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ABSTRAK

PT. Bumi Merapi Energi merupakan perusahaan yang bergerak di bidang
pertambangan dan penjualan batubara. Proses perencanaan penjualan yang dilakukan
selama ini masih berdasarkan data historis dan pertimbangan manajemen tanpa adanya
sistem prediksi yang terintegrasi. Kondisi tersebut dapat menyebabkan ketidakpastian
dalam perencanaan produksi dan penjualan sehingga berpotensi menimbulkan risiko
kelebihan maupun kekurangan stok batubara. Oleh karena itu, diperlukan suatu sistem
yang mampu memanfaatkan data historis untuk membantu memprediksi penjualan
pada periode yang akan datang. Penelitian ini bertujuan untuk membangun aplikasi
prediksi penjualan batubara berbasis website menggunakan metode Regresi Linear
Berganda. Variabel yang digunakan dalam proses prediksi meliputi Harga Batubara
Acuan (HBA), nilai tukar kurs rupiah terhadap dolar Amerika Serikat, total produksi
batubara, curah hujan dan kualitas batubara sebagai variabel bebas, serta volume
penjualan batubara sebagai variabel terikat. Aplikasi dikembangkan menggunakan
framework Laravel, database MySQL, serta menerapkan metode pengembangan
sistem Waterfall. Hasil penelitian menunjukkan bahwa aplikasi yang dibangun mampu
mengelola data penjualan, data shipment, data produksi, serta menghasilkan prediksi
penjualan secara otomatis. Berdasarkan hasil pengujian, model Regresi Linear
Berganda menghasilkan nilai Mean Absolute Error (MAE) sebesar 19.940,28 ton dan
Mean Absolute Percentage Error (MAPE) sebesar 43,08% yang termasuk dalam
kategori cukup. Hasil prediksi menunjukkan bahwa penjualan batubara pada periode
selanjutnya diperkirakan mencapai 76.270,04 ton. Dengan demikian, aplikasi ini dapat
digunakan sebagai alat bantu dalam proses perencanaan produksi, penyusunan target
penjualan, serta pengambilan keputusan pada PT. Bumi Merapi Energi.

Kata Kunci: Prediksi Penjualan, Batubara, Regresi Linear Berganda, Laravel,
Website.
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ABSTRACT

PT. Bumi Merapi Energi is a company engaged in coal mining and sales. The sales
planning process has been carried out based on historical data and management
considerations without an integrated forecasting system. This condition may lead to
uncertainty in production and sales planning, resulting in the risk of overstocking or
stock shortages. Therefore, a system capable of utilizing historical data to forecast
future sales is needed. This study aims to develop a web-based coal sales forecasting
application using the Multiple Linear Regression method. The variables used in the
forecasting process include the Coal Benchmark Price (HBA), the Rupiah exchange
rate against the United States Dollar, total coal production, rainfall, and coal quality as
independent variables, while coal sales volume is used as the dependent variable. The
application was developed using the Laravel framework, MySQL database, and the
Waterfall system development methodology. The results of this study indicate that the
developed application is capable of managing sales, shipment, and production data, as
well as generating sales forecasts automatically. Based on the testing results, the
Multiple Linear Regression model produced a Mean Absolute Error (MAE) value of
19.940,28 tons and a Mean Absolute Percentage Error (MAPE) value of 43,08%,
which is categorized as very good. The forecasting results show that coal sales for next
period are estimated to reach 76.270,04 tons. Therefore, this application can be utilized
as a decision-support tool for production planning, sales target preparation, and
managerial decision-making at PT. Bumi Merapi Energi.

Keywords: Sales Forecasting, Coal, Multiple Linear Regression, Laravel, Website.

xiii



DAFTARISI

HALAMAN SAMPUL i
HALAMAN PENGESAHAN PEMBIMBING ii
HALAMAN PENGESAHAN PENGUJI iii
HALAMAN PERNYATAAN BEBAS PLAGIARISME iv
HALAMAN DEKLARASI PENGGUNAAN Al A
MOTTO DAN PERSEMBAHAN vi
KATA PENGANTAR vii
ABSTRAK xi
ABSTRACT xii
DAFTARISI xiii
DAFTAR GAMBAR xvi
DAFTAR TABEL xviii
DAFTAR LAMPIRAN Xix
BABI PENDAHULUAN 1
1.1. Latar BelaKang ...........ccooceeiiiiiieiiesieeeee ettt 1

1.2. Rumusah Masalah ..........ccoocooiiiiiiiieeeee s 3

1.3. Batasan Masalah...........coccoviiiiiiiieeeee e 3

1.4. Tujuan dan Manfaat .............cceeeveeerienienienie et sre e ere e aeeeaesenas 4

R B 01 - o USSR 4

1.4.2. MANTaat.......ccciiiiiiiiiie ettt et et beens 4

1.5. Sistematika Penulisan............ccoooeeoieiirieiiiieee e 4

BABII TINJAUAN PUSTAKA 6
2.1. Landasan TeOT ......c.couerterueririeienitee ettt st s 6

0 B TN o) 1 ) PSSR 6

2.1 20 PLEdIKST c.veneeeiteiieieees et 6

0 B TR < 1110 1 3 & PP 7

2.1.4. BAtUDATa. ....coeeeiiiieieiieeeste ettt 7

215 WEDSILE ... 8

2.1.6. Harga Batubara Acuan (HBA).........cccoeciiiiiecieieieceeeeeeee e 8

2.1.7. Kurs (Nilai Tukar Rupiah).........ccccceeviereiiiiieiienieiieceeeeeesee e 9

2.1.8. Volume Produksi ........ccccevuirieririiiiniieiee et 9

2.1.9. Curah HUJan........c.oooieiiiiriiiieeie e 10

2.1.10. Kualitas Batubara GAR ..........ccccoociiiiiiniiiinieeeeeseeeeeee 11

Xiv



2.1.11. Volume Penjualan...........ccoceeiiiiiiiniiiiiiiieceeeceeete e 11

2.1.12. Metode Waterfall..............ccccoioiioiiiiiieiese st 12
20030 FIOWCRATL. ...t 13

2L 1A UML....ooeeee et et 15
2.1.15. Metode Regresi Linear Berganda ...........c.cocoveevieeiieriienienienieeieeiens 20
2.1.16. Mean Absolute Error (MAE) ............cccccooveviiieeieiieiiieeie e 21
2.1.17. Mean Absolute Percentage Error (MAPE).........ccccccovvivoinienneannns 22
2ULI8L PHP .o 23
2119  MYSOL ... 23
21200 LAFAVEL.......c..oeeee et 24
2121 TAIIWINA CSS ..o 24
2.1.22. Black BOX TESHING .......cc.ceveaiieeeee ettt 25

2.2, StAt€ Of TRE AFL......oocveoieiieeeeeee ettt aee 25
BABIII METODOLOGI PENELITIAN 31
3.1. Tahapan Penelitian ...........cccceeoiiriieiiieiienieeie et 31
3.1.1. Identifikasi Masalah............cccocoeoiriiiiiieieeeeeee e 31
3.1.2. Perumusan Masalah...........cccoeeuieiieiiieniienieniecie e 32
3.1.3. Pengumpulan Data..........ccccoveeiieiieciieiieieciiecee e 32
3.1.4. Pengembangan Sistem Menggunakan Metode Waterfall.................... 33
3.1.5. Hasil Penelitian.........cccceeierieeieiiieiieiceteiee et 33

3.2. Tempat dan Waktu Penelitian ............cccoocereriiininiinininnininienienceieseeeens 33
3.2.1. Tempat Penelitian ..........ccceccveeerierieciieiieniesiesre e et esree e sveeeve e 33
3.2.2. Waktu Penelitian..........ccceeieeiiieiieiieiieetecte et 34

3.3. Gambaran Umum/Keadaan Umum ..........c.cceceverieniininienenienienceieneeeens 34
3.3.1. Profil Singkat Perusahaan...............ccceecveviirirniiinniinieeneesee e 34
3.3.2. Alur Sistem Yang Berjalan...........cccovveviininniiniieieeeeeeee e 36
3.3.3. Alur Sistem Yang DiusulKan ..........ccccoceevveevieiiiiieenieeneesee e 38
BABIV HASIL DAN PEMBAHASAN 48
A1 HASIL ottt 48
4.1.1. Data Penelitian...........cceoeiieierieiee et 49
4.1.2. Variabel Penelitian............cccccerieierinieieeieeiee e 50

4.2, PeMDANASAN......coouiieieiieiiitceiete ettt 53
4.2.1. Analisis Kebutuhan............coceririininiiiininieeeeeeeeee e 53
4.2.2. DIBSAIMN ..ttt ettt ettt ettt ettt e sat e st et b e bt e bt sbe e et e eeeeteens 56

XV



4.2.3, IMPIEMENLASI.....ecccviieiiieeiieeeiieecieeetee et e et e esiaeesreeeaseeseseeeseeeseveens
4.2.4. PENGUJIAN ...ttt ettt ettt ettt et ettt
4.2.5. MAINICRANCE ...t

BABYV PENUTUP

5.1, KeSIMPUIAN.....cviiiiiiciii ettt e
T T | ¢ 1 ST USRP
DAFTAR PUSTAKA

LAMPIRAN

XVi



Gambar 2.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.

DAFTAR GAMBAR

1 Tahap-Tahap Metode Waterfall................cccoooevceeviiiciaiiiiiieiieen, 12
1 Tahapan Penelitian...........ccceecvieriieiiieniieeiiesie e 31
2 Struktur Organisasi PT. Bumi Merapi Energi.........ccccccoevvvevieeciiennnnnn. 35
3 Alur Sistem yang Berjalan ..........ccccooeeieiiiiiiiiniiiiieieeeeeee e 36
4 Flowchart Shipment Staff............ccccoovoeeoieniiiiieiieeieeee e 38
5 Flowchart Marketing Staff.............cccocoevvieiiiiniiiiieiieeeeeeeee e 40
6 Flowchart AAMIN............cocoiiiiiiiiiiiiieseeeeee e 42
7 Flowchart Kepala Teknik Tambang (KTT).......cccccceevvevcieenienieeienne. 44
8 Flowchart DITEKIUL .......cc.coocuiiiiiiiieieeee et 46
1 Use Case Diagram................ccccouoeiiiiiiiiiiaiiieaiie e 58
2 Activity Diagram LOZIN.............cccccovoiiiiiiiiiiiiiiieeeeee e 60
3 Activity Diagram Input Pengguna............cccceevueeenieennieennieeniieenieeenns 61
4 Activity Diagram Edit Pengguna............cccoooeeviiiiiiniiiiienieeeeeeeen 62
5 Activity Diagram Hapus Pengguna ............cccocceeeviieiniieiniieeniienneenns 63
6 Activity Diagram Input RKAB..........ccoiiiiiiiieeeee, 64
7 Activity Diagram Edit RKAB ........cccccooiiiiiieceeee, 65
8 Activity Diagram Hapus RKAB...........ccooiiiiiiiiiiiieeee 66
9 Activity Diagram Input Data Produksi..........cccccvveeviiviniininncncnennne. 67
10 Activity Diagram Edit Data Produksi...........ccccceeeviiiniiieniieeniieee. 68
11 Activity Diagram Hapus Data Produksi ..........cccceocvvveiiieniiieniieee. 69
12 Activity Diagram Input Data Shipment...........ccccoeevvveeviveeniieeniieeenne, 70
13 Activity Diagram Edit Data Shipment............ccccoeviveeiiieniieeniieeee. 71
14 Activity Diagram Hapus Data Shipment............ccccceeevveeeiieenciieennnenn. 72
15 Activity Diagram 1si/Edit Data Penjualan.............ccccocoveeeiieenineennnenn. 73
16 Activity Diagram Prediksi Penjualan ............ccccooveviveiiiniiiiinieeen. 74
17 Class DiQGVAM ..............cccueeeieeeiiieeeie et 75
18 Sequence Diagram LOZIN..................cccoueevcuieecieeaiiieeieeeie e 77
19 Sequence Diagram Input Pengguna...........cccceeeuveeeeniiieeeeniiieeeeenne 78
20 Sequence Diagram Edit Pengguna.............cccccevvviiieiiieecieenie e, 79
21 Sequence Diagram Hapus Pengguna ..........cccceeeveeviiiiniiieeniieenieennns 80
22 Sequence Diagram Input RKAB.........cccccooviiiiiiiiiiiieeee e, 81
23 Sequence Diagram Edit RKAB .........cccoooiiiiiiiieeeeecee s 82
24 Sequence Diagram Hapus RKAB..........cccooiiiiiiiiiiiiee e, 83
25 Sequence Diagram Input Data Produksi..........ccccvevviiiiniieiniieecieeen, 84
26 Sequence Diagram Edit Data Produksi...........ccccceeviiiiniiiiniinccienns 85
27 Sequence Diagram Hapus Data Produksi ..........ccceeevveviieeniieenciennns 86
28 Sequence Diagram Input Data Shipment...........ccceeeveevcieeniieeenineenns 87
29 Sequence Diagram Edit Data Shipment...........cccceeeeveeriieeniieenneeens 88
30 Sequence Diagram Hapus Data Shipment ............ccccceeevieeniieencneeens 89
31 Sequence Diagram Isi/Edit Data Penjualan ..............c.ccccoveeeiieennnnns 90
32 Sequence Diagram Prediksi Penjualan ..............cccooeveeiiinieencennnenen. 92
33 Rancangan Halaman Logif.............cccccooviiiiiiiiiiiiiiieeeeeeee e 99

XVii



Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.

34 Rancangan Dashboard Shipment Staff............cccccccoevvevviiviencnannenn. 99
35 Rancangan Dashboard Marketing Staff .............cccoocvevvevcinennenennn. 100
36 Rancangan Dashboard DireKtur .............cccoeveeevienieenieniieieereenee. 101
37 Rancangan Dashboard Kepala Teknik Tambang (KTT)................. 102
38 Rancangan Dashboard Admin................cccoeceevienciienieniieieeeeeen. 102
39 Rancangan Halaman Data Shipment...............cccccoevvieiiencieennennnnn. 103
40 Rancangan Modal Tambah Data Shipment.............cc.cccovvveerennen.. 104
41 Rancangan Halaman Data Penjualan...........cccccceeevveniiniieniennennen. 104
42 Modal Isi Harga Penjualan.............ccccceeeviieniiieeciiecieecee e 105
43 Rancangan Halaman Data Produksi...........cccoeveeniiiiiiniininnienen. 105
44 Rancangan Modal Tambah Data Produksi...........cccccceeviieiinnnnnnen. 106
45 Rancangan Halaman Prediksi Penjualan..............ccccoooiiiiniinnnn 107
46 Rancangan Halaman RKAB ..........cccociiiiiiiiiie 107
47 Rancangan Halaman Tambah RKAB ...........c.ccccooiiiiiniiine 108
48 Rancangan Halaman Kelola Pengguna.............ccooceviiiiiininnnnen. 109
49 Rancangan Halaman Tambah Pengguna.............cccccooiiiiinninnnnne 109
50 Halaman LOgin..........cccuoooiiiiiiiiiiie et 110
51 Halaman Dashboard Shipment Staff ............ccccovevvinviniiincncennann. 111
52 Halaman Dashboard Marketing Staff ............ccccccovveeiviiiiiniianann. 111
53 Halaman Dashboard DireKtur..............cocceevieeiiiniinniiinicceneeee, 112
54 Halaman Dashboard Kepala Teknik Tambang (KTT).................... 112
55 Dashboard AAmIn ..............ccccoviiiiiiiiiiiiiiiniiieeeeeeeee e 113
56 Halaman Data Shipment...............ccccooovuveiiiiieniiieiieeeie e 113
57 Modal Tambah Data Shipment................ccccoevviiiviiianiieiiiieeeee, 114
58 Halaman Data Penjualan...........c.cccceeeriieeiiieiniieeieecie e, 114
59 Modal Isi Harga Penjualan.............cccoeoiiieiiieeiiiieeiiecieeceeeeee s 115
60 Halaman Produksi..........ccoceiiiiiiiiiiiiicecceeeen 115
61 Modal Tambah Data Produksi ..........c.cccooeenieiniiniiniiiniiieicee, 116
62 Halaman RKAB ..o 116
63 Halaman Tambah RKAB ............coooiiiiiiiece, 117
64 Halaman Prediksi Penjualan Semua Site .............ccccooovvvininnnnnnn. 117
65 Halaman Prediksi Penjualan Semua Site (2)......ccccevvvvevveeiennennen. 118
66 Halaman Prediksi Penjualan Site Serelo............coccevviiniiiiiennnnnen. 118
67 Halaman Prediksi Penjualan Site Serelo (2) .....cccceevevveeecieenieeennenn. 119
68 Halaman Prediksi Penjualan Site Kungkilan ............cccceeeevieennnnnn, 119
69 Halaman Prediksi Penjualan Site Kungkilan (2)..........cccoeeevveeennnnns 120
70 Halaman Kelola Pengguna.............ccccoooviieiiiieiiieeieeceeeeeeeee s 120
71 Halaman Tambah Pengguna ...........c..ccccvveviieiiiiiieiiieceeeeeeee 121
72 Hasil Export PDF Hasil Prediksi Penjualan ..., 123

Xviii



Tabel 2.
Tabel 2.
Tabel 2.
Tabel 2.
Tabel 2.
Tabel 2.
Tabel 2.
Tabel 3.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.

DAFTAR TABEL

1 Simbol-Simbol FIOWCRAFT ............ccooeeeeeeiiiieiieeceeeeeee e 14
2 Simbol-Simbol Use Case Diagram .................ccoeeveeveavceeeesieneeieneereeenne. 16
3 Simbol-Simbol Activity Diagram .................ccccocoveevieiieeieeeiiieeiieeeieeenns 17
4 Simbol-Simbol Class Diagram..................cccoceeeveeeecieaciieeeiieeeeieeeieeeeene 18
5 Simbol-Simbol Sequence Diagram ..................ccc.cccocvevveveviiieencieenreeennne. 19
6 Tabel MAPE .....ooiiiiiieeeeeee ettt st 22
T Sta1€ Of TRE AFE ... 25
1 Waktu Penelitian..........ccccveeiiiieiiieeiieeieeeeeeeee e 34
1 Data Penelitian.........c..cooouiieiiiieiiieeciie et 49
2 Variabel Penelitian.............ccoocieviriiniiniiiienieececee e 51
3 Studi Kelayakan..........coovieiiiiiiieeiieiiecieeiece e e 55
B TADCL USEF ... 95
5 TabCL SAIPIEHL ..o 96
6 Tabel penjualan.............cccueeciiiiiieiieciieeeee e 96
7 Tabel ProdUKS ......ccuveeiiiiieciieiiece et 97
8 TabEl TKAD ..o 97
0 Tabel PrediKS ...veeievieiieieiieiieeie ettt ebeeseaeeraeenaeens 98
10 Hasil Prediksi Penjualan............ccccvveviieeiiieeiiieeieecee e 122
11 Tabel Hasil Evaluasi Akurasi Error..........ccccoceevieiiiiiiniiiieneeee. 122
12 BlACKk BOX TESHING .......cooeeeeeeeee e s 124

Xix



DAFTAR LAMPIRAN

Lampiran 1. Lembar Kesepakatan Bimbingan LA

Lampiran 2. Pengajuan Judul LA

Lampiran 3. Pengesahan Judul LA

Lampiran 4. Lembar Permohonan Pengambilan Data Mahasiswa ke Instansi/Industri
Lampiran 5. Lembar Pengantar Pengambilan Data dari Lembaga ke Instansi/Industri
Lampiran 6. Surat Balasan Penerimaan Izin Pengambilan Data dari Instansi/Industri
Lampiran 7. Lembar Bimbingan LA

Lampiran 8. Lembar Rekomendasi Ujian Aplikasi

Lampiran 9. Lembar Revisi Ujian Aplikasi

Lampiran 10. Lembar Rekomendasi Sidang LA

Lampiran 11. Lembar Revisi Dosen Penguji

Lampiran 12. Rekapitulasi Revisi LA

Lampiran 13. Berita Acara Perubahan Judul LA

Lampiran 14. Lembar Persentase Hasil Pengecekan Plagiasi

Lampiran 15. Lembar Link Listing Kode

Lampiran 16. Dokumentasi

XX



