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LAMPIRAN 

Lampiran 1 Souce Code 

CNN 1 

 

CNN 2 

  

def cnn_1(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (3, 3), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x) 
    model = Model(model_input, x, name='cnn_1')  
    return model 

def cnn_2(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (5, 5), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x) 
     
    model = Model(model_input, x, name='cnn_2') 
     
    return model 
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CNN 3 

 

CNN 4 

  

def cnn_3(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (7, 7), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x)  
    model = Model(model_input, x, name='cnn_3')  
    return model 

def cnn_4(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (3, 3), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (7, 7), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x)  
    model = Model(model_input, x, name='cnn_4')  
    return model 
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CNN 5 

 

CNN 6 

  

def cnn_5(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (3, 3), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x)  
    model = Model(model_input, x, name='cnn_5')  
    return model 

def cnn_6(model_input: Tensor) -> training.Model: 
    chanDim = 1 
    x = Conv2D(16, (7, 7), padding="same")(model_input) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (5, 5), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = Conv2D(16, (3, 3), padding="same")(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization(axis=chanDim)(x) 
    x = MaxPooling2D(pool_size=(4, 4))(x) 
    x = Dropout(0.25)(x) 
    x = Flatten()(x) 
    x = Dense(512)(x) 
    x = Activation("relu")(x) 
    x = BatchNormalization()(x) 
    x = Dropout(0.5)(x) 
    x = Dense(n_classes)(x) 
    x = Activation("softmax")(x)  
    model = Model(model_input, x, name='cnn_6')  
    return model 
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Lampiran 2 Performa Model CNN 1 

 

              precision    recall  f1-score   support 

 

          BS       0.85      1.00      0.92        39 

          EB       0.78      0.96      0.86        48 

          LB       0.89      0.69      0.77        35 

          LM       1.00      0.87      0.93        38 

          LS       0.91      0.89      0.90        45 

          LC       0.94      0.83      0.88        35 

 

   micro avg       0.89      0.88      0.88       240 

   macro avg       0.90      0.87      0.88       240 

weighted avg       0.89      0.88      0.88       240 

 samples avg       0.88      0.88      0.88       240 

 

 

 

 

Gambar 43 Confusion matrix evaluasi model CNN 1  
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Lampiran 3 Performa Model CNN 2 

 

              precision    recall  f1-score   support 

 

          BS       0.73      0.95      0.82        39 

          EB       0.79      0.85      0.82        48 

          LB       0.95      0.60      0.74        35 

          LM       0.79      0.97      0.87        38 

          LS       1.00      0.64      0.78        45 

          LC       0.85      0.94      0.89        35 

 

   micro avg       0.85      0.82      0.84       240 

   macro avg       0.87      0.83      0.83       240 

weighted avg       0.87      0.82      0.83       240 

 samples avg       0.82      0.82      0.82       240 

 

 

 

 

Gambar 44 Confusion matrix evaluasi model CNN 2 
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Lampiran 4 Performa Model CNN 3 

 

              precision    recall  f1-score   support 

 

          BS       0.77      0.95      0.85        39 

          EB       0.75      0.91      0.82        48 

          LB       0.83      0.57      0.68        35 

          LM       0.70      1.00      0.83        38 

          LS       1.00      0.47      0.64        45 

          LC       0.89      0.89      0.89        35 

 

   micro avg       0.81      0.78      0.80       240 

   macro avg       0.84      0.79      0.79       240 

weighted avg       0.84      0.78      0.79       240 

 samples avg       0.78      0.78      0.78       240 

 

 

 

 

Gambar 45 Confusion matrix evaluasi model CNN 3 
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Lampiran 5 Performa Model CNN 4 

 

              precision    recall  f1-score   support 

 

          BS       0.83      0.97      0.89        39 

          EB       0.88      0.88      0.88        48 

          LB       0.93      0.77      0.84        35 

          LM       0.97      0.97      0.97        38 

          LS       0.93      0.91      0.92        45 

          LC       0.94      0.94      0.94        35 

 

   micro avg       0.93      0.91      0.92       240 

   macro avg       0.93      0.91      0.92       240 

weighted avg       0.93      0.91      0.92       240 

 samples avg       0.91      0.91      0.91       240 

 

 

 

 

Gambar 46 Confusion matrix evaluasi model CNN 4 
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Lampiran 6 Performa Model CNN 5 

 

              precision    recall  f1-score   support 

 

          BS       0.88      0.95      0.91        39 

          EB       0.80      0.92      0.85        48 

          LB       0.88      0.86      0.87        35 

          LM       1.00      0.89      0.94        38 

          LS       0.94      0.98      0.96        45 

          LC       1.00      0.80      0.89        35 

 

   micro avg       0.92      0.90      0.91       240 

   macro avg       0.93      0.90      0.91       240 

weighted avg       0.92      0.90      0.91       240 

 samples avg       0.90      0.90      0.90       240 

 

 

 

 

 

Gambar 47 Confusion matrix evaluasi model CNN 5 
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Lampiran 7 Performa Model CNN 6 

 

              precision    recall  f1-score   support 

 

          BS       0.74      0.87      0.80        39 

          EB       0.80      0.73      0.76        48 

          LB       0.73      0.69      0.71        35 

          LM       0.80      0.92      0.85        38 

          LS       0.93      0.91      0.92        45 

          LC       1.00      0.83      0.91        35 

 

   micro avg       0.85      0.80      0.83       240 

   macro avg       0.86      0.80      0.82       240 

weighted avg       0.86      0.80      0.83       240 

 samples avg       0.80      0.80      0.80       240 

 

 

 

 

 

Gambar 48 Confusion matrix evaluasi model CNN 6 
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Lampiran 8 Performa Ensemble 

 

              precision    recall  f1-score   support 

 

          BS       0.91      0.97      0.94        39 

          EB       0.79      0.96      0.87        48 

          LB       0.89      0.71      0.79        35 

          LM       1.00      1.00      1.00        38 

          LS       0.98      0.91      0.94        45 

          LC       0.94      0.86      0.90        35 

 

   micro avg       0.90      0.90      0.90       240 

   macro avg       0.91      0.90      0.90       240 

weighted avg       0.91      0.90      0.90       240 

 samples avg       0.90      0.90      0.90       240 

 

 

 

 

 

 
 

Gambar 49 Confusion matrix evaluasi model ensemble 
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Lampiran 9 Nilai Precision dan Recall data test 

Tabel 6 Nilai Precision dan Recall 

Kelas 
CNN 1 CNN 2 CNN 3 CNN 4 CNN 5 CNN 6 Ensemble 

P R P R P R P R P R P R P R 

BS 0.85 1.00 0.73 0.95 0.77 0.95 0.83 0.97 0.88 0.95 0.74 0.87 0.91 0.97 

EB 0.78 0.96 0.79 0.85 0.75 0.91 0.88 0.88 0.80 0.92 0.80 0.73 0.79 0.96 

LB 0.89 0.69 0.95 0.60 0.83 0.57 0.93 0.77 0.88 0.86 0.73 0.69 0.89 0.71 

LM 1.00 0.87 0.79 0.97 0.70 1.00 0.97 0.97 1.00 0.89 0.80 0.92 1.00 1.00 

LS 0.91 0.89 1.00 0.64 1.00 0.47 0.93 0.91 0.94 0.98 0.93 0.91 0.98 0.91 

LC 0.94 0.83 0.85 0.94 0.89 0.89 0.94 0.94 1.00 0.80 1.00 0.83 0.94 0.86 

 

Lampiran 10 Akurasi dan waktu komputasi data test 

Tabel 7 Akurasi dan waktu komputasi 

Model Akurasi Waktu Komputasi (detik) 

CNN 1 0,8792 2.057665 

CNN 2 0,8250 3.999886 

CNN 3 0,7875 3.613183 

CNN 4 0,9083 3.093516 

CNN 5 0,9042 2.324888 

CNN 6 0,8250 3.186559 

Ensemble 0,9083 9.650408 

 

 


