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Lampiran  2 Surat Kesediaan Membimbing TA Pembimbing 2 
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Lampiran  3 Surat Observasi di Kebun Pisang Ibnu 
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Lampiran  4 Surat Observasi di Dinas Pertanian 
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Lampiran  5 Surat Balasan Observasi di Dinas Pertanian 
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Lampiran  9 Source Code 

import warnings 

warnings.filterwarnings('ignore') 

 

import os 

import json 

import numpy as np 

import pandas as pd 

import matplotlib.pyplot as plt 

import seaborn as sns 

import tensorflow as tf 

from tensorflow import keras 

from tensorflow.keras import layers 

from tensorflow.keras.applications import ResNet50, MobileNetV2 

from tensorflow.keras.applications.resnet50 import 

preprocess_input as resnet_preprocess 

from tensorflow.keras.applications.mobilenet_v2 import 

preprocess_input as mobilenet_preprocess 

from tensorflow.keras.preprocessing.image import 

ImageDataGenerator 

from tensorflow.keras.callbacks import (EarlyStopping, 

ModelCheckpoint,ReduceLROnPlateau, CSVLogger) 

from sklearn.metrics import (classification_report, 

confusion_matrix,precision_recall_fscore_support) 

from sklearn.utils.class_weight import compute_class_weight 

 

print(f"TensorFlow : {tf.__version__}") 

print(f"GPU        : 

{len(tf.config.list_physical_devices('GPU'))} device(s)") 

 

 

SEED        = 42 

IMG_SIZE    = (224, 224) 

BATCH_SIZE  = 32 

EPOCHS_HEAD = 30 

EPOCHS_FT   = 15 

VAL_SPLIT   = 0.2 

 

np.random.seed(SEED) 

tf.random.set_seed(SEED) 

 

DATA_DIR = '/kaggle/working/banana-disease-recognition-

dataset/Augmented images/Augmented images' 

 

FOLDER_TO_CLEAN = { 

    'Augmented Banana Black Sigatoka Disease'     : 'Black 

Sigatoka', 

    'Augmented Banana Bract Mosaic Virus Disease' : 'Bract 

Mosaic Virus', 

    'Augmented Banana Healthy Leaf'               : 'Healthy 

Leaf', 

    'Augmented Banana Insect Pest Disease'        : 'Insect 

Pest', 
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    'Augmented Banana Moko Disease'               : 'Moko 

Disease', 

    'Augmented Banana Panama Disease'             : 'Panama 

Disease', 

    'Augmented Banana Yellow Sigatoka Disease'    : 'Yellow 

Sigatoka', 

} 

 

NUM_CLASSES = len(FOLDER_TO_CLEAN) 

 

 

!git clone https://github.com/ikhsan-kun/banana-disease-

recognition-dataset.git 

!rm -rf /kaggle/working/banana-disease-recognition-dataset/.git 

 

 

print("\n" + "="*65) 

print("ANALISIS DISTRIBUSI DATASET") 

print("="*65) 

 

class_counts = {} 

for cls in sorted(os.listdir(DATA_DIR)): 

    path = os.path.join(DATA_DIR, cls) 

    if os.path.isdir(path): 

        n = len([f for f in os.listdir(path) 

                 if f.lower().endswith(('.jpg', '.jpeg', 

'.png'))]) 

        class_counts[cls] = n 

 

total_images = sum(class_counts.values()) 

print(f"\nTotal gambar : {total_images}") 

print(f"Jumlah kelas : {len(class_counts)}\n") 

print(f"{'Kelas':<48} {'Gambar':>6}  {'%':>5}") 

print("-"*65) 

for cls, cnt in sorted(class_counts.items(), key=lambda x: -

x[1]): 

    bar = "#" * int(cnt / total_images * 40) 

    print(f"  {cls:<46} {cnt:>6}  {cnt/total_images*100:>4.1f}%  

{bar}") 

print(f"\nImbalance ratio : " 

      

f"{max(class_counts.values())/min(class_counts.values()):.1f}x") 

 

def make_generators(preprocess_fn, val_split=VAL_SPLIT, 

                    img_size=IMG_SIZE, batch=BATCH_SIZE): 

    train_datagen = ImageDataGenerator( 

        preprocessing_function=preprocess_fn, 

        rotation_range=10, 

        width_shift_range=0.1, 

        height_shift_range=0.1, 

        shear_range=0.1, 

        zoom_range=0.1, 

        horizontal_flip=True, 

        vertical_flip=False, 

        brightness_range=[0.8, 1.2], 

        channel_shift_range=20, 
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        fill_mode='nearest', 

        validation_split=val_split 

    ) 

    val_datagen = ImageDataGenerator( 

        preprocessing_function=preprocess_fn, 

        validation_split=val_split 

    ) 

    train_gen = train_datagen.flow_from_directory( 

        DATA_DIR, target_size=img_size, batch_size=batch, 

        class_mode='categorical', subset='training', 

        shuffle=True, seed=SEED 

    ) 

    val_gen = val_datagen.flow_from_directory( 

        DATA_DIR, target_size=img_size, batch_size=batch, 

        class_mode='categorical', subset='validation', 

        shuffle=False, seed=SEED 

    ) 

    return train_gen, val_gen 

 

print("\n" + "="*65) 

print("SETUP DATA GENERATORS") 

print("="*65) 

 

resnet_train,    resnet_val    = 

make_generators(resnet_preprocess) 

mobilenet_train, mobilenet_val = 

make_generators(mobilenet_preprocess) 

 

print(f"\nTrain samples      : {resnet_train.samples}") 

print(f"Validation samples : {resnet_val.samples}") 

print(f"Batch size         : {BATCH_SIZE}") 

print(f"Input size         : {IMG_SIZE}") 

 

idx_to_clean = { 

    idx: FOLDER_TO_CLEAN[folder] 

    for folder, idx in resnet_train.class_indices.items() 

} 

CLEAN_NAMES = [idx_to_clean[i] for i in range(NUM_CLASSES)] 

 

print("\nUrutan kelas (sinkron dengan generator):") 

print("-"*55) 

for i, name in enumerate(CLEAN_NAMES): 

    folder = [f for f, c in FOLDER_TO_CLEAN.items() if c == 

name][0] 

    print(f"  [{i}] {name:<25} <- {folder}") 

 

print("\n" + "="*65) 

print("CLASS WEIGHTS (smoothed, power 0.5)") 

print("="*65) 

 

cw_raw    = compute_class_weight('balanced', 

                                  

classes=np.unique(resnet_train.classes), 

                                  y=resnet_train.classes) 

cw_smooth = cw_raw ** 0.5 

class_weights = {i: float(w) for i, w in enumerate(cw_smooth)} 
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print(f"\n  {'Kelas':<25}  {'Raw':>6}  {'Smooth':>8}") 

print("  " + "-"*42) 

for i, name in enumerate(CLEAN_NAMES): 

    print(f"  [{i}] {name:<23}  {cw_raw[i]:>6.3f}  

{cw_smooth[i]:>8.3f}") 

print(f"\nGap raw    : {cw_raw.max()/cw_raw.min():.1f}x") 

print(f"Gap smooth : {cw_smooth.max()/cw_smooth.min():.1f}x  <- 

lebih seimbang") 

 

viz_datagen = ImageDataGenerator(rescale=1./255, 

validation_split=VAL_SPLIT) 

viz_gen = viz_datagen.flow_from_directory( 

    DATA_DIR, target_size=IMG_SIZE, batch_size=32, 

    class_mode='categorical', subset='training', 

    shuffle=True, seed=SEED 

) 

 

images_viz, labels_viz = next(viz_gen) 

 

fig, axes = plt.subplots(3, 8, figsize=(22, 9)) 

for img, lbl, ax in zip(images_viz[:24], labels_viz[:24], 

axes.flatten()): 

    ax.imshow(img) 

    ax.set_title(CLEAN_NAMES[np.argmax(lbl)], fontsize=7) 

    ax.axis('off') 

 

plt.suptitle('Sample Training Images (setelah augmentasi)', 

             fontsize=13, fontweight='bold') 

plt.tight_layout() 

plt.savefig('sample_images.png', dpi=150, bbox_inches='tight') 

plt.show() 

print("Saved: sample_images.png") 

 

def build_head(base_output): 

    x = layers.GlobalAveragePooling2D()(base_output) 

    x = layers.Dense(256, activation='relu', 

                     

kernel_regularizer=keras.regularizers.l2(0.01))(x) 

    x = layers.Dropout(0.5)(x) 

    x = layers.Dense(128, activation='relu', 

                     

kernel_regularizer=keras.regularizers.l2(0.01))(x) 

    x = layers.Dropout(0.4)(x) 

    x = layers.Dense(NUM_CLASSES, activation='softmax')(x) 

    return x 

 

def make_callbacks(model_name, phase): 

    return [ 

        EarlyStopping( 

            monitor='val_loss', 

            patience=7 if phase == 1 else 5, 

            restore_best_weights=True, 

            mode='min', 

            verbose=1 

        ), 
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        ReduceLROnPlateau( 

            monitor='val_loss', 

            factor=0.5, 

            patience=3, 

            min_lr=1e-8, 

            verbose=1 

        ), 

        ModelCheckpoint( 

            f'best_{model_name}_phase{phase}.keras', 

            monitor='val_loss', 

            save_best_only=True, 

            mode='min', 

            verbose=1 

        ), 

        CSVLogger(f'log_{model_name}_phase{phase}.csv') 

    ] 

 

def plot_history(hist_dict, model_name, phase1_epochs=None): 

    fig, axes = plt.subplots(1, 2, figsize=(14, 5)) 

    fig.suptitle(f'Training History - {model_name}', 

                 fontsize=14, fontweight='bold') 

 

    for ax, (train_k, val_k, label) in zip( 

            axes, 

            [('accuracy', 'val_accuracy', 'Accuracy'), 

             ('loss',     'val_loss',     'Loss')]): 

        ax.plot(hist_dict[train_k], label='Train', 

                linewidth=2, color='#2196F3') 

        ax.plot(hist_dict[val_k],   label='Validation', 

                linewidth=2, color='#FF9800') 

        if phase1_epochs: 

            ax.axvline(phase1_epochs - 1, color='red', 

                       linestyle='--', alpha=0.7, label='Fine-

tune start') 

        ax.set_title(label, fontweight='bold') 

        ax.set_xlabel('Epoch') 

        ax.legend() 

        ax.grid(True, alpha=0.3) 

 

    plt.tight_layout() 

    fname = f'curves_{model_name.lower().replace(" ", "_")}.png' 

    plt.savefig(fname, dpi=150, bbox_inches='tight') 

    plt.show() 

    print(f"Saved: {fname}") 

 

def evaluate_model(model, val_generator, model_name): 

    val_generator.reset() 

    y_pred_proba = model.predict(val_generator, verbose=0) 

    y_pred = np.argmax(y_pred_proba, axis=1) 

    y_true = val_generator.classes 

 

    precision, recall, f1, support = 

precision_recall_fscore_support( 

        y_true, y_pred, average=None, zero_division=0) 

    acc      = np.mean(y_pred == y_true) 

    macro_f1 = np.mean(f1) 
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    cm       = confusion_matrix(y_true, y_pred) 

 

    # Confusion Matrix + F1 bar chart 

    fig, axes = plt.subplots(1, 2, figsize=(18, 7)) 

 

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

                xticklabels=CLEAN_NAMES, 

yticklabels=CLEAN_NAMES, 

                ax=axes[0], cbar_kws={'label': 'Count'}) 

    axes[0].set_title(f'{model_name} - Confusion Matrix', 

                      fontweight='bold', fontsize=13) 

    axes[0].set_xlabel('Predicted', fontweight='bold') 

    axes[0].set_ylabel('True Label', fontweight='bold') 

    axes[0].tick_params(axis='x', rotation=45) 

 

    bar_colors = ['#4CAF50' if s >= 0.80 else 

                  '#FF9800' if s >= 0.60 else '#F44336' 

                  for s in f1] 

    bars = axes[1].barh(CLEAN_NAMES, f1, color=bar_colors, 

                        edgecolor='black', linewidth=1.2) 

    for bar, score in zip(bars, f1): 

        axes[1].text(bar.get_width() + 0.01, 

                     bar.get_y() + bar.get_height() / 2, 

                     f'{score:.3f}', va='center', 

                     fontsize=10, fontweight='bold') 

    axes[1].set_xlim(0, 1.15) 

    axes[1].set_xlabel('F1-Score', fontweight='bold') 

    axes[1].set_title(f'{model_name} - F1-Score per Class', 

                      fontweight='bold', fontsize=13) 

    axes[1].axvline(0.80, color='green', linestyle='--', 

                    alpha=0.6, label='Target >= 0.80') 

    axes[1].legend() 

    axes[1].grid(axis='x', alpha=0.3) 

 

    plt.tight_layout() 

    fname = f'eval_{model_name.lower().replace(" ", "_")}.png' 

    plt.savefig(fname, dpi=150, bbox_inches='tight') 

    plt.show() 

    print(f"Saved: {fname}") 

 

    print(f"\n{'='*65}") 

    print(f"CLASSIFICATION REPORT - {model_name}") 

    print('='*65) 

    print(classification_report(y_true, y_pred, 

                                 target_names=CLEAN_NAMES, 

                                 digits=4, zero_division=0)) 

    print(f"Overall Accuracy : {acc:.4f}  ({acc*100:.2f}%)") 

    print(f"Macro F1-Score   : {macro_f1:.4f}") 

    print(f"Macro Precision  : {np.mean(precision):.4f}") 

    print(f"Macro Recall     : {np.mean(recall):.4f}") 

 

    return { 

        'accuracy':  acc, 

        'macro_f1':  macro_f1, 

        'precision': precision, 

        'recall':    recall, 
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        'f1':        f1, 

        'cm':        cm 

    } 

 

print("\n" + "="*65) 

print("MODEL 1 - ResNet50 (Transfer Learning)") 

print("="*65) 

 

base_resnet = ResNet50( 

    weights='imagenet', 

    include_top=False, 

    input_shape=(*IMG_SIZE, 3) 

) 

base_resnet.trainable = False 

 

inputs_rn    = keras.Input(shape=(*IMG_SIZE, 3)) 

x_rn         = base_resnet(inputs_rn, training=False) 

out_rn       = build_head(x_rn) 

model_resnet = keras.Model(inputs_rn, out_rn, 

name='ResNet50_BananaDisease') 

 

model_resnet.compile( 

    optimizer=keras.optimizers.Adam(learning_rate=1e-4), 

    loss='categorical_crossentropy', 

    metrics=['accuracy', 

             keras.metrics.Precision(name='precision'), 

             keras.metrics.Recall(name='recall'), 

             keras.metrics.AUC(name='auc')] 

) 

 

trainable_p1 = sum(keras.backend.count_params(w) 

                    for w in model_resnet.trainable_weights) 

print(f"\nTrainable params (Phase 1) : {trainable_p1:,}") 

model_resnet.summary(line_length=100) 

 

print("\nPhase 1 - Head Training (frozen base, max 30 

epoch)...") 

history_rn_p1 = model_resnet.fit( 

    resnet_train, 

    validation_data=resnet_val, 

    epochs=EPOCHS_HEAD, 

    callbacks=make_callbacks('resnet50', 1), 

    class_weight=class_weights, 

    verbose=1 

) 

model_resnet  = 

keras.models.load_model('best_resnet50_phase1.keras') 

p1_rn_epochs  = len(history_rn_p1.history['loss']) 

print(f"Phase 1 selesai di epoch {p1_rn_epochs}") 

 

print("\nPhase 2 - Fine-Tuning (unfreeze 20 layer terakhir)...") 

 

base_resnet.trainable = True 

freeze_until_rn = len(base_resnet.layers) - 20 

for i, layer in enumerate(base_resnet.layers): 

    layer.trainable = i >= freeze_until_rn 
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    if isinstance(layer, layers.BatchNormalization): 

        layer.trainable = False 

 

trainable_p2 = sum(keras.backend.count_params(w) 

                    for w in model_resnet.trainable_weights) 

print(f"Trainable params (Phase 2) : {trainable_p2:,}") 

 

model_resnet.compile( 

    optimizer=keras.optimizers.Adam(learning_rate=1e-5), 

    loss='categorical_crossentropy', 

    metrics=['accuracy', 

             keras.metrics.Precision(name='precision'), 

             keras.metrics.Recall(name='recall'), 

             keras.metrics.AUC(name='auc')] 

) 

 

history_rn_p2 = model_resnet.fit( 

    resnet_train, 

    validation_data=resnet_val, 

    epochs=EPOCHS_FT, 

    callbacks=make_callbacks('resnet50', 2), 

    class_weight=class_weights, 

    verbose=1 

) 

model_resnet = 

keras.models.load_model('best_resnet50_phase2.keras') 

print(f"Phase 2 selesai di epoch " 

      f"{p1_rn_epochs + len(history_rn_p2.history['loss'])}") 

 

history_resnet = { 

    k: history_rn_p1.history[k] + history_rn_p2.history[k] 

    for k in history_rn_p1.history 

} 

 

print("\n" + "="*65) 

print("EVALUASI RESNET50") 

print("="*65) 

plot_history(history_resnet, 'ResNet50', 

phase1_epochs=p1_rn_epochs) 

result_resnet = evaluate_model(model_resnet, resnet_val, 

'ResNet50') 

 

print("\n" + "="*65) 

print("MODEL 2 - MobileNetV2 (Transfer Learning)") 

print("="*65) 

 

base_mobilenet = MobileNetV2( 

    weights='imagenet', 

    include_top=False, 

    input_shape=(*IMG_SIZE, 3) 

) 

base_mobilenet.trainable = False 

 

inputs_mb       = keras.Input(shape=(*IMG_SIZE, 3)) 

x_mb            = base_mobilenet(inputs_mb, training=False) 

out_mb          = build_head(x_mb) 
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model_mobilenet = keras.Model(inputs_mb, out_mb, 

name='MobileNetV2_BananaDisease') 

 

model_mobilenet.compile( 

    optimizer=keras.optimizers.Adam(learning_rate=1e-4), 

    loss='categorical_crossentropy', 

    metrics=['accuracy', 

             keras.metrics.Precision(name='precision'), 

             keras.metrics.Recall(name='recall'), 

             keras.metrics.AUC(name='auc')] 

) 

 

trainable_mb_p1 = sum(keras.backend.count_params(w) 

                       for w in 

model_mobilenet.trainable_weights) 

print(f"\nTrainable params (Phase 1) : {trainable_mb_p1:,}") 

model_mobilenet.summary(line_length=100) 

 

print("\nPhase 1 - Head Training (frozen base, max 30 

epoch)...") 

history_mb_p1 = model_mobilenet.fit( 

    mobilenet_train, 

    validation_data=mobilenet_val, 

    epochs=EPOCHS_HEAD, 

    callbacks=make_callbacks('mobilenetv2', 1), 

    class_weight=class_weights, 

    verbose=1 

) 

model_mobilenet = 

keras.models.load_model('best_mobilenetv2_phase1.keras') 

p1_mb_epochs    = len(history_mb_p1.history['loss']) 

print(f"Phase 1 selesai di epoch {p1_mb_epochs}") 

 

print("\nPhase 2 - Fine-Tuning (unfreeze 20 layer terakhir)...") 

 

base_mobilenet.trainable = True 

freeze_until_mb = len(base_mobilenet.layers) - 20 

for i, layer in enumerate(base_mobilenet.layers): 

    layer.trainable = i >= freeze_until_mb 

    if isinstance(layer, layers.BatchNormalization): 

        layer.trainable = False 

 

trainable_mb_p2 = sum(keras.backend.count_params(w) 

                       for w in 

model_mobilenet.trainable_weights) 

print(f"Trainable params (Phase 2) : {trainable_mb_p2:,}") 

 

model_mobilenet.compile( 

    optimizer=keras.optimizers.Adam(learning_rate=1e-5), 

    loss='categorical_crossentropy', 

    metrics=['accuracy', 

             keras.metrics.Precision(name='precision'), 

             keras.metrics.Recall(name='recall'), 

             keras.metrics.AUC(name='auc')] 

) 
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history_mb_p2 = model_mobilenet.fit( 

    mobilenet_train, 

    validation_data=mobilenet_val, 

    epochs=EPOCHS_FT, 

    callbacks=make_callbacks('mobilenetv2', 2), 

    class_weight=class_weights, 

    verbose=1 

) 

model_mobilenet = 

keras.models.load_model('best_mobilenetv2_phase2.keras') 

print(f"Phase 2 selesai di epoch " 

      f"{p1_mb_epochs + len(history_mb_p2.history['loss'])}") 

 

history_mobilenet = { 

    k: history_mb_p1.history[k] + history_mb_p2.history[k] 

    for k in history_mb_p1.history 

} 

 

print("\n" + "="*65) 

print("EVALUASI MOBILENETV2") 

print("="*65) 

plot_history(history_mobilenet, 'MobileNetV2', 

phase1_epochs=p1_mb_epochs) 

result_mobilenet = evaluate_model(model_mobilenet, 

mobilenet_val, 'MobileNetV2') 

 

print("\n" + "="*65) 

print("PERBANDINGAN ResNet50 vs MobileNetV2") 

print("="*65) 

 

results = { 

    'ResNet50':    result_resnet, 

    'MobileNetV2': result_mobilenet 

} 

 

comp = pd.DataFrame([ 

    { 

        'Model'     : name, 

        'Accuracy'  : r['accuracy'], 

        'Macro F1'  : r['macro_f1'], 

        'Precision' : np.mean(r['precision']), 

        'Recall'    : np.mean(r['recall']) 

    } 

    for name, r in results.items() 

]).sort_values('Macro F1', 

ascending=False).reset_index(drop=True) 

 

print("\n" + comp.to_string(index=False, 

float_format='{:.4f}'.format)) 

best_model_name = comp.iloc[0]['Model'] 

print(f"\nModel terbaik : {best_model_name}") 

 

# Bar chart perbandingan semua metrik 

metrics_plot = ['Accuracy', 'Macro F1', 'Precision', 'Recall'] 

colors       = ['#2196F3', '#4CAF50', '#FF9800', '#9C27B0'] 

x     = np.arange(len(comp)) 
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width = 0.18 

 

fig, ax = plt.subplots(figsize=(11, 5)) 

for i, (metric, color) in enumerate(zip(metrics_plot, colors)): 

    bars = ax.bar(x + i * width, comp[metric], width, 

                  label=metric, color=color, alpha=0.85, 

edgecolor='black') 

    for bar, val in zip(bars, comp[metric]): 

        ax.text(bar.get_x() + bar.get_width() / 2, 

                bar.get_height() + 0.008, 

                f'{val:.3f}', ha='center', va='bottom', 

                fontsize=9, fontweight='bold') 

 

ax.set_xticks(x + width * 1.5) 

ax.set_xticklabels(comp['Model'], fontsize=12, 

fontweight='bold') 

ax.set_ylim(0, 1.15) 

ax.set_title('ResNet50 vs MobileNetV2 - All Metrics', 

             fontsize=14, fontweight='bold') 

ax.set_ylabel('Score') 

ax.legend(loc='upper right') 

ax.axhline(0.80, color='red', linestyle='--', alpha=0.5) 

ax.grid(axis='y', alpha=0.3) 

plt.tight_layout() 

plt.savefig('model_comparison.png', dpi=150, 

bbox_inches='tight') 

plt.show() 

print("Saved: model_comparison.png") 

 

# F1 per kelas side-by-side 

fig, axes = plt.subplots(1, 2, figsize=(16, 6), sharey=True) 

fig.suptitle('F1-Score per Kelas - ResNet50 vs MobileNetV2', 

             fontsize=13, fontweight='bold') 

 

for ax, (name, res) in zip(axes, results.items()): 

    f1_scores  = res['f1'] 

    bar_colors = ['#4CAF50' if s >= 0.80 else 

                  '#FF9800' if s >= 0.60 else '#F44336' 

                  for s in f1_scores] 

    bars = ax.barh(CLEAN_NAMES, f1_scores, 

                   color=bar_colors, edgecolor='black', 

linewidth=1.1) 

    for bar, score in zip(bars, f1_scores): 

        ax.text(bar.get_width() + 0.01, 

                bar.get_y() + bar.get_height() / 2, 

                f'{score:.3f}', va='center', fontsize=9.5, 

fontweight='bold') 

    ax.set_xlim(0, 1.18) 

    ax.set_title(f'{name}  (F1 avg: {np.mean(f1_scores):.3f})', 

                 fontweight='bold', fontsize=12) 

    ax.axvline(0.80, color='red', linestyle='--', alpha=0.5) 

    ax.grid(axis='x', alpha=0.3) 

 

plt.tight_layout() 

plt.savefig('f1_comparison.png', dpi=150, bbox_inches='tight') 

plt.show() 
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print("Saved: f1_comparison.png") 

 

print("\n" + "="*65) 

print("MENYIMPAN MODEL DAN ARTEFAK") 

print("="*65) 

 

model_resnet.save('model_resnet50_final.keras') 

model_mobilenet.save('model_mobilenetv2_final.keras') 

 

comp.to_csv('model_comparison.csv', index=False) 

 

class_mapping = { 

    'class_indices' : resnet_train.class_indices, 

    'clean_names'   : CLEAN_NAMES, 

    'num_classes'   : NUM_CLASSES, 

    'img_size'      : list(IMG_SIZE) 

} 

with open('class_mapping.json', 'w') as f: 

    json.dump(class_mapping, f, indent=2) 

 

print("\nFile tersimpan:") 

print("  model_resnet50_final.keras") 

print("  model_mobilenetv2_final.keras") 

print("  model_comparison.csv") 

print("  class_mapping.json") 

print("  best_resnet50_phase1.keras") 

print("  best_resnet50_phase2.keras") 

print("  best_mobilenetv2_phase1.keras") 

print("  best_mobilenetv2_phase2.keras") 

print("  curves_resnet50.png") 

print("  curves_mobilenetv2.png") 

print("  eval_resnet50.png") 

print("  eval_mobilenetv2.png") 

print("  model_comparison.png") 

print("  f1_comparison.png") 

print("  sample_images.png") 

 


