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1 #aws e bl Glee Jogudl Ao jall AUl aes Cads
2

3 %reset -sf

4

5

1 #an)ll o QY S by,
2 from google.colab import drive
3 drive.mount('/content/drive')

Mounted at /content/drive

1HL Wby a5 il

2 import pandas as pd

3 import numpy as np

4 import matplotlib.pyplot as plt

5

6# olido Juaxs CSV

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

O# (LSS + bu> + paxis + (olaS) sysall Bos> Guwxs Al
10 df_ck = pd.read_csv(csv_path)
11
12 #lgwn s uxy Hgall oline gysd 400
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))l pu)

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

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

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

23 plt.axis('off'")

24 plt.show()

25 # Lgiwns 4= ye0 5 Jal gayed A1 adl e Le Ll

26 display_ck_images(df_ck, num_samples=5 )
27
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Label: 6

1# st am e 5 J gl A clesis

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 # il ¥ 3 ) Jissi RGB

9 image_rgb = cv2.cvtColor(image 48, cv2.COLOR_GRAY2RGB)
10

11 # 128 ) sl 33elx128
12 image_rgb resized = cv2.resize(image rgb, (128,128))

13 image_gray = cv2.cvtColor(image_rgb_resized, cv2.COLOR_RGB2GRAY)
14
15 # cis U Lis Gfipsa Gasal JSE jend

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 # Lsalh S JSA a e

27

28 plt.show()

20 # sl e Al 5 gall dlal dclib

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 # <k Jdwa3 CSV

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

8 df ck = pd.read csv(csv_path)

9

10 # ¢ sl saalgll sl o SU ae (B2ay (i) Bseall (e
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

# ) dissdll ast yint8 saals 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 ye L) pe sl 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 (pad
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') # zal; JuSil
36 plt.title(f'Label: {label}', fontsize=12)

37 plt.axis('off")

38

39 plt.tight_layout()

40 plt.show()

41

42 # A lesin)
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 # 3y 9all (pusi: CLAHE + _nSS 4 Baa
11 def enhance_image(image):

12 image = image.astype('uint8")

13

14 # ol bl pead CLAHE

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

16 image clahe = clahe.apply(image)

17

18 # <l niai: 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 # Jdpaliil)l ki (s 3)gall 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 # bl Jueas

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 s 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 Gpead

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 # <Ll Jweas

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 enhance_image(image):
11 image = image.astype('uint8"')
12
13 # plaidl (Ul Cpead CLAHE
14 clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
15 image_clahe = clahe.apply(image)
16
17 # 5l Bilateral <ilmll e Llall ao sliagall sl
18 bilateral = cv2.bilateralFilter(image_clahe, d=9, sigmaColor=75, sigmaSp
19
20 # g« 32 Unsharp Mask
21 gaussian = cv2.GaussianBlur(bilateral, (0,0), sigmaX=1.5)
22 image_sharp = cv2.addWeighted(bilateral, 1.7, gaussian, -0.7, 0)
23
24 # 256 ) 3,sall uSx256 e 7 s
25 image_resized = cv2.resize(image_sharp, (256,256), interpolation=cv2.INT
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 # LSy b ysall Gaas

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

A7 # A8 304m Luadl jsall (ae
48 display ck_images(df_ck, num_samples=5)
49
50
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1 import os

2 from PIL import Image

3 import matplotlib.pyplot as plt

4# 515 saeld yewo adxo lue duaxs JAFFE

5

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

7 # Uyl e ys,0J1 num_samples &40

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()

208 oLl daels 3o yaw 10 Jal gyxd 41401 s Llediw! 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

> “ - -

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 Josxid weols sLas| label o3, _J| Index

1N ~lAacr TAaLLANA+AacrA+-/NAad+arA+N.
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1U Llad>> JdallcudladciL|\laladeL ).

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

11
12
13
14
15
16
17

P2.ipynb - Colab

self.root_dir = root_dir

self.image files = [f for f in os.listdir(root_dir) if f.end
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. oIS w i JaffeDataset Chwdlly ) pall 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 #opall e @il ok (Preprocessing)

35
36

37 transform = transforms.Compose([

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 9/82
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38 transforms.Resize((128,128)),
39 transforms.ToTensor ()

40 ])

41 # Jals Clll Jwess 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'].
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# oL,y cwlied! jlexdl usaxs (GPU 41 CPU):

4

5

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

{ niim rlaccec Hdaffe = lenl(cat(Hiaffe datacetr 1ahelc))
https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 10/82
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o e i —Jr AN ANV A L S & i RtV AV

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

10

11 #Jx35 MobileNetV2 5 oLl sue zo cwlissd 5Ll Lkl Joux
12

13 model = models.mobilenet_v2(pretrained=False)

14 model.classifier[1] = nn.Linear(model.last_channel, num_classes jaff
15 model = model.to(device)

16

17 # 5 lwsxdl 4J1s Goyss (Loss Function) juxs iy (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: 1
warnings.warn(

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

1# # il aamy Jw& (J=& Dropout s BatchNorm)

2

3

4 epochs = 45

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 3 ledy 48 lea

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
JAFFE Epoch
JAFFE Epoch

: Accuracy=0.0423, Loss=3.5417
: Accuracy=0.0516, Loss=3.3005
: Accuracy=0.0986, Loss=2.9897
JAFFE Epoch 4: Accuracy=0.1033, L0ss=2.9613
JAFFE Epoch 5: Accuracy=0.1596, Loss=2.7834
JAFFE Epoch 6: Accuracy=0.1737, L0ss=2.6625

uih WN R
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JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE
JAFFE

1 model.
2 model

3

P2.ipynb - Colab

Epoch 7: Accuracy=0.1362, Loss=2.6883

Epoch 8: Accuracy=0.2066, Loss=2.4317

Epoch 9: Accuracy=0.2582, Loss=2.1691

Epoch 10: Accuracy=0.2441, Loss=2.1952
Epoch 11: Accuracy=0.3474, Loss=1.8670
Epoch 12: Accuracy=0.3756, Loss=1.7576
Epoch 13: Accuracy=0.4038, Loss=1.5630
Epoch 14: Accuracy=0.4085, Loss=1.6606
Epoch 15: Accuracy=0.3991, Loss=1.7367
Epoch 16: Accuracy=0.4883, Loss=1.4560
Epoch 17: Accuracy=0.4977, Loss=1.3735
Epoch 18: Accuracy=0.4178, Loss=1.5723
Epoch 19: Accuracy=0.4742, Loss=1.4081
Epoch 20: Accuracy=0.5211, Loss=1.3671
Epoch 21: Accuracy=0.5540, Loss=1.1800
Epoch 22: Accuracy=0.5117, Loss=1.2430
Epoch 23: Accuracy=0.5352, Loss=1.2044
Epoch 24: Accuracy=0.5540, Loss=1.2814
Epoch 25: Accuracy=0.4742, Loss=1.4862
Epoch 26: Accuracy=0.6103, Loss=1.1323
Epoch 27: Accuracy=0.6573, L0ss=0.9348
Epoch 28: Accuracy=0.6526, Loss=0.9306
Epoch 29: Accuracy=0.7512, Loss=0.7311
Epoch 30: Accuracy=0.8028, L0ss=0.6713
Epoch 31: Accuracy=0.8075, L0ss=0.5672
Epoch 32: Accuracy=0.8216, Loss=0.5730
Epoch 33: Accuracy=0.7840, Loss=0.6516
Epoch 34: Accuracy=0.7746, Loss=0.7408
Epoch 35: Accuracy=0.7277, L0ss=0.7825
Epoch 36: Accuracy=0.6995, Loss=1.0116
Epoch 37: Accuracy=0.7606, Loss=0.6436
Epoch 38: Accuracy=0.8310, Loss=0.5471
Epoch 39: Accuracy=0.8028, Loss=0.5352
Epoch 40: Accuracy=0.8451, Loss=0.4537
Epoch 41: Accuracy=0.7746, L0ss=0.6057
Epoch 42: Accuracy=0.8451, Loss=0.5341
Epoch 43: Accuracy=0.7840, Loss=0.5357
Epoch 44: Accuracy=0.7653, L0ss=0.6762
Epoch 45: Accuracy=0.7887, L0ss=0.6162

classifier[1] = nn.Linear(model.last_channel, num_classes_ck)

model.to(device)

4 for epoch in range(190):

5

O 0 N O

10
11
12

model.train()
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()

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true
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13
14
15
16
17
18
19
20

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=dnoxQeDSeGxm&printMode=true
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optimizer.step()
_, 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_los

13/82



8/13/25, 9:02 PM P2.ipynb - Colab

1
2
3

00N O UV b

O 00 NOUTL D WN B

10
11
12
13
14
15
16
17
18
19
20
21
22
23

LK+ EpOCN 1/8: ACCUracy=l1.vvvuy, LOSS=0Y.vvvs
CK+ Epoch 179: Accuracy=1.0000, Loss=0.0003
CK+ Epoch 180: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 181: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 182: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 183: Accuracy=1.0000, Loss=0.0003
CK+ Epoch 184: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 185: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 186: Accuracy=1.0000, Loss=0.0003
CK+ Epoch 187: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 188: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 189: Accuracy=1.0000, Loss=0.0002
CK+ Epoch 190: Accuracv=1.0000. Loss=0.0001

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.mour

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

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

# 3sall Jiead
image = cv2.imread(image_path, cv2.IMREAD GRAYSCALE) # & Ls=al jaffe dnk, W

# deeadll e R
if isinstance(image, np.ndarray):
# oaaall s

resized_image = cv2.resize(image, (128, 128), interpolation=cv2.INTER_CU

# Al LLaY) 5 gall e
plt.figure(figsize=(10,5), dpi=150)

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

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 14/82
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24 plt.subplot(1l, 2, 2)

25 plt.imshow(resized_image, cmap='gray"')
26 plt.title("Resized")

27 plt.axis('off")

28

29 plt.show()

30 else:

31 print ("X bedl e SB35l Jiesd oy QL")
32

Original Resized

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=dnoxQeDSeGxm&printMode=true 15/82
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1 gray_image = cv2.imread('/content/drive/MyDrive/Datasets/jaffe/KA.AN1.39.tif
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, Dataloader
6 from torchvision import transforms
7 import os
8

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

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=dnoxQeDSeGxm&printMode=true 16/82
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https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

11 #0908 e S ¢l o3 CKPlusDataset «sthall disaill ae cliball Loy ),
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 #ollyl sacld 8 (Leliadl) Glial) 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(".

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

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 18/82
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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 # AW kel ol il

2 import torch

3 import torch.nn as nn

4 from torchvision import models

5 import matplotlib.pyplot as plt

6

7 # el aasi (GPU 23 )

8 device = torch.device('cuda' if torch.cuda.is _available() else 'cpu')
9
10 # z3sa Jwai MobileNetV2 wilial) saal alasiy (8 selia 7 Sie JAFFE)
11 def get mobilenetv2(num_classes):

12 model = models.mobilenet v2(weights=None) # 4&wd )5l (s

13 model.classifier[1] = nn.Linear(model.last channel, num classes) # 5,3Vl
14 return model

15

16 # sacludl caillaglly ~3sall alac)

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 # 4wl Gyl aae

23 epochs = 45

24 train_losses, train_accs = [], []

25

26 # <Xl

27 for epoch in range(epochs):

28 model.train() # il Hsh (& Zisll sy
29 running_loss = 0.0

30 correct = 0

31 total = ©

32

33 # ol Glady e ddls

34 for inputs, labels in jaffe_loader:
35 inputs, labels = inputs.to(device), labels.to(device)
36

37 optimizer.zero_grad()

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 19/82
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49
50
51
52
53
54

—

—
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outputs = model(inputs)
loss = criterion(outputs, labels)
loss.backward()
optimizer.step()

running loss += loss.item()

_, preds = torch.max(outputs, 1)
correct += (preds == labels).sum().item()
total += labels.size(0)

# JS Aally 3kl daw g Glua epoch
epoch_loss = running _loss / len(jaffe_loader)
epoch_acc = correct / total

# @ A B el des
train_losses.append(epoch_loss)
train_accs.append(epoch_acc)

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

v Epoch 1/45: Loss=3.5622, Accuracy=0.0188

Epoch 2/45: Loss=3.3827, Accuracy=0.0329

Epoch 3/45: Loss=3.2723, Accuracy=0.0798

Epoch 4/45: Loss=3.2139, Accuracy=0.0563

Epoch 5/45: Loss=3.0694, Accuracy=0.0657

Epoch 6/45: L0ss=2.8080, Accuracy=0.1174

Epoch 7/45: Loss=2.7637, Accuracy=0.1127

Epoch 8/45: Loss=2.6086, Accuracy=0.1127

Epoch 9/45: Loss=2.4761, Accuracy=0.2066

Epoch 10/45: Loss=2.3182, Accuracy=0.1643
Epoch 11/45: Loss=2.0756, Accuracy=0.2582
Epoch 12/45: Loss=1.9031, Accuracy=0.3286
Epoch 13/45: Loss=2.2427, Accuracy=0.2254
Epoch 14/45: Loss=1.9603, Accuracy=0.2770
Epoch 15/45: Loss=1.8481, Accuracy=0.3099
Epoch 16/45: Loss=1.6083, Accuracy=0.4178
Epoch 17/45: Loss=1.5744, Accuracy=0.4507
Epoch 18/45: Loss=1.6038, Accuracy=0.3521
Epoch 19/45: Loss=1.5139, Accuracy=0.3709
Epoch 20/45: Loss=1.4631, Accuracy=0.4507
Epoch 21/45: Loss=1.4383, Accuracy=0.4507
Epoch 22/45: Loss=1.3299, Accuracy=0.4930
Epoch 23/45: Loss=1.3188, Accuracy=0.5305
Epoch 24/45: Loss=1.1270, Accuracy=0.5587
Epoch 25/45: Loss=1.1413, Accuracy=0.5915
Epoch 26/45: Loss=1.1572, Accuracy=0.5915
Epoch 27/45: Loss=1.1535, Accuracy=0.5493
Epoch 28/45: L0ss=0.9995, Accuracy=0.6291
Epoch 29/45: Loss=1.1437, Accuracy=0.6150
Epoch 30/45: Loss=1.0887, Accuracy=0.5822

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true
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Epoch 31/45: L0ss=0.9217, Accuracy=0.6667
Epoch 32/45: L0ss=0.9046, Accuracy=0.6854
Epoch 33/45: Loss=0.7393, Accuracy=0.7606
Epoch 34/45: Loss=0.5281, Accuracy=0.7840
Epoch 35/45: Loss=0.6364, Accuracy=0.7840
Epoch 36/45: Loss=0.6972, Accuracy=0.7559
Epoch 37/45: Loss=0.7486, Accuracy=0.7324
Epoch 38/45: Loss=1.0619, Accuracy=0.6291
Epoch 39/45: Loss=0.8483, Accuracy=0.6995
Epoch 40/45: Loss=0.7011, Accuracy=0.7700
Epoch 41/45: Loss=0.5599, Accuracy=0.8169
Epoch 42/45: Loss=0.5617, Accuracy=0.7887
Epoch 43/45: Loss=0.6037, Accuracy=0.7653
Epoch 44/45: Loss=0.5118, Accuracy=0.8310
Epoch 45/45: Loss=0.4166, Accuracy=0.8592

1 import torch, torch.nn as nn, torch.optim as optim
2 from torchvision import models

3

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

5

6 num_classes = len(full dataset_jaffe.classes)
7 model = models.mobilenet v2(weights=models.MobileNet V2 Weights.IMAGENET1K V
8 model.classifier[1] = nn.Linear(model.last _channel, num_classes)
9 model = model.to(device)

10

11 criterion
12 optimizer

13

nn.CrossEntropyLoss()
optim.AdamW(model.parameters(), lr=le-3)

14 epochs = 45

15 train_losses, train_accs
16 val_losses, val accs

17

[1, [1]
[1, [1]

18 for epoch in range(epochs):

19
20
21
22
23
24
25
26
27
28
29
30
31
32

# ---- TRAIN ----
model.train()
running_loss, correct, total = 0.0, 0, ©
for x, y in train_loader:
X, y = X.to(device), y.to(device)
optimizer.zero_grad()
out = model(x)
loss = criterion(out, y)
loss.backward()
optimizer.step()

running loss += loss.item() * x.size(9)
correct += (out.argmax(1l) == y).sum().item()
total += x.size(9)

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true
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33
34 epoch_loss = running_loss / total
35 epoch_acc = correct / total
36 train_losses.append(epoch_loss)
37 train_accs.append(epoch_acc)
38
39 # ---- VALIDATION ----
40 model.eval()
41 v_loss, v_correct, v_total = 0.0, 0, ©
42 with torch.no_grad():
43 for x, y in val_loader:
44 X, y = X.to(device), y.to(device)
45 out = model(x)
46 loss = criterion(out, y)
47 v_1loss += loss.item() * x.size(9)
48 v_correct += (out.argmax(l) == y).sum().item()
49 v_total += x.size(9)
50
51 val loss = v_loss / v_total
52 val acc = v_correct / v_total
53 val losses.append(val loss)
54 val accs.append(val_acc)
55
56 print(f"Epoch {epoch+1}/{epochs}: "
57 f"Train Loss={epoch_loss:.4f} Acc={epoch_acc:.4f} | "
58 f"Val Loss={val loss:.4f} Acc={val _acc:.4f}")
59
NameError Traceback (most recent call last)

/tmp/ipython-input-1671935070.py in <cell line: ©>()
4 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')
5
----> 6 num_classes = len(full dataset jaffe.classes)
7 model = models.mobilenet_v2(weights=models.MobileNet_V2_Weights.IMAGENET1K V1)
8 model.classifier[1] = nn.Linear(model.last_channel, num_classes)

NameError: name 'full dataset_jaffe' is not defined

Next steps: ( Explain error

1 import matplotlib.pyplot as plt

2

3 plt.figure(figsize=(8,5))

4 plt.plot(train_accs, label="Training Accuracy")

5 plt.plot(val _accs, label="Validation Accuracy")
https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 22/82
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6 plt.title("JAFFE - Training vs Validation Accuracy")
7 plt.xlabel("Epoch"); plt.ylabel("Accuracy")
8 plt.legend(); plt.grid(True); plt.show()

NameError Traceback (most recent call last)
/tmp/ipython-input-1069374777.py in <cell line: ©>()

3 plt.figure(figsize=(8,5))

4 plt.plot(train_accs, label="Training Accuracy")
----> 5 plt.plot(val_accs, label="Validation Accuracy")

6 plt.title("JAFFE - Training vs Validation Accuracy")

7 plt.xlabel("Epoch"); plt.ylabel("Accuracy")

NameError: name 'val accs' is not defined

0.8

0.6 1

0.4

0.2 1

Next steps: ( Explain error
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1 import matplotlib.pyplot as plt

2

3 plt.
4

5 plt.
6 plt.
7 plt
8 plt.
9 plt
10 plt.
11
12 plt.
13 plt.
14 plt
15 plt.
16 plt
17 plt.
18

19 plt.
20

3.5 1 — Loss

3.0

2.5

Loss

1.5 4

1.0 A

0.5

2.04

figure(figsize=(12,5))

subplot(1,2,1)
plot(train_losses, label='Loss')

.title('Training Loss"')

xlabel('Epoch")

.ylabel('Loss")

legend()

subplot(1,2,2)
plot(train_accs, label='Accuracy')

.title('Training Accuracy')

xlabel('Epoch')

.ylabel('Accuracy")

legend()

show()

Training Loss

Epoch

1 import pandas as pd

2 import numpy as np

3 import torch

4 from torch.utils.data import Dataset
https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=dnoxQeDSeGxm&printMode=true
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— Accuracy
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Epoch
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5 from PIL import Image
6 from torchvision import transforms

7

8 class CKPlusFromCSV(Dataset):

9 def _init_ (self, csv_file, usage="Training", transform=None):
10 self.data = pd.read_csv(csv_file)

11 self.data = self.data[self.data["Usage"] == usage].reset _ind
12 self.transform = transform

13

14 def __len_ (self):

15 return len(self.data)

16

17 def _ getitem_ (self, idx):

18 pixels = np.array(self.data.loc[idx, "pixels"].split(), dtygp
19 img = pixels.reshape(48, 48) # 30 px> CK+ 48 LiJL:x48

20 img = Image.fromarray(img)

21

22 label = int(self.data.loc[idx, "emotion"])

23 if self.transform:

24 img = self.transform(img)

25 return img, label

26

27 # ===== oY yxill =====

28 transform_ck = transforms.Compose([

29 transforms.Grayscale(num_output_channels=3), # o i3 &) Jogo
30 transforms.Resize( (224, 224)),

31 transforms.ToTensor()

32 1)

33

34 # ===== cowl 5l W]l Juax =====

35 csv_path = "/content/drive/MyDrive/Datasets/CK+/ckextended.csv"

36 full _dataset _ck = CKPlusFromCSV(csv_file=csv_path, usage="Training",
37

38 print(f"oLiusdl sae: {len(full_dataset_ck)}")

39

734 rclimll o

1 from torch.utils.data import random_split, Dataloader

2 import torch, torch.nn as nn, torch.optim as optim

3 from torchvision.models import resnetl8, ResNetl18 Weights

4

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

7# 1) ) U as Al Train/Val ) gls)) & Dataloaders

8 def make_loaders(dataset, batch_size=64, val _ratio=0.15, seed=42):

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 25/82
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9 val len = int(len(dataset) * val_ratio)

10 train_len = len(dataset) - val len

11 train_ds, val ds = random_split(

12 dataset, [train_len, val_len],

13 generator=torch.Generator().manual_ seed(seed)

14 )

15 train_loader = DatalLoader(train_ds, batch_size=batch size, shuffle=True,
16 val loader = DatalLoader(val_ds, batch_size=batch_size, shuffle=False
17 return train_ds, val_ds, train_loader, val_loader

18

19 # 2) J sl eli) CK+

20 train_ds_ck, val ds_ck, train_loader_ck, val loader_ck = make_loaders(full d
21

22 # 3) Glial) aae

23 if hasattr(full dataset ck, "classes"):

24 num_classes_ck = len(full_dataset_ck.classes)

25 elif hasattr(full _dataset ck, "data"):

26 num_classes ck = int(full dataset ck.data["emotion"].nunique())

27 else:

28 #osaals 5w Hoall JBA e @3l 2 oAl dalidal

29 labels = [full_dataset_ck[i][1] for i in range(len(full_dataset_ck))]
30 num_classes _ck = len(set(labels))

31

32# 4) I Ll + Jusd Loss

33 model_ck = resnetl8(weights=ResNet18 Weights.DEFAULT)

34 model ck.fc = nn.Linear(model ck.fc.in_ features, num_classes_ ck)
35 model _ck = model ck.to(device)

36

37 criterion = nn.CrossEntropyLoss()

38 optimizer_ck = optim.Adam(model ck.parameters(), lr=le-3)
39

40 # 5) ol his ae oyl

41 epochs = 20

42 train_acc_history ck, val acc_history ck = [], []

43

44 for epoch in range(l, epochs+1l):
45 # --- TRAIN ---

46 model ck.train()

47 tr_corr = tr_cnt = ©

48 for x, y in train_loader_ck:
49 X, y = X.to(device), y.to(device)
50 optimizer_ck.zero_grad()
51 out = model ck(x)

52 loss = criterion(out, y)
53 loss.backward()

54 optimizer_ck.step()

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 26/82
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60
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62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

train_acc = tr

tr_corr +=

tr_cnt +

_corr / tr_cnt
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(out.argmax(1l) == y).sum().item()
X.size(9)

train_acc_history ck.append(train_acc)

# --- VAL ---
model ck.eval()

va_corr

= va_

cnt

0

with torch.no_grad():
for x, y in val_loader_ck:
X, y = Xx.to(device), y.to(device)

val acc

out = model ck(x)
va_corr += (out.argmax(1l) == y).sum().item()
va_cnt += x.size(9)

= va_corr / va_cnt
val _acc_history_ ck.append(val_acc)

print(f"Epoch {epoch}/{epochs} | Train Acc {train_acc:.4f} | Vval Acc {va

E{} Downloading: "https://download.pytorch.org/models/resnet18-f37072fd.pth" to /root/.cache
100% |GG | 24.7M/44.7v [00:00<00:00, 132MB/s]
0.
.9295
.9696
.9840
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1 import matplotlib.pyplot as plt

2

3 plt.figure(figsize=(8,5))
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4 plt.plot(train_acc_history ck, label='Training Accuracy')
5 plt.plot(val acc_history ck, label='Validation Accuracy')

6 plt
7 plt

8

.xlabel('Epoch'); plt.ylabel('Accuracy'); plt.title('CK+ Accuracy')
.legend(); plt.grid(True); plt.show()
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1 import torch, os

2

3 device = torch.device('cuda' if torch.cuda.is _available() else ‘'cpu')
4 torch.backends.cudnn.benchmark = True
5 if hasattr(torch, "set float32 matmul precision"):

6
7

torch.set_float32_matmul_precision('high")

1 import pandas as pd, numpy as np, torch
2 from torch.utils.data import Dataset
3 from PIL import Image

4

5 class CKPlusFast(Dataset):

6
7
8
9
10

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

def __init_ (self, csv_file, usage="Training", transform=None, cache_pt_
self.transform = transform
df = pd.read_csv(csv_file)
if "Usage" in df.columns:
df = df[df["Usage"] == usage].reset_index(drop=True)
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# S Lpt @ dadall a

if cache_pt_path and os.path.isfile(cache pt_path):
data = torch.load(cache_pt_path)
self.images = data["images"] # uint8 [N,48,48]
self.labels = data["labels"] # long [N]

else:
# J &b pixels saly 3« (JS Ju  getitem )
px = df["pixels"].apply(lambda s: np.fromstring(s, sep="'
self.images
self.labels

, dtyp
np.stack([p.reshape(48,48) for p in px], axis=0)
df["emotion"].astype(np.int64).to_numpy()
self.images = torch.from_numpy(self.images) # uint8
self.labels = torch.from_numpy(self.labels) # long
if cache_pt_path:

torch.save({"images": self.images, "labels": self.labels}, c

def _ len_ (self): return len(self.labels)

def _ getitem_ (self, idx):
img = Image.fromarray(self.images[idx].numpy(), mode="L"') # PIL(L)
if self.transform: img = self.transform(img) # -> 3x22
return img, self.labels[idx].item()

1 from torch.utils.data import Dataloader, random_split

2 from torchvision import datasets, transforms

3 from torchvision.models import resnetl8, ResNetl8 Weights
4 import torch.nn as nn, torch.optim as optim

5 import matplotlib.pyplot as plt, random

6

7 IMAGENET_MEAN
8 IMAGENET_STD

(0.485, 0.456, 0.406)
(0.229, ©.224, 0.225)

9 COMMON_TF = transforms.Compose([

10
11
12
13
14 1)
15
16 def
17
18
19
20
21
22

transforms.Grayscale(3),
transforms.Resize((224,224)),
transforms.ToTensor(),

transforms.Normalize (IMAGENET_MEAN, IMAGENET_STD),

cap_per_class_indices(targets, per_class=500):
from collections import defaultdict
d=defaultdict(list)
for i,y in enumerate(targets): d[y].append(i)
sel=[]
for y,ix in d.items():

k = min(per_class, len(ix))

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true 29/82
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23 sel.extend(random.sample(ix, k))

24 random.shuffle(sel)

25 return sel

26

27 def make loaders(dataset, batch_size=64, val ratio=0.15, seed=42):

28 v = int(len(dataset)*val ratio); t = len(dataset)-v

29 tr, va = random_split(dataset, [t, v], generator=torch.Generator().manua
30 loader_kwargs = dict(num_workers=2, pin_memory=True, persistent_workers=
31 return tr, va, Dataloader(tr,batch_size,True, **loader_kwargs), DatalLoad
32

33 def build_model(num_classes, freeze_backbone=True):

34 m = resnetl8(weights=ResNet18 Weights.DEFAULT).to(device)

35 if freeze_backbone:

36 for p in m.layerl.parameters(): p.requires_grad = False

37 for p in m.layer2.parameters(): p.requires_grad = False

38 for p in m.layer3.parameters(): p.requires_grad = False

39 m.fc = nn.Linear(m.fc.in_features, num_classes).to(device)

40 if hasattr(torch, "compile"):

41 try: m = torch.compile(m)

42 except: pass

43 return m

44

45 def train_fast(model, train_loader, val loader, epochs=12, lr=1le-3, patience

46 crit = nn.CrossEntropyLoss()

47 opt = optim.AdamW([p for p in model.parameters() if p.requires_grad], 1
48 scaler = torch.cuda.amp.GradScaler(enabled=(device.type=="cuda'))

49 best val, bad = float('inf'), ©

50 train_hist, val hist = [], []

51

52 for ep in range(1l, epochs+1):

53 # ---- Train (AMP) ----

54 model.train(); tr_corr=tr_cnt=0; tr_loss_sum=0.0

55 for X,y in train_loader:

56 X,y = x.to(device, non_blocking=True), y.to(device, non_blocking
57 opt.zero_grad(set_to_none=True)

58 with torch.cuda.amp.autocast(enabled=(device.type=="'cuda')):
59 out = model(x)

60 loss = crit(out,y)

61 scaler.scale(loss).backward()

62 scaler.step(opt)

63 scaler.update()

64 tr_loss _sum += loss.item()*x.size(9)

65 tr_corr += (out.argmax(1l)==y).sum().item()

66 tr_cnt += x.size(9)

67 train_acc = tr_corr/tr_cnt; train_hist.append(train_acc)

68
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69 # ---- Val ----

70 model.eval(); va_corr=va_cnt=0; va_loss sum=0.0

71 with torch.no_grad(), torch.cuda.amp.autocast(enabled=(device.type==
72 for X,y in val_loader:

73 X,y = X.to(device, non_blocking=True), y.to(device, non_bloc
74 out = model(x); loss = crit(out,y)

75 va_loss sum += loss.item()*x.size(9)

76 va_corr += (out.argmax(l)==y).sum().item()

77 va_cnt += x.size(9)

78 val loss = va_loss sum/va_cnt; val acc = va _corr/va_cnt; val hist.ap
79

80 print(f"Epoch {ep}/{epochs} | Train Acc {train_acc:.4f} | val Acc {v
81

82 # Early Stopping

83 if val loss < best val - le-4:

84 best_val = val_loss; bad = ©

85 best_state = {k:v.detach().cpu().clone() for k,v in model.state_
86 else:

87 bad += 1

88 if bad >= patience:

89 print(f"Early stop @ epoch {ep}")

90 break

91

92 # Load best

93 model.load state_dict(best_state, strict=True)

94 return train_hist, val hist

95

1 from torchvision import datasets

2

3 # FER-2013

4 FER_DIR = "/content/drive/MyDrive/Datasets/FER-2013/train" # _lwdll Ji
5 if os.path.isdir(FER_DIR):

6 fer_full = datasets.ImageFolder(FER_DIR, transform=COMMON_TF)

7 # (48 J< 500 ) duell (mas

8 fer_targets = fer_full.targets

9 fer_idx = cap_per_class_indices(fer_targets, per_class=500)

10 from torch.utils.data import Subset

11 fer_ds = Subset(fer_full, fer_idx)

12

13 trF, vaF, trL_F, valL_F = make_loaders(fer_ds, batch_size=64, val_ratio=0
14 model fer = build _model(num_classes=len(fer_full.classes), freeze_ backbo
15 hist trF, hist vaF = train_fast(model fer, trL_F, vaL_F, epochs=12, 1lr=1
16

17 # JAFFE

18 JAFFE_DIR = "/content/drive/MyDrive/Datasets/JAFFE" # obed Jie
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19 if os.path.isdir(JAFFE_DIR):

20

1
2
3

O 00 N O VT b

10
11
12
13
14

jaffe_full = datasets.ImageFolder(JAFFE_DIR, transform=COMMON_TF)
# e J palii phind Sl pra Ule

trd, val, trL_3J, valL_J = make_loaders(jaffe_full, batch_size=64, val_rat
model jaffe = build_model(num_classes=1len(jaffe_full.classes), freeze_ba
hist _trJ, hist val = train_fast(model jaffe, trL_J, valL_J, epochs=12, 1r

/tmp/ipython-input-169423696.py:48: FutureWarning: ~torch.cuda.amp.GradScaler(args...)’

scaler = torch.cuda.amp.GradScaler(enabled=(device.type=="cuda'))

/tmp/ipython-input-169423696.py:58: FutureWarning: ~torch.cuda.amp.autocast(args...)’

with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
No CUDA runtime is found, using CUDA_HOME='/usr/local/cuda'

/tmp/ipython-input-169423696.py:58: FutureWarning: “torch.cuda.amp.autocast(args...)’

with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):

/tmp/ipython-input-169423696.py:71: FutureWarning: ~torch.cuda.amp.autocast(args...)’

with torch.no_grad(), torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
Epoch 1/12 | Train Acc 0.3629 | Val Acc ©.4665 | Val Loss 1.3862

/tmp/ipython-input-169423696.py:58: FutureWarning: “torch.cuda.amp.autocast(args...)’

with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):

/tmp/ipython-input-169423696.py:71: FutureWarning: ~torch.cuda.amp.autocast(args...)"’

with torch.no_grad(), torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
Epoch 2/12 | Train Acc ©.6229 | Val Acc 0.4193 | Val Loss 1.7564
Epoch 3/12 | Train Acc ©.7792 | Val Acc ©.4232 | Val Loss 2.1252
Epoch 4/12 | Train Acc 0.8759 | Val Acc ©.4154 | Val Loss 2.4618
Early stop @ epoch 4

CK_CSV = "/content/drive/MyDrive/Datasets/CK+/ckextended.csv" # bl Jie
if os.path.isfile(CK_CSV):
ck _ds = CKPlusFast(CK _CSV, usage="Training", transform=COMMON_TF,
cache_pt_path="/content/ck_train_cache.pt")

is

is

trC, vaC, trL_C, vaL_C = make loaders(ck _ds, batch size=64, val ratio=0.

# olay) ae g
try:

n_cls_ck = int(pd.read_csv(CK_CSV).query("Usage=="Training"'")["emoti

except:
labels ck = [ck_ds[i][1] for i in range(len(ck_ds))]
n_cls ck = len(set(labels ck))
model ck = build model(num_classes=n_cls ck, freeze_backbone=True)

hist trC, hist vaC = train_fast(model ck, trL_C, valL_C, epochs=12, lr=le

E{} /tmp/ipython-input-169423696.py:48: FutureWarning: “torch.cuda.amp.GradScaler(args...)’

scaler = torch.cuda.amp.GradScaler(enabled=(device.type=="cuda'))

/tmp/ipython-input-415479120.py:30: DeprecationWarning: 'mode' parameter is deprecated a

img = Image.fromarray(self.images[idx].numpy(), mode="L"') # PIL(L)

/tmp/ipython-input-415479120.py:30: DeprecationWarning: 'mode' parameter is deprecated a

img = Image.fromarray(self.images[idx].numpy(), mode="L"') # PIL(L)

/tmp/ipython-input-169423696.py:58: FutureWarning: “torch.cuda.amp.autocast(args...)’

with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true
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/tmp/ipython-input-169423696.py:58: FutureWarning: ~torch.cuda.amp.autocast(args...) is
with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
/tmp/ipython-input-169423696.py:71: FutureWarning: "“torch.cuda.amp.autocast(args...) is
with torch.no_grad(), torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
/tmp/ipython-input-415479120.py:30: DeprecationWarning: 'mode' parameter is deprecated a
img = Image.fromarray(self.images[idx].numpy(), mode='L"') # PIL(L)
/tmp/ipython-input-415479120.py:30: DeprecationWarning: 'mode' parameter is deprecated a
img = Image.fromarray(self.images[idx].numpy(), mode="L"') # PIL(L)
Epoch 1/12 | Train Acc 0.6635 | Val Acc ©.7636 | Val Loss 1.0532
/tmp/ipython-input-169423696.py:58: FutureWarning: "“torch.cuda.amp.autocast(args...)” is
with torch.cuda.amp.autocast(enabled=(device.type=="cuda')):
/tmp/ipython-input-169423696.py:71: FutureWarning: ~torch.cuda.amp.autocast(args...) 1is
with torch.no_grad(), torch.cuda.amp.autocast(enabled=(device.type=="cuda')):

Epoch 2/12 | Train Acc ©.9343 | Val Acc 0.8636 | Val Loss 0.5601
Epoch 3/12 | Train Acc 0.9904 | Val Acc ©.9091 | Val Loss 0.3183
Epoch 4/12 | Train Acc 1.0000 | Val Acc ©.9182 | Val Loss ©.3544
Epoch 5/12 | Train Acc 1.0000 | Val Acc 0.9182 | Val Loss 0.2930
Epoch 6/12 | Train Acc 1.0000 | Val Acc 0.9182 | Val Loss 0.2723
Epoch 7/12 | Train Acc 1.0000 | Val Acc 0.9000 | Val Loss 0.2920
Epoch 8/12 | Train Acc 1.0000 | Val Acc 0.9000 | Val Loss 0.2691
Epoch 9/12 | Train Acc 1.0000 | Val Acc ©.9091 | Val Loss ©.2366

Epoch 10/12 | Train Acc 1.0000 | Val Acc 0.9182 | Val Loss 0.2291
Epoch 11/12 | Train Acc 1.0000 | Val Acc ©.9182 | Val Loss 0.2261
Epoch 12/12 | Train Acc 1.0000 | Val Acc ©.9182 | Val Loss 0.2251

1 def plot_hist(htr, hva, title):

2 plt.figure(figsize=(7,4)); plt.plot(htr,label="Train'); plt.plot(hva,lab
3 plt.title(title); plt.xlabel('Epoch'); plt.ylabel('Accuracy'); plt.grid(
4

5 if 'hist_trF' in globals(): plot_hist(hist_trF, hist_vaF, "FER-2013 Accuracy
6 if 'hist _trJ' in globals(): plot_hist(hist_trJ, hist_val, "JAFFE Accuracy")
7 if 'hist_trC' in globals(): plot_hist(hist_trC, hist_vaC, "CK+ Accuracy")

8
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Plot Training/Validation Accuracy for CK+, JAFFE, FER-2013

2 import matplotlib.pyplot as plt

3

4 def plot_accuracies(train_acc, val_acc, title="Accuracy Curve"):
plt.figure(figsize=(8,5))

5
6
7

plt.plot(train_acc, label='Training Accuracy')
plt.plot(val _acc, label='Validation Accuracy')

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scrollTo=dnoxQeDSeGxm&printMode=true
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8 plt.title(title)

9 plt.xlabel('Epoch")

10 plt.ylabel('Accuracy")
11 plt.legend()

12 plt.grid(True)

13 plt.show()

14

15 def safe_plot(var_train_name, var_val name, title):
16 g = globals()

17 if var_train_name in g and var_val _name in g and len(g[var_train_name])
18 plot_accuracies(g[var_train_name], g[var_val name], title)

19 else:

20 print (f"[«s] casd by g Y {title}. "

21 frela) o XU {var_train_name} s {var_val name} < il oLl ")

22

23 # o) LU bl b L3R ) dalal eleul) Al

24 # CK+

25 safe _plot("train_acc_history ck", "val acc_history ck", "CK+ Accuracy")

26

27 # JAFFE

28 safe_plot("train_acc_history jaffe", "val acc_history jaffe", "JAFFE Accurac
29

30 # FER-2013
31 safe_plot("train_acc_history_fer", "val_acc_history_fer", "FER-2013 Accuracy
32
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1# ==== Quick Train & Plot (5 epochs, fast) ====

2 import os, random, torch, torch.nn as nn, torch.optim as optim

3 from torch.utils.data import DatalLoader, random_split, Subset
4 from torchvision import datasets, transforms

5 from torchvision.models import resnetl8, ResNetl8 Weights

6 import matplotlib.pyplot as plt

7

8# ----mmmm oo ixogw Ol dlae| ===---mmmmo-

9 DATA DIR = "/content/drive/MyDrive/Datasets/FER-2013/train" # <--
10 USE_EXISTING DATASET = False # J.iec o full dataset j»l> = True
11 EPOCHS = 100
12 BATCH = 64
13 VAL_RATIO = 0.15
14 PER_CLASS_CAP = 300 # el Lo w) Linedl JUs
15 IMAGENET_MEAN=(0.485,0.456,0.406); IMAGENET STD=(0.229,0.224,0.225)
16
17 device = torch.device('cuda' if torch.cuda.is_available() else 'cpu
18 torch.backends.cudnn.benchmark = True

19

20 tf = transforms.Compose([

21 transforms.Grayscale(3),

22 +rancfnrmc Racizal (224 22A)N)
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—c LU I VI D e INC DL\ \&aTyeeaeT) )y

23 transforms.ToTensor(),

24 transforms.Normalize (IMAGENET_MEAN, IMAGENET_STD),

25 1)

26

27 # - L5t ol Joaxs (ImageFolder) i s=dl Joldds go -------
28 def cap_per_class_indices(targets, per_class):

29 from collections import defaultdict

30 d=defaultdict(list)

31 for i,y in enumerate(targets): d[y].append(i)

32 sel=[]

33 for y,ix in d.items():

34 k=min(per_class,len(ix))

35 sel.extend(random.sample(ix,k))

36 random.shuffle(sel)

37 return sel

38

39 if USE_EXISTING_DATASET and 'full dataset' in globals():
40 ds_full = full dataset I
41 else:

42 ds_full = datasets.ImageFolder(DATA_DIR, transform=tf)
43

44#(|;“:‘§&¢ 5 ;]é‘) “..“) ~.“ l‘ . o .
45 if hasattr(ds_full, 'targets'):
46 idx = cap_per_class_indices(ds_full.targets, PER_CLASS_CAP)

47 ds = Subset(ds_full, idx)

48 else:

49 ds = ds_full

50

51 # ------------ Train/Val loaders ------------

52 val _len = int(len(ds)*VAL_RATIO)

53 train_len = len(ds) - val_len

54 train_ds, val_ds = random_split(ds, [train_len, val_len], generator
55

56 loader_kw = dict(batch_size=BATCH, num_workers=2, pin_memory=True,
57 train_loader = DatalLoader(train_ds, shuffle=True, **1loader_kw)

58 val loader = Dataloader(val_ds, shuffle=False, **loader_kw)
59
60 # ------------ Jouogsall (ResNetl8 + Transfer Learning) ------------

61 num_classes = len(ds_full.classes)

62 model = resnetl8(weights=ResNetl1l8 Weights.DEFAULT)

63 model.fc = nn.Linear(model.fc.in_features, num_classes)
64 model = model.to(device)

65

66 criterion
67 optimizer
68

nn.CrossEntropyLoss()
optim.AdamW(model.parameters(), lr=le-3)
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70 train_acc_history, val_acc_history = [], []

71 for
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

epoch in range(1l, EPOCHS+1):
# TRAIN
model.train(); tr_corr=tr_cnt=0
for X,y in train_loader:
X,y = X.to(device, non_blocking=True), y.to(device, non_blo
optimizer.zero_grad()
out = model(x)
loss = criterion(out,y)
loss.backward(); optimizer.step()
tr_corr += (out.argmax(l)==y).sum().item(); tr_cnt += x.siz
train_acc = tr_corr/tr_cnt; train_acc_history.append(train_acc)

# VAL
model.eval(); va_corr=va_cnt=0
with torch.no_grad():
for x,y in val_loader:
X,y = x.to(device, non_blocking=True), y.to(device, non
out = model(x)
va_corr += (out.argmax(1l)==y).sum().item(); va_cnt += Xx
val acc = va_corr/va_cnt; val acc_history.append(val_acc)

print(f"Epoch {epoch}/{EPOCHS} | Train {train_acc:.4f} | val {v

__________ el pwy mmmmmm------

.figure(figsize=(8,5))

.plot(train_acc_history, label='Training Accuracy')
.plot(val_acc_history, label='Validation Accuracy')
.title('Training vs Validation Accuracy'); plt.xlabel('Epoch');
.grid(True); plt.legend(); plt.show()

eee  Downloading: "https://download.pytorch.org/models/resnetl18-f37072fd.pth" to /root/.cache
100% | NN 24.7M/44.7M [00:00<00:00, 131MB/s]
Epoch 1/100 | Train ©.3238 | Val ©.3238
Epoch 2/100 | Train ©.5294 | Val 0.3905
Epoch 3/100 | Train 0.6958 | Val 0.3460
Epoch 4/100 | Train ©0.7731 | Val @.4222
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1 1def train_one_model(model, train_ loader, val loader, epochs, devl

2 train_hist, val hist = [], []

3 for epoch in range(1l, epochs+1):

4 # TRAIN

5 model.train()

6 tr_corr = tr_cnt = 0

7 for X,y in train_loader:

8 X,y = X.to(device), y.to(device)

9 optimizer.zero_grad()
10 out = model(x)
11 loss = criterion(out, y)
12 loss.backward()
13 optimizer.step()
14 tr_corr += (out.argmax(1l)==y).sum().item()
15 tr _cnt += x.size(9)
16 train_hist.append(tr_corr/tr_cnt)
17
18 # VAL
19 model.eval()
20 va_corr = va_cnt = ©
21 with torch.no_grad():
22 for x,y in val_loader:
23 X,y = X.to(device), y.to(device)
24 out = model(x)
25 va_corr += (out.argmax(1l)==y).sum().item()
26 va_cnt += x.size(9)
27 val hist.append(va_corr/va_cnt)
28 return train_hist, val hist
29

1 train_acc_history ck, val acc_history_ck = train_one_model(model ck, t
2 train_acc_history jaffe,val acc_history jaffe= train_one model(model jaffe,t
3 train_acc_history fer, val acc_history fer = train_one_model(model fer, t
4

5 plot_accuracies(train_acc_history_ck, val acc_history ck, "CK+ Accurac
6 plot_accuracies(train_acc_history_ jaffe, val acc_history jaffe, "JAFFE Accur
7 plot_accuracies(train_acc_history fer, val acc_history fer, "FER-2013 Ac
8
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1# --- aie ;a8 full dataset _jaffe (ImageFolder) siala &dygaiy ---
2 from torch.utils.data import random_split, Dataloader
3

4 val _ratio = 0.15

5val _len = int(len(full_dataset_jaffe) * val ratio)

6 train_len = len(full_dataset_jaffe) - val_len

7 train_ds, val_ds = random_split(full dataset_jaffe, [train_len, val_len],

8 generator=torch.Generator().manual_seed(42))
9

10 train_loader
11 val loader
12

DatalLoader(train_ds, batch_size=64, shuffle=True, num_worker
DatalLoader(val_ds, batch_size=64, shuffle=False, num_worker

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_scor
11 import matplotlib.pyplot as plt
12 import seaborn as sns
13 from PIL import Image
14 import cv2
15 import pandas as pd
16

1 def train_one_model(model, train_loader, val loader, epochs, device, optimiz

2 train_hist, val _hist = [], []

3 for epoch in range(1l, epochs+1):

4 # TRAIN

5 model.train()

6 tr_corr = tr_cnt = 0

7 for X,y in train_loader:

8 X,y = X.to(device), y.to(device)
9 optimizer.zero_grad()
10 out = model(x)
11 loss = criterion(out, y)
12 loss.backward()
13 optimizer.step()
14 tr_corr += (out.argmax(l)==y).sum().item()
15 tr _cnt += x.size(9)
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29
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train_hist.append(tr_corr/tr_cnt)

# VAL

model.eval()

va_corr = va_cnt = 0

with torch.no_grad():

for x,y in val_loader:

X,y = X.to(device), y.to(device)
out = model(x)
va_corr += (out.argmax(1l)==y).sum().item()
va_cnt += x.size(9)

val hist.append(va_corr/va_cnt)

return train_hist, val hist

1 train_acc_history_ck, val _acc_history ck = [], []

2

3 for epoch in range(1l, epochs+1):

4

O 00 N O U

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

# --- TRAIN ---

model.train()

train_correct = 0

train_count = 0

train_loss_sum = 0.0

for x, y in train_loader_ck:
X, y = Xx.to(device), y.to(device)
optimizer.zero_grad()
logits = model(x)
loss = criterion(logits, y)
loss.backward()
optimizer.step()

train_loss _sum += loss.item() * x.size(0@)
train_correct += (logits.argmax(l) == y).sum().item()
train_count += x.size(0)

train_acc = train_correct / train_count

# --- VAL ---
model.eval()
val correct =
val count = 0
val loss _sum = 0.0
with torch.no_grad():
for x, y in val loader_ck:
X, y = X.to(device), y.to(device)
logits = model(x)

0
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34
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36
37
38
39
40
41
42
43
44

25

val

P2.ipynb - Colab
loss = criterion(logits, y)
val loss sum += loss.item() * x.size(@)
val correct += (logits.argmax(1l) == y).sum().item()
val count += x.size(9)

acc = val _correct / val count

# o o5s
train_acc_history ck.append(train_acc)

val_

acc_history ck.append(val_acc)

print(f"Epoch {epoch}/{epochs} | Train Acc {train_acc:.4f} | val Acc {va

plot_accuracies(train_acc_history ck, val acc_history ck, "CK+ Accuracy")

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

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

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

27
28

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true
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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 = DatalLoader(jaffe_dataset, batch_size=8, shuffle=True)
36 num_classes_jaffe = len(set(jaffe_dataset.labels))

37

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(

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 1)

33

34 jaffe_dataset = JaffeDataset(jaffe_path, transform=transform)
35 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.1lr_scheduler.StepLR(optimizer, step size=3, gamma=0.97)

10

1 def train_model(model, criterion, optimizer, scheduler, num_epochs=30):
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
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ly_true, y_ppedJ y_pPOba = []J []J []

2

3 model.eval()
4 with torch.no_grad():

5

O 00 N O

10
11
12
13
14

for inputs, labels in jaffe_loader:
inputs = inputs.to(device)
outputs = model(inputs)
probabilities = torch.softmax(outputs, dim=1)
preds = torch.argmax(probabilities, axis=1)

y true.extend(labels.numpy())
y_pred.extend(preds.cpu().numpy())
y_proba.extend(probabilities.cpu().numpy())

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

O 00 N O wn

10
11
12
13
14
15
16
17
18
19
20
21

labels = list(jaffe_dataset.label map.keys())

accuracy = accuracy_score(y_true, y_pred)

precision = precision_score(y_true, y_pred, average='weighted', zero_div
recall = recall score(y_true, y pred, average='weighted')

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

cm = confusion_matrix(y_true, y_pred)

print(f"[{model_name}] Accuracy: {accuracy:.4f}")

print("Precision:", precision)

print("Recall:", recall)

print("Fl-score:", f1)

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

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

sns.heatmap(cm, annot=True, fmt='d', cmap='Blues', xticklabels=labels, y
plt.title('Confusion Matrix"')

plt.show()

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

23
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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# oS w i CKPlusDataset ¢« &n )l Dataset
6 # Sl Bieadl andiig WO 1 CK+ & 4334l DataFrame Ju Wil 8 (S s Ul ) Dataloa

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

class CKPlusDataset(Dataset):

def

def

def

__init__ (self, dataframe, transform=None):

self.df = dataframe # DataFrame sxel e ssini: 'pixels' s
self.transform = transform # osall o lenkd s Al SOyl (Jie ToT
__len__(self):

return len(self.df) # Ul de geaa (B Cliall 2

__getitem_ (self, idx):

pixel values = [int(p) for p in self.df.iloc[idx]['pixels'].split()]

# 2 iypa ) OSN bisniD 48 aaaix48 (Beld s CK+)
image = np.array(pixel_values).reshape(48, 48).astype(np.uint8)

# S A sosall s PIL e il torchvision.transforms
image = Image.fromarray(image)

# oaay o) soasall OO el puks

if self.transform:
image = self.transform(image)

# —naill zl,a% (Label) ¢« DataFrame
label = int(self.df.iloc[idx][ 'emotion'])

return image, label # [ sl Ll 1

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

3

4 # srpa IS o Gk A SOl iy g
5 transform = transforms.Compose([
transforms.RandomHorizontalFlip(),

6
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7 transforms.RandomVerticalFlip(),
8 transforms.RandomRotation(10),

9 transforms.Resize((128,128)),

10 transforms.ToTensor()

11 ])

12

13 # oallly bl de gane oL)
14 ck_dataset = CKPlusDataset(df_ck, transform=transform)

15 ck_loader = DatalLoader(ck _dataset, batch_size=8, shuffle=True)

16

17 # (ldsll) elid) ae lea

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
6 optimizer
7 scheduler
8

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

1 from torchvision import transforms
2
3 transform = transforms.Compose([

optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)

4 transforms.Lambda(lambda img: img.convert("RGB")), # J ¢, (» Jissi RGB
5 transforms.RandomHorizontalFlip(),

6 transforms.RandomVerticalFlip(),

7 transforms.RandomRotation(10),

8 transforms.Resize((128,128)),

9 transforms.ToTensor()

10 ])

11

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")), # B &) ¢l o i
6 transforms.Resize((128, 128)),

7 transforms.ToTensor ()

8 1)

9 ck_dataset = CKPlusDataset(df _ck, transform=transform)
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10 ck_loader = DatalLoader(ck dataset, batch size=8, shuffle=True)
11
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1# sl 2 aaas (epochs)
2 epochs = 190

3
4

5 for epoch in range(epochs):

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
36
37
38
39
40
41
42
43

print(f"\nEpoch {epoch+1}/{epochs}")
model.train() # — il jsh & iill g

running_loss = 0.0
correct = 0
total = @

#oclladl cl=dy e ddls
for inputs, labels in ck_loader:
inputs, labels = inputs.to(device), labels.to(device)

# Al Gla il jdead
optimizer.zero_grad()

outputs = model(inputs)

# ij\ TR\ IVEN
loss = criterion(outputs, labels)

#ookaAll e 2l 55y Cuaas
loss.backward()
optimizer.step()

#B)w\ @A;ﬁ
running_loss += loss.item()

# danmall Aladall Gles

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

correct += (preds == labels).sum().item()
total += labels.size(0)

# J8 hugdl Gl epoch
epoch_loss = running_loss / len(ck_loader)
epoch_acc = correct / total

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

ly_true, y_pred, y proba = [], [], []

2
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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 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

22 evaluate model("ResNetl8 on CK+", y true, y pred, y proba)

23

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
6 optimizer
7 scheduler
8

nn.CrossEntropyLoss()
optim.AdamW(model.parameters(), 1lr=0.001)
optim.lr_scheduler.StepLR(optimizer, step_size=3, gamma=0.97)
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2

2 for epoch in range(epochs):

3

O 00 N O VT b

10
11
12
13
14
15
16
17
18
19
20
21
22

print(f"\nEpoch {epoch+1}/{epochs}")
model.train()
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(9)

epoch_loss = running_loss / len(ck_dataset)
epoch_acc = correct.double() / len(ck_dataset)
print(f"Loss: {epoch loss:.4f} Acc: {epoch _acc:.4f}")

ly_ true, y_pred, y _proba = [], [], []

2

3 model.eval()
4 with torch.no_grad():

5

O 00 N O

10
11
12
13
14

for inputs, labels in ck_loader:

inputs = inputs.to(device)

outputs = model(inputs)

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

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

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

2

1 import pandas as pd
2 import numpy as np
3 import torch
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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 # Loy bl o Wl
13 print("ssdsadl «lal: " - df ck['emotion'].unique())
14 num_classes_ck = df _ck['emotion'].nunique()
15 print ("<l ae:" num_classes_ck)
16
17 # oy 1) Glaill zola 43 ol 4] xsas
18 df ck = df_ck[df _ck['emotion'] < num_classes ck].reset _index(drop=True)
19

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 ])
27

28 ck_dataset = CKPlusDataset(df_ck, transform=transform)
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29
30

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

2
3

4 model.classifier[1] = torch.nn.Linear(model.classifier[1].in_feature

PM

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

P2.ipynb - Colab

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

5 model = model.to(device)

6
7
8
9
10

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

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

2

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

criterion = torch.nn.CrossEntropylLoss()

optimizer
scheduler

def train_model(model, criterion, optimizer, scheduler, num_epochs=2):

torch.optim.AdamW(model.parameters(), 1lr=0.001)
torch.optim.lr_scheduler.StepLR(optimizer, step size=3,

for epoch in range(num_epochs):
print(f"\nEpoch {epoch+1}/{num_epochs}")
model.train()
running_loss, correct = 0.0, ©

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

optimizer.zero_grad()

output
loss =

S

(@

= model(inputs)
riterion(outputs, labels)

loss.backward()
optimizer.step()

_, preds

correct += torch.sum(preds == labels.data)
running_loss += loss.item() * inputs.size(9)

= torch.max(outputs, 1)

scheduler.step()

epoch_1loss
epoch_acc

running_loss / len(ck_dataset)

correct.double() / len(ck_dataset)

lcpul

print(f"Loss: {epoch _loss:.4f}, Accuracy: {epoch_acc:.4f}")

return model
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1 from sklearn.metrics import accuracy_score, precision_score, recall score, f

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

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

19
20
21
22
23
24
25
26

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

import seaborn as sns
import matplotlib.pyplot as plt

y_true, y_pr‘ed = []J []

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

cm = confusion_matrix(y_true, y pred)

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

sns.heatmap(cm, annot=True, fmt='d', cmap='Blues')
plt.title('Confusion Matrix')
plt.xlabel('Predicted")

plt.ylabel('True")

plt.show()

import torch

import torch.nn as nn

import torch.optim as optim

from torchvision import models

from torch.optim import 1lr_scheduler

# 1., Glly s QLS 2ae iy 23 CK+
num_classes _ck = df_ck['emotion'].nunique()

# 2. zisd Jwead DenseNet121 4boai
model = models.densenetl2l(pretrained=False)

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

model = model.to(device)

# 3. (al’jj\ Z\JJA.;J co,w;.d\ c'éj.uﬂ\ iy =l
criterion = nn.CrossEntropylLoss()
optimizer = optim.AdamW(model.parameters(), 1lr=0.001)

exp_1lr_scheduler = 1lr_scheduler.StepLR(optimizer, step_size=7, gamma=0.1)
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21 def train_model(model, criterion, optimizer, scheduler, num_epochs=1):

22 for epoch in range(num_epochs):

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

24 model.train()

25 running_loss = 0.0

26 correct = 0

27 total = @

28

29 for inputs, labels in ck_loader:

30 inputs, labels = inputs.to(device), labels.to(device)
31

32 optimizer.zero_grad()

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(0)

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. ol la
50 model = train_model(model, criterion, optimizer, exp_lr_scheduler, num_epoch
51

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

ly_true, y_pr‘edJ y_pPOba = []J []: []
2

3 model.eval()
4 with torch.no_grad():
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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

15 y_true = np.array(y_true)

16 y pred = np.array(y_pred)

17 y_proba = np.array(y_proba)

18

19 evaluate_model("dnsdl aul"; y true, y_pred, y_proba)
20

import torch

import torch.nn as nn

import torch.optim as optim

from torchvision import models, transforms

from torch.utils.data import Dataset, Dataloader
from PIL import Image

import os

import cv2

import numpy as np

O o0 NOUVT D WN PR

1 transform = transforms.Compose([

2 transforms.RandomHorizontalFlip(),
3 transforms.RandomVerticalFlip(),
4 transforms.RandomRotation(20),
5 transforms.ColorJitter(brightness=0.2, contrast=0.2, saturation=0.2),
6 transforms.Resize((224,224)),
7 transforms.ToTensor(),
8 transforms.Normalize([©.485, 0.456, 0.406], [0.229, 0.224, 0.225])
o0

10

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

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

4 self.root _dir = root_dir

5 if not os.path.exists(root_dir):

6 print(f"ds) {root_dir} ki, oo SW ela )l 30 2 Google Drive il
7 self.image_files = []
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8

9
10
11
12
13
14
15
16
17
18
19
20
21

def

def
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else:
self.image _files = [f for f in os.listdir(root_dir) if f.endswit
self.transform = transform

__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 = int(self.image files[idx].split('.')[1]) # s adaill cus o
return image, label

1 emotion_labels = set()

2

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

4
5
6
7

8

parts = f.split('.")
if len(parts) >= 2:
emotion labels.add(parts[1]) # dJie "SU2" « ki J,¥) 30 3ab

9 # elidl Jid i J Laé (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 # oS y =i JaffeDataset <lly 4allad JAFFE
8 class JaffeDataset(Dataset):

9
10
11
12
13
14
15
16
17

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

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

# A0 ) elid)l say disad Gusald iy
self.emotion_dict = {

"AN': 0, # Angry

'DI': 1, # Disgust
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

def

def
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'"FE': 2, # Fear
'"HA': 3, # Happy
'NE': 4, # Neutral
'SA': 5, # Sad
'SU': 6 # Surprise
¥
__len_ (self):

return len(self.image_files)

__getitem_ (self, idx):

# 55l Jiead

image path = os.path.join(self.root dir, self.image files[idx])
image = Image.open(image path).convert('L') # k) 3,5l

# S o) el Gk
if self.transform:
image = self.transform(image)

# ol aul e seliall ey zlyaiul (S SA e KA.SA1.93.tiff)
emotion_code = self.image files[idx].split('."')[1][:2]

label = self.emotion_dict[emotion_code]

return image, label

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

3

4 11s "/content/drive/MyDrive/Datasets/FER-2013/train"

5

1 from torchvision import datasets, transforms

2

3 transform = transforms.Compose ([
transforms.Grayscale(num_output_channels=3), # Lsa oY FER-2013 4nk,
transforms.Resize( (224, 224)),

transforms.ToTensor()

4
5
6

71)

8

9 train_dir = "/content/drive/MyDrive/Datasets/FER-2013/train"
10 full _dataset = datasets.ImageFolder(root=train_dir, transform=transform)

11

12 print(f"_s<al 2e: {len(full dataset)}")
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13 print(f"«lall: {full dataset.classes}")
14

1 import random

2 from torch.utils.data import Subset

3 from collections import defaultdict

4

5 samples_per class = 1000 # 4 J<I adY) aal)
6

7 # Ol #)Aiul (labels)

8 targets = full_dataset.targets

9 class_indices = defaultdict(list)
10
11 # 48 S Ga)ledll poasd
12 for idx, label in enumerate(targets):
13 class_indices[label].append(idx)
14
15 # 48 K e ddlsde Glye  jldal

16 selected indices = []
17 for cls, indices in class_indices.items():

18 if len(indices) > samples_per_class:

19 selected_indices.extend(random.sample(indices, samples per_class))
20 else:

21 selected indices.extend(indices) # JU U 1000 o« (& 4

22

23 # L&) Subset

24 subset dataset = Subset(full dataset, selected indices)
25

26 print(f" @ Subset »l: {len(subset_dataset)} sus=a.")
27

1 from torch.utils.data import Dataloader

2

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

1

2 # Las 48 U A 1000 o ssiad s Al cLi)

3 samples _per _class = 1000

4 targets = full dataset.targets

5 class_indices = {cls: [] for cls in range(len(full_dataset.classes))}
6
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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 Glpb5d) ma

13 final indices = [idx for indices in class_indices.values() for idx in indice

14 subset_dataset = Subset(full _dataset, final_indices)

1 import torch, torch.nn as nn, torch.optim as optim
2 from torch.utils.data import DatalLoader, Subset

3 from torchvision import models, transforms

4 import random

5

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

7
8 # o xb :0is full dataset = Tensor <isé 3
9

10

11 # subset u il jma Jlsde

12 if 'subset_dataset' not in globals():

13 n = min(len(full dataset), 1000)

14 idx = random.sample(range(len(full dataset)), n)
15 subset dataset = Subset(full dataset, idx)

16

17 # gis

18 model = models.resnetl8(pretrained=False)

19 model.fc = nn.Linear(model.fc.in_features, len(full dataset.classes))

20 model = model.to(device)
21
22 # <o

23 train_loader = DatalLoader(subset dataset, batch_size=16, shuffle=True, num w

24 criterion = nn.CrossEntropylLoss()
25 optimizer = optim.Adam(model.parameters(), lr=1le-4)
26 epochs = 1000 # <&Vl o 15Sw g

27

28 for epoch in range(epochs):

29 model.train()

30 running_loss, correct = 0.0, ©

31 for inputs, labels in train_loader:
32 inputs, labels = inputs.to(device), labels.to(device)
33

34 optimizer.zero_grad()

35 outputs = model(inputs)

36 loss = criterion(outputs, labels)
37 loss.backward()
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38 optimizer.step()

39

40 running_loss += loss.item() * inputs.size(9)
41 preds = outputs.argmax(1)

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

43

44 epoch_loss = running_loss / len(subset_dataset)
45 epoch_acc = correct / len(subset_dataset)

46 print(f"Epoch {epoch+1}/{epochs}, Loss: {epoch_loss:.4f}, Accuracy: {epo
47

48 # ol e G je sae %97<¢ Llay 13 sl S caldy)

49 if epoch >= 19 and epoch_acc > 0.97:

50 break

51

1# 1) L4 Subset (Plsde) 48 I die 1000 S )5
2 import random

3 from torch.utils.data import Subset

4 from collections import defaultdict

5

6 samples_per _class = 1000 # gl x5l e

7

8 # !, targets g (e JS& ImageFolder

9 if hasattr(full dataset, "targets"):
10 targets = list(full_dataset.targets)
11 elif hasattr(full _dataset, "samples"):
12 targets = [1bl for _, 1bl in full dataset.samples]
13 else:
14 raise AttributeError("isd (o (Sal A labels & full dataset (¥ targets Ys s
15
16 class_indices = defaultdict(list)
17 for idx, label in enumerate(targets):
18 class_indices[label].append(idx)
19
20 selected indices = []
21 for cls, indices in class_indices.items():

22 k = min(samples_per_class, len(indices))
23 selected_indices.extend(random.sample(indices, k))
24

25 random.shuffle(selected _indices)

26 subset_dataset = Subset(full _dataset, selected_indices)

27 print(f" @ Subset »: {len(subset_dataset)} = ®,s=a {len(full_dataset.class
28
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1 # 2) DatalLoaders (silly il
2 from torch.utils.data import random split, Dataloader
3 import torch
4

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

6

7 val ratio = 0.15

8 val_len = int(len(subset_dataset) * val_ratio)
9 train_len = len(subset_dataset) - val_len

10 train_ds, val ds = random_split(subset dataset, [train_len, val len],
11 generator=torch.Generator().manual_seed(42))

12

13 train_loader
14 val loader
15

16 len(train_ds), len(val_ds)
17

14# 3) hés ae mw u)¥ + zisd Training/Validation Accuracy

2 import torch.nn as nn

3 import torch.optim as optim

4 from torchvision.models import resnetl8, ResNetl8 Weights
5

6 num_classes = len(full dataset.classes)

7

8 model = resnetl8(weights=ResNet18 Weights.DEFAULT)

9 model.fc = nn.Linear(model.fc.in_ features, num_classes)
10 model = model.to(device)
11
12 criterion
13 optimizer
14
15 epochs = 12 # gl il 3 ya Lelaal
16 train_acc_history, val _acc_history = [], []

nn.CrossEntropyLoss()
optim.AdamW(model.parameters(), lr=le-3)

17

18 for epoch in range(1, epochs+l):
19 # ---- TRAIN ----

20 model.train()

21 tr_correct = tr_total = ©

22 for x, y in train_loader:

23 X, y = x.to(device), y.to(device)
24 optimizer.zero_grad()

25 out = model(x)

26 loss = criterion(out, y)
27 loss.backward()

28 optimizer.step()

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

DatalLoader(train_ds, batch _size=64, shuffle=True,
DatalLoader(val_ds, batch_size=64, shuffle=False, num_worker

num_worker
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29 tr_correct += (out.argmax(1l) == y).sum().item()

30 tr _total += x.size(9)

31 train_acc = tr_correct / tr_total

32 train_acc_history.append(train_acc)

33

34 # ---- VAL ----

35 model.eval()

36 va_correct = va_total = @

37 with torch.no_grad():

38 for x, y in val loader:

39 X, y = x.to(device), y.to(device)

40 out = model(x)

41 va_correct += (out.argmax(l) == y).sum().item()
42 va_total += x.size(9)

43 val acc = va _correct / va_total

44 val acc_history.append(val acc)

45

46 print(f"Epoch {epoch}/{epochs} | Train Acc {train_acc:.4f} | Vval Acc {va
47

1# 4) <lisidl awy: Training Accuracy s Validation Accuracy

2 import matplotlib.pyplot as plt

3

4 plt.figure(figsize=(8,5))

5 plt.plot(train_acc_history, label='Training Accuracy')

6 plt.plot(val_acc_history, label='Validation Accuracy')

7 plt.xlabel('Epoch'); plt.ylabel('Accuracy'); plt.title('Training vs Validati
8 plt.grid(True); plt.legend(); plt.show()

9

1 from torchvision import transforms
2 transform = transforms.Compose(|[

3 transforms.Grayscale(3),

4 transforms.Resize((224,224)),

5 transforms.ToTensor(),

6 transforms.Normalize((0.485,0.456,0.406),(0.229,0.224,0.225)),
7 1)

8 full dataset = datasets.ImageFolder(root=... , transform=transform)
9

1

1
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1 import matplotlib.pyplot as plt

2 import random

3 import torch

4

5# o st subset _dataset s full dataset s model (e
6

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

9

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

12 for ax, idx in zip(axes.flat, indices):

13 img, true_label = subset dataset[idx]

14

15 # zisall 3)sall Suead

16 inp = img.unsqueeze(0).to(device) # = 4iLx) batch

17 output = model(inp)

18 pred_label = output.argmax(1)

19

20 # o=l 3)all a3 (0w Tensor ) numpy)

21 img_disp = img.permute(1, 2, 0).cpu().numpy()

22 img disp = (img_disp - img disp.min()) / (img_disp.max() - img_disp.
23

24 ax.imshow(img_disp)

25 ax.set_title(

26 f"True: {full dataset.classes[true_label]}\nPred: {full dataset.
27 fontsize=10,

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

29 )

30 ax.axis('off'")

31

32 plt.tight_layout()
33 plt.show()
34

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. dexdiuall y il de gene ol o gl gl
7y _true = []

8 y_pred = []

9
10 model.eval()
11 with torch.no_grad():
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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. 2l clea

21 print(" ffl [Classification Report]")

22 print(classification_report(y_true, y pred, target names=full dataset.classe
23

24 # 3. olilY) 48 has

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

1 train_acc_history ck =
2 val acc_history ck = []

[]

3

4 for epoch in range(epochs):

5 ..

6 # <les 2 train_acc s val_acc

7 train_acc_history ck.append(train_acc)
8 val_acc_history_ck.append(val_acc)

9

10

1 import matplotlib.pyplot as plt

2

3 def plot_accuracies(train_acc, val acc, title="Accuracy Curve"):
4 plt.figure(figsize=(8,5))

plt.plot(train_acc, label='Training Accuracy')
plt.plot(val acc, label='Validation Accuracy')
plt.title(title)

plt.xlabel('Epoch")

plt.ylabel('Accuracy")

O 00 N O wun
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10 plt.legend()

11 plt.grid(True)

12 plt.show()

13

14 # JGa:

15 plot_accuracies(train_acc_history ck, val _acc_history ck, "CK+ Accuracy")

16 plot_accuracies(train_acc_history jaffe, val acc_history jaffe, "JAFFE Accur
17 plot_accuracies(train_acc_history_fer, val _acc_history_fer, "FER-2013 Accura
18

1# il 2y zisall Laia

2 torch.save(model.state dict(), 'emotion_model.pth')

3

4 # Jih zisill ki Google Drive

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

1 import torch

2 from torchvision import models

3

44 [ o A dosd S i ol

5 # Jis: ResNetl8 mnall Giliall oy

6 num_classes = len(full dataset.classes) # Lsy 2l Jaal

7 model_loaded = models.resnetl8(weights=None) # 4 <uj» A eyl L&

8 model loaded.fc = torch.nn.Linear(model loaded.fc.in_features, num_classes)
9
10# B 005 Jws
11 model loaded.load state dict(torch.load('/content/drive/MyDrive/emotion_mode
12
13# B ~sl gy B Jusdl aag
14 model loaded = model loaded.to(device)
15 model loaded.eval()
16
17 print ("8 b zisdl Jduesi M)
18

1 from PIL import Image

2 import torchvision.transforms as transforms
3

4 # ) & ead transform 4wy A

5 transform = transforms.Compose([

6 transforms.Grayscale(num_output_channels=3),

7 transforms.Resize( (224, 224)),

8 transforms.ToTensor(),

9 transforms.Normalize(mean=[0.485, 0.456, 0.406], # i &S 1) pretraine
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10 std=[0.229, 0.224, 0.225])

11 ])

12

13 # WA 3) e Juead

14 img_path = "/content/drive/MyDrive/test image.jpg"

15 image = Image.open(img_path).convert("RGB")

16 image_tensor = transform(image).unsqueeze(0).to(device)

17

18 # i

19 with torch.no_grad():

20 output = model_loaded(image_tensor)

21 pred_class = output.argmax(1l).item()

22

23 print(f"»all: {full dataset.classes[pred class]}")
24

1 from torch.utils.data import random_split, DatalLoader
2

3 # (%15 M) Gaaill bl dws

4 val _ratio = 0.15

5 val len = int(len(subset_dataset) * val ratio)

6 train_len = len(subset _dataset) - val len

7

8 train_ds, val ds = random_split(subset dataset, [train_len, val len],

9 generator=torch.Generator().manual_seed(42))
10

DatalLoader(train_ds, batch size=64, shuffle=True, num_workers
DatalLoader(val_ds, batch_size=64, shuffle=False, num_workers=

11 train_loader
12 val loader
13

1 for epoch in range(1l, epochs+1):

2

3 for x, y in val_loader:

4

5

1 train_acc_history = []

2 val acc_history = []

3

4 for epoch in range(1, epochs+1):
5 # ---- Training ----

6 model.train()

7 train_loss, train_correct, train_count = 0.0, 0, ©
8

9 for X, y in train_loader:
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

P2.ipynb - Colab

X, y = X.to(device), y.to(device)

optimizer.zero_grad()
logits = model(x)

loss = criterion(logits, y)
loss.backward()
optimizer.step()

train_loss += loss.item() * x.size(9)
train_correct += (logits.argmax(1l) == y).sum().item()
train_count += x.size(0)

train_loss /= train_count
train_acc = train_correct / train_count
train_acc_history.append(train_acc)

# ---- Validation ----
model.eval()
val loss, val_correct, val count = 0.0, 0, ©

with torch.no_grad():
for x, y in val_loader:
X, y = x.to(device), y.to(device)
logits = model(x)
loss = criterion(logits, y)

val loss += loss.item() * x.size(0)
val correct += (logits.argmax(l) == y).sum().item()
val count += x.size(9)

val loss /= val_count
val acc = val_correct / val _count

val _acc_history.append(val_acc)

print(f"Epoch {epoch}/{epochs} | "

f"Train Loss: {train_loss:.4f} Acc: {train_acc:.4f} | "

f"Val Loss: {val loss:.4f} Acc: {val acc:.4f}")

1 import matplotlib.pyplot as plt

2

3 plt
4 plt
5 plt
6 plt
7 plt

.figure(figsize=(8,5))

.plot(train_acc_history, label="Train Accuracy")
.plot(val_acc_history, label="Validation Accuracy")
.xlabel("Epoch™)

.ylabel("Accuracy")
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8 plt.title("Training vs Validation Accuracy")
9 plt.legend()

10 plt.grid(True)

11 plt.show()

12

1# Ase e test

2 test_dir = '/content/drive/MyDrive/Datasets/FER-2013"'
3

4 # Ly S test

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

7

8 # zisaill lial

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(0)

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

18

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

20

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, Dataloader
7 from torchvision import transforms, models
8 import matplotlib.pyplot as plt

9
10 # 1. oS Dataset Ls<! 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(".
15 self.transform = transform

16 self.emotion_dict = {

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

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

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. dwlidl COuedll (N g, e 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. Skl Jeas

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. (Lelie 7) <l 2

49 num_classes = 7

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

52 # 5. gAY Gl Baaiy ziill Juead

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
59 mobilenet = mobilenet.to(device)

60

61 # 6. axiill A

62 def evaluate_model(model, dataloader, device):

63 model.eval()

64 correct = 0
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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)

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

71 correct += (preds == labels).sum().item()
72 total += labels.size(0)

73 accuracy = 100 * correct / total

74 return accuracy

75

76 # 7. (penoN o ol 1) ALE 8 8) zisar JS AR s

77 resnet_acc = evaluate_model(resnet, jaffe_loader, device)

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

80 # 8. il =y

81 print(f" [ ResNet18 Accuracy: {resnet_acc:.2f}%")

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

83

84 # 9. 4l Sl s

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

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, Dataloader

7 from torchvision import transforms, models, datasets
8 import matplotlib.pyplot as plt

9
10 # 1. 3 Dataset Ls=! 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(".
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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') # 4nk,

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. Obsadll alae)
34 transform = transforms.Compose([

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

37 transforms.ToTensor ()

38 ])

39

40 # 3. <l dws3 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

A5 # 4. zisad Jues3 ResNetl18 s,aY) ddhll s 4+ Guse oy

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

62 correct += (preds == labels).sum().item()
63 total += labels.size(0)

64 return 100 * correct / total

65

66 # 6. e zisill s JAFFE

67 acc_jaffe = evaluate_model(resnet, jaffe_loader, device)
68 print(f" @ JAFFE Accuracy: {acc_jaffe:.2f}%")

69

70 # 7. e zisill aui 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. Sl )y & Ul (a e

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

1# hit Glihll (ae neat ol (8 L 2 AT 1 Jl 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 # - <l sie) learning rate (édic

9 optimizer = optim.Adam(filter(lambda p: p.requires_grad, model.parameters())

10

1 transform = transforms.Compose([

2 transforms.RandomHorizontalFlip(),
3 transforms.RandomRotation(20),
4 transforms.ColorJitter(brightness=0.3, contrast=0.3),
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5 transforms.Resize((128, 128)),
6 transforms.ToTensor ()

71)

8

1 from sklearn.model selection import train_test split
2

3# ool oy Al

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

5 train_idx, val_idx = train_test split(indices, test_size=0.2, stratify=targe

6

7 train_set = Subset(full dataset, train_idx)
8 val_set = Subset(full dataset, val idx)

9

10 train_loader = DatalLoader(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 # elial 2

5 num_classes = len(full dataset.classes) # s test dataset.classes (lwdl coua

6

7 # G dadl zilall Juess

8 resnet = models.resnetl8(pretrained=True)

9 mobilenet = models.mobilenet_v2(pretrained=True)

10

11 # el axe pe caubiml 5,1 ARkl (s

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

13 mobilenet.classifier[1] = nn.Linear(mobilenet.classifier[1].in_features, num

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, 1.0)),
7 transforms.ColorJitter(brightness=0.2, contrast=0.2),
8 transforms.ToTensor(),
o1
10
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1 from torchvision.models import efficientnet_bo
2 model = efficientnet be(pretrained=True)
3 model.classifier[1] = nn.Linear(model.classifier[1].in_features, num_classes
4

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.
2

1 from sklearn.metrics import classification report
2 print(classification_report(y_true, y pred, target names=full dataset.classe
3

1# ol Gl clily o zisall an
2 correct = ©

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(0)
13

14 accuracy = 100 * correct / total
15 print(f" @ Final Accuracy: {accuracy:.2f}%")
16

1# il & Gl s (L)
2

3 train_losses = []

4 train_accuracies = []

5

6 for epoch in range(epochs):

7 model.train()

8 running_loss = 0.0

9 correct = 0
10 total = ©
11 # by 428y K 0 (batch) ol Gl o
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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(0)

24 running loss += loss.item()

25 # 413 ddally 5 leall hugie Clus 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 # 2l dell

33

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

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()
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21 plt.show()
22

1 import random

24# spa 8 (e Aflple die

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

5 # el pms 8 zdsall of U

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, i % 4]

15 ax.imshow(image.permute(1, 2, 0)) # I Jiss3 HWC

16 ax.axis('off'")

17 ax.set_title(

18 f"True: {full_dataset.classes[true_label]}\nPred: {full dataset.
19 color="green' if pred_label.item() == true_label else 'red’
20 )

21 # i)y dRsall Ledll (e e

22 plt.tight layout()
23 plt.show()
24

1# Cell 1: Amlull Sl Juaas

import os

import random

import numpy as np

import pandas as pd

from PIL import Image

import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import Dataset, Dataloader, Subset
from torchvision import transforms, models

from sklearn.model selection import StratifiedKFold
import matplotlib.pyplot as plt

from tqdm import tqdm

import warnings

16 warnings.filterwarnings("ignore")

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

O 00 NOUT b WN

P R R PR R PR
UubhwWNROO
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18 print("Using device:", device)

19

14 Cell 2: Augmentation + Preprocessing (&= 485 ViT)
2 transform = transforms.Compose([

3

O 00 N O VT b

transforms.Resize( (224, 224)), # 4 ke ViT-B_16
transforms.RandomHorizontalFlip(),

transforms.RandomRotation(10),
transforms.ColorJitter(brightness=0.2, contrast=0.2),
transforms.ToTensor()

1# Cell 3 (%asas): (38 Dataset sxldl JAFFE
2 class JaffeDataset(Dataset):

3

O 00 N O U1 b

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

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.label map = {'AN':0, 'DI':1, 'FE':2, 'HA':3, 'NE':4, 'SA':5, 'S
self.labels = [self.get _label(f) for f in self.image files]
self.transform = transform

def get label(self, filename):
code = filename.split('.")[1][:2]
return self.label map.get(code, 0)

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")
label = self.labels[idx]
if self.transform:
image = self.transform(image)
return image, label

1# Cell 4: zisi Jwad Vision Transformer <ldll s s alaaiy
2 from torchvision.models import vit b 16

3

4 def get_vit_model(num_classes):

5
6

model = vit b _16(pretrained=True)
model.heads.head = nn.Linear(model.heads.head.in_features, num_classes)
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7 return model.to(device)
8

1# Cell 5: Aadiuly zigill (w3 K-Fold Cross Validation

2 def train_kfold(dataset, k=5, epochs=3, batch_size=8, lr=1le-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(label
8 print(f"\n@E 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, shuff
14 val loader = DatalLoader(val_subset, batch_size=batch_size, shuffle=F
15
16 model = get vit model(num_classes=7)
17 optimizer = optim.Adam(model.parameters(), lr=1r)
18 criterion = nn.CrossEntropylLoss()
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} -
38
39 # Evaluation on validation set
40 model.eval()
41 correct, total = 0, ©
42 with torch.no_grad():
43 for inputs, labels in val loader:
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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(0)

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"\nfg >~ &N lhugs {k}-Fold: {avg_acc:.2f}%")

55 return fold_accuracies

56

1# 4 Cell 6: Jxii Cross-Validation sxl 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

1# Cell CK+: 3S Dataset sxl 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") # (« =l RGB
14 if self.transform:
15 image = self.transform(image)
16 label = int(self.df.iloc[idx][ 'emotion'])
17 return image, label
18

1

1# 8 Cell CK+: Lisndl (transform) 4 —lidl VAT
2 transform = transforms.Compose([
3 transforms.Resize( (224, 224)),
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transforms.ToTensor()

1 from sklearn.model_selection import StratifiedKFold
2 import torch

3 import torch.nn as nn

4 import torch.optim as optim

5 from torch.utils.data import Dataloader

6 from torchvision import models

7

8 def train_kfold(dataset, k=5, epochs=3, batch_size=8, lr=le-4):

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
36
37
38
39
40
41
42

skf = StratifiedKFold(n_splits=k, shuffle=True, random_state=42)

# ol e Sl oAkl (B s Wl =) dataset. labels)
labels = dataset.labels
fold_accuracies = []

for fold, (train_idx, val_idx) in enumerate(skf.split(X=range(len(label
print(f"\n[@ Fold {fold+1}/{k}")

# Ul s
train_subset = torch.utils.data.Subset(dataset, train_idx)
val subset = torch.utils.data.Subset(dataset, val_ idx)

train_loader = Dataloader(train_subset, batch_size=batch_size, shuf
val loader = DatalLoader(val subset, batch size=batch_size, shuffle=

# liay) aae
num_classes = len(set(labels))

# zisa Jdwesd Vision Transformer L

model = models.vit_b 16(weights="IMAGENET1K V1")
in_features = model.heads[@].in_features # [@ ULa i (s
model.heads = nn.Linear(in_features, num_classes)

model = model.to(device)

# ool Jlsy A
criterion = nn.CrossEntropylLoss()
optimizer = optim.Adam(model.parameters(), lr=1r)

# ol
for epoch in range(epochs):
model.train()
for inputs, targets in train_loader:
inputs, targets = inputs.to(device), targets.to(device)

https://colab.research.google.com/drive/1b5gHcZHXbD9LoZoKsLt9Lc4bGbHk-foO#scroll To=dnoxQeDSeGxm&printMode=true

81/82



8/13/25, 9:02 PM P2.ipynb - Colab

43 optimizer.zero_grad()

44 outputs = model(inputs)

45 loss = criterion(outputs, targets)

46 loss.backward()

47 optimizer.step()

48

49 # il

50 model.eval()

51 correct, total = 0, ©

52 with torch.no_grad():

53 for inputs, targets in val loader:

54 inputs, targets = inputs.to(device), targets.to(device)
55 outputs = model(inputs)

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

57 correct += (preds == targets).sum().item()
58 total += targets.size(0)

-~
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