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Lampiran 1. Contoh Dataset

a. Kelas Bahagia

b. Kelas Lelah



c. Kelas Marah

LI SRR

d. Kelas Netral
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e. Kelas Sedih

f. Kelas Terkejut



Lampiran 2. Lampiran Source Code Program

a. Deteksi Wajah

import cv2
import dlib
import os

import time

class InvalidImage(Exception):
pass

# Path to video file

1@  video_path = r'C:\Users\PC\Decumentshamigatuniyoutube\Today Classroom - Elko Middle School.mpd'

11 # Path to dlib's shape predictor model

12 shape_predictor_path = r’'C:\Users\PC\Documents\amigatun\Master\shape_predictor_68_face_landmarks.dat
13 # Output folder for cropped faces

14  output_folder = r'C:\Users\PC\Documents\amigatuniyoutube\Today Classroom - Elke Middle School®

16 # Initialize video capture
17 cam = cv2.VideoCapture(video_path)

19 # Initialize face detector and landmark predictor
26 detector = dlib.get_frontal face_detector()
21 predictor = dlib.shape_predictor(shape_predictor_path)

23 # Ensure output folder exists
24 if not os.path.exists{output_folder):
25 os.makedirs(output_folder)

27 # Get video frame rate
28 fps = cam.get(cv2.CAP_PROP_FPS)

30 # Define haw many frames to process per second
31 frames_per_second = 10
32 frame_interval = int(fps / frames_per_second)

34 # Initialize frame counter
35 frame_count = @

37 # Target size for cropped face images
36 target_size = (512, 512)

48 # Tterate over frames in the video
41 while True:

106 # Release video capture and close display window
167 cam.release()
108 cv2.destroyAllWindows()

a2 ret, frame = cam.read()
a3 if not ret:

a4 break # End of video

as

a5 try:

47 # Process only every frame_interval-th frame

a8 if frame_count % frame_interval

ag # Convert frame to grayscale

50 gray = cv2.cvtColor(frame, cv2.COLOR_BGRIGRAY)

51

52 # Detect faces

53 faces = detector(gray)

54

55 # Check if any faces are detected

56 if faces:

57 for idx, face in enumerate(faces):

58 # Get facial landmarks

59 landmarks = predictor(gray, face)

=]

61 # Display landmarks on face (optional)

62 far n in range(é8):

63 if n not in range(e, 17): # Skip jawline points
64 % = landmarks.part(n).x

65 y = landmarks.part(n).y

66

67 # Crop face from frame

68 x, v, w, h = face.left(), face.top(), face.width(), face.height()
&9

78 # Ensure the crop region is within the frame bounds
71 ifx<@ory<®eorx+w>frame.shape[l] or y + h > frame.shape[a]:
72 print(f"Skipping invalid crop region: ({x}, {y}, {w}, {hh")
73 continue

74

75 face_roi = frame[y:y + h, x:x + w]

76

77 # Get number of pixels in cropped face

7% junlah_pixel = face_roi.shape[@] * face_roi.shape[1]
79 print(f"Jumlah pixel hasil crop: {jumlah_pixel}")
]

81 # Resize cropped face to target size

82 if jumlah_pixel » @:

83 resized_face = ev2.resize(face_roi, target_size)
84 output_path = os.path.join{output_folder, f'face {idx}_time_{int(time.time(})}.jpe'}
85 cv2.imurite(output_path, resized_face)

86 else:

87 print("Skipping empty cropped image")

88

89 # Increment frame counter

) Frame_count += 1

91

9z # Display result (optional)

93 cw2.imshow( 'Deteksl dan Crop', frame)

94

95 except InvalidImage as e:

96 print(f"Error: {e}")

97 break

98 except Exception as e:

a9 print(f"Error: {e}")

100 break

181

102 # Stop program if 'q’ key is pressed

103 if cv2.waitKey(1) & BxFF == ord('q'):

104 break

185

89



b. Augmentasi Data

90

1 import Augmentor
2  import os
3
4 # Path to the main directory containing the 6 subfolders
5 main_dir = r"C:\Users\PC\Documents\amigatun\data mix dua" # Update this path as needed
6 output_dir = r"C:\Users\PC\Documents\amiqatunidata mix dua\augmentasi_dua” # Update this path as needed
7
8 # Function to set up and run the augmentation pipeline for each subfolder
9 def augment_images_in_subfolder(subfolder_path, output_subfolder_path, num_samples=180):
1@ # Create an output directory for the augmented images
11 os.makedirs(output_subfolder_path, exist_ok=True)
12
13 # Ensure there are images in the subfolder
14 image_files = [f for f in os.listdir(subfolder_path) if f.lower().endswith(('.png’, '.jpg', '.jpeg’, '.bmp’, '.gif'))]
15 if not image_files:
16 print(f"No images found in {subfolder_path}. Skipping augmentation.")
17 return
18
19 # Set up the pipeline
20 p = Augmentor.Pipeline(source_directory=subfolder_path, output_directory=output_subfolder_path)
21
22 # Define augmentation operations
23 p.flip_left_right(probability=8.9)
24 p.rotate(probability=0.9, max_left_rotation=5, max_right_rotation=5)
25 p.zoom_random({probability=0.9, percentage area=0.9)
26 p.random_brightness(probability=8.9, min_factor=8.7, max_factor=1.3)
27
28 # Run the augmentation pipeline
29 p-sample(num_samples)
30
31 print(f"Augmented images have been saved in: {output_subfolder_path}")
32
33 # Iterate over each subfolder in the main directory and run the augmentation pipeline
34 for subfolder in os.listdir(main_dir):
35 subfolder_path = os.path.join(main_dir, subfolder)
36 output_subfolder_path = os.path.join(output_dir, subfolder)
37 if os.path.isdir(subfolder_path):
38 print(f"Processing subfolder: {subfolder_path}")
39 augment_images_in_subfolder(subfolder_path, output_subfolder_path, num_samples=5@@) # Adjust num_samples as needed
c. Grayscale, Histogram Equalization, Resizing
1 import os
2 import cv2
3
4 # Define the input and output folders
5 folder_path = r"C:\Users\PC\Documents\amigatun\data primer roboflow"
6 output_folder = r"C:\Users\PC\Documents\amigatun\data primer roboflow\output_resized"
7
8 # Create the output folder if it doesn't exist
9 if not os.path.exists(output_folder):
10 os.makedirs(output_folder)
11
12 # Define the target size for resizing
13  target_size = 96
14
15 # Tterate through each expression folder inside the main folder
16 for expression_folder in os.listdir(folder_path):
17 expression_folder_path = os.path.join(folder_path, expression_folder)
18
19 # Ensure it's a directory
20 if os.path.isdir(expression_folder_path) and expression_folder != "output_resized":
21 # Create a corresponding folder inside the output folder
22 output_expression_folder = os.path.join(output_folder, expression_folder)
23 if not os.path.exists(output_expression_folder):
24 os.makedirs(output_expression_folder)
25
26 # Iterate through each image file in the expression folder
27 for filename in os.listdir(expression_folder_path):
28 if filename.endswith((".jpg", ".jpeg", ".png")):
29 image_path = os.path.join(expression_folder_path, filename)
30
31 # Read the image and perform preprocessing
32 image = cv2.imread(image_path)
33 grayscale_image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
34 equalized grayscale_image = cv2.equalizeHist(grayscale_image)
35 resized_image = cv2.resize(equalized_grayscale_image, (target_size, target_size))
36
37 # Save the processed image in the corresponding output folder
38 output_file = os.path.join(output_expression_folder, filename)
39 cv2.imwrite(output_file, resized_image)
40
41 print("Program selesai. Hasil dapat ditemukan di", output_folder)




d. Deteksi Landmark Wajah

NoE e e

NS

180
181
182
103
104

187
108
189
118
111
112

import cvz
import dlib
import os

import esv

# Inisialisasi detector wajah menggunakan dlib
face_detector = dlib.get_frantal_face_detector()
landmark_predictor = dlib.shape_predictor(r'c:\Users\PC\Documents'\amigatuniMaster\shape_predicter_68 face_landmarks.dat')

# # Path folder input yang berisi banyak gambar
input_folder = r C:\Users\PCiDocumentsiamiqatunidata mix dua\augmentasi_dua\output_resized"

# Output folder untuk menyimpan hasil crop
output_folder = r"C:\Users\PC\Documents\amigatunidata mix dua\augmentasi_dualoutput_ekstraksi®

# Output file CSV untuk menyimpan keordinat landmark
€SV_OUTpUL_path = r"C:\Users\PC\Documents\amigatunidata mix dualaugmentasi_dua\landmark_coordinates.csv"

# pastikan folder 'output’ sudah ada atau buat jika belum
if not os.path.exists(output_folder):
o05.makedirs(output_folder)

# Counter untuk menghitung jumlah foto yang telah selesai dideteksi
detected_count = @

# Membuka file CSV untuk menulis koordinat landmark

with open(csv_output_path, 'w', newline='') as csvfile:
csv_writer = csv.writer{csvfile)
# Menulis header CSV
csv_writer.writerow(["Filename”, “Landmark Type®, X",

V", "Label”, “Image Path"])

# Coba membaca setiap gambar dalam folder
for exprassion_folder in os.listdir(input_foldar):
expression_folder_path = os.path.join(input_folder, expression_folder)

# Pastikan itu adalah folder
if os.path.isdir(expression_folder_path):
# Buat folder di dalam output_folder
output_expression_folder = os.path.join(output_folder, expression_folder)
if not os.path.exists(output_expression_folder):
0s.makedirs(output_expression_folder)

# Iterasi melalui setiap file gambar di dalam folder ekspresi
for filename in os.listdir(expression_folder_path):
if filename.endswith{(".3pg", ".Jpeg”, ".png")):

image_path = os.path.join({expression_folder_path, filename)

try:
# Baca gambar menggunakan OpenCy
image = cv2.imread(image_path)

# Deteksl wajah menggunakan dlib
faces = face_detector(image, 1) # 1: Upsample the image for more accurate face detectlon

# Iterasi untuk setiasp wajah yang terdeteksi
for face in faces:
landmarks = landmark_predictor(image, face)

# Koordinat untuk perhitungan metrik
p37 = (landmarks.part(36).x, landmarks.part(36).y)
p38 = (landmarks.part(37).x, landmarks.part(37).y)
# p29 = (landmarks.part(38).x, landmarks.part(38).y)
# p4l = (landmarks.part(4@).x, landmarks.part(4@).y)
pa2 = (landmarks.part(41).x, landmarks.part(41).y)
# pa4 = (landmarks.part(43).x, landmarks.part(43).y)
(landmarks.part(44).x, landmarks.part(44).y)
(landmarks.part(45).x, landmarks.part(45).y)
(landmarks.part(46).x, landmarks.part(46).y)
# pd% = (landmarks.part(47).x, landmarks.part(47).y)

(landmarks.part(18}).x, landmarks.part(19).y)
(landmarks.part(24}).x, landmarks.part(24).y)
pae = (landmarks.part(38).x, landmarks.part(3s).y)
p43 = (landmarks.part(42).x, landmarks.part(42).y)
pS5 = (landmarks.part(54}.x, landmarks.part(54).y)
p49 = (landmarks.part(48).x, landmarks.part(48).y)
pS2 = (landmarks.part(51).x, landmarks.part(51).y)
pS8 = (landmarks.part(57).x, landmarks.part(57).y)

# Gambar circle untuk setiap landmark dan tulis ke file CSV
for i, (landwark_type, landmark_point) in enumerate([
Left Eyebrow”, p2e),

“Left Edge of an Eye", p37),

"Left Upper Eyelid", p38),

Left Lower Eyelid”, pd2),

("Left Eye”, pas),

("Left Mouth”, pag),

Right Eyebrow”, p25),

("Right Edge OF an Eye", pae),

("Right Upper Eyelid", pas),

Right Lower Eyelid”, pa7),

("Right Eye", p43),

("Right Mouth", pSS),

("Upper Lip", p52),

(“Lower Lip“, ps8),

(
(

X, ¥ = landmark_point
cvl.circle(image, (x, ¥}, 1, (@, 255, @), -1)

csv_writer.writerow([filename, f*{landmark_type} Region”, x, y, expression_folder, image_path])

# Simpan hasil deteksi ke dalam owtput_folder
output_path = os.path.join{output_expression_folder, f'{Filaname}')
cw2. imwrite(output_path, image)

# Increment counter
detected count += 1

except Exception as e:
print(f Error pada {filename}: {e}")

print("Progran selesai. Hasil dapat ditemukan di”, output_folder)
print(f"Jurlah foto yang telah selesai dideteksi: {detected_count}")
print("File ¢SV koordinat landmark disimpan di”, csv_output_path)

91
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e. Ekstraksi Fitur Geometri Wajah

Training dan Evaluasi Model

e w e

19
11

13
14

15
17
19

2

Lngart pandas as pd
ingort seaborn as sns

impart cv2

impart os

inport matplotlib.pyplot as plt

ingort ev2

impert numpy as np

#rom sklearn.rodel_selection import train_test_split

from sklearn.preprocessing import MinMaxScaler, LabelEncoder

From sklearn.metrics import confusion_matrix, classification_repart
from keras.utils impart to_cateporical

2 fram keras.madels impart Model

From keras.layers import ConviD, MaxPooling2D, Dense, Input, concatenate, Dropeut, BatchMormalization, GlebaltveragePooling2, Flatten, Concatenate, Activation, Add
#rom keras.optinizers import Adam

5 from keras.callbacks lwport ModelCheckaolint

#rom sklearn,utils.class_welght lnport compute_class_welght
from keras.callbacks import *

impart random

inpart time

#rom sklearn.decomposition import PCA

1

# Load data
data = df

# Count the occurrences of each unique label
label_counts = data["Label"].value_counts()

# Print the count of unique labels with their label names
print("Count of unique labels:")
for label, count in label_counts.items():

1
2
3
4
5
6
7
8
9
(5] print(f"{label}: {count}")
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def normalize_image(image):
gray_image = cvZ.cvtColor(image, cv2.COLOR_BGRZGRAV)
resized image = cv2.resize(gray_image, (96, 96))
normalized_image = resized_image / 255.@
return normalized_image

# Load image data
inage_patns = data["ImagePath”]
images = [cv2.imread(image_path) for image_path in image_paths]

# Normalisasi geo feature
scaler = MinMaxScaler()
X_geometry = scaler.fit_transform{data.drop(columns=["Filename”, "Label”, "ImagePath"])}

# Normalisasi image data
X_images_normalized = np.array([normalize_image(image) for image in images])

# print before PCA
print("Shape bafora PCA

X_geonetry. shape)

# Apply PCA
pca = PCA(n_components=2)
X_geometry_pca = pea.fit_transform(X_geonetry)

# after PCA
print{"shape after PCA:", X_geametry_pca.shape)

X_images_normalized = X_images_normalized[..., np.newaxis]
# convert label to numerical using LabelEncoder
label_encoder = Labeltncoder()

data["Label’] = label encoder.fit_transform{data["Label”])

# Encoding label
¥ = to_categorical(data[“Label"])

# Split data into training, validation, and test sets
X_train_geo, X_temp_geo, y_train_gee, y_temp_geo

x_traln_img, x_temp_img, y_train_img, y_temp_img = train_test_split(X_lmages_normalized, y, test_size=0.2, randem_stat

print("\nTotal data"}
PrINT{F Training set size (geo): {len(X_train_geo)}")
print{f"Training set size (img): {len(X_train_img)}")

# Further split the temporary set into validation and test sets (50% of the remaining 2@%)

X_val_geo, X_test_geo, y_val_geo, y_test_geo = train_test_split(X_temp_geo, y_temp_geo, test_siz
X_val_img, X_test_img, y_val_img, y_test_img = train_test_split(X_temp_img, y_temp_img, test_size:

print(f'Validation set size (geo): {len(X_val_geo)}")
print(f'Test set size (geo): [len(X_test geo)}")
print(f'Validation set size (ing): {len(X_val_img)}")
print(f'Test set size (img): {len(X_test_img)}")

# Ensure all data splits have the same number of samples
assert len(X_train_geo) == len(X_train_img) == len(y_train_geo) == len(y_train_img)
assert len(X_val_geo) == len(X_val_img) == len(y_val_geo} == len{y_val_img)

assert len(X_test_geo) == len(X_test_img} == len{)_test_geo) == len(y_test_img)

# Convert lists of images to NumPy arrays (already done above for X_images_normalized)
X_train_img_array = np.array(X_train_img)

X_val_img_array = np.array(X_val_ing)

X_test_img_array = np.array(X_test_img)

# Ensure dimensions of inputs match the model structure
assert X_train_img_array.shape[8] == X_train_geo.shape[6]
assert X_val_img_array.shape[6] == X_val_geo.shape[8]
assert X_test_img_array.shape[@] == X_test_geo.shape[e]

print("\nTraining set shape (gen):", X_train_geo.shapa)
print{"validation set shape (geo):", X_val_geo.shape)
print("Test set shape (geo):”, X_test_geo.shape)

print("Training set shape (img):", X_train_img_array.shape)
print{"Validation set shape (img):", X_val_img_array.shape)
print{"Test set shape (img):", X_test_img_array.shape)

train_test_split(X_geometry pca, v, test_size=8.2, random_state=42, stratify=data["Label"])

=42, stratify=data[”Label"])

.5, random_state=42, stratify=y_temp_geo)
.5, random_state=42, stratify=y_temp_geo)
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1 image_height = 96
2 image_width = 96
3 num_classes = len(np.unique(data["Label”]))
4 num_features = X_geometry_pca.shape[1]
5
6 # Step 1: Build the CNN model for face image data
7 input_image = Input(shape=(image_height, image_width, 1))
8 model_cnn = Conv2D(16, kernel_size=(3, 3), activation='relu', padding='same')(input_image)
9 model_cnn = BatchNormalization()(model cnn)
16 model_cnn = MaxPooling2D(pool_size=(2, 2))(model_cnn)
11
12  model_cnn = Conv2D(32, kernel_size=(3, 3), activation='relu', padding='same")(model_cnn)
13 model_cnn = BatchNormalization()(model_cnn)
14  model_cnn = MaxPooling2D(pool_size=(2, 2))(model_cnn)
15
16 model_cnn = Conv2D(64, kernel_size=(3, 3), activation='relu', padding='same’)(model_cnn)
17 model_cnn = BatchNormalization()(medel_cnn)
18 model_cnn = MaxPaoling2D(pool_size=(2, 2))(model_cnn)
18
26 model_cnn = Conv2D(128, kernel_size=(3, 3), activation='relu', padding='same')(model_cnn)
21 model_cnn = BatchNormalization()(maedel_cnn)
22 model_cnn = MaxPaoling2D(pool_size=(2, 2))(model_cnn)
23
24 model_cnn = Conv2D(256, kernel_size=(3, 3), activation='relu', padding='same')(model_cnn)
25 model_cnn = BatchNermalization()(medel_cnn)
26 model_cnn = MaxPaoling2D(pool_size=(2, 2))(model_cnn)
27
28 model_cnn = Conv2D(256, kernel_size=(3, 3), activation='relu', padding='same')(model_cnn)
29 model_cnn = BatchNermalization()(maedel_cnn)
38  model_cnn = MaxPooling2D(pool_size=(2, 2))(model_cnn)
31
32 model_cnn = Flatten()(model_cnn)
EE]
34 # Step 2: Build the model for geometric feature data
35  input_geometry = Input(shape=(num_features,))
36 model_geometry = Dense(256, activation='relu')(input_geometry)
37 model_geometry = Dense(64, activation='relu')(model_geometry)
38 model_geometry = Dense(256, activation='relu')(model_geometry)
39
48 # Step 3: Combine both models using Keras Functional API
41 combined_input = concatenate([model_cnn, model_geometry])
42  combined_output = Dense(256, activation='relu’)(combined_input)
43 combined_output = Dense(64, activation='relu')(combined_input)
44 combined_output = Dense(num_classes, activation='softmax')(combined_output)
45 model_combined = Model(inputs=[input_image, input_geometry], outputs=combined_output)
16
47 # Step 4: Compile and train the combined model using training data
48 model_combined.compile(optimizer=Adam(learning_rate=8.681), loss='categorical_crossentropy', metrics=['accuracy'])
439
56 model_combined. summary ()
1 checkpoint = ModelCheckpoint('modelR2.keras"’,
2 monitor="val_accuracy’,
3 save_best_only=True,
4 verbose=1,
5 mode="auto")
1 # Start timing before training starts
2 start_time = time.time()
3
4 history = model_combined.fit([X_train_img_array, X_train_geo], y_train_img,
5 batch_size=12, epochs=58,
6 validation_data=([X_val_img_array, X_val geo], y val_img),
7 callbacks=[checkpoint]
8 )
9
16 # Calculate the elapsed time
11 elapsed_time = time.time() - start_time
12
13 # Calculate the elapsed time in minutes and seconds
14 elapsed_time_minutes = int(elapsed_time // 68)
15 elapsed_time_seconds = int(elapsed_time % 60)
16
17 # Print the formatted elapsed time
18 print(f"Training time: {elapsed_time_minutes} minutes and {elapsed_time_seconds} seconds™)
19
20 # # Step 5: Evaluasi model gabungan menggunakan data pengujian
21 loss, accuracy = model_combined.evaluate([np.array(X_test_img_array), X_test_geo], y_test_img)




10 print(f"validation Accuracy: {final_val_accuracy:.4f}")

# evualiation model
print(f"Test Loss: {loss:.4f}")
print(f"Test Accuracy: {accuracy:.4f}")

final_val_loss = history.history['val_loss'][-1]

1

2

3

4

5 # get validation loss dan validation acc from history

6

7 final_val_accuracy = history.history['val_accuracy'][-1]
8
9

print(f"validation Loss: {final val loss:.4f}")

# Plot training and validation accuracy
plt.plot(history.history['accuracy'], label='Training Accuracy')
plt.plot(history.history[ ‘val_accuracy'], label='Validation Accuracy')
plt.title('Training and Validation Accuracy (Batch Size=12, 1lr=0,001)")
plt.xlabel('Epoch")

plt.ylabel('Accuracy’)

plt.legend()

plt.show()
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# Plot training and validation loss
plt.plot(history.history['loss'], label='Training Loss"')
plt.plot(history.history['val_loss'], label='Validation Loss")
plt.title('Training and Validation Loss (Batch Size=12, 1r=0,001)")
plt.xlabel( Epoch”)

plt.ylabel('Loss")

plt.legend()

plt.show()
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# acc & loss from history
val_accuracy = history.history[ 'val_accuracy']
val_loss = history.history['val loss']

# Plot
epochs = range(1l, len(val_accuracy) + 1)

plt.plot(epochs, val_accuracy, 'b', label='Validation Accuracy')
plt.plot(epochs, val_loss, 'r', label='Validation Loss"')

plt.title( 'Validation Accuracy and Loss (Batch Size=12, 1r=0,001)')
plt.xlabel('Epochs")

plt.ylabel('Accuracy / Loss")

plt.legend()

plt.show()
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# Confusion Matrix and Classification Report

y_pred_probs = model_combined.predict([X_test_img_array, X_test_geo])
y_pred = np.argmax(y_pred_probs, axis=1)

y_true = np.argmax(y_test_img, axis=1)

cm = confusion_matrix(y_true, y_pred)
class_labels = label_encoder.classes_

plt.figure(figsize=(16, 8))

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

plt.ylabel( Actual")

plt.title( 'Confusion Matrix')

plt.show()

cr = classification_report(y_true, y_pred, target_names=class_labels, labels=np.arange(len(class_labels)))
print("Classification Report:\n", cr)
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1 # Randomly select an index for the test image
2 random_idx = random.randint(@, len(X_test_img_array) - 1)

3

4 # Extract the random test image and corresponding geo data

5 test_img = X_test_img_array[random_idx]

6 test_geo = X_test_geo[random_idx]

7

8 # Make a prediction

9 y_pred_prob_single = model_combined.predict{[np.expand_dims(test_img, axis=8), np.expand_dims(test_geo, axis=@)])
10 y_pred_single = np.argmax(y_pred_prob_single, axis=1)[@]

11

12 # Get the true label for the random test image

13 y_true_single = y_true[random_idx]

14

15 # Plot the image

16 plt.imshow(test_img, cmap='gray')

17  plt.title(f"True Label: {class_labels[y_true_single]} \n Predicted Label: {class_labels[y_pred_single]}")
18 plt.axis('off')

19 plt.show()

1 # Number of test samples

2 num_test_samples = len(X_test_img_array)

3

4 # Set up the plot grid

5 num_cols =5

6 num_rows = (num_test_samples + num_cols - 1) // num_cols

7 fig, axes = plt.subplots(num_rows, num_cols, figsize=(15, num_rows * 3))
g

9 for idx in range(num_test_samples):
10 # Extract the test image and corresponding geo data
11 test_img = X_test_img_array[idx]
12 test_geo = X_test_geo[idx]
13
14 # Make a prediction
15 y_pred_prob_single = model_combined.predict([np.expand_dims(test_img, axis=@8), np.expand_dims(test_geo, axis=g)])
16 y_pred_single = np.argmax(y_pred_prob_single, axis=1)[8]

17

18 # Get the true label for the test image

19 y_true_single = y_true[idx]

20

21 # Plot the image

22 ax = axes[idx // num_cols, idx % num_cols]

23 ax.imshow(test_img, cmap='gray')

24 ax.set_title(f"True: {class_labels[y true_single]}\nPred: {class_labels[y_pred_single]}")
25 ax.axis('off')

26

27 # Hide any empty subplots

28 for j in range(idx + 1, num_rows * num_cols):

29 axes[j // num_cols, j % num_cols].axis( off")

3@

31 plt.tight_layout()

32 plt.show()
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Fakultas Teknik Unhas
Di
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Dalam rangka penyelesaian studi pada Departemen Teknik Informatika Fakultas
Teknik Unhas, bersama ini kami usulkan susunan Panitia/Penguji Ujian Sarjana
Program Strata Satu (S1) bagi mahasiswa Departemen Teknik Informatika Fakultas
Teknik Uniersitas Hasanuddin atas nama :

Pembimbing /Ketua : 1. Dr. Amil Ahmad Ilham

Penguji / Anggota : 2. Dr. Ir. Ingrid Nurtanio, M.T
3. Prof. Dr.Eng. Intan Sari Areni, ST., M.T
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Judul Thesis/Skripsi : Klasifikasi Ekspresi Wajah Peserta Didik dalam Proses
Pembelajaran di Kelas

2. Waktu Ujian ditetapkan oleh Panitia Ujian Sarjana Program Strata Satu (S1).

3. Agar Surat penugasan ini dilaksanakan sebaik-baiknya dengan penuh rasa
tanggung jawab.

4. Surat penugasan ini berlaku sejak tanggal ditetapkan sampai dengan berakhirnya
Ujian Sarjana tersebut, dengan ketentuan bahwa segala sesuatunya akan ditinjau
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kekeliruan dalam keputusan ini.
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