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ABSTRAK 

Produktivitas pengangkutan batubara (coal hauling) di PT Gemilang Sinergi Baru 

seringkali mengalami fluktuasi signifikan akibat ketidakpastian kondisi alam dan 

kendala teknis operasional yang sulit diprediksi secara manual. Penelitian ini 

bertujuan untuk membangun model prediksi tonase coal hauling harian yang akurat 

serta menganalisis faktor dominan yang memengaruhinya guna mendukung 

pengambilan keputusan manajemen. Variabel independen yang diteliti meliputi 

faktor iklim, yaitu Curah Hujan (mm) dan Kelembapan Relatif (%), serta faktor 

operasional, yaitu Waktu Henti Operasional (jam), sedangkan variabel dependen 

adalah total Tonase Coal Hauling (Ton). Penelitian ini menggunakan pendekatan 

kuantitatif dengan teknik pengambilan sampel jenuh (total sampling), di mana 

seluruh data historis operasional harian selama periode Januari 2025 – Mei 2026 

digunakan sebagai dataset. Metode analisis data yang diterapkan adalah algoritma 

Machine learning Random forest Regressor, yang dipilih karena keunggulannya 

dalam menangani hubungan non-linear dan interaksi kompleks antar variabel. 

Proses analisis mengikuti standar CRISP-DM, mulai dari pra-pemrosesan data, 

pembagian data latih dan uji, hingga evaluasi model menggunakan metrik Mean 

Absolute Percentage Error (MAPE) dan Root Mean Square Error (RMSE). Hasil 

yang diharapkan dari penelitian ini adalah terbentuknya model prediksi dengan 

tingkat kesalahan (MAPE) di bawah 20%, serta teridentifikasinya peringkat 

pengaruh (Feature Importance) dari variabel curah hujan, kelembapan, dan waktu 

henti. Kesimpulan dari penelitian ini diharapkan dapat membuktikan bahwa 

integrasi data cuaca dan data operasional ke dalam algoritma Random forest mampu 

memberikan proyeksi produksi yang presisi, sehingga perusahaan dapat menyusun 

strategi mitigasi yang lebih efektif, baik dalam manajemen perawatan alat maupun 

penanganan jalan angkut saat cuaca ekstrem. 

 

Kata Kunci : Coal hauling, Random forest Regressor, Prediksi Tonase, Curah 

Hujan, Waktu Henti  
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ABSTRACT 

Coal hauling productivity at PT Gemilang Sinergi Baru often experiences 

significant fluctuations due to uncertain natural conditions and operational 

technical constraints that are difficult to predict manually. This study aims to build 

an accurate daily coal hauling tonnage prediction model and analyze the dominant 

factors influencing it to support management decision-making. The independent 

variables studied include climate factors, namely Rainfall (mm) and Relative 

Humidity (%), as well as operational factors, namely Operational Downtime 

(hours), while the dependent variable is total Coal hauling Tonnage (Tons). This 

study uses a quantitative approach with a total sampling technique, where all 

historical daily operational data during the period Januari 2025  – May 2026 are 

used as the dataset. The data analysis method applied is the Random forest 

Regressor Machine learning algorithm, chosen for its superiority in handling non-

linear relationships and complex interactions between variables. The analysis 

process follows the CRISP-DM standard, starting from data pre-processing, 

Splitting training and testing data, to model evaluation using Mean Absolute 

Percentage Error (MAPE) and Root Mean Square Error (RMSE) metrics. The 

expected result of this study is the formation of a prediction model with an error 

rate (MAPE) below 20%, as well as the identification of the influence ranking 

(Feature Importance) of Rainfall, humidity, and downtime variables. The 

conclusion of this study is expected to prove that integrating weather and 

operational data into the Random forest algorithm is capable of providing precise 

production projections, allowing the company to devise more effective mitigation 

strategies, both in equipment maintenance management and Haul road handling 

during extreme weather. 

 

Keywords: Coal hauling, Random forest Regressor, Tonnage Prediction, Rainfall, 

Downtime 

  

http://lib.mercubuana.ac.id 
Menteng



  xi  

DAFTAR ISI 

 

HALAMAN PERNYATAAN KARYA SENDIRI .................................................. ii 

HALAMAN SURAT KETERNAGAN UJI TURNITIN ...................................... iii 

HALAMAN PERSETUJUAN ............................................................................... iv 

HALAMAN PENGESAHAN .................................................................................. v 

KATA PENGANTAR ............................................................................................. vi 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR DI 

REPOSITORI UMB ............................................................................................ viii 

ABSTRAK .............................................................................................................. ix 

ABSTRACT ............................................................................................................ x 

DAFTAR ISI ......................................................................................................... xi 

DAFTAR TABEL ................................................................................................. xiv 

DAFTAR GAMBAR .............................................................................................. xv 

DAFTAR LAMPIRAN ......................................................................................... xvi 

BAB I  PENDAHULUAN ...................................................................................... 1 

1.1 Latar Belakang ................................................................................................. 1 

1.2 Perumusan Masalah ......................................................................................... 3 

1.3 Tujuan Penelitian ............................................................................................. 4 

1.4 Manfaat Penelitian ........................................................................................... 5 
1.4.1 Manfaat Teoritis ........................................................................................................ 5 
1.4.2 Manfaat Praktis .......................................................................................................... 5 

1.5 Batasan Masalah .............................................................................................. 6 

BAB II  TINJAUAN PUSTAKA ............................................................................ 8 

2.1 Teori Utama ...................................................................................................... 8 
2.1.1 Data Mining dan Machine Learning ......................................................................... 8 

http://lib.mercubuana.ac.id 
Menteng



  xii  

2.1.2 Decision Tree (Pohon Keputusan) ............................................................................. 9 
2.1.3 Algoritma Random Forest ......................................................................................... 9 
2.1.4 Perhitungan Matematis Algoritma Random Forest ................................................. 12 

2.2 Teori Pendukung ............................................................................................ 12 
2.2.1 Mekanisme dan Sistem Kerja Hauling .................................................................... 13 
2.2.2 Faktor Iklim: Curah Hujan dan Kelembapan .......................................................... 15 

2.2.2.1 Curah Hujan (Rainfall) .................................................................................. 15 
2.2.2.2 Lama Hujan (Rain Hours) .............................................................................. 15 
2.2.2.3 Kelembapan Relatif (Relative Humidity) ...................................................... 16 

2.2.3 Waktu Henti Operasional (Lost Time) ..................................................................... 16 
2.2.4 MAPE dan RMSE (Metrik Evaluasi Model) ........................................................... 17 

2.3 Penelitian Terdahulu ...................................................................................... 18 

2.4 Gap Penelitian ................................................................................................ 25 

BAB III  METODE PENELITIAN ..................................................................... 28 

3.1 Jenis Penelitian ............................................................................................... 28 

3.2 Tahapan Penelitian ........................................................................................ 28 

3.3 Instrumen Penelitian ...................................................................................... 31 

3.4 Subjek Penelitian ............................................................................................ 33 

BAB IV   PEMBAHASAN ................................................................................... 34 

4.1 Persiapan Data ................................................................................................ 34 

4.2 Pre-Processing Data ....................................................................................... 38 
4.2.1 Penggabungan Dataset (Data Intergration) ............................................................ 39 
4.2.2 Pembersihan Data dan Penanganan Nilai Anomali ................................................. 40 
4.2.3 Transformasi Fitur dan Konversi Tipe Data ............................................................ 41 
4.2.4 Penanganan Data Hilang (Missing Values Imputation) ........................................... 41 

4.3 Split Data ......................................................................................................... 43 

4.4 Pelatihan Model Random Forest Regressor .................................................. 45 

4.5 Implementasi Logika Prediksi dan Peramalan (Forecasting) .................... 47 
4.5.1 Pembentukan Rentang Waktu dan Integrasi Data ................................................... 47 
4.5.2 Mekanisme Peramalan Masa Depan (Anti-Crash Forecasting) .............................. 48 
4.5.3 Eksekusi Prediksi (Model Inference) ....................................................................... 49 

4.6 Implementasi Integrasi .................................................................................. 50 

http://lib.mercubuana.ac.id 
Menteng



  xiii  

4.6.1 Inisialisasi dan Konfigurasi Server .......................................................................... 50 
4.6.2 Mekanisme Routing dan HTTP Methods ................................................................. 50 
4.6.3 Penyaluran Konteks Data (Context Rendering) ....................................................... 52 

4.7 Implementasi Dashboard Prediksi Tonase .................................................. 53 
4.7.1 Struktur Navigasi dan Template Utama .................................................................. 55 
4.7.2 Visualisasi Data dan Panel Indikator ....................................................................... 57 
4.7.3 Model Input Data dan Pemutakhiran ....................................................................... 57 
4.7.4 Laporan Harian dan Analisis Anomali .................................................................... 60 
4.7.5 Modul Unggah Data Massal .................................................................................... 63 

4.8 Evaluasi Kinerja Model (Testing) ................................................................. 65 
4.8.1 Implementasi Kalkulasi Evaluasi pada Sistem ........................................................ 65 
4.8.2 Hasil Pengujian Akurasi Prediksi ............................................................................ 66 

BAB V  KESIMPULAN DAN SARAN ............................................................... 70 

5.1 Kesimpulan ..................................................................................................... 70 

5.2 Saran ................................................................................................................ 71 

DAFTAR PUSTAKA ............................................................................................ 73 

LAMPIRAN .......................................................................................................... 76 

 

  

http://lib.mercubuana.ac.id 
Menteng



  xiv  

DAFTAR TABEL 

 

Tabel 2. 1 Penelitian Terdahulu ............................................................................ 18 

Tabel 3. 1 Instrumen Penelitian Perangkat Lunak (Software) .............................. 31 

Tabel 3. 2 Instrumen Penelitian Perangkat Lunak (Hardware) ............................. 32 

Tabel 4. 1 Profil Dataset Prediksi Tonase ............................................................. 35 

Tabel 4. 2 Cuplikan Data Mentah Iklim (Kelembapan dan Curah Hujan) dari 

BMKG ................................................................................................................... 36 

Tabel 4. 3 Cuplikan Data Mentah Waktu Henti Operasional (Timesheet) ........... 36 

Tabel 4. 4 Cuplikan Data Mentah Realisasi Tonase Aktual ................................. 37 

Tabel 4. 5 Struktur Dataset Gabungan Hasil Integrasi .......................................... 39 

 

  

http://lib.mercubuana.ac.id 
Menteng



  xv  

DAFTAR GAMBAR 

Gambar 2. 1 Algoritma Decision Tree .................................................................. 11 

Gambar 2. 2 Sistem Kerja Hauling (3) .................................................................. 14 

Gambar 3. 1 Tahapan Penelitian ........................................................................... 29 

Gambar 4. 1 Pengecekan Nilai Kosong (Missing Values) pada Dataset .............. 40 

Gambar 4. 2 Implementasi Imputasi Linear, Winsorizing, dan Chronological Split

 ............................................................................................................................... 42 

Gambar 4. 3 Implementasi Pembagian Data Latih dan Data Uji .......................... 44 

Gambar 4. 4 Proses Pelatihan dan Serialisasi Model Random Forest .................. 46 

Gambar 4. 5 Algoritma Imputasi Proyektif untuk Peramalan Masa Depan ......... 48 

Gambar 4. 6 Implementasi Routing menggunakan Kerangka Kerja Flask ........... 51 

Gambar 4. 7 Penyaluran Variabel Komputasi Backend ke Frontend Web ........... 52 

Gambar 4. 8 Antarmuka Utama Dashboard Prediksi Tonase ............................... 54 

Gambar 4. 9 Fitur Navigasi dan Modul Retraining Model ................................... 56 

Gambar 4. 10 Formulir Interaktif Input Data Operasional ................................... 58 

Gambar 4. 11 Formulir Interaktif Koreksi Data Operasional ............................... 59 

Gambar 4. 12 Laporan Harian ............................................................................... 62 

Gambar 4. 13 Modul Unggah Data Massal (Bulk Upload) .................................. 64 

Gambar 4. 14 Implementasi Kalkulasi RMSE dan MAPE menggunakan Numpy65 

Gambar 4. 15 Evaluasi Kinerja Model Periode Tahun 2025 ................................ 67 

Gambar 4. 16 Evaluasi Kinerja dan Simulasi Peramalan Periode Tahun 2026 .... 68 

 

  

http://lib.mercubuana.ac.id 
Menteng



  xvi  

DAFTAR LAMPIRAN 

 
Lampiran 1 Kartu Asistensi .................................................................................. 76 

Lampiran 2 Curiculum Vitae ................................................................................ 77 

Lampiran 3 Surat Pernyataan HAKI ..................................................................... 78 

Lampiran 4 Surat Pengalihan Hak Cipta ............................................................... 80 

Lampiran 5 Sertifikat BNSP ................................................................................. 81 

Lampiran 6 Surat Izin Riset Perusahaan ............................................................... 82 

Lampiran 7 Hasil Cek Turnitin ............................................................................. 83 

http://lib.mercubuana.ac.id 
Menteng




