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Lampiran 1 Surat Kesediaan Membimbing TA 
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Lampiran 2 Surat Kesediaan Membimbing TA 
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Lampiran 3. Surat Observasi 
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Lampiran 4. Dokumentasi 
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Lampiran 5. Bimbingan Pembimbing I 
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Lampiran 6. Bimbingan Pembimbing II 
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Lampiran 7. Source Code 

from google.colab import drive 

drive.mount('/content/drive') 

 

DIR_DATASET = '/content/drive/MyDrive/Colab 

Notebooks/dataset/' 

DIR_GAMBAR = '/content/drive/MyDrive/Colab 

Notebooks/gambar visualisasi/' 

DIR_MODEL = '/content/drive/MyDrive/Colab 

Notebooks/model/' 

DIR_TESTING = '/content/drive/MyDrive/Colab 

Notebooks/testing/' 

DIR_VISUAL_TESTING = '/content/drive/MyDrive/Colab 

Notebooks/gambar visual testing/' 

 

import pandas as pd 

import numpy as np 

import matplotlib.pyplot as plt 

import seaborn as sns 

import joblib 

 

from scipy import stats 

from sklearn.model_selection import train_test_split, 

GridSearchCV 

from sklearn.preprocessing import PolynomialFeatures, 

StandardScaler 

from sklearn.linear_model import LogisticRegression 

from imblearn.over_sampling import SMOTE 

from imblearn.pipeline import Pipeline 

from sklearn.metrics import ( 

    classification_report, 

    confusion_matrix, 

    accuracy_score, 

    precision_recall_fscore_support 

) 

df_orig = pd.read_csv(DIR_DATASET + 

"location_aware_gis_leakage_dataset.csv")[["Pressure", 

"Flow_Rate", "Leakage_Flag"]] 

df_aug1 = pd.read_csv(DIR_DATASET + 

"augmentasi_1.csv")[["Pressure", "Flow_Rate", 

"Leakage_Flag"]] 

df_aug2 = pd.read_csv(DIR_DATASET + 

"augmentasi_2.csv")[["Pressure", "Flow_Rate", 

"Leakage_Flag"]] 

df = pd.concat( 
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    [df_orig, df_aug1, df_aug2], 

    ignore_index=True 

) 

print("======================================") 

print(" INFORMASI DATASET AWAL") 

print("======================================") 

print(f"Total data awal: {len(df)}") 

print("\nDistribusi label awal:") 

print(df["Leakage_Flag"].value_counts()) 

# 

======================================================= 

# VISUALISASI INFORMASI DATASET AWAL 

# 

======================================================= 

label_awal = 

df["Leakage_Flag"].value_counts().sort_index() 

df_label_awal = pd.DataFrame({ 

    "Status": ["Normal", "Bocor"], 

    "Jumlah": [ 

        label_awal.get(0, 0), 

        label_awal.get(1, 0) 

    ] 

}) 

plt.figure(figsize=(6, 4)) 

 

sns.barplot( 

    data=df_label_awal, 

    x="Status", 

    y="Jumlah" 

) 

plt.title("Informasi Dataset Awal - Distribusi Label") 

plt.xlabel("Status Kebocoran") 

plt.ylabel("Jumlah Data") 

for index, row in df_label_awal.iterrows(): 

    plt.text( 

        index, 

        row["Jumlah"], 

        f'{row["Jumlah"]:,}'.replace(",", "."), 

        ha="center", 

        va="bottom" 

    ) 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + 

"1_distribusi_dataset_awal.png", dpi=300) 

plt.show() 

# 

======================================================= 
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# 2. PEMBERSIHAN DATA (PREPROCESSING) 

# 

======================================================= 

print("\n======================================") 

print(" INFORMASI JUMLAH DATA PREPROCESSING") 

print("======================================") 

print(f"Data Awal                        : {len(df)}") 

# 1. Menghapus data kosong 

df = df.dropna() 

print(f"Setelah Hapus Missing Value      : {len(df)}") 

# 2. Menghapus data duplikat 

df = df.drop_duplicates() 

print(f"Setelah Hapus Data Duplikat      : {len(df)}") 

# 3. Memastikan tipe data numerik 

df["Pressure"] = pd.to_numeric(df["Pressure"], 

errors="coerce") 

df["Flow_Rate"] = pd.to_numeric(df["Flow_Rate"], 

errors="coerce") 

df["Leakage_Flag"] = pd.to_numeric(df["Leakage_Flag"], 

errors="coerce") 

df = df.dropna() 

print(f"Setelah Konversi Numerik         : {len(df)}") 

# 4. Menghapus outlier menggunakan Z-Score 

z_scores = np.abs(stats.zscore(df[["Pressure", 

"Flow_Rate"]])) 

df = df[(z_scores < 3).all(axis=1)] 

print(f"Setelah Z-Score (Hapus Outlier)  : {len(df)}") 

# 5. Smoothing menggunakan Moving Average 

df["Pressure"] = df["Pressure"].rolling(window=3, 

min_periods=1).mean() 

df["Flow_Rate"] = df["Flow_Rate"].rolling(window=3, 

min_periods=1).mean() 

print(f"Setelah Moving Average           : {len(df)}") 

# 6. Cleaning ulang setelah smoothing 

df = df.dropna().drop_duplicates() 

print(f"Setelah Cleaning Ulang           : {len(df)}") 

print("\n======================================") 

print(" INFORMASI DATASET SETELAH CLEANING") 

print("======================================") 

print(f"Total data setelah dibersihkan   : {len(df)}") 

print("\nDistribusi label setelah cleaning:") 

print(df["Leakage_Flag"].value_counts()) 

# 

======================================================= 

# VISUALISASI INFORMASI DATASET SETELAH CLEANING 

# 

======================================================= 
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label_cleaning = 

df["Leakage_Flag"].value_counts().sort_index() 

total_cleaning = len(df) 

data_normal = label_cleaning.get(0, 0) 

data_bocor = label_cleaning.get(1, 0) 

 

df_info_cleaning = pd.DataFrame({ 

    "Keterangan": [ 

        "Total Cleaning", 

        "Data Normal", 

        "Data Bocor" 

    ], 

    "Jumlah Data": [ 

        total_cleaning, 

        data_normal, 

        data_bocor 

    ] 

}) 

 

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

 

sns.barplot( 

    data=df_info_cleaning, 

    x="Keterangan", 

    y="Jumlah Data" 

) 

 

plt.title("Informasi Dataset Setelah Cleaning") 

plt.xlabel("Keterangan") 

plt.ylabel("Jumlah Data") 

 

for index, row in df_info_cleaning.iterrows(): 

    plt.text( 

        index, 

        row["Jumlah Data"], 

        f'{row["Jumlah Data"]:,}'.replace(",", "."), 

        ha="center", 

        va="bottom" 

    ) 

 

plt.xticks(rotation=0) 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + 

"2_informasi_dataset_setelah_cleaning.png", dpi=300) 

plt.show() 

 

print("\nTabel Informasi Dataset Setelah Cleaning:") 
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print(df_info_cleaning.to_string(index=False)) 

# 

======================================================= 

# 3. PEMISAHAN FITUR DAN TARGET 

# 

======================================================= 

 

X = df[["Pressure", "Flow_Rate"]] 

y = df["Leakage_Flag"] 

 

X_train, X_test, y_train, y_test = train_test_split( 

    X, 

    y, 

    test_size=0.2, 

    random_state=42, 

    stratify=y 

) 

print("\n======================================") 

print(" DATA TRAINING DAN TESTING") 

print("======================================") 

print(f"Jumlah data training: {len(X_train)}") 

print(f"Jumlah data testing : {len(X_test)}") 

print("\nDistribusi label training:") 

print(y_train.value_counts()) 

print("\nDistribusi label testing:") 

print(y_test.value_counts()) 

# 

======================================================= 

# VISUALISASI PEMBAGIAN DATA TRAINING DAN TESTING 

# 

======================================================= 

jumlah_data = pd.DataFrame({ 

    "Jenis Data": ["Training", "Testing"], 

    "Jumlah": [len(X_train), len(X_test)] 

}) 

plt.figure(figsize=(6, 4)) 

sns.barplot( 

    data=jumlah_data, 

    x="Jenis Data", 

    y="Jumlah" 

) 

plt.title("Pembagian Data Training dan Testing") 

plt.xlabel("Jenis Data") 

plt.ylabel("Jumlah Data") 

 

for index, row in jumlah_data.iterrows(): 

    plt.text( 
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        index, 

        row["Jumlah"], 

        f'{row["Jumlah"]:,}'.replace(",", "."), 

        ha="center", 

        va="bottom" 

    ) 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + 

"3_pembagian_data_training_testing.png", dpi=300) 

plt.show() 

# 

======================================================= 

# VISUALISASI DISTRIBUSI LABEL DATA TRAINING 

# 

======================================================= 

label_training = y_train.value_counts().sort_index() 

df_train_visual = pd.DataFrame({ 

    "Status": ["Normal", "Bocor"], 

    "Jumlah": [ 

        label_training.get(0, 0), 

        label_training.get(1, 0) 

    ] 

}) 

 

plt.figure(figsize=(6, 4)) 

 

sns.barplot( 

    data=df_train_visual, 

    x="Status", 

    y="Jumlah" 

) 

plt.title("Distribusi Label Data Training") 

plt.xlabel("Status Kebocoran") 

plt.ylabel("Jumlah Data") 

for index, row in df_train_visual.iterrows(): 

    plt.text( 

        index, 

        row["Jumlah"], 

        f'{row["Jumlah"]:,}'.replace(",", "."), 

        ha="center", 

        va="bottom" 

    ) 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + 

"4_distribusi_label_training.png", dpi=300) 

plt.show() 
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# 

======================================================= 

# VISUALISASI DISTRIBUSI LABEL DATA TESTING 

# 

======================================================= 

label_testing = y_test.value_counts().sort_index() 

df_test_visual = pd.DataFrame({ 

    "Status": ["Normal", "Bocor"], 

    "Jumlah": [ 

        label_testing.get(0, 0), 

        label_testing.get(1, 0) 

    ] 

}) 

 

plt.figure(figsize=(6, 4)) 

sns.barplot( 

    data=df_test_visual, 

    x="Status", 

    y="Jumlah" 

) 

plt.title("Distribusi Label Data Testing") 

plt.xlabel("Status Kebocoran") 

plt.ylabel("Jumlah Data") 

 

for index, row in df_test_visual.iterrows(): 

    plt.text( 

        index, 

        row["Jumlah"], 

        f'{row["Jumlah"]:,}'.replace(",", "."), 

        ha="center", 

        va="bottom" 

    ) 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + 

"5_distribusi_label_testing.png", dpi=300) 

plt.show() 

# 

======================================================= 

# 4. MEMBUAT MODEL PIPELINE 

# 

======================================================= 

model_lr_poly = Pipeline([ 

    ("poly", PolynomialFeatures()), 

    ("scaler", StandardScaler()), 

    ("smote", SMOTE(random_state=42)), 

    ("model", LogisticRegression(random_state=42)) 

]) 
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# 

======================================================= 

# 5. PARAMETER GRIDSEARCHCV 

# 

======================================================= 

param_grid = { 

    "poly__degree": [2, 3], 

    "model__C": [0.01, 0.1, 1, 10, 100], 

    "model__solver": ["lbfgs", "liblinear"], 

    "model__max_iter": [1000, 2000, 3000] 

} 

# 

======================================================= 

# 6. TRAINING DENGAN GRIDSEARCHCV 

# 

======================================================= 

grid_search = GridSearchCV( 

    estimator=model_lr_poly, 

    param_grid=param_grid, 

    cv=5, 

    scoring="accuracy", 

    n_jobs=-1 

) 

print("\n======================================") 

print(" PROSES TRAINING") 

print("======================================") 

 

grid_search.fit(X_train, y_train) 

print("\n[INFO] Training selesai.") 

 

# Mengambil model terbaik 

best_model = grid_search.best_estimator_ 

print("\n======================================") 

print(" HASIL PARAMETER TERBAIK") 

print("======================================") 

print(grid_search.best_params_) 

print(f"Akurasi Cross Validation terbaik: 

{grid_search.best_score_ * 100:.2f}%") 

# 

======================================================= 

# 7. EVALUASI MODEL 

# 

======================================================= 

y_pred = best_model.predict(X_test) 

acc = accuracy_score(y_test, y_pred) 

print("\n======================================") 

print(" HASIL EVALUASI MODEL") 
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print("======================================") 

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

print("\nClassification Report:") 

print(classification_report( 

    y_test, 

    y_pred, 

    labels=[0, 1], 

    target_names=["Normal", "Bocor"] 

)) 

# 

======================================================= 

# VISUALISASI HASIL EVALUASI MODEL 

# 

======================================================= 

precision, recall, f1_score, support = 

precision_recall_fscore_support( 

    y_test, 

    y_pred, 

    labels=[0, 1] 

) 

 

kelas = ["Normal", "Bocor"] 

 

x = np.arange(len(kelas)) 

width = 0.25 

 

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

 

# Warna diagram diganti 

bar1 = plt.bar(x - width, precision, width, 

label="Precision", color="#6A5ACD") 

bar2 = plt.bar(x, recall, width, label="Recall", 

color="#20B2AA") 

bar3 = plt.bar(x + width, f1_score, width, label="F1-

Score", color="#FFB347") 

# Menampilkan nilai di atas batang 

for bars in [bar1, bar2, bar3]: 

    for bar in bars: 

        height = bar.get_height() 

        plt.text( 

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

            height + 0.01, 

            f"{height:.2f}", 

            ha="center", 

            va="bottom", 

            fontsize=9 

        ) 
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plt.title("Hasil Evaluasi Model Logistic Regression 

(Pengujian Internal)") 

plt.xlabel("Kelas") 

plt.ylabel("Nilai") 

plt.xticks(x, kelas) 

plt.ylim(0, 1.1) 

plt.legend() 

plt.grid(axis="y", linestyle="--", alpha=0.4) 

 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + "6_hasil_evaluasi_model.png", 

dpi=300) 

plt.show() 

# 

======================================================= 

# 8. CONFUSION MATRIX 

# 

=======================================================

== 

cm = confusion_matrix(y_test, y_pred, labels=[0, 1]) 

print("\nConfusion Matrix:") 

print(cm) 

 

print("\nKeterangan Confusion Matrix:") 

print("TN / Normal diprediksi Normal :", cm[0][0]) 

print("FP / Normal diprediksi Bocor  :", cm[0][1]) 

print("FN / Bocor diprediksi Normal  :", cm[1][0]) 

print("TP / Bocor diprediksi Bocor   :", cm[1][1]) 

 

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

sns.heatmap( 

    cm, 

    annot=True, 

    fmt="d", 

    cmap="Greens", 

    xticklabels=["Normal", "Bocor"], 

    yticklabels=["Normal", "Bocor"] 

) 

 

plt.title("Confusion Matrix") 

plt.xlabel("Prediksi") 

plt.ylabel("Aktual") 

 

plt.tight_layout() 

plt.savefig(DIR_GAMBAR + "7_confusion_matrix.png", 

dpi=300) 
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plt.show() 

# 

======================================================= 

# 9. SIMPAN MODEL 

# 

======================================================= 

path_simpan_model = DIR_MODEL + "logisticregresion.pkl" 

joblib.dump(best_model, path_simpan_model) 

print("\n======================================") 

print(" MODEL BERHASIL DISIMPAN DI GOOGLE DRIVE") 

print("======================================") 

print(f"File: {path_simpan_model}") 

# 

======================================================= 

# 10. SIMPAN DATA CSV HASIL TRAINING 

# 

======================================================= 

# Menggabungkan kembali X_train dan y_train menjadi satu 

DataFrame 

df_training = pd.concat([X_train, y_train], axis=1) 

 

# Menyimpan ke penyimpanan lokal Colab (bukan Google 

Drive) 

path_simpan_csv = "data_training_hasil.csv" 

df_training.to_csv(path_simpan_csv, index=False) 

 

print("\n======================================") 

print(" DATA TRAINING BERHASIL DISIMPAN DI COLAB") 

print("======================================") 

print(f"File CSV tersimpan di: 

/content/{path_simpan_csv}") 

 


