28 plt.show()

29 # weaill aay Ll 5 eeall dlal dells

30

31 print(f"Dimensions of RGB Image: {image_rgb_resized.shape}")
32
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RGB Image Resized Grayscale Image

Dimensions of RGB Image: (128, 128, 3)

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt
4 import cv2

5

6 # <l Jwad CSV

7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'

8 df ck = pd.read csv(csv_path)

9

10 # ¢l saalgll sl e U ae (B2ay () B sall Gawad
11 def enhance_image(image):

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

# ) disadll At yint8 sasls sl
if len(image.shape) ==

image = cv2.cvtColor(image, cv2.COLOR_RGB2GRAY)
image = image.astype('uint8")

image enhanced = cv2.equalizeHist(image)
gaussian = cv2.GaussianBlur(image_enhanced, (9,9), 10.0)

image sharp = cv2.addWeighted(image enhanced, 1.5, gaussian, -0.5, 0)

return image_sharp

# S Gl e L) pe jsall e
def display ck_images(df, num_samples=5):

plt.figure(figsize=(20,5))
for i in range(num_samples):

pixel values = [int(p) for p in df.iloc[i]['pixels'].split()]
image = np.array(pixel values).reshape(48, 48).astype('uint8")

# sosall (puad
image = enhance_image(image)
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32 label = df.iloc[i]['emotion']

33

34 plt.subplot(1l, num_samples, i+1)

35 plt.imshow(image, cmap='gray', interpolation='nearest') # mal; JuSil
36 plt.title(f'Label: {label}', fontsize=12)

37 plt.axis('off")

38

39 plt.tight_layout()

40 plt.show()

41

42 # WA glexisl
43 display ck_images(df_ck, num_samples=5)
44

Label: 6 Label: 6 Label: 6 Label: 6 Label: 6

= e

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt
4 import cv2

5

6 # ULl Jaess

7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
8 df _ck = pd.read_csv(csv_path)

9

10 # 3 pall (pusd: CLAHE + oS8 + Baa
11 def enhance_image(image):

12 image = image.astype('uint8")

13

14 # plaiul bl e’ CLAHE

15 clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))

16 image clahe = clahe.apply(image)

17

18 # <l nis: Laplacian filter

19 laplacian = cv2.Laplacian(image_clahe, cv2.CV_8U)

20 enhanced = cv2.addWeighted(image_clahe, 1.5, laplacian, -0.5, 0)
21

22 # dealiil)l ki Ja gl S

23 enhanced_resized = cv2.resize(enhanced, (192,192), interpolation=cv2.INT
24
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25 return enhanced_resized
26
27 # 3 0S duSy Slasey daualy Jealdi g Hgall (e
28 def display ck_images(df, num_samples=5):

29 plt.figure(figsize=(20,5))

30 for i in range(num_samples):

31 pixel values = [int(p) for p in df.iloc[i]['pixels'].split()]
32 image = np.array(pixel_values).reshape(48, 48).astype('uint8")
33

34 # LSy b )sall Gl

35 enhanced_image = enhance_image(image)

36 label = df.iloc[i][ 'emotion']

37

38 plt.subplot(1l, num_samples, i+1)

39 plt.imshow(enhanced_image, cmap='gray', interpolation='nearest')
40 plt.title(f'Label: {label}', fontsize=12)

41 plt.axis('off")

42

43 plt.tight_layout()

44 plt.show()

45

46 # Lwadll jgall (a e
47 display ck_images(df_ck, num_samples=5)
48

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt

4 import cv2

5

6 # Ll Jaeas

7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
8 df ck = pd.read _csv(csv_path)

9

10 def enhance_image(image):

11 image = image.astype('uint8")
12

13 # plaidh ol (ead CLAHE
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14 clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))

15 image_clahe = clahe.apply(image)

16

17 # plaaiul saall s’ unsharp masking

18 gaussian = cv2.GaussianBlur(image_clahe, (0,0), sigmaX=1.0)

19 image sharp = cv2.addWeighted(image clahe, 1.5, gaussian, -0.5, 0)
20

21 return image_sharp

22

23 def display_ck_images(df, num_samples=5):

24 plt.figure(figsize=(20,5))

25 for i in range(num_samples):

26 pixel _values = [int(p) for p in df.iloc[i]['pixels'].split()]
27 image = np.array(pixel values).reshape(48, 48).astype('uint8')
28

29 # 3ol Gpess

30 enhanced_image = enhance_image(image)

31 label = df.iloc[i][ "emotion']

32

33 plt.subplot(1l, num_samples, i+1)

34 plt.imshow(enhanced_image, cmap='gray', interpolation='bicubic') #
35 plt.title(f'Label: {label}', fontsize=12)

36 plt.axis('off")

37

38 plt.tight_layout()

39 plt.show()

40

41 # ool by dadl Hpall a e

42 display ck_images(df_ck, num_samples=5)
43

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt

4 import cv2

5

6 # bl Juess

7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
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8 df _ck = pd.read_csv(csv_path)

9
10 def
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29 def
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

enhance_image(image):
image = image.astype('uint8"')

# aaaiily Gl e CLAHE
clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
image clahe = clahe.apply(image)

# b Bilateral sl o Lliall an eliagall anmil

bilateral = cv2.bilateralFilter(image_clahe, d=9, sigmaColor=75, sigmaSp

# g« 32 Unsharp Mask
gaussian = cv2.GaussianBlur(bilateral, (0,0), sigmaX=1.5)
image_sharp = cv2.addWeighted(bilateral, 1.7, gaussian, -0.7, 0)

# 256 J sosall uSix256 e zsas
image_resized = cv2.resize(image_sharp, (256,256), interpolation=cv2.INT

return image_resized

display ck_images(df, num_samples=5):

plt.figure(figsize=(25,5))

for i in range(num_samples):
pixel values = [int(p) for p in df.iloc[i]['pixels'].split()]
image = np.array(pixel_values).reshape(48, 48).astype('uint8")

# LSy bysall s
enhanced_image = enhance_image(image)
label = df.iloc[i][ "emotion']

plt.subplot(1l, num_samples, i+1)
plt.imshow(enhanced_image, cmap='gray"')
plt.title(f'Label: {label}', fontsize=14)
plt.axis('off")

plt.tight_layout()
plt.show()

47 # 4aa 33 92 Liadll J}.aj\ =P
48 display ck_images(df_ck, num_samples=5)

49
50
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Label: 6

1 import os
2 from PIL import Image

3 import matplotlib.pyplot as plt
4 # Ul 3228 Hea alae jlue 23 JAFFE

5

6 jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’

7 # Jsl e )s55d) num_samples 3,sa

8

9 def display jaffe samples(directory, num_samples=5):
10 images = [f for f in os.listdir(directory) if f.endswith('.tiff')]
11 plt.figure(figsize=(15,5))
12 for i, img_name in enumerate(images[:num_samples]):
13 img_path = os.path.join(directory, img _name)
14 img = Image.open(img_path)
15 plt.subplot(1l, num_samples, i+1)
16 plt.imshow(img, cmap='gray"')
17 plt.title(img_name)
18 plt.axis('off")

19 plt.show()

20 # Clly 322l 0 jea 10 J ! A clesin) JAFFE

21

22 display_jaffe_samples(jaffe_path, num_samples=10)
23

KL.SU2.165.tiffM.NE1.177.tifiM.FE2.111.tifIA.AN3.213.tifKL.DI1.170.tiff KM.DI1.20.tiffTM.NE3.179.tif0Y.NE1.134.tiffkL.FE2.175.tifflUY.FE1.152.tiff

P =

1 import os

2 from PIL import Image

3 import torch

4 from torch.utils.data import Dataset, Dataloader

5 from torchvision import transforms

6

7 jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’
8

9 # S il Gegald el label A ) Index
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10 class JaffeDataset(Dataset):

11
12
13
14
15
16
17

def

P2.ipynb - Colab

__init_ (self, root_dir, transform=None):

self.root_dir = root_dir

self.image_files = [f for f in os.listdir(root_dir) if f.endswith(".
self.transform = transform

self.labels = [self.get label(f) for f in self.image files]
self.labe

1 import os

2 from PIL import Image

3 import torch

4 from torch.utils.data import Dataset, Dataloader
5 from torchvision import transforms

6

7 jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’
8 #4. IS w i JaffeDataset Chwdlly ) gall Juaail

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

class JaffeDataset(Dataset):

def

def

def

def

__init_ (self, root_dir, transform=None):

self.root_dir = root_dir

self.image_files = [f for f in os.listdir(root_dir) if f.endswith(".
self.transform = transform

self.labels = [self.get label(f) for f in self.image files]
self.label _map = {label: idx for idx, label in enumerate(sorted(set(
self.labels idx = [self.label map[label] for label in self.labels]

get label(self, filename):
return filename.split('."')[1] # AN, HA, etc.

__len_ (self):
return len(self.image files)

__getitem_ (self, idx):
img_path = os.path.join(self.root_dir, self.image_files[idx])
image = Image.open(img_path).convert('RGB")
if self.transform:
image = self.transform(image)
label = self.labels idx[idx]
return image, label

34 #sall e OOl ok (Preprocessing)

35
36

37 transform = transforms.Compose([

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 9/39
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38 transforms.Resize((128,128)),
39 transforms.ToTensor()

40 1)

41 # Jilh @l Jwss Dataloader

42

43 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)
44 jaffe_loader = Dataloader(jaffe_dataset, batch_size=8, shuffle=True)
45

1 import pandas as pd

2 import numpy as np

3

4 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
5 df ck = pd.read_csv(csv_path)

6

7 class CKPlusDataset(Dataset):

8 def __init__ (self, dataframe, transform=None):

9 self.df = dataframe

10 self.transform = transform

11

12 def _ len_ (self):

13 return len(self.df)

14

15 def _ getitem_ (self, idx):

16 pixel_values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
17 image = np.array(pixel values, dtype='uint8').reshape(48, 48)
18 image = cv2.cvtColor(image, cv2.COLOR_GRAY2RGB)

19 image = cv2.resize(image, (128,128))

20 image = Image.fromarray(image)

21 label = self.df.iloc[idx][ 'emotion’]

22 if self.transform:

23 image = self.transform(image)

24 return image, label

25

26 ck_dataset = CKPlusDataset(df ck, transform=transform)
27 ck_loader = DatalLoader(ck dataset, batch_size=8, shuffle=True)
28

1 from torchvision import models

2 import torch.nn as nn

3 # cwoall Gulidl leall aass (GPU 5l CPU):

4

5

6 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
7

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 10/39
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8 num_classes_jaffe = len(set(jaffe_dataset.labels))

9 num_classes _ck = df _ck['emotion'].nunique()

10

11 #Jws3 MobileNetV2 & Sl se ae anliml 4000 dakll ey JAFFE:

12

13 model = models.mobilenet_v2(pretrained=False)

14 model.classifier[1] = nn.Linear(model.last_channel, num_classes jaffe) # J\
15 model = model.to(device)

16

17 # s,Leall Ay (a3 (Loss Function) (=il (Optimizer):

18

19 criterion
20 optimizer
21

nn.CrossEntropyLoss()
torch.optim.Adam(model.parameters(), 1lr=0.001)

/usr/local/lib/python3.11/dist-packages/torchvision/models/ utils.py:208: UserWarning: -
warnings.warn(

/usr/local/lib/python3.11/dist-packages/torchvision/models/ utils.py:223: UserWarning: !/
warnings.warn(msg)

1# # «ull aay s (J=& Dropout s BatchNorm)

2

3

4 epochs = 3

5 for epoch in range(epochs):

6 model.train()

7 running_loss, correct = 0.0, ©

8 for inputs, labels in jaffe_ loader:

9 inputs, labels = inputs.to(device), labels.to(device)
10 optimizer.zero_grad()
11 outputs = model(inputs)
12 loss = criterion(outputs, labels)

13 loss.backward()
14 optimizer.step()
15 _, preds = torch.max(outputs, 1)
16 correct += torch.sum(preds == labels.data)
17 running_loss += loss.item() * inputs.size(9)
18 # paiall 3Hled g 48 Clas
19 epoch_acc = correct.double() / len(jaffe_dataset)
20 print(f'JAFFE Epoch {epoch+1}: Accuracy={epoch_acc:.4f}, Loss={running_1
21

JAFFE Epoch 1: Accuracy=0.0141, Loss=3.5984
JAFFE Epoch 2: Accuracy=0.0469, Loss=3.3067
JAFFE Epoch 3: Accuracy=0.0704, Loss=3.2142

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 11/39
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1 model.classifier[1] = nn.Linear(model.last_channel, num_classes ck)

2 model = model.to(device)

3

4 for epoch in range(3):

5 model.train()

6 running_loss, correct = 0.0, ©

7 for inputs, labels in ck_loader:

8 inputs, labels = inputs.to(device), labels.to(device)
9 optimizer.zero_grad()

10 outputs = model(inputs)
11 loss = criterion(outputs, labels)
12 loss.backward()
13 optimizer.step()
14 _, preds = torch.max(outputs, 1)
15 correct += torch.sum(preds == labels.data)
16 running _loss += loss.item() * inputs.size(9)
17

18 epoch_acc = correct.double() / len(ck_dataset)
19 print(f'CK+ Epoch {epoch+1}: Accuracy={epoch_acc:.4f}, Loss={running_los
20

CK+ Epoch 1: Accuracy=0.5815, Loss=1.5426
CK+ Epoch 2: Accuracy=0.7011, Loss=1.0489
CK+ Epoch 3: Accuracy=0.7348, L0oss=0.9035

1 from google.colab import drive
2 drive.mount('/content/drive")

3

4 import cv2

5 import numpy as np

6 import matplotlib.pyplot as plt
7 from PIL import Image

8

Drive already mounted at /content/drive; to attempt to forcibly remount, call drive.mout

1 import cv2

2 resized_image = cv2.resize(image, (128, 128), interpolation=cv2.INTER_CUBIC)

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true
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error Traceback (most recent call last)
/tmp/ipython-input-71-1231681638.py in <cell line: 0>()

1 import cv2
----> 2 resized_image = cv2.resize(image, (128, 128), interpolation=cv2.INTER_CUBIC)

error: OpenCV(4.11.0) /io/opencv/modules/imgproc/src/resize.cpp:4208: error:
(-215:Assertion failed) !ssize.empty() in function 'resize’

Resized RGB Image

Double-click (or enter) to edit

1 plt.figure(figsize=(10,10), dpi=200) # dpi = dots per inch
2 plt.imshow(image)

3 plt.axis('off")

4 plt.show()

5

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 13/39
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NameError Traceback (most recent call last)
/tmp/ipython-input-1-2671325200.py in <cell line: ©>()
----> 1 plt.figure(figsize=(10,10), dpi=200) # dpi = dots per inch

2 plt.imshow(image)

3 plt.axis('off")

4 plt.show()

NameError: name 'plt' is not defined

1 gray_image = cv2.imread('/content/drive/MyDrive/Datasets/jaffe/KA.AN1.39.tif

2

1
2
3

rgb_image = cv2.cvtColor(gray_image, cv2.COLOR_GRAY2RGB)
resized_rgb = cv2.resize(rgb_image, (128,128), interpolation=cv2.INTER_CUBIC

4 plt.imshow(resized_rgb)

5
6
7
8

plt.title('Resized RGB Image')
plt.axis('off")
plt.show()

Resized RGB Image

1 import pandas as pd
2 import numpy as np
3 import cv2

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hkCdNgDsG2DM&printMode=true
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4 from PIL import Image

5 from torch.utils.data import Dataset, Dataloader
6 from torchvision import transforms

7 import os

8

9 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'’
10

11 class CKPlusDataset(Dataset):

12 def __init_ (self, dataframe, transform=None):

13 self.df = dataframe

14 self.transform = transform

15

16 def len_(self):

17 return len(self.df)

18

19 def _ getitem_ (self, idx):

20 pixel values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
21 image = np.array(pixel_values, dtype='uint8').reshape(48, 48)
22 image = cv2.cvtColor(image, cv2.COLOR_GRAY2RGB)

23 image = cv2.resize(image, (128,128))

24 image = Image.fromarray(image)

25 label = self.df.iloc[idx][ 'emotion’]

26 if self.transform:

27 image = self.transform(image)

28 return image, label

29

30 df_ck = pd.read_csv(csv_path)

31

32 transform = transforms.Compose([

33 transforms.ToTensor()

34 1)

35

36 ck_dataset = CKPlusDataset(df _ck, transform=transform)

37 ck_loader = DatalLoader(ck dataset, batch size=8, shuffle=True)
38 num_classes_ck = df_ck['emotion'].nunique()

39

jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’

1
2
3 class JaffeDataset(Dataset):

4 def __init__ (self, root_dir, transform=None):

5 self.root_dir = root_dir

6 self.image_files = [f for f in os.listdir(root_dir) if f.endswith(".
7 self.transform = transform

8 self.labels = [self.get label(f) for f in self.image files]

9 self.label map = {label: idx for idx, label in enumerate(sorted(set(
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10 self.labels idx = [self.label map[label] for label in self.labels]
11

12 def get label(self, filename):

13 return filename.split('."')[1] # AN, HA, etc.

14

15 def __len_ (self):

16 return len(self.image_files)

17

18 def _ getitem_ (self, idx):

19 img_path = os.path.join(self.root_dir, self.image_files[idx])
20 image = Image.open(img_path).convert('RGB")

21 if self.transform:

22 image = self.transform(image)

23 label = self.labels idx[idx]

24 return image, label

25

26 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)

27 jaffe_loader = DatalLoader(jaffe_dataset, batch_size=8, shuffle=True)
28 num_classes_jaffe = len(set(jaffe_dataset.labels))

29

1 import torch
2 import torch.nn as nn

3

4 class SimpleCNN(nn.Module):

5 def __init_ (self, num_classes):

6 super(SimpleCNN, self). init ()

7 self.model = nn.Sequential(

8 nn.Conv2d(3, 32, kernel size=3, stride=1, padding=1),
9 nn.ReLU(),
10 nn.MaxPool2d(2),
11
12 nn.Conv2d(32, 64, kernel size=3, stride=1, padding=1),
13 nn.ReLU(),

14 nn.MaxPool2d(2),
15
16 nn.Conv2d(64, 128, kernel _size=3, stride=1, padding=1),
17 nn.ReLU(),
18 nn.MaxPool2d(2),
19
20 nn.Flatten(),
21 nn.Linear(128 * 16 * 16, 128),
22 nn.ReLU(),
23 nn.Dropout(0.5),
24 nn.Linear(128, num_classes)
25 )

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true
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27 def forward(self, x):

28
29

return self.model(x)

1 from torchvision import models

2

3 def get_mobilenetv2(num_classes):

4 model = models.mobilenet v2(pretrained=False)

5 model.classifier[1] = nn.Linear(model.last_channel, num_classes)
6 return model

7

1 device = torch.device('cuda' if torch.cuda.is_available() else ‘'cpu')

2
3 model
4 model

get _mobilenetv2(num_classes_jaffe)
model.to(device)

5 optimizer = torch.optim.Adam(model.parameters(), 1lr=0.001)
6 criterion = nn.CrossEntropyLoss()

7

8 epochs = 5

9 train_losses, train_accs = [], []

10

11 for epoch in range(epochs):

12 model.train()

13 running_loss, correct = 0.0, ©

14 for inputs, labels in jaffe_loader:

15 inputs, labels = inputs.to(device), labels.to(device)
16 optimizer.zero_grad()

17 outputs = model(inputs)

18 loss = criterion(outputs, labels)

19 loss.backward()

20 optimizer.step()

21

22 running_loss += loss.item() * inputs.size(9)
23 _, preds = torch.max(outputs, 1)

24 correct += torch.sum(preds == labels.data)

25

26 epoch_losepoch_losss = running loss / len(jaffe dataset)
27 epoch_acc = correct.double() / len(jaffe_dataset)
28

29 train_losses.append()

30 train_accs.append(epoch_acc.item())

31

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true
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32 print(f"Epoch {epoch+1}/{epochs}: Loss={epoch_loss:.4f}, Accuracy={epoch
33

/usr/local/lib/python3.11/dist-packages/torchvision/models/ utils.py:208: UserWarning: -
warnings.warn(

/usr/local/lib/python3.11/dist-packages/torchvision/models/ utils.py:223: UserWarning: !/
warnings.warn(msg)

TypeError Traceback (most recent call last)
/tmp/ipython-input-67-188733086.py in <cell line: ©>()

27 epoch_acc = correct.double() / len(jaffe_dataset)

28
---> 29 train_losses.append()

30 train_accs.append(epoch_acc.item())

31

TypeError: list.append() takes exactly one argument (© given)

1 import matplotlib.pyplot as plt

2

3 plt.figure(figsize=(12,5))

4

5 plt.subplot(1,2,1)

6 plt.plot(train_losses, label='Loss')
7 plt.title('Training Loss')

8 plt.xlabel('Epoch')

9 plt.ylabel('Loss")
10 plt.legend()
11
12 plt.subplot(1,2,2)
13 plt.plot(train_accs, label='Accuracy')
14 plt.title('Training Accuracy')

15 plt.xlabel('Epoch")

16 plt.ylabel('Accuracy')

17 plt.legend()

18

19 plt.show()

20

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 18/39



7/29/25, 11:02 AM

P2.ipynb - Colab

Training Loss Training Accuracy
— Loss — Accuracy

0.04 0.04

0.02 A 0.02 -
=
o

8 0,00 € 000

g - g

-4

—0.02 —-0.02 -

—0.04 —0.04 -

T T T T T T T T T T
—-0.04 —0.02 0.00 0.02 0.04 —0.04 -0.02 0.00 0.02 0.04
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1 from sklearn.metrics import confusion_matrix, classification_report

2 import
3
4y true
5y pred
6

seaborn as sns

[]
[]

7 model.eval()
8 with torch.no_grad():

9 for inputs, labels in jaffe_loader:

10 inputs = inputs.to(device)

11 outputs = model(inputs)

12 _, preds = torch.max(outputs, 1)
13 y_true.extend(labels.numpy())

14 y_pred.extend(preds.cpu().numpy())
15

16 cm = confusion_matrix(y_true, y_pred)
17 print("Classification Report:\n", classification_report(y_true, y pred))

18

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

20 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues')
21 plt.title('Confusion Matrix')

22 plt.xlabel('Predicted')

23 plt.ylabel('True')

24 plt.show()

25
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/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565: Undefir
_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565: Undefir
_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565: Undefit
_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

Classification Report:
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25
26
27

U0DDUDODDOUDDOODDODDOODDODD UEI
18—2DDDUDDDDDDDUDDDD.DlDDDZ1
import os
import numpy as np
import torch
from torch.utils.data import Dataset, Dataloader
from torchvision import datasets, transforms as T, models
from torch import nn, optim
import warnings
warnings.filterwarnings("ignore")
from tqdm import tqgdm
from sklearn.metrics import confusion_matrix, accuracy_score, precision_scor
import matplotlib.pyplot as plt
import seaborn as sns
from PIL import Image
import cv2
import pandas as pd

jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’

class JaffeDataset(Dataset):
def __init_ (self, root_dir, transform=None):

self.root_dir = root_dir
self.image files = [f for f in os.listdir(root_dir) if f.endswith(".
self.transform = transform
self.labels = [self.get_label(f) for f in self.image files]
self.label map = {label: idx for idx, label in enumerate(sorted(set(
self.labels idx = [self.label map[label] for label in self.labels]

def get label(self, filename):
return filename.split('.')[1] # AN, HA, etc.

def __ len_ (self):
return len(self.image files)

def _ getitem_ (self, idx):
img path = os.path.join(self.root dir, self.image files[idx])
image = Image.open(img_path).convert('RGB")
if self.transform:
image = self.transform(image)
label = self.labels_idx[idx]
return image, label

transform = T.Compose([
T.RandomHorizontalFlip(),

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 21/39
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28
29
30
31
32
33
34
35
36
37

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

T.RandomVerticalFlip(),
T.RandomRotation(10),
T.Resize((128,128)),
T.ToTensor()

D

jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)
jaffe_loader = DatalLoader(jaffe dataset, batch _size=8, shuffle=True)
num_classes_jaffe = len(set(jaffe_dataset.labels))

jaffe_path = '/content/drive/MyDrive/Datasets/jaffe’

class JaffeDataset(Dataset):
def _init_ (self, root_dir, transform=None):

self.root_dir = root_dir
self.image_files = [f for f in os.listdir(root_dir) if f.endswith(".
self.transform = transform
self.labels = [self.get label(f) for f in self.image files]
self.label map = {label: idx for idx, label in enumerate(sorted(set(
self.labels _idx = [self.label map[label] for label in self.labels]

def get label(self, filename):
return filename.split('.')[1] # AN, HA, etc.

def __len_ (self):
return len(self.image_ files)

def _ getitem_ (self, idx):
img path = os.path.join(self.root dir, self.image files[idx])
image = Image.open(img_path).convert('RGB")
if self.transform:
image = self.transform(image)
label = self.labels_idx[idx]
return image, label

transform = T.Compose([
T.RandomHorizontalFlip(),
T.RandomVerticalFlip(),
T.RandomRotation(10),
T.Resize((128,128)),
T.ToTensor()

D

jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)
jaffe loader = DatalLoader(jaffe dataset, batch size=8, shuffle=True)
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36 num_classes_jaffe = len(set(jaffe_dataset.labels))
37

1 device = torch.device('cuda' if torch.cuda.is_available() else ‘'cpu')

2

3 model = models.resnetl8(pretrained=False)

4 model.fc = nn.Linear(model.fc.in_features, num_classes_jaffe)

5 model = model.to(device)

6

7 criterion = nn.CrossEntropyLoss()

8 optimizer = optim.AdamW(model.parameters(), 1lr=0.001)

9 scheduler = optim.lr_scheduler.StepLR(optimizer, step size=3, gamma=0.97)

10

1 def train_model(model, criterion, optimizer, scheduler, num_epochs=2):
2 for epoch in range(num_epochs):

3 print(f"Epoch {epoch+1}/{num_epochs}")

4 print('-' * 10)

5

6 model.train()

7 running_loss = 0.0

8 running_corrects = ©

9
10 for inputs, labels in jaffe_loader:
11 inputs, labels = inputs.to(device), labels.to(device)
12
13 optimizer.zero_grad()

14 outputs = model(inputs)

15 loss = criterion(outputs, labels)

16 loss.backward()

17 optimizer.step()

18

19 _, preds = torch.max(outputs, 1)

20 running_loss += loss.item() * inputs.size(9)

21 running_corrects += torch.sum(preds == labels.data)
22

23 scheduler.step()

24 epoch_loss = running_loss / len(jaffe_dataset)

25 epoch_acc = running_corrects.double() / len(jaffe dataset)
26

27 print(f"Loss: {epoch loss:.4f} Acc: {epoch acc:.4f}")

28 return model

29

30 model = train_model(model, criterion, optimizer, scheduler, num_epochs=2)
31

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 23/39



7/29/25, 11:02 AM P2.ipynb - Colab

Epoch 1/2

Loss: 3.5536 Acc: 0.0282
Epoch 2/2

Loss: 3.4113 Acc: 0.0235

ly_true, y_pred, y _proba =[], [], []
2

3 model.eval()
4 with torch.no_grad():
5 for inputs, labels in jaffe_loader:

6 inputs = inputs.to(device)

7 outputs = model(inputs)

8 probabilities = torch.softmax(outputs, dim=1)
9 preds = torch.argmax(probabilities, axis=1)
10

11 y_true.extend(labels.numpy())

12 y_pred.extend(preds.cpu().numpy())

13 y_proba.extend(probabilities.cpu().numpy())
14

15y true = np.array(y_true)
16 y_pred = np.array(y_pred)
17 y_proba = np.array(y_proba)
18

14#

2

3 def evaluate_model(model name, y_true, y_pred, y_proba):
4 labels = list(jaffe_dataset.label map.keys())

5 accuracy = accuracy_score(y_true, y pred)

6 precision = precision_score(y_true, y_pred, average='weighted', zero_div
7 recall = recall score(y_true, y _pred, average='weighted')

8 f1 = f1 score(y_true, y pred, average='weighted')

9 cm = confusion_matrix(y_true, y pred)
10
11 print(f"[{model_name}] Accuracy: {accuracy:.4f}")
12 print("Precision:", precision)
13 print("Recall:", recall)
14 print("Fl-score:", f1)
15 print("Classification Report:\n", classification_report(y_true, y pred, -
16
17 plt.figure(figsize=(6,5))
18 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues', xticklabels=labels, y
19 plt.title('Confusion Matrix')

20 plt.show()
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21

22 evaluate model("ResNetl8 on JAFFE", y true, y pred, y proba)
23

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=hk CdNgDsG2DM&printMode=true 25/39



7/29/25, 11:02 AM

[ResNet1l8 on JAFFE] Accuracy: 0.0563
0.009428280207561158
Recall: ©.056338028169014086

Precision:

Fl-score:
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o T A Y " " " " T T T T " """ """ " =
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CAE AANMAAAMNAAANMAAANAAAMNAAATMNMA:I

1 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
2 df ck = pd.read _csv(csv_path)
3

T HHUUHUL L L L FTFTTT2220VIiViiAG G
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14# 3OS ay=d CKPlusDataset ¢« & i torch.utils.data.Dataset

2 # bl diedl Gacaie WK 138 CK+ & “adl DataFrame cuoxill 4se Jalaill (S JS5

3

4 class CKPlusDataset(Dataset):

5 def __init__ (self, dataframe, transform=None):
6 self.df = dataframe

7 self.transform = transform

8 # 4 il ae gl wlldl & sl o DataFrame
9

10 def len_ (self):

11 return len(self.df)

12 # Adhae J Al Jissd NumPy 48 dnly 3)sa JSAx48

13 # e bosal dissd NumPy 3,50 S ) PIL @iy zox I Ll

14 # OSsadll suli (augmentations + Resize + ToTensor)

15

16 def _ getitem_ (self, idx):

17 pixel values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
18 image = np.array(pixel_values, dtype='uint8').reshape(48, 48)
19 image = cv2.cvtColor(image, cv2.COLOR_GRAY2RGB)

20 image = cv2.resize(image, (128,128))

21 image = Image.fromarray(image)

22 label = self.df.iloc[idx][ 'emotion’]

23 if self.transform:

24 image = self.transform(image)

25 return image, label-

26

27 # L5 Slo Ghiv ) COLeail de geae aad CK+

28

29 transform = T.Compose([

30 T.RandomHorizontalFlip(),
31 T.RandomVerticalFlip(),
32 T.RandomRotation(10),

33 T.Resize((128,128)),

34 T.ToTensor()

35 1)

36

37 ck_dataset = CKPlusDataset(df ck, transform=transform)

38 ck_loader = DatalLoader(ck _dataset, batch_size=8, shuffle=True)
39 num_classes _ck = df _ck['emotion'].nunique()

40

1 model = models.resnetl8(pretrained=False)

2 model.fc = nn.Linear(model.fc.in_features, num_classes_ck)
3 model = model.to(device)

4

5 criterion = nn.CrossEntropylLoss()
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optim.AdamW(model.parameters(), 1lr=0.001)
optim.1lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

6 optimizer
7 scheduler
8

1 epochs = 2
2 for epoch in range(epochs):
3 print(f"\nEpoch {epoch+1}/{epochs}")

4 model.train()

5 running_loss, correct = 0.0, ©

6

7 for inputs, labels in ck_loader:

8 inputs, labels = inputs.to(device), labels.to(device)
9 optimizer.zero_grad()
10 outputs = model(inputs)
11 loss = criterion(outputs, labels)
12 loss.backward()
13 optimizer.step()
14
15 _, preds = torch.max(outputs, 1)
16 correct += torch.sum(preds == labels.data)
17 running_loss += loss.item() * inputs.size(9)
18
19 epoch_loss = running_loss / len(ck_dataset)
20 epoch_acc = correct.double() / len(ck dataset)
21 print(f"Loss: {epoch loss:.4f} Acc: {epoch_acc:.4f}")
22

Epoch 1/2

Loss: 1.4377 Acc: 0.6152

Epoch 2/2
Loss: 1.1417 Acc: 0.6815

ly_true, y_pred, y _proba =[], [], []
2

3 model.eval()
4 with torch.no_grad():
5 for inputs, labels in ck_loader:

6 inputs = inputs.to(device)

7 outputs = model(inputs)

8 probabilities = torch.softmax(outputs, dim=1)
9 preds = torch.argmax(probabilities, axis=1)
10

11 y_true.extend(labels.numpy())

12 y_pred.extend(preds.cpu().numpy())
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13 y_proba.extend(probabilities.cpu().numpy())
14

1 def evaluate_model(model name, y true, y pred, y proba):

2 labels = sorted(df_ck['emotion'].unique())

3 accuracy = accuracy_score(y_true, y pred)

4 precision = precision_score(y_true, y pred, average='weighted', zero div
5 recall = recall score(y_true, y pred, average='weighted')

6 f1 = f1_score(y_true, y_pred, average='weighted')

7 cm = confusion_matrix(y_true, y pred)

8

9 print(f"[{model name}] Accuracy: {accuracy:.4f}")
10 print("Precision:", precision)
11 print("Recall:", recall)

12 print("Fl-score:", f1)

13 print("Classification Report:\n", classification_report(y_true, y pred))
14

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

16 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues')

17 plt.title('Confusion Matrix')

18 plt.xlabel('Predicted")

19 plt.ylabel('True")

20 plt.show()

21

N
N

evaluate_model("ResNetl8 on CK+", y true, y pred, y proba)

N
w
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[ResNetl1l8 on CK+] Accuracy: 0.6098
Precision: 0.5532431203647419

Recall: 0.6097826086956522

Fl-score: 0.5564397009156161

Classification Report:

precision
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1 model = models.mobilenet_v2(pretrained=False)

2 model.classifier[1] = nn.Linear(model.last channel, num_classes ck)

3 model = model.to(device)
4

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

6 optimizer
7 scheduler
8

1 epochs = 2
2 for epoch in range(epochs):
3 print(f"\nEpoch {epoch+1}/{epochs}")

4 model.train()

5 running_loss, correct = 0.0, ©

6

7 for inputs, labels in ck_loader:

8 inputs, labels = inputs.to(device), labels.to(device)
9 optimizer.zero_grad()
10 outputs = model(inputs)
11 loss = criterion(outputs, labels)
12 loss.backward()
13 optimizer.step()
14
15 _, preds = torch.max(outputs, 1)
16 correct += torch.sum(preds == labels.data)
17 running_loss += loss.item() * inputs.size(9)
18
19 epoch_loss = running_loss / len(ck_dataset)
20 epoch_acc = correct.double() / len(ck dataset)
21 print(f"Loss: {epoch loss:.4f} Acc: {epoch_acc:.4f}")
22

Epoch 1/2

Loss: 1.4453 Acc: 0.6250

Epoch 2/2
Loss: 1.4050 Acc: 0.6326

ly_true, y_pred, y _proba =[], [], []
2

3 model.eval()
4 with torch.no_grad():
5 for inputs, labels in ck_loader:

6 inputs = inputs.to(device)

7 outputs = model(inputs)

8 probabilities = torch.softmax(outputs, dim=1)
9 preds = torch.argmax(probabilities, axis=1)
10

11 y_true.extend(labels.numpy())

12 y_pred.extend(preds.cpu().numpy())
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13 y_proba.extend(probabilities.cpu().numpy())

14

1 evaluate_model("MobileNetV2 on CK+", y true, y pred, y proba)

2

[MobileNetV2 on CK+] Accuracy: 0.6424
Precision: 0.4172377256059812

Recall: 0.6423913043478261
Fl-score: ©.505893816040187
Classification Report:
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1 import pandas as pd

2 import numpy as np

3 import torch

4 from torch.utils.data import Dataset, DatalLoader

5 from torchvision import transforms, models

6 from PIL import Image

7 import cv2

8

9 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
10 df _ck = pd.read_csv(csv_path)
11
12 # Loy bl e Ul
13 print("ssdsadl clal: " - df ck['emotion'].unique())
14 num_classes _ck = df _ck['emotion'].nunique()
15 print ("<l ae:" num_classes_ck)

16
17 # <o 1 Gl zola 48 gl A1) e
18 df _ck = df_ck[df_ck['emotion'] < num_classes_ck].reset_index(drop=True)
19

[52410 7 3 6] :shsad
8 il s

1 class CKPlusDataset(Dataset):

2 def init_(self, dataframe, transform=None):

3 self.df = dataframe

4 self.transform = transform

5

6 def __len_ (self):

7 return len(self.df)

8

9 def _ getitem_ (self, idx):
10 pixel_values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
11 image = np.array(pixel values, dtype='uint8').reshape(48, 48)
12 image = cv2.cvtColor(image, cv2.COLOR_GRAY2RGB)
13 image = cv2.resize(image, (128,128))
14 image = Image.fromarray(image)
15 label = self.df.iloc[idx][ 'emotion’]
16 if self.transform:
17 image = self.transform(image)
18 return image, label
19
20 transform = transforms.Compose([
21 transforms.RandomHorizontalFlip(),
22 transforms.RandomVerticalFlip(),
23 transforms.RandomRotation(10),
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24 transforms.Resize((128,128)),
25 transforms.ToTensor()

26 ])

27

28 ck_dataset = CKPlusDataset(df ck, transform=transform)
29 ck_loader = DatalLoader(ck _dataset, batch_size=8, shuffle=True)
30

1 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')

2

3 model = models.efficientnet b@(pretrained=False)

4 model.classifier[1] = torch.nn.Linear(model.classifier[1].in_features, num_c
5 model = model.to(device)

6

7 criterion
8 optimizer
9 scheduler

torch.nn.CrossEntropyLoss()
torch.optim.AdamW(model.parameters(), 1lr=0.001)
torch.optim.1lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.'

10

1 def train_model(model, criterion, optimizer, scheduler, num_epochs=2):
2 for epoch in range(num_epochs):

3 print(f"\nEpoch {epoch+1}/{num_epochs}")

4 model.train()

5 running_loss, correct = 0.0, ©

6

7 for inputs, labels in ck_loader:

8 inputs, labels = inputs.to(device), labels.to(device)
9
10 optimizer.zero_grad()
11 outputs = model(inputs)

12 loss = criterion(outputs, labels)

13 loss.backward()

14 optimizer.step()

15

16 _, preds = torch.max(outputs, 1)

17 correct += torch.sum(preds == labels.data)

18 running_loss += loss.item() * inputs.size(9)

19

20 scheduler.step()

21 epoch_loss = running_loss / len(ck_dataset)

22 epoch_acc = correct.double() / len(ck dataset)

23 print(f"Loss: {epoch_loss:.4f}, Accuracy: {epoch_acc:.4f}")
24 return model

25
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1 model = train_model(model, criterion, optimizer, scheduler, num_epochs=2)
2

Epoch 1/2
Loss: 1.5492, Accuracy: 0.6033

Epoch 2/2
Loss: 1.3721, Accuracy: 0.6391

1 from sklearn.metrics import accuracy_score, precision_score, recall score, f
2 import seaborn as sns

3 import matplotlib.pyplot as plt

4

5y true, y pred =[], []

6

7 model.eval()

8 with torch.no_grad():

9 for inputs, labels in ck_loader:

10 inputs = inputs.to(device)

11 outputs = model(inputs)

12 _, preds = torch.max(outputs, 1)
13

14 y_true.extend(labels.numpy())

15 y_pred.extend(preds.cpu().numpy())
16

17 cm = confusion_matrix(y_true, y pred)

18 print("Classification Report:\n", classification_report(y_true, y pred))
19

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

21 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues')

22 plt.title('Confusion Matrix')

23 plt.xlabel('Predicted")

24 plt.ylabel('True")

25 plt.show()

26
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Classification Report:

precision recall fl-score support
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1 model = models.densenetl2l(pretrained=False)
nn.Linear(model.classifier.in_features, num_classes_ck)
3 model = model.to(device)

2 model.classifier =

4
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5 optimizer = optim.AdamW(model.parameters(), 1lr=0.001)
6 model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epoch

7
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Epoch 1/1
Loss: 1.4313, Accuracy: 0.6315

1 model = models.vggl6(pretrained=False)

2 model.classifier[6] = nn.Linear(model.classifier[6].in_features, num_classes
3 model = model.to(device)

4

5 optimizer = optim.AdamW(model.parameters(), 1lr=0.001)

6 model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epoch
7

Epoch 1/1
Loss: 2.7828, Accuracy: 0.6402

1y_true, y_pred, y proba = [], [], []
2

3 model.eval()
4 with torch.no_grad():
5 for inputs, labels in ck_loader:

6 inputs = inputs.to(device)

7 outputs = model(inputs)

8 probabilities = torch.softmax(outputs, dim=1)
9 preds = torch.argmax(probabilities, axis=1)
10

11 y_true.extend(labels.numpy())

12 y_pred.extend(preds.cpu().numpy())

13 y_proba.extend(probabilities.cpu().numpy())
14

15y _true = np.array(y_true)

16 y pred = np.array(y_pred)

17 y_proba = np.array(y_proba)

18

19 evaluate_model("dwnsdl aul"; y true, y_pred, y_proba)
20
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[Jasall aul] Accuracy: 0.0196
Precision: 0.0029644095683425842
Recall: 0.01956521739130435
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