KLASIFIKASI TINGKAT ANCAMAN TSUNAMI BERBASIS DEEP LEARNING: STUDI KASUS WILAYAH
MEGATHURST JAWA
ARIF KURNIAWAN, Dr. Ir. Risanuri Hidayat, M.Sc., IPM.; Dr. Dyonisius Dony Ariananda, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR ISI
PERNYATAAN Lottt e et e e e a e e et e e e antaaeeanaeeeannees i
PRAKATA ettt et e st e ettt e e e st e e e snb e e e anbb e e e e beeae e e i
ABSTRACT ...ttt e et e e e e %
INTISARI ...ttt e e ataee e Vi
DAFTAR ISI. .ottt e e e e e Vii
DAFTAR GAMBAR ... .ottt e e e e naeas X
DAFTAR TABEL.....oooiiiiii ittt entaa e snae e enaaa e e Xiii
BABI PENDAHULUAN.. ..ottt nee e 1
1.1 Latar BelaKang ...........ooovvveiiiiiiiiicee e 1
1.2 Perumusan masalah............cccooiiiiiiiiiiii e 4
1.3 Keaslian penelitian ..o 4
1.4 Tujuan PenelItIAN ......c.eveiiiiieiiiie e 5
1.5 Manfaat Penelitian ...........cooooiiiiiiiiiie e 5
BAB Il TINJAUAN PUSTAKA DAN LANDASAN TEORI ......ccoovviiiiiiieeiine. 7
2.1 TINJAUAN PUSTAKA ......ceeeiiiiiiiicc it 7
2.2 Landasan TeOM ......uuueeeeiiiiiiiee et ee e e et e e e e e e r e e e e e e e 10
2.2. 1 TSUNMAMI cetviiieieiiiie ettt e e e e e e e e 10
2.2.2  GEMPA BUMI..cooiiiiiiccce e 12
2.2.3  Sesar Bumi (Earth Fault) .........cccccoeeiiiiiiniccecce e, 13
224 COMUCOT ..ttt 15
2.25  Tingkat AnCaman TSUNAMIL........eveiiirieniiiie e 19
2.2.6  Artificial Intelligence (Al) ... 20
2.2.7  Machine Learmign (ML) .......ccooiuiiiiiiiiiiiiiiee i 22
2.2.7.1 Metode K-Nearest Neighbor (KNN)..........ccccooviviiieeenninnnnn 23
2.2.7.2 Metode Naive Bayes (NB) .......ccccvviiiiiiiiiiiiiiieee e 26
2.2.7.3 Metode Support Vector Machine (SVM)........cccccovvveiiinnnn, 27
2.2.7.4 Metode Decision Tree (DT).....ccveeiiireeiiiiie e 32
2.2.7.5 Metode Random Forest (RF)...........cccooviiiiiiiiiiiiieis 34
2.2.7.6 Metode Categorical Boosting (CatBoost)..........ccccceeeennee. 34
2.2.7.7 Metode Model XGBOOSE .......cccovvvreeeiiiiiiiiee e 36
2.2.8  DeepLeaming (DL).......ccooeiiiieiiiiieeiiiiie i 37
2.2.9  Artificial Neural Network (ANN)........coooiiiiiieiee e 37
2.2.9.1 ArSHEKIUr ANN ....ooiiiiiiiie e 39
2.2.9.2 FUNQSTAKLIVAST ...vvvveeeeiiiiiiic e 41
2.2.9.3 Backpropagation..........cccccveeeiiiiiieeeeis e 43
2.2.10 Convolutional Neural Network (CNIN).........coovviiiiiiiiiiiien e 45
2.2.10.1 INPUL ... 47
2.2.10.2 Feature EXracCtion............ccceevviiiiiieeiiiiiiiice e 48
2.2.10.3 Fully Connected .........uuvvviiiiiiieeeeeeeiii e 55
2.2.10.4 DIOPOUL.....coiiiiieeiiiieieeeeee e 55



KLASIFIKASI TINGKAT ANCAMAN TSUNAMI BERBASIS DEEP LEARNING: STUDI KASUS WILAYAH
MEGATHURST JAWA
ARIF KURNIAWAN, Dr. Ir. Risanuri Hidayat, M.Sc., IPM.; Dr. Dyonisius Dony Ariananda, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

2.2.00.5 OULPUL ...eeiiiiieeciee e 56

2.2.11  AABOOSE .....eeeeiiiiiiiie ettt e ettt 56
2.2.12 AdaBooSt dan CNN..........ueiiiiiiiiiiiie e 58
2.2.13 Adam OPLIMIZET ...vvvieeiiiiiie et 59
2.2.14 Cross Validation ...........cooiuiiiniiiieiiiiiie e 61
2.3 HIPOIESIS . .eeeiitiie ittt 61
BAB 1l METODOLOGI ..ottt 63
31 Alatdan Bahan.........ccoiii 63
311 Al 64
312 BANAN e 64
3.2 Jalannya Penelitian ..........coovviiiiiiiiiiiiee e 64
3.2 1 StUAT LIEIatUN ... 64
3.22  Implementasi Skala KecCil ...........cccoooeiiiiii, 65
3.23  Pengumpulan Dataset..........ccccooviiiiiiiiiiiieiiice e 65
3.2.4  Implementasi Model...........ccooviivie i 65
3.25  Evaluasi HasSil........cccooouiiiiee e 65
3.2.6  Pembuatan Laporan.........cccccoivieiiiiieniiiiie e 66
3.3 Perancangan SISeM.........coouiiiiiiiieiiie e 66
3.3.1  LokasiPenelitian........cccoiuvieiiiiiiiiiiiee e 67
3.3.2  Pengumpulan Data ...........cceeiiiiiiiiieeiiiiiiiiee e 69
3.3.3  Pembuatan Peta Dasar ODSErVasi..........ccccevrvreeiiiiieiiiieeesiieeenns 73
3.3.4  Pemodelan TSUNAMI ...c..vvvereeiiiiiiiee e 76
3.3.4.1 Konfigurasi Parameter Umum Simulasi...............ccccooevneee. 77

3.3.4.2 Input Skenario Model Patahan .............cccccveeeeiiiiiencceeeee, 78

3.3.4.3 Input Parameter Batimetri..........cccceeeeeiiiiieeeeeiiiiiiiece e 79

3.3.4.4 Pembacaan Hasil SIMUIaSi ..........ccccoveeiiiiiiiiiiiiiiicc, 80

3.35  ANAlISIS SISTEM ..evviiiiiiiiiiie et 83
3.3.6  Perancangan dan Alur Kerja SIStem .........ccccoovviiiiiiiiiiiiiiiee e 84
3.3.6.1 Persiapan Data.........ccoooiuviiiiiiiiiiiiiiee e 85

3.3.6.2 Rancangan Preprocessing Data.............cccceeeeiviivireeeennnnne, 85

3.3.6.3 Rancangan EKStraksi Ciri.........ccccovvvieiiiiieiiiiiieiiiiee i 86

3.3.6.4 KIaSTFIKAST.....cciiviiiiieeieiiiie e 89

3.3.6.5 Rancangan PeNngUJIAN...........cooiuvieeriiieniiiiie e 90

BAB IV IMPLEMENTASI SISTEM......cooiiiiiiiiiiie e 93
4.1 Proses AKUISIST DAta.........cooivriiiiiiieiiiiie e 93
4.2  PreproCessing DAt .......c.coeiiviiiiiiiiiiiieeerie e 95
4.3 Implementasi Library Model ..........cccoeiiiiiiiii e 96
4.4 Implementasi Model K-Nearest Neighbor (KNN)..........cocooiiiiieninnn. 97
4.4 Implementasi Model Naive Bayes (NB)........ccccvvvveviieieiiiiiiii, 98
4.4 Implementasi Model Support Vector Machine (SVM)........ccccceeevvnnneen. 99
4.4 Implementasi Model Decision Tree (DT)....cccvvveeeiiiiiiireeeeiiiieiee e, 100
4.4 Implementasi Model Random Forest (RF).........ccocevviiiiiiiiniiiiiiiee, 100
4.4 Implementasi Model Multilayer Perceptron (MLP) ........c.cccveeiiineenne 101
4.4 Implementasi Model CatBoost ...........ccocviviviiiiiiiieeee, 102
4.4 Implementasi Model Artificial Neural Network (ANN)..............c..o..e. 102
4.4 Implementasi Model Convolutional Neural Network (CNN)............... 104



KLASIFIKASI TINGKAT ANCAMAN TSUNAMI BERBASIS DEEP LEARNING: STUDI KASUS WILAYAH
MEGATHURST JAWA
ARIF KURNIAWAN, Dr. Ir. Risanuri Hidayat, M.Sc., IPM.; Dr. Dyonisius Dony Ariananda, S.T., M.Sc.

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

4.4  Implementasi Model AdaBoost CNN .........cccceveeeiiiiiiieee e 113
4.5 Implementasi Model XGB0OSt CNN ........coccciiiiiiiiiiiiie e 115
4.7 Implementasi Pengujian Model.............ccooiii 117
4.8 Implementasi Pengujian Model Tsunami Pada Tsunami 1921.............. 119
BAB V HASIL DAN PEMBAHASAN ...ttt 121
5.1 Pengumpulan Dataset...........c.cooiurieiiiiiiiiiiiie e 121
5.2 Hasil Tahap PreproCessing.........cc.eeouuevieiirieniiiiiieeiiiee e 123
5.21  REZISING ..coi ittt ————— 123
522  ResCaling........coooiiiiiiiiii 123
523  Matriks KateQgori....uceeiiiiiiiieeiiiiiiii e e e 123

5.3  ArISHEKIUr MOEL......ccoeiiiiiiiee e 124
53.1  Arsitektur Model K-Nearest Neighbor (KNN)........cccooiiieneenns 124

5.3.2  Arsitektur Model Naive Bayes (NB).........ccocovveiiiiiiiiiiieiiiien, 125
5.3.3  Arsitektur Model Support Vector Machine (SVM)..................... 126
5.3.4  Arsitektur Model Decision Tree (DT)....cccvvveeiiiiiiineeeeiiiiieineeens 127

535  Arsitektur Model Random Forest (RF)........cccccviiiiiiiiiniinnnnn, 128
5.3.6  Arsitektur Model Multilayer Perceptron (MLP)...........ccccoeeuveens 129
5.3.7  Arsitektur Model CatBOoOST...........cvvveiiiiiiiieeiiiiiiiiie e 130
5.3.8  Arsitektur Model Artificial Neural Network (ANN)................... 130
5.3.9  Arsitektur Model Convolutional Neural Network (CNN)........... 131
5.3.10 Arsitektur Model XGB00St CNN..........cccveviiiiiiiiiiieiiiie e 132

5.4 Pengaruh Epoch Terhadap Performa Model............cccccoviivveeniinnnnnn. 133
5.5 Pengaruh Learning Rate Terhadap Performa Model...............cccooeeee.n. 135
5.6 Hasil Akurasi Validasi Model ...........ccccoiiiiiiii e 136
5.7 Hasil Loss Function Validasi Model.............cccooeiiiiiiiiiice, 137
5.8 HasilPengujian Model ..........ccoiiiiiiiieiiiie e 138
5.9 Hasil Pengujian Model Pada Tsunami 1921 ..........ccccoveiiiiiiiiinieennnnne. 148
BAB VI KESIMPULAN DAN SARAN ......oiiiiiiiiiiiiie et 152
6.1  KEeSIMPUIAN ..ot 152
5.2 SATAN ..o 152
DAFTAR PUSTAKA .ot a e 153
LAMPIRAN. ..ottt e e e et a e et e e e e e e e L-1



