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1 #an e bl Llee Jogu] Adagjall Ll poen s
2

3 %reset -sf

4

5

1 #a)ll @ QY by,
2 from google.colab import drive
3 drive.mount('/content/drive")

Mounted at /content/drive

1 #4ulal) asall 3 )

2 import pandas as pd

3 import numpy as np

4 import matplotlib.pyplot as plt

5

6 # <l Juead CSV

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

9 # (UaSS + 3ax + aall 4 (pLS) B)gall B3 (st Al
10 df_ck = pd.read_csv(csv_path)
11
12 #leuad 2 Heall Glie (gl Al
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 # sosall amy

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 # Whald 3y Hsa 5 dyl pasal A sleaid

26 display_ck_images(df_ck, num_samples=5 )
27

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

1 # st 2y jga 5 Jsl Gajel Al elein

2 import cv2

3

44 b sysa Jsl Jini CSV 3)s= ) 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 # meail igE 3 ) i3 RGB

9 image_rgb = cv2.cvtColor(image_48, cv2.COLOR_GRAY2RGB)
10
11 # 128 ) aaall sileix128
12 image_rgb_resized = cv2.resize(image_rgb, (128,128))
13 image_gray = cv2.cvtColor(image_rgb_resized, cv2.COLOR_RGB2GRAY)
14
15 # i G s Ofpse el JSA) Gpeas
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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 # osall Sl Al e

27

28 plt.show()

29 # poaill 2 gl b sall Al delih

30

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

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 # <ile w3 CSV

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

9
10 # gl saalgl sl e ﬁm\ta(ﬁ;EJpjajygl&pg
11 def enhance_image(image):
12 # &Y dissdl asl uint8 sasly slE,

13 if len(image.shape) ==

14 image = cv2.cvtColor(image, cv2.COLOR_RGB2GRAY)

15 image = image.astype('uint8')

16

17 image_enhanced = cv2.equalizeHist(image)

18 gaussian = cv2.GaussianBlur(image_enhanced, (9,9), 10.90)

19 image_sharp = cv2.addWeighted(image_enhanced, 1.5, gaussian, -0.5, 0)
20 return image_sharp

21

22 # JoSll Gl e Jlehl e Hsall Ga e
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 # 5ol s

30 image = enhance_image(image)

31

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

33

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

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

37 plt.axis('off")
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38
39
40
41

plt.tight_layout()
plt.show()

42 # A elexid)

43 display_ck_images(df_ck, num_samples=5)

44

Label: 6 Label: 6

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt
4 import cv2

5

6 # <Ulll Juead
7 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
8 df_ck = pd.read_csv(csv_path)

9

10 # dysall Guuai: CLAHE + _nSS 4 saa
11 def enhance_image(image):

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

image = image.astype('uint8")

#oalaiul cplall cpesd CLAHE
clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
image_clahe = clahe.apply(image)

# <l y0=8: Laplacian filter

laplacian = cv2.Laplacian(image_clahe, cv2.CV_8U)
enhanced = cv2.addWeighted(image_clahe, 1.5, laplacian, -0.5, 0)

# Jdealdlll jedai a3 gall S
enhanced_resized = cv2.resize(enhanced, (192,192), interpolation=cv2.INTER_NEAREST)

return enhanced_resized

27 # 3008 JuSy Gl gey Al dualdi e seall Gae
28 def display_ck_images(df, num_samples=5):

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45

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")

# LoaSis 3y pall Graad
enhanced_image = enhance_image(image)
label = df.iloc[i]['emotion']

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

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

plt.axis('off")

plt.tight_layout()
plt.show()

46 # diundl jsall gme
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47 display ck_images(df_ck, num_samples=5)
48

Label: 6 Label: 6 Label: 6 Label: 6 Label: 6
.

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt

4 import cv2

5

6 # <lludl Jaess

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 # elaiul olall Gaesd CLAHE

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

15 image_clahe = clahe.apply(image)

16

17 # aladiuly sasll st 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 # sl s

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') # xubs acli (ajye
35 plt.title(f'Label: {label}', fontsize=12)

36 plt.axis('off")

37

38 plt.tight_layout()

39 plt.show()

40

41 # el jebia Giadll jpall e
42 display_ck_images(df_ck, num_samples=5)
43
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Label: 6 Label: 6 Label: 6 Label: 6

Label: 6

1 import pandas as pd

2 import numpy as np

3 import matplotlib.pyplot as plt

4 import cv2

5

6 # bl Jeeas

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 # il ol i CLAHE

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

15 image_clahe = clahe.apply(image)

16

17 # b Bilateral <ilsmll e Llall ao slaspall il

18 bilateral = cv2.bilateralFilter(image_clahe, d=9, sigmaColor=75, sigmaSpace=75)
19

20 # & 32 Unsharp Mask

21 gaussian = cv2.GaussianBlur(bilateral, (0,0), sigmaX=1.5)

22 image_sharp = cv2.addWeighted(bilateral, 1.7, gaussian, -0.7, ©)
23

24 # 256 ) sosall LuSix256 Je zsasn

25 image_resized = cv2.resize(image_sharp, (256,256), interpolation=cv2.INTER_CUBIC)
26

27 return image_resized

28

29 def display_ck_images(df, num_samples=5):

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

31 for i in range(num_samples):

32 pixel_values = [int(p) for p in df.iloc[i]['pixels'].split()]
33 image = np.array(pixel_values).reshape(48, 48).astype('uint8")
34

35 # LoaSis 5 sall Gaeas

36 enhanced_image = enhance_image(image)

37 label = df.iloc[i]['emotion’]

38

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

40 plt.imshow(enhanced_image, cmap="'gray')

41 plt.title(f'Label: {label}', fontsize=14)

42 plt.axis('off")

43

44 plt.tight_layout()

45 plt.show()

46

47 # AL 335y Aiedl Heall a e

48 display_ck_images(df_ck, num_samples=5)
49

50
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Label: 6 Label: 6

Label: 6 Label: 6

1 import os

2 from PIL import Image

3 import matplotlib.pyplot as plt
4 # by 32cld jsa alae e 223 JAFFE

5

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

7 # Jsl e Usodl num_samples sysa

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 # by sl e s 10 Jsf (el A slesinl JAFFE
21
22 display_jaffe_samples(jaffe_path, num_samples=10)
23

KL.SU2.165.tiffM.NE1.177.tifiM.FE2.111.tifA.AN3.213.tifKL.DI1.170.tiff KM.DI1.20.tiffTM.NE3.179.tif0Y.NE1.134 tiffiKL.FE2.175.tifflUY.FE1.152.tiff
L . b y

= % g i

> -

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 # JS disil usld o) label A8 ) Index
10 class JaffeDataset(Dataset):

11 def __init_ (self, root_dir, transform=None):

12 self.root_dir = root_dir

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

15 self.labels = [self.get_label(f) for f in self.image_files]

16 self.labe

17

1 import os
2 from PIL import Image
3 import torch
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4 from torch.utils.data import Dataset, Dataloader
5 from torchvision import transforms
6

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

8 #4. oIS e JaffeDataset Clwwdly jsall (oand
9
10 class JaffeDataset(Dataset):

11 def __init_ (self, root_dir, transform=None):

12 self.root_dir = root_dir

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

15 self.labels = [self.get_label(f) for f in self.image_files]

16 self.label_map = {label: idx for idx, label in enumerate(sorted(set(self.labels)))}
17 self.labels_idx = [self.label _map[label] for label in self.labels]
18

19 def get_label(self, filename):

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

21

22 def __len_ (self):

23 return len(self.image_files)

24

25 def _ getitem__ (self, idx):

26 img_path = os.path.join(self.root_dir, self.image_files[idx])

27 image = Image.open(img_path).convert('RGB")

28 if self.transform:

29 image = self.transform(image)

30 label = self.labels_idx[idx]

31 return image, label

32

33

34 #osall e SOyl Guli (Preprocessing)

35

36

37 transform = transforms.Compose([
38 transforms.Resize((128,128)),

39 transforms.ToTensor()
40 1)

41 # Jal @bl Jwsd Dataloader
42

P2.ipynb - Colab

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)
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27 ck_loader = DatalLoader(ck_dataset, batch_size=8, shuffle=True)
28

1 from torchvision import models

2 import torch.nn as nn

3 # coonll bl sl wass (GPU s CPU):

4

5

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

8 num_classes_jaffe = len(set(jaffe_dataset.labels))

9 num_classes_ck = df_ck['emotion'].nunique()
10
11 #Jwai MobileNetV2 & <l s ae il 4l 48kl Qa5 JAFFE:
12

13 model = models.mobilenet_v2(pretrained=False)

14 model.classifier[1] = nn.Linear(model.last_channel, num_classes_jaffe) # J GV 4lai. CK+
15 model = model.to(device)

16

17 # s kAl Al (a3 (Loss Function) ¢iadlly (Optimizer):

18

19 criterion = nn.CrossEntropyLoss()

20 optimizer = torch.optim.Adam(model.parameters(), 1lr=0.001)
21

/usr/local/lib/python3.11/dist-packages/torchvision/models/_utils.py:208: UserWarning: The parameter 'pretrained' is deprecated since 0.
warnings.warn(

/usr/local/lib/python3.11/dist-packages/torchvision/models/_utils.py:223: UserWarning: Arguments other than a weight enum or “None™ for
warnings.warn(msg)

1# # coodll mas Jedi (J2& 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(®)

18 # il 3led g Ay Claa

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

20 print(f'JAFFE Epoch {epoch+1}: Accuracy={epoch_acc:.4f}, Loss={running_loss/len(jaffe_dataset):.4f}")
21

JAFFE Epoch 1: Accuracy=0.0235, Loss=3.5953
JAFFE Epoch 2: Accuracy=0.0610, Loss=3.3084
JAFFE Epoch 3: Accuracy=0.0986, Loss=3.1817

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()
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14
15
16
17
18
19
20

0NV A WN R

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

_, preds = torch.max(outputs, 1)
correct += torch.sum(preds == labels.data)
running_loss += loss.item() * inputs.size(9)

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

CK+ Epoch 1: Accuracy=0.5272, Loss=1.5148
CK+ Epoch 2: Accuracy=0.7022, Loss=1.0179
CK+ Epoch 3: Accuracy=0.7413, Loss=0.8430

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

import cv2

import numpy as np

import matplotlib.pyplot as plt
from PIL import Image

Drive already mounted at /content/drive; to attempt to forcibly remount, call drive.mount("/content/drive", force_remount=True).

import cv2
import matplotlib.pyplot as plt
import numpy as np

# oo susall Jlue Google Drive (dise cuwa Jie)
image_path = '/content/drive/MyDrive/Datasets/jaffe/NM.NE3.94.tiff"

# 5 gall Jread
image = cv2.imread(image_path, cv2.IMREAD_GRAYSCALE) # & Lsall jaffe 4nle, Uk

# Jreadll e (Gl
if isinstance(image, np.ndarray):
#opaall s
resized_image = cv2.resize(image, (128, 128), interpolation=cv2.INTER_CUBIC)

# Aadly AlaY) 5y gall Ga e
plt.figure(figsize=(10,5), dpi=150)

plt.subplot(1, 2, 1)
plt.imshow(image, cmap="gray')
plt.title("Original™)
plt.axis('off")

plt.subplot(1, 2, 2)
plt.imshow(resized_image, cmap='gray')
plt.title("Resized")

plt.axis('off")

plt.show()
else:
print("x Dbaddl (e K Jisall Jaand Al r"j-")

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=jsHF7IRI07p7 &unigifier=5&printMode=true

9/46



7/30/25, 8:48 PM P2.ipynb - Colab

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
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1 gray_image = cv2.imread('/content/drive/MyDrive/Datasets/jaffe/KA.AN1.39.tiff', cv2.IMREAD_GRAYSCALE)
2

1 import pandas as pd

2 import numpy as np

3 import cv2

4 from PIL import Image

5 from torch.utils.data import Dataset, DatalLoader

6 from torchvision import transforms

7 import os

8

9 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
10
11 #0908 e S sl &4 CKPlusDataset <sthall dosaill we byl Jay ),
12 class CKPlusDataset(Dataset):

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

14 self.df = dataframe

15 self.transform = transform

16

17 def __len_ (self):

18 return len(self.df)

19

20 def _ getitem_ (self, idx):

21 pixel values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
22 image = np.array(pixel_values, dtype='uint8').reshape(48, 48)
23 image = cv2.cvtColor(image, cv2.COLOR_GRAY2RGB)
24 image = cv2.resize(image, (128,128))

25 image = Image.fromarray(image)

26 label = self.df.iloc[idx][ 'emotion']

27 if self.transform:

28 image = self.transform(image)

29 return image, label

30

31 df_ck = pd.read_csv(csv_path)

32

33 transform = transforms.Compose([

34 transforms.ToTensor()

35 1)

36

37 ck_dataset = CKPlusDataset(df_ck, transform=transform)

38 ck_loader = DatalLoader(ck_dataset, batch_size=8, shuffle=True)
39 #ollyll sl 4 (Lelid)) calia¥l s

40 num_classes_ck = df_ck['emotion'].nunique()

41

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

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(".tiff")]

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(self.labels)))}
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
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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 )
26
27 def forward(self, x):
28 return self.model(x)
29

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 # Ao GUkall ol il

2 import torch

3 import torch.nn as nn

4 from torchvision import models

5 import matplotlib.pyplot as plt

6

7 # Seall 23 (GPU 25 o)

8 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
9
10 # zisd a3 MobileNetV2 <iliall sl alneis (& selie 7 Sie JAFFE)
11 def get_mobilenetv2(num_classes):

12 model = models.mobilenet_v2(weights=None) # 4w o)l osu

13 model.classifier[1] = nn.Linear(model.last_channel, num_classes) # 5,9 d&hll Jaas
14 return model

15

16 # sacluddl caildaglly Esy._ﬂ\ dlac)

17 model = get_mobilenetv2(num_classes_jaffe)

18 model = model.to(device)

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

21

22 # Aol Glysall e

23 epochs = 5

24 train_losses, train_accs = [], []
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25

26 # <xoxll

27 for epoch in range(epochs):

28 model.train() # ol sh (3 zisill aag

29 running_loss = 0.0

30 correct = @

31 total = 0

32

33 # bl Cladsy o ddls

34 for inputs, labels in jaffe_loader:

35 inputs, labels = inputs.to(device), labels.to(device)
36

37 optimizer.zero_grad()

38 outputs = model(inputs)

39 loss = criterion(outputs, labels)

40 loss.backward()

41 optimizer.step()

42

43 running_loss += loss.item()

44

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

46 correct += (preds == labels).sum().item()
47 total += labels.size(9)

48

49 # S0 A8l 3 leal) dawgie lus epoch

50 epoch_loss = running_loss / len(jaffe_loader)
51 epoch_acc = correct / total

52

53 # P (Al Jeas

54 train_losses.append(epoch_loss)

55 train_accs.append(epoch_acc)

56

57 print(f"Epoch {epoch+1}/{epochs}: Loss={epoch_loss:.4f}, Accuracy={epoch_acc:.4f}")
58

Epoch 1/5: Loss=3.4699, Accuracy=0.0235
Epoch 2/5: Loss=3.3954, Accuracy=0.0469
Epoch 3/5: Loss=3.3100, Accuracy=0.0423
Epoch 4/5: Loss=3.1887, Accuracy=0.0986
Epoch 5/5: Loss=2.9897, Accuracy=0.0986

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
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1 from sklearn.metrics import confusion_matrix, classification_report

2 imp
3
4y t
5y_p
6
7 mod
8 wit
9
10
11
12
13
14
15
16 cm

ort seaborn as sns

rue
red

(]
(]

el.eval()
h torch.no_grad():
for inputs, labels in jaffe_loader:

inputs = inputs.to(device)
outputs = model(inputs)
_, preds = torch.max(outputs, 1)

y_true.extend(labels.numpy())
y_pred.extend(preds.cpu().numpy())

= confusion_matrix(y_true, y pred)

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

18

19 plt.
20 sns.
21 plt.
22 plt.
23 plt.
24 plt.

25

figure(figsize=(6,5))

heatmap(cm, annot=True, fmt='d', cmap='Blues')
title('Confusion Matrix"')

xlabel('Predicted")

ylabel('True")

show()
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/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565: UndefinedMetricWarning: Precision is ill-defined and be
_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

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

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

Classification Report:

precision recall fl-score  support
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21 0.00 0.00 0.00 1

22 0.19 0.40 0.26 10

23 0.00 0.00 0.00 10

24 0.42 0.50 0.45 10
accuracy 0.11 213
macro avg 0.08 0.09 0.06 213
weighted avg 0.09 0.11 0.07 213
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1 import os

2 import numpy as np

3 import torch

4 from torch.utils.data import Dataset, Dataloader

5 from torchvision import datasets, transforms as T, models
6 from torch import nn, optim

7 import warnings

8 warnings.filterwarnings("ignore")

9 from tqdm import tqdm

10 from sklearn.metrics import confusion_matrix, accuracy_score, precision_score, recall_score, fl_score, classification_
11 import matplotlib.pyplot as plt

12 import seaborn as sns
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13 from PIL import Image
14 import cv2

15 import pandas as pd
16

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

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(".tiff")]

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(self.labels)))}
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 transform = T.Compose([

27 T.RandomHorizontalFlip(),
28 T.RandomVerticalFlip(),
29 T.RandomRotation(10),

30 T.Resize((128,128)),

31 T.ToTensor()

32])

33

34 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)

35 jaffe_loader = Dataloader(jaffe_dataset, batch_size=8, shuffle=True)
36 num_classes_jaffe = len(set(jaffe_dataset.labels))

37

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

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(".tiff")]

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(self.labels)))}
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 transform = T.Compose([
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27 T.RandomHorizontalFlip(),
28 T.RandomVerticalFlip(),
29 T.RandomRotation(10),

30 T.Resize((128,128)),

31 T.ToTensor()

32 1)

33

34 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)

35 jaffe_loader = Dataloader(jaffe_dataset, batch_size=8, shuffle=True)
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(), 1r=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 = 0

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(®)
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

Epoch 1/2

Loss: 3.5585 Acc: 0.0235
Epoch 2/2

Loss: 3.4331 Acc: 0.0516

1y 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)
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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

15 y_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_division=0)

7 recall = recall_score(y_true, y pred, average='weighted')

8 fl = 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, target_names=labels))
16
17 plt.figure(figsize=(6,5))
18 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues', xticklabels=labels, yticklabels=1labels)
19 plt.title('Confusion Matrix"')
20 plt.show()
21
22 evaluate_model("ResNetl1l8 on JAFFE", y true, y pred, y proba)
23
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[ResNet18 on JAFFE] Accuracy: 0.0516
Precision: 0.006792137641751454
Recall: 0.051643192488262914
Fl-score: 0.009261920730733607
Classification Report:

precision recall fl-score support
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macro avg 0.01 0.04 0.01 213
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1 csv_path = '/content/drive/MyDrive/Datasets/CK+/ckextended.csv'
2 df_ck = pd.read_csv(csv_path)
3

1 from torch.utils.data import Dataset

2 from PIL import Image

3 import numpy as np

4

5 # S wai CKPlusDataset ¢« & 3 Dataset

6 # Sl il aodiy GOSN 13 CK+ 8 43534 DataFrame Jb Wil (Sa sa Uy J Dataloader

7

8 class CKPlusDataset(Dataset):

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

10 self.df = dataframe # DataFrame sxel Je ssisy: 'pixels' 5 'emotion’
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

self.t

ransform = transform # osall o Ll g il @lssdll (Jie ToTensor sl Augmentation)

def __len_ (self):
len(self.df) # Ul de sane 8 Climll ox

return

def _ geti

tem__ (self, idx):

# damaa Gl dishiae ) COLSY Al Jisas
values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]

pixel_

# 2 sopa J OO BsaiD 48 anax48 (3l s CK+)

image

P2.ipynb - Colab

= np.array(pixel_values).reshape(48, 48).astype(np.uint8)

# S J soeall dissd PIL ae el torchvision.transforms

image

# g
if sel
im

= Image.fromarray(image)

O Baaaall By gaill aalal
f.transform:
age = self.transform(image)

# caiall z) Al (Label) ¢» DataFrame

label

return

= int(self.df.iloc[idx][ 'emotion'])

image, label # el Jhall 1

1 from torchvision import transforms
2 from torch.utils.data import DatalLoader

3

44 srea JS o Gl Al bl Gy g
5 transform = transforms.Compose([

6
7
8
9
10

111])

12

transforms
transforms
transforms
transforms
transforms

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

13 # Lol Cllll de sena L)

14 ck_dataset = CKPlusDataset(df_ck, transform=transform)

15 ck_loader = Dataloader(ck_dataset, batch_size=8, shuffle=True)

16

17 # (o) elidl ae clea
18 num_classes_ck = df_ck['emotion'].nunique()

19

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
6 optimizer = op
7 scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

8

.CrossEntropyLoss()
tim.AdamW(model.parameters(), lr=0.001)

1 from torchvision import transforms

2

3 transform = transforms.Compose([

4

O 0 N O wun

10
11
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D

transforms.
transforms.
transforms.
transforms.
transforms.
transforms.

Lambda(lambda img: img.convert("RGB")),
RandomHorizontalFlip(),
RandomVerticalFlip(),
RandomRotation(10),

Resize((128,128)),

ToTensor()

# I gl oo dissS RGB
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1 transforms.Lambda(lambda img: img.convert("RGB"))
2 from torchvision import transforms

3

4 transform = transforms.Compose([

5 transforms.Lambda(lambda img: img.convert("RGB")), # Sy 0 dissi tgus RGB
6 transforms.Resize((128, 128)),

7 transforms.ToTensor()

8 1)

9 ck_dataset = CKPlusDataset(df_ck, transform=transform)
10 ck_loader = DatalLoader(ck_dataset, batch_size=8, shuffle=True)
11

1 # <@lsall s aaa3 (epochs)

2 epochs = 2

3

4 for epoch in range(epochs):

5 print(f"\nEpoch {epoch+1}/{epochs}")

6 model.train() # u,all jsh & zisall g
7
8 running_loss = 0.0
9 correct = @
10 total = @
11
12 # bl Clady o ddls
13 for inputs, labels in ck_loader:
14 inputs, labels = inputs.to(device), labels.to(device)
15
16 # AL clapull s
17 optimizer.zero_grad()
18
19 # sl o Jpasll #igall Jaly gl
20 outputs = model(inputs)
21
22 # 5kl Clua
23 loss = criterion(outputs, labels)
24
25 # 5leall e 2l )Y duass
26 loss.backward()
27 optimizer.step()
28
29 # 5l maens
30 running_loss += loss.item()
31
32 # Aaasall Gl gl Qlaa
33 _, preds = torch.max(outputs, 1)
34 correct += (preds == labels).sum().item()
35 total += labels.size(9)
36
37 # U9 Ll Gl epoch
38 epoch_loss = running_loss / len(ck_loader)
39 epoch_acc = correct / total
40
41 print(f"Loss: {epoch_loss:.4f} Acc: {epoch_acc:.4f}")
42

Epoch 1/2
Loss: 1.1035 Acc: 0.6870

Epoch 2/2
Loss: 0.6713 Acc: 0.8033

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)
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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

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_division=0)
5 recall = recall_score(y_true, y_pred, average='weighted')
6 fl = 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
22 evaluate_model("ResNetl18 on CK+", y_true, y_pred, y_proba)

N
w
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[ResNet18 on CK+] Accuracy: 0.8435
Precision: 0.7863965504284712
Recall: 0.8434782608695652
Fl-score: ©.8045334134304265
Classification Report:

precision recall fl-score support
4 0.00 0.00 0.00 45
1 0.77 0.86 0.82 59
2 0.55 0.68 0.61 25
3 0.92 0.94 0.93 69
4 0.67 0.07 0.13 28
5 0.71 0.99 0.82 83
6 0.88 0.94 0.91 593
7 0.00 0.00 0.00 18
accuracy 0.84 920
macro avg 0.56 0.56 0.53 920
weighted avg 0.79 0.84 0.80 920
Confusion Matrix
o- 0 8 1 0 0 0 36 0
500
~- 0 51 0 2 0 0 6 0
400
~- 0 0 17 4 0 0 4 0
m- 0 0 4 65 0 0 0 0
o 300
I
[=
+- 0 2 1 0 2 11 12 0
- 200
n- 0 0 0 0 0 82 1 0
o- 0 5 5 0 1 23 H 0 - 100
~- 0 0 3 0 0 0 15 0
' | | | | | | -0

|
0 1 2 3 4 5 6 7
Predicted

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()

6 optimizer = optim.AdamW(model.parameters(), 1r=0.001)

7 scheduler = optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)
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(®)
18
19 epoch_loss = running_loss / len(ck_dataset)
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20 epoch_acc = correct.double() / len(ck_dataset)
21 print(f"Loss: {epoch_loss:.4f} Acc: {epoch_acc:.4f}")
22

Epoch 1/2

Loss: 1.4625 Acc: 0.6261

Epoch 2/2
Loss: 1.1965 Acc: 0.6478

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

1 evaluate_model("MobileNetV2 on CK+", y_true, y pred, y_proba)
2

[MobileNetV2 on CK+] Accuracy: 0.7337
Precision: ©.6426138517801354

Recall: 0.7336956521739131

Fl-score: 0.666479494818964
Classification Report:

precision recall fl-score  support

0 0.00 0.00 0.00 45

1 0.50 0.03 0.06 59

2 0.00 0.00 0.00 25

3 0.53 0.91 0.67 69

4 0.00 0.00 0.00 28

5 0.52 0.81 0.64 83

6 0.81 0.92 0.86 593

7 0.00 0.00 0.00 18
accuracy 0.73 920
macro avg 0.30 0.33 0.28 920
weighted avg 0.64 0.73 0.67 920

Confusion Matrix

o- 0 0 0 7 0 1 37 0

500
~- 0 2 0 36 0 1 20 0
400
~- 0 0 0 7 0 8 10 0
m- 0 0 0 63 0 2 4 0 300
s
=
+- 0 0 0 1 0 5 22 0
- 200
n- 0 0 0 2 0 67 14 0
o- 0 2 0 4 0 44 543 0 - 100
~- 0 0 0 0 0 0 18 0
1 | | | | | | | -0
0 1 2 3 4 5 6 7
Predicted

1 import pandas as pd
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2 import numpy as np

3 import torch

4 from torch.utils.data import Dataset, Dataloader

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 # Leousy olicidl g wsLill
13 print("s ,8s5atl oliadi:", df_ck['emotion'].unique())
14 num_classes_ck = df_ck[ 'emotion'].nunique()
15 print("oclisldl sae:", num_classes_ck)
16
17 # ousy 131 GUSl gyl 4506 ¢l 4131 faaxas
18 df_ck = df_ck[df_ck['emotion'] < num_classes_ck].reset_index(drop=True)
19

[524107 3 6] 8l ol
8 il sac

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),
24 transforms.Resize((128,128)),
25 transforms.ToTensor()
26 1)
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_be(pretrained=False)

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

6

7 criterion = torch.nn.CrossEntropyLoss()

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

9 scheduler = torch.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"\nEpoch {epoch+1}/{num_epochs}")
4 model.train()
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

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

2

running_loss, correct = 0.0, ©

for inputs, labels in ck_loader:
inputs, labels = inputs.to(device), labels.to(device)

optimizer.zero_grad()

outputs = model(inputs)

loss = criterion(outputs, labels)
loss.backward()

optimizer.step()

_, preds = torch.max(outputs, 1)
correct += torch.sum(preds == labels.data)
running_loss += loss.item() * inputs.size(®)

scheduler.step()

epoch_loss = running_loss / len(ck_dataset)

epoch_acc = correct.double() / len(ck_dataset)

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

Epoch 1/2
Loss: 1.4815, Accuracy: 0.6120

Epoch 2/2
Loss: 1.3556, Accuracy: 0.6380

P2.ipynb - Colab

1 from sklearn.metrics import accuracy_score, precision_score, recall_score, fl_score, confusion_matrix, classification_
2 import seaborn as sns
3 import matplotlib.pyplot as plt

1

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

6

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

9
10
11
12
13
14
15
16

for inputs, labels in ck_loader:
inputs = inputs.to(device)
outputs = model(inputs)
_, preds = torch.max(outputs, 1)

y_true.extend(labels.numpy())
y_pred.extend(preds.cpu().numpy())

17 cm = confusion_matrix(y_true, y_pred)

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

19

20 plt.
21 sns.
22 plt.
.xlabel('Predicted")

23 plt

24 plt.
25 plt.

26

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=jsHF7IRI07p7 &unigifier=5&printMode=true

figure(figsize=(6,5))
heatmap(cm, annot=True, fmt='d', cmap='Blues')
title('Confusion Matrix')

ylabel('True')
show()
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Classification Report:

precision recall fl-score  support

2] 0.00 0.00 0.00 45

1 0.00 0.00 0.00 59

2 0.00 0.00 0.00 25

3 0.00 0.00 0.00 69

4 0.00 0.00 0.00 28

5 0.00 0.00 0.00 83

6 0.64 1.00 0.78 593

7 0.00 0.00 0.00 18
accuracy 0.64 920
macro avg 0.08 0.12 0.10 920
weighted avg 0.41 0.64 0.50 920

True

Confusion Matrix

0 0 0 0 0 0 45 0

0 0 0 0 0 0 18 0

0 1 2 3 4 5 6 7
Predicted

1 import torch

2 import torch.nn as nn

3 import torch.optim as optim

4 from torchvision import models

5 from torch.optim import 1lr_scheduler

6

7 # 1. by s Gl 2ae Cay e CK4+
8 num_classes_ck = df_ck['emotion'].nunique()

9

10 # 2. zisad Jwsd DenseNet121 abais
11 model = models.densenetl2l(pretrained=False)

12 model.classifier = nn.Linear(model.classifier.in_features, num_classes_ck)

13 model = model.to(device)

14

15 # 3. aladll Agaas ouaall ludll oy yas
16 criterion = nn.CrossEntropylLoss()

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

500

400

300

- 200

- 100

P2.ipynb - Colab

18 exp_lr_scheduler = 1lr_scheduler.StepLR(optimizer, step_size=7, gamma=0.1)

19

20 # 4. —wpuull Al iy s
21 def train_model(model, criterion, optimizer, scheduler, num_epochs=1):

22
23
24
25
26
27
28
29
30
31
32

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=jsHF7IRI07p7 &unigifier=5&printMode=true

for epoch in range(num_epochs):

print(f"\nEpoch {epoch+1}/{num_epochs}")
model.train()

running_loss = 0.0

correct = @
total = ©

for inputs, labels in ck_loader:

inputs, labels = inputs.to(device), labels.to(device)

optimizer.zero_grad()
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33 outputs = model(inputs)

34 loss = criterion(outputs, labels)

35 loss.backward()

36 optimizer.step()

37

38 running_loss += loss.item()

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

40 correct += (preds == labels).sum().item()
41 total += labels.size(9)

42

43 scheduler.step()

44 epoch_loss = running_loss / len(ck_loader)

45 epoch_acc = correct / total

46 print(f"Loss: {epoch_loss:.4f} Acc: {epoch_acc:.4f}")
47 return model

48

49 # 5. cuull 24w
50 model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epochs=1)
51

Epoch 1/1
Loss: 1.3935 Acc: 0.6250

1 model = models.vggl6(pretrained=False)

2 model.classifier[6] = nn.Linear(model.classifier[6].in_features, num_classes_ck)
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_epochs=1)
7

Epoch 1/1
Loss: 2.9183 Acc: 0.6272

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("Jwnsll ~ul", y true, y_pred, y_proba)
20
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[desall aul] Accuracy: 0.6446
Precision: 0.41546431947069945
Recall: 0.6445652173913043
Fl-score: 0.5052573349808903
Classification Report:

precision

(2] 0.00 0.00

1 0.00 0.00

2 0.00 0.00

3 0.00 0.00

4 0.00 0.00

5 0.00 0.00

6 0.64 1.00

7 0.00 0.00
accuracy

macro avg 0.08 0.12

weighted avg 0.42 0.64
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Predicted

1 import torch

2 import torch.nn as nn

3 import torch.optim as optim
4 from torchvision import models, transforms

5 from torch.utils.data import Dataset, DatalLoader

6 from PIL import Image
7 import os

8 import cv2

9 import numpy as np

1 transform = transforms.Compose([
transforms.RandomHorizontalFlip(),
transforms.RandomVerticalFlip(),

W oo NGOV WN

=
(o)

transforms.RandomRotation(20),

0

recall fil-score
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transforms.ColorJitter(brightness=0.2, contrast=0.2, saturation=0.2),

transforms.Resize((224,224)
transforms.ToTensor(),

)s

transforms.Normalize([0.485, ©.456, 0.406], [0.229, ©.224, 0.225])

D)

1# 2. Dataset J JAFFE
2 class JaffeDataset(Dataset):

3

N o b

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=jsHF7IRI07p7 &unigifier=5&printMode=true

def __init_ (self, root_dir, transform=None):

self.root_dir = root_dir
if not os.path.exists(root_dir):

print(f"dsall {root_dir} Lk, ¢ U clajll L3sa5 ¢ Google Drive <lludl assy.™)

self.image_files =

(]
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8 else:

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

11

12 def __len_ (self):

13 return len(self.image_files)

14

15 def _ getitem_ (self, idx):

16 img_path = os.path.join(self.root_dir, self.image_files[idx])

17 image = Image.open(img_path).convert('RGB")

18 if self.transform:

19 image = self.transform(image)

20 label = int(self.image_files[idx].split('.')[1]) # el mbill cua o Gl ol (e Chiaill zjad0
21 return image, label

1 emotion_labels = set()

2

3 for f in os.listdir(jaffe_path):
4 if f.endswith(".tiff"):

5 parts = f.split('.")

6 if len(parts) >= 2:

7 emotion_labels.add(parts[1]) # dJi "SU2" « L J5¥) e il b
8

9 # el Jis o s Jsl ki (SU, NE, etc)

10 emotion_labels = set([label[:2] for label in emotion_labels])
11 num_classes_jaffe = len(emotion_labels)

12

1 import os

2 from PIL import Image

3 import torch

4 from torch.utils.data import Dataset

5 from torchvision import transforms

6

7 # DS a a3 JaffeDataset Ul Asllesd JAFFE
8 class JaffeDataset(Dataset):

9 def __init_ (self, root_dir, transform=None):
10 self.root_dir = root_dir
11 self.image_files = [f for f in os.listdir(root_dir) if f.endswith(".tiff")]
12 self.transform = transform
13
14 # o0 ) selidl Ssa) dissi Gesell el
15 self.emotion_dict = {
16 'AN': @, # Angry
17 'DI': 1, # Disgust
18 '‘FE': 2, # Fear
19 'HA': 3, # Happy
20 'NE': 4, # Neutral
21 'SA': 5, # Sad
22 'SU': 6 # Surprise
23 }
24
25 def __len__ (self):
26 return len(self.image_files)
27
28 def _ getitem_ (self, idx):
29 # sosall Jieas
30 image_path = os.path.join(self.root_dir, self.image_files[idx])
31 image = Image.open(image_path).convert('L') # 4nl, b)sall
32
33 # oGy o) SOl Gaks
34 if self.transform:
35 image = self.transform(image)
36
37 # Gl sl e elidl ey zlodil (She SA (e KA.SA1.93.tiff)
38 emotion_code = self.image_files[idx].split('."')[1][:2]
39 label = self.emotion_dict[emotion_code]
40
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41 return image, label
42

1 import os

2 import shutil

3 import random

4 from torchvision import datasets, transforms, models
5 from torch.utils.data import DatalLoader, Subset

6 import torch

7 import torch.nn as nn

8 import torch.optim as optim

9

10

11

12 # 2. ol alae ) JalS Ll

13 train_dir = '/content/drive/MyDrive/Datasets/FER-2013/train’
14

15 # 3. oLl ol

16 transform = transforms.Compose([

17 transforms.Resize( (128, 128)),
18 transforms.ToTensor(),

191)

20

21 # 4. 48 K5 0a 100 bl & Gl aes Jiead

22 full_dataset = datasets.ImageFolder(root=train_dir, transform=transform)
23

24 # Li 48 U de 100 e st Saas AE L)

25 samples_per_class = 100

26 targets = full_dataset.targets

27 class_indices = {cls: [] for cls in range(len(full_dataset.classes))}

1

2 # Lid A < de 100 e (osiad syas AaiE oL

3 samples_per_class = 100

4 targets = full_dataset.targets

5 class_indices = {cls: [] for cls in range(len(full_dataset.classes))}
6

7 # Dl s O pdsdl gea

8 for idx, label in enumerate(targets):

9 if len(class_indices[label]) < samples_per_class:
10 class_indices[label].append(idx)
11

12 # Lo <l dsall zad
13 final_indices = [idx for indices in class_indices.values() for idx in indices]
14 subset_dataset = Subset(full_dataset, final_indices)

1

2 # 5. %> DatalLoader

3 train_loader = Dataloader(subset_dataset, batch_size=16, shuffle=True)
4

5# 6. zisall juad

6 device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
7 model = models.resnetl8(pretrained=False)

8 model.fc = nn.Linear(model.fc.in_features, len(full_dataset.classes))
9 model = model.to(device)

10

11 # 7. «oul

12 criterion = nn.CrossEntropyLoss()

13 optimizer = optim.Adam(model.parameters(), 1r=0.001)

14

15 epochs = 3

16 for epoch in range(epochs):

17 model.train()

18 running_loss, correct = 0.0, ©

19 for inputs, labels in train_loader:

20 inputs, labels = inputs.to(device), labels.to(device)
21 optimizer.zero_grad()

22 outputs = model(inputs)
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23 loss = criterion(outputs, labels)

24 loss.backward()

25 optimizer.step()

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

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

28 running_loss += loss.item() * inputs.size(®)

29

30 epoch_loss = running_loss / len(subset_dataset)

31 epoch_acc = correct.double() / len(subset_dataset)

32 print(f"Epoch {epoch+1}/{epochs}, Loss: {epoch_loss:.4f}, Accuracy: {epoch_acc:.4f}")

Epoch 1/3, Loss: 2.0855, Accuracy: 0.1443
Epoch 2/3, Loss: 1.8829, Accuracy: 0.2357
Epoch 3/3, Loss: 1.7912, Accuracy: 0.3114

1# sl Glsdi o Ll o e 8 Uae

2 import matplotlib.pyplot as plt

3 import random

4

5# (e Adlsle Gle L) subset_dataset

6 indices = random.sample(range(len(subset_dataset)), 8)
7 fig, axes = plt.subplots(2, 4, figsize=(15,6))

8

9 model.eval()

10 with torch.no_grad():

11 for i, idx in enumerate(indices):

12 image, true_label = subset_dataset[idx]

13 img_input = image.unsqueeze(®).to(device)

14 output = model(img_input)

15 _, pred_label = torch.max(output, 1)

16

17 ax = axes[i // 4, 1 % 4]

18 ax.imshow(image.permute(1l, 2, 0)) # o bwi C X H X W J HxXx W x C
19 ax.axis('off")

20 ax.set_title(

21 f"True: {full_dataset.classes[true_label]}\nPred: {full_dataset.classes[pred_label.item()]}",
22 fontsize=10,

23 color="green' if pred_label.item() == true_label else 'red’

24 )

25

26 plt.tight_layout()
27 plt.show()

28

29
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True: fear True: sad True: neutral True: angry
Pred: surprise Pred: surprise Pred: sad Pred: surprise
True: fear True: fear True: neutral True: sad
Pred: surprise Pred: disgust Pred: surprise Pred: disgust

1 from sklearn.metrics import classification_report, confusion_matrix
2 import seaborn as sns

3 import matplotlib.pyplot as plt

4 import numpy as np

5

6 # 1. Aexiivdl cusnil de gena Gat o gl
7 y_true = []

8 y_pred = []

9
10 model.eval()
11 with torch.no_grad():

12 for inputs, labels in train_loader:

13 inputs = inputs.to(device)

14 labels = labels.to(device)

15 outputs = model(inputs)

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

17 y_true.extend(labels.cpu().numpy())
18 y_pred.extend(preds.cpu().numpy())
19

20 # 2.l Gl

21 print(" fj] [Classification Report]")

22 print(classification_report(y_true, y pred, target_names=full_dataset.classes))
23

24 # 3. el ddghias

25 cm = confusion_matrix(y_true, y pred)

26

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

28 sns.heatmap(cm, annot=True, fmt='d', cmap='Blues’,
29 xticklabels=full_dataset.classes,

30 yticklabels=full_dataset.classes)

31 plt.title("® Confusion Matrix")

32 plt.xlabel("Predicted")

33 plt.ylabel("True")

34 plt.show()

35
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fil [Classification Report]

precision recall fl-score  support
angry 0.50 0.03 0.06 100
disgust 0.33 0.76 0.46 100
fear 0.35 0.09 0.14 100
happy 0.73 0.19 0.30 100
neutral 0.00 0.00 0.00 100
sad 0.34 0.36 0.35 100
surprise 0.28 0.84 0.41 100
accuracy 0.32 700
macro avg 0.36 0.32 0.25 700
weighted avg 0.36 0.32 0.25 700
] Confusion Matrix
E-— 3 28 3 2 0
c
(]
L
wv
;- O 0 0 0
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o
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o
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Predicted

1# cooull amy zdsall lais

2 torch.save(model.state_dict(), 'emotion_model.pth")

3

4 # Jah gzl Lis Google Drive

5 torch.save(model.state_dict(), '/content/drive/MyDrive/emotion_model.pth")
6

1# dse ol test

2 test_dir = '/content/drive/MyDrive/Datasets/FER-2013/test’

3

4 # by dwesS test

5 test_dataset = datasets.ImageFolder(root=test_dir, transform=transform)
6 test_loader = DatalLoader(test_dataset, batch_size=16, shuffle=False)
7

8 # zisall i

9 model.eval()

10 correct, total = 0, ©

11 with torch.no_grad():

12 for inputs, labels in test_loader:

13 inputs, labels = inputs.to(device), labels.to(device)
14 outputs = model(inputs)

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

16 total += labels.size(9)

17 correct += (preds == labels).sum().item()

18

19 print(f" 4 Test Accuracy: {100 * correct / total:.2f}%")

20

Test Accuracy: 15.52%

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=jsHF7IRI07p7 &unigifier=5&printMode=true 35/46



7/30/25, 8:48 PM P2.ipynb - Colab

1 import os

2 from PIL import Image

3 import torch

4 import torch.nn as nn

5 import torch.optim as optim

6 from torch.utils.data import Dataset, DatalLoader
7 from torchvision import transforms, models
8 import matplotlib.pyplot as plt

9
10 # 1. S Dataset _s=! JAFFE
11 class JaffeDataset(Dataset):

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

13 self.root_dir = root_dir

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

16 self.emotion_dict = {

17 'AN': @, 'DI': 1, 'FE': 2,

18 'HA': 3, 'NE': 4, 'SA': 5, 'SU': 6

19 }

20

21 def __len_ (self):

22 return len(self.image_files)

23

24 def _ getitem_ (self, idx):

25 image_path = os.path.join(self.root_dir, self.image_files[idx])
26 image = Image.open(image_path).convert('L') # 4,

27

28 if self.transform:

29 image = self.transform(image)

30

31 emotion_code = self.image files[idx].split('."')[1][:2]
32 label = self.emotion_dict[emotion_code]

33

34 return image, label

35

36 # 2. Al cBhsdl (V) g, oo dissS RGB)
37 transform = transforms.Compose([
38 transforms.Lambda(lambda img: img.convert("RGB")),

39 transforms.Resize( (128, 128)),
40 transforms.ToTensor()

41 1)

42

43 # 3. Ul Juess

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

45 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)

46 jaffe_loader = DatalLoader(jaffe_dataset, batch_size=8, shuffle=False)
47

48 # 4. (Lelia 7) Sl axe

49 num_classes = 7

50 device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
51

52 # 5. gl AY) Gl Joady zilaill Jiass

53 resnet = models.resnetl8(pretrained=True)

54 resnet.fc = nn.Linear(resnet.fc.in_features, num_classes)

55 resnet = resnet.to(device)

56

57 mobilenet = models.mobilenet_v2(pretrained=True)

58 mobilenet.classifier[1] = nn.Linear(mobilenet.classifier[1].in_features, num_classes)
59 mobilenet = mobilenet.to(device)

60

61 # 6. il Al

62 def evaluate_model(model, dataloader, device):

63 model.eval()

64 correct = 0@

65 total = @

66 with torch.no_grad():

67 for inputs, labels in dataloader:

68 inputs, labels = inputs.to(device), labels.to(device)
69 outputs = model(inputs)
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70 _, preds = torch.max(outputs, 1)

71 correct += (preds == labels).sum().item()
72 total += labels.size(9)

73 accuracy = 100 * correct / total

74 return accuracy

75

76 # 7. (pemo¥ &l Y ALE 08 8) pisa JS AN Gles

77 resnet_acc = evaluate_model(resnet, jaffe_loader, device)

78 mobilenet_acc = evaluate_model(mobilenet, jaffe_loader, device)
79

80 # 8. il e

81 print(f" 4 ResNetl8 Accuracy: {resnet_acc:.2f}%")

82 print(f" [ MobileNetV2 Accuracy: {mobilenet_acc:.2f}%")

83

84 # 9. 4l Jly sy

85 results = {

86 'ResNetl18': resnet_acc,

87 'MobileNetV2': mobilenet_acc
88 }

89

90 plt.bar(results.keys(), results.values())
91 plt.ylabel("Accuracy (%)")

92 plt.title("Model Comparison on JAFFE")
93 plt.ylim(@, 100)

94 plt.show()

95

ResNet18 Accuracy: 14.08%
MobileNetV2 Accuracy: 16.90%

Model Comparison on JAFFE
100

80 4

60 4

Accuracy (%)

20 7

ResNet18 MobileNetV2

1 import os

2 from PIL import Image

3 import torch

4 import torch.nn as nn

5 import torch.optim as optim

6 from torch.utils.data import Dataset, DatalLoader
7 from torchvision import transforms, models, datasets
8 import matplotlib.pyplot as plt

9

10 # 1. >S Dataset L=l JAFFE

11 class JaffeDataset(Dataset):

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

13 self.root_dir = root_dir

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

16 self.emotion_dict = {

17 "AN': @, 'DI': 1, 'FE': 2,

18 "HA': 3, 'NE': 4, 'SA': 5, 'SU': 6

19 }
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20

21 def __ len_ (self):

22 return len(self.image_files)

23

24 def _ getitem_ (self, idx):

25 image_path = os.path.join(self.root_dir, self.image_files[idx])
26 image = Image.open(image_path).convert('L') # 4,

27 if self.transform:

28 image = self.transform(image)

29 emotion_code = self.image_files[idx].split('."')[1][:2]
30 label = self.emotion_dict[emotion_code]

31 return image, label

32

33 # 2. OOyl alac)
34 transform = transforms.Compose([

35 transforms.Lambda(lambda img: img.convert("RGB")),
36 transforms.Resize((128, 128)),

37 transforms.ToTensor()

38 1)

39

40 # 3. by dwas JAFFE

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

42 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)

43 jaffe_loader = DatalLoader(jaffe_dataset, batch_size=8, shuffle=False)
44

45 # 4. zise Jwad ResNetl18 s,a¥l bkl dhad + s e

46 num_classes = 7

47 device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
48

49 resnet = models.resnetl8(pretrained=True)

50 resnet.fc = nn.Linear(resnet.fc.in_features, num_classes)

51 resnet = resnet.to(device)

52

53 # 5. Al . Al

54 def evaluate_model(model, dataloader, device):

55 model.eval()

56 correct, total =0, ©

57 with torch.no_grad():

58 for inputs, labels in dataloader:

59 inputs, labels = inputs.to(device), labels.to(device)
60 outputs = model(inputs)

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

62 correct += (preds == labels).sum().item()
63 total += labels.size(9)

64 return 100 * correct / total

65

66 # 6. o zisidl ad JAFFE

67 acc_jaffe = evaluate_model(resnet, jaffe_loader, device)

68 print(f" [ JAFFE Accuracy: {acc_jaffe:.2f}%")

69

70 # 7. e zisill ai FER-2013/test

71 test_dir = '/content/drive/MyDrive/Datasets/FER-2013/test’

72 test_dataset = datasets.ImageFolder(root=test_dir, transform=transform)
73 test_loader = DatalLoader(test_dataset, batch_size=16, shuffle=False)
74

75 acc_fer = evaluate_model(resnet, test_loader, device)

76 print(f" [ FER-2013 Test Accuracy: {acc_fer:.2f}%")

77

78 # 8. Sy anwy Sl (me

79 results = {

80 "JAFFE': acc_jaffe,
81 'FER-2013': acc_fer
82 }

83

84 plt.bar(results.keys(), results.values())
85 plt.ylabel("Accuracy (%)")

86 plt.title("Model Accuracy Comparison")

87 plt.ylim(e, 100)

88 plt.show()

89
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JAFFE Accuracy: 12.68%
FER-2013 Test Accuracy: 13.78%

Model Accuracy Comparison

100

80 4

60 +

Accuracy (%)

20 1

JAFFE FER-2013

1# bid Qhll (e pess b (& sl 2 JAl 1 JUe ResNet18)
2 for name, param in model.named_parameters():

3 if "layer4" in name or "fc" in name:
4 param.requires_grad = True

5 else:

6 param.requires_grad = False

7

8 # - «wull sle) learning rate (=idis
9 optimizer = optim.Adam(filter(lambda p: p.requires_grad, model.parameters()), lr=le-4)
10

1 transform = transforms.Compose([
transforms.RandomHorizontalFlip(),
transforms.RandomRotation(20),
transforms.ColorJitter(brightness=0.3, contrast=0.3),
transforms.Resize((128, 128)),

transforms.ToTensor()

00 NO UV A~ WN

1 from sklearn.model_selection import train_test_split

2

3 # ool G apedls

4 indices = list(range(len(full_dataset)))

5 train_idx, val_idx = train_test_split(indices, test_size=0.2, stratify=targets)
6

7 train_set = Subset(full_dataset, train_idx)

8 val_set = Subset(full_dataset, val_idx)

9
10 train_loader = Dataloader(train_set, batch_size=16, shuffle=True)
11 val_loader = DatalLoader(val_set, batch_size=16, shuffle=False)
12

1 from torchvision import models

2 import torch.nn as nn

3

4 # jcliadl suac

5 num_classes = len(full_dataset.classes) # 1 test_dataset.classes GlLowll cu->
6

7H# Ui doydedl zdladdl Juaxs

8 resnet = models.resnetl8(pretrained=True)

9 mobilenet = models.mobilenet_v2(pretrained=True)
10
11T # cldiall sae =20 ciwl iii 1 A a3l dauh Il Liass
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e e e e g e

12 resnet.fc = nn.Linear(resnet.fc.in_features, num_classes)
13 mobilenet.classifier[1] = nn.Linear(mobilenet.classifier[1].in_features, num_classes)

14

1 from torchvision import transforms

2

3 transform = transforms.Compose([

4 transforms.RandomHorizontalFlip(),

5 transforms.RandomRotation(20),

6 transforms.RandomResizedCrop(128, scale=(0.8, 1.9)),
7 transforms.ColorJitter(brightness=0.2, contrast=0.2),
8 transforms.ToTensor(),

END)
10

[ g

1 from torchvision.models import efficientnet_be

2 model = efficientnet_b@(pretrained=True)

3 model.classifier[1] = nn.Linear(model.classifier[1].in_features, num_classes)

4

P2.ipynb - Colab

Downloading: "https://download.pytorch.org/models/efficientnet_b@_rwightman-7f5810bc.pth" to /root/.cache/torch/hub/checkpoints/efficier

100% | INIMENERIN| 20.5M/20.5M [00:00<00:00, 114MB/s]

1 for name, param in model.named_parameters():
2 param.requires_grad = "classifier" in name or "fc" in name

3

1 scheduler = torch.optim.lr_scheduler.StepLR(optimizer, step_size=5, gamma=0.1)

2

1 from sklearn.metrics import classification_report

2 print(classification_report(y_true, y pred, target_names=full_dataset.classes))

3
precision recall fl-score
angry 0.50 0.03 0.06
disgust 0.33 0.76 0.46
fear 0.35 0.09 0.14
happy 0.73 0.19 0.30
neutral 0.00 0.00 0.00
sad 0.34 0.36 0.35
surprise 0.28 0.84 0.41
accuracy 0.32
macro avg 0.36 0.32 0.25
weighted avg 0.36 0.32 0.25

1# ol ol Gl clly e gl as
2 correct = O

support

100
100
100
100
100
100
100

700
700
700

3 total = @

4 model.eval()

5

6 with torch.no_grad():

7 for inputs, labels in train_loader: # s test_loader
8 inputs, labels = inputs.to(device), labels.to(device)
9 outputs = model(inputs)

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

11 correct += (preds == labels).sum().item()

12 total += labels.size(9)

13

14 accuracy = 100 * correct / total

15 print(f" @ Final Accuracy: {accuracy:.2f}%")

16

Final Accuracy: 10.32%
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1# ol gl g5ad oadlE olay
2
3 train_losses = []
4 train_accuracies = []

5

6 for epoch in range(epochs):

7 model.train()

8 running_loss = 0.0

9 correct = @
10 total = 0
11 # Clly dady K 0 (batch) caoxll Glily s
12

13 for inputs, labels in train_loader:

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

16 outputs = model(inputs)

17 loss = criterion(outputs, labels)

18 loss.backward()

19 optimizer.step()

20

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

22 correct += torch.sum(preds == labels).item()
23 total += labels.size(9)

24 running_loss += loss.item()

25 # 4 13g) d8ally 3 ledl)l dawgie lus epoch

26

27 epoch_loss = running_loss / len(train_loader)
28 epoch_acc = correct / total

29 train_losses.append(epoch_loss)

30 train_accuracies.append(epoch_acc)

31

32 # il dels

33

34 print(f"Epoch {epoch+1}/{epochs}, Loss: {epoch_loss:.4f}, Accuracy: {epoch_acc:.4f}")
35

Epoch 1/3, Loss: 2.0082, Accuracy: 0.1215
Epoch 2/3, Loss: 2.0062, Accuracy: 0.1190
Epoch 3/3, Loss: 2.0050, Accuracy: 0.1223

1 import matplotlib.pyplot as plt

2

3 epochs_range = range(1, epochs + 1)
4 plt.figure(figsize=(12, 5))

5

6 # Loss Curve

7 plt.subplot(1, 2, 1)

8 plt.plot(epochs_range, train_losses, marker='o")
9 plt.title('Training Loss")

10 plt.xlabel('Epoch")

11 plt.ylabel('Loss")

12

13 # Accuracy Curve

14 plt.subplot(1, 2, 2)

15 plt.plot(epochs_range, train_accuracies, marker='o")
16 plt.title('Training Accuracy')

17 plt.xlabel('Epoch")

18 plt.ylabel('Accuracy"')

19

20 plt.tight_layout()

21 plt.show()

22
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Training Loss
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Training Accuracy

2.0080
0.1220
2.0075 0.1215
2.0070 _ 012101
" @
8 5
9 2.0065 A § 0.1205 4
2.0060 0.1200 4
2.0055 - 0.1195 4
2.0050 0.1190 4
100 125 150 175 200 225 250 275 3.00 100 125 150 175 2.00 225 250 275 3.00
Epoch Epoch
1 import random
2# H0 8 o LS ghe L
3 indices = random.sample(range(len(subset_dataset)), 8)
4 fig, axes = plt.subplots(2, 4, figsize=(15,6))
5# a3l @by b gdeeddl ol asls
6 model.eval()
7 with torch.no_grad():
8 for i, idx in enumerate(indices):
9 image, true_label = subset_dataset[idx]
10 img_input = image.unsqueeze(®).to(device)
11 output = model(img_input)
12 _, pred_label = torch.max(output, 1)
13
14 ax = axes[i // 4, 1 % 4]
15 ax.imshow(image.permute(1, 2, 0)) # _J| Josx3 HWC
16 ax.axis('off")
17 ax.set_title(
18 f"True: {full_dataset.classes[true_label]}\nPred: {full _dataset.classes[pred_label.item()]}",
19 color="green' if pred_label.item() == true_label else 'red’
20 )
21 #olzdgsall, L iall Liewidl e
22 plt.tight_layout()
23 plt.show()
24
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True: happy True: disgust True: angry
Pred: happy Pred: sad Pred: neutral

- |
True: sad True: happy True: fear
Pred: disgust Pred: disgust Pred: happy

o

1# Cell 1: iiwlwY! oLssall Jaoxs

2 import os

3 import random

4 import numpy as np

5 import pandas as pd

6 from PIL import Image

7 import torch

8 import torch.nn as nn

9 import torch.optim as optim

10 from torch.utils.data import Dataset, DatalLoader, Subset
11 from torchvision import transforms, models

12 from sklearn.model_selection import StratifiedKFold

13 import matplotlib.pyplot as plt

14 from tqdm import tqdm

15 import warnings

16 warnings.filterwarnings("ignore")

17 device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
18 print("Using device:", device)

19

Using device: cpu
1# Cell 2: Augmentation + Preprocessing (g 48ss ViT)

2 transform = transforms.Compose([
3 transforms.Resize((224, 224)), # 4 oslhe ViT-B_16

4 transforms.RandomHorizontalFlip(),

5 transforms.RandomRotation(10),

6 transforms.ColorJitter(brightness=0.2, contrast=0.2),
7 transforms.ToTensor()

8 1)

9

1# Cell 3 (4s>=as): S Dataset sl JAFFE

2 class JaffeDataset(Dataset):

3 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(".tiff")]

self.label map = {'AN':@, 'DI':1, 'FE':2, 'HA':3, 'NE':4, 'SA':5, 'SU':6} # Sl A a8 o
self.labels = [self.get_label(f) for f in self.image files]

N o ouvopb
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8 self.transform = transform
9
10 def get_label(self, filename):
11 code = filename.split('."')[1][:2]
12 return self.label map.get(code, 0)
13
14 def __len_ (self):
15 return len(self.image_files)
16
17 def _ getitem__ (self, idx):
18 img_path = os.path.join(self.root_dir, self.image_files[idx])
19 image = Image.open(img_path).convert("RGB")
20 label = self.labels[idx]
21 if self.transform:
22 image = self.transform(image)
23 return image, label
24
25

1# Cell 4: z3sa5 Joexs Vision Transformer o Liiidl sae cws adoaxiy
2 from torchvision.models import vit_b_16

3

4 def get_vit model(num_classes):

5 model = vit_b_16(pretrained=True)

6 model.heads.head = nn.Linear(model.heads.head.in_features, num_classes)
7 return model.to(device)

8

1# Cell 5: plusiwly z3geidl woyas K-Fold Cross Validation
2 def train_kfold(dataset, k=5, epochs=3, batch_size=8, lr=le-4):
3 skf = StratifiedKFold(n_splits=k, shuffle=True, random_state=42)

4 labels = dataset.labels
5 fold_accuracies = []
6
7 for fold, (train_idx, val_idx) in enumerate(skf.split(np.zeros(len(labels)), labels)):
8 print(f"\nf@ Fold {fold+1}/{k}")
9
10 train_subset = Subset(dataset, train_idx)
11 val subset = Subset(dataset, val_idx)
12
13 train_loader = DatalLoader(train_subset, batch_size=batch_size, shuffle=True)
14 val_loader = DatalLoader(val_subset, batch_size=batch_size, shuffle=False)
15
16 model = get_vit_model(num_classes=7)
17 optimizer = optim.Adam(model.parameters(), lr=1r)
18 criterion = nn.CrossEntropyLoss()
19
20 for epoch in range(epochs):
21 model.train()
22 running_loss, correct, total = 0.0, 0, ©
23
24 for inputs, labels in train_loader:
25 inputs, labels = inputs.to(device), labels.to(device)
26 optimizer.zero_grad()
27 outputs = model(inputs)
28 loss = criterion(outputs, labels)
29 loss.backward()
30 optimizer.step()
31 running_loss += loss.item()
32 _, preds = torch.max(outputs, 1)
33 correct += (preds == labels).sum().item()
34 total += labels.size(9)
35
36 train_acc = 100 * correct / total
37 print(f" Epoch {epoch+1}/{epochs} - Loss: {running_loss:.4f} - Accuracy: {train_acc:.2f}%")
38
39 # Evaluation on validation set
40 model.eval()
41 correct, total = 0, ©
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42 with torch.no_grad():

43 for inputs, labels in val_loader:

44 inputs, labels = inputs.to(device), labels.to(device)
45 outputs = model(inputs)

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

47 correct += (preds == labels).sum().item()

48 total += labels.size(9)

49 val_acc = 100 * correct / total

50 fold_accuracies.append(val_acc)

51 print(f"@ Fold {fold+1} Validation Accuracy: {val_acc:.2f}%")
52

53 avg_acc = sum(fold_accuracies) / len(fold_accuracies)

54 print(f"\nfi] . 1301 Lwsie {k}-Fold: {avg_acc:.2f}%")

55 return fold_accuracies

56

1# Cell 6: Jwii Cross-Validation sxG e JAFFE

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

3 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)
4 fold_scores = train_kfold(jaffe_dataset, k=5, epochs=3)

5

Fold 1/5
Epoch 1/3 - Loss: 45.9319 - Accuracy: 11.18%
Epoch 2/3 - Loss: 45.5905 - Accuracy: 11.76%
Epoch 3/3 - Loss: 44.2825 - Accuracy: 11.76%
Fold 1 Validation Accuracy: 13.95%

Fold 2/5
Epoch 1/3 - Loss: 47.6721 - Accuracy: 17.06%
Epoch 2/3 - Loss: 44.2056 - Accuracy: 12.35%
Epoch 3/3 - Loss: 44.2212 - Accuracy: 11.76%
Fold 2 Validation Accuracy: 11.63%

Fold 3/5
Epoch 1/3 - Loss: 47.0767 - Accuracy: 13.53%
Epoch 2/3 - Loss: 44.4361 - Accuracy: 11.76%
Epoch 3/3 - Loss: 43.9874 - Accuracy: 8.82%
Fold 3 Validation Accuracy: 13.95%

Fold 4/5
Epoch 1/3 - Loss: 46.5798 - Accuracy: 14.04%
Epoch 2/3 - Loss: 45.2788 - Accuracy: 13.45%
Epoch 3/3 - Loss: 44.1608 - Accuracy: 12.28%
Fold 4 Validation Accuracy: 14.29%

Fold 5/5
Epoch 1/3 - Loss: 45.8935 - Accuracy: 12.28%
Epoch 2/3 - Loss: 43.9983 - Accuracy: 10.53%
Epoch 3/3 - Loss: 44.0432 - Accuracy: 11.70%
Fold 5 Validation Accuracy: 14.29%

fil 5 = Y huge-Fold: 13.62%

14# Cell CK+: <3S Dataset sxldl CK+
2 class CKPlusDataset(Dataset):
3 def __init_ (self, dataframe, transform=None):

4 self.df = dataframe

5 self.transform = transform

6

7 def __ len_ (self):

8 return len(self.df)

9
10 def _ getitem_ (self, idx):
11 pixels = [int(p) for p in self.df.iloc[idx]['pixels'].split()]
12 image = np.array(pixels).reshape(48, 48).astype(np.uint8)
13 image = Image.fromarray(image).convert("RGB") # o= xU RGB
14 if self.transform:
15 image = self.transform(image)
16 label = int(self.df.iloc[idx]['emotion'])
17 return image, label
18
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