
VI

VI

DAFTAR ISI

COVER ....................................................................................................................I

HALAMAN PENGESAHAN ................................................................................II
PERNYATAAN ................................................................................................... III

PRAKATA ........................................................................................................... IV

DAFTAR ISI ......................................................................................................... VI

DAFTAR GAMBAR.............................................................................................IX
DAFTAR TABEL...................................................................................................X

INTISARI ................................................................................................................ 1

ABSTRACT.............................................................................................................2
BAB I .......................................................................................................................3

I.1 Latar Belakang ................................................................................................3

I.2 Rumusan Masalah ...........................................................................................4

I.3 Batasan Masalah ............................................................................................. 4
I.4 Tujuan Penelitian ............................................................................................ 5

I.5 Manfaat Penelitian .......................................................................................... 5

I.6 Metodologi Penelitian .....................................................................................5

I.7 Sistematika Penulisan ..................................................................................... 6

BAB II ......................................................................................................................8

2.1. Time series Forecasting Kekeringan Berbasiskan Deep Learning ................8
2.2. Peningkatan efisiensi Wavelet-ANN-ARIMA..............................................9

BAB III .................................................................................................................. 18

3.1. Time Series Forecasting ..............................................................................18
3.2. Spacetimeformer ......................................................................................... 18

3.2.1. Spacetimeformer Encoder .................................................................... 18

3.2.2. Spacetimeformer Decoder .................................................................... 19

3.3. Multivariate Dataset ................................................................................... 20
3.4. Multivariate Time Series ............................................................................. 20

3.5. Wavelet ........................................................................................................21

3.6. Mean Squared Error (MSE) ........................................................................ 21

3.7. Mean Absolute Error (MAE) ...................................................................... 22

Analisis Pengaruh Wavelet Transform Terhadap Efisiensi Waktu Spacetimeformer pada Multivariate
Time
Series Forecasting
Irfan Azis Al Rasyid, Dr. Mardhani Riasetiawan, SE Ak, M.T.; Novera Istiqomah, S.T., M.T., Ph.D.; Dr. Raden Sumiharto, S.Si., M.Kom
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



VII

VII

3.8. R-squared (R²) .............................................................................................22
3.9. Index of Agreement (IA) .............................................................................23

BAB IV .................................................................................................................. 24

4.1 Analisis Sistem .............................................................................................24
4.2 Tahapan Penelitian ....................................................................................... 24

4.3 Metode Analisis Data ...................................................................................26

4.4 Alur Kerja Sistem.........................................................................................27

4.5 Dataset ......................................................................................................... 28
4.5.1 Preprocessing Data ................................................................................ 29

4.6 Evaluation Model ......................................................................................... 30

4.6.1 Evaluasi kualitas kinerja model .............................................................30

BAB V................................................................................................................... 32
5.1. Pemahaman Data .........................................................................................32

5.2. Exploratory Data Analysis (EDA) .............................................................. 33

5.2.1 Correlation Matrix ................................................................................. 33

5.2.2 Outllier Detection .................................................................................. 33

5.3. Pre-processing Data .................................................................................... 34
5.3.2 Outlier remover ..................................................................................... 34

5.3.3 MinMax normalization ..........................................................................34

5.3.4 Discrete wavelet transform ....................................................................35

5.4. Spacetimeformer Forecasting ......................................................................35
5.4.1 Time2Vector layer .................................................................................35

5.4.2 Single attention layer .............................................................................37

5.4.3 Multi attention layer .............................................................................. 38
5.4.4 Encoder ..................................................................................................39

5.4.5 Evaluasi model ...................................................................................... 40

BAB VI .................................................................................................................. 42

6.1 Hasil Pemahaman Data ................................................................................ 42

6.2 Hasil Exploratory Data Analysis (EDA) ......................................................42
6.3. Hasil Pre-processing Data ........................................................................... 45

6.4 Hasil Forecasting Model .............................................................................. 47

6.4.1 Spacetimformer ..................................................................................... 48

Analisis Pengaruh Wavelet Transform Terhadap Efisiensi Waktu Spacetimeformer pada Multivariate
Time
Series Forecasting
Irfan Azis Al Rasyid, Dr. Mardhani Riasetiawan, SE Ak, M.T.; Novera Istiqomah, S.T., M.T., Ph.D.; Dr. Raden Sumiharto, S.Si., M.Kom
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



VIII

VIII

6.4.2 Spacetimeformer-DWT......................................................................... 49
BAB VII .................................................................................................................51

7.1 Kesimpulan .................................................................................................. 51

7.2 Saran .............................................................................................................51
DAFTAR PUSTAKA............................................................................................ 52

Analisis Pengaruh Wavelet Transform Terhadap Efisiensi Waktu Spacetimeformer pada Multivariate
Time
Series Forecasting
Irfan Azis Al Rasyid, Dr. Mardhani Riasetiawan, SE Ak, M.T.; Novera Istiqomah, S.T., M.T., Ph.D.; Dr. Raden Sumiharto, S.Si., M.Kom
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



IX

IX

DAFTAR GAMBAR

Gambar 2.1 e wavelet decomposition strategy. (Nascimento dkk, 2023) ............... 9

Gambar 2.2 Framework Wavelet pada ANN-ARIMA model (Khan, dkk 2010) ..10

Gambar 3.1 Arsitektur Encoder ............................................................................. 19

Gambar 3.2 Arsitektur Decoder .............................................................................20

Gambar 4.2 Tahap Penelitian .................................................................................24

Gambar 4.3 Flowchart Alur Kerja Sistem............................................................. 27

Gambar 6.1 Visualisasi salah satu parameter pada dataset berupa suhu ............... 42

Gambar 6.2 Correlation Matrix ............................................................................. 43

Gambar 6.3 Outlier Scatter Plot .............................................................................44

Gambar 6.4 Outlier Removing ............................................................................... 45

Gambar 6.6 Hasil Forecasting Spacetimformer-DWT.......................................... 50

Analisis Pengaruh Wavelet Transform Terhadap Efisiensi Waktu Spacetimeformer pada Multivariate
Time
Series Forecasting
Irfan Azis Al Rasyid, Dr. Mardhani Riasetiawan, SE Ak, M.T.; Novera Istiqomah, S.T., M.T., Ph.D.; Dr. Raden Sumiharto, S.Si., M.Kom
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



X

X

DAFTAR TABEL

Tabel 2.1 Detail data pada Rainfall Station (Khan, dkk 2010) ................................9

Tabel 2.6 Komparasi Penelitian-Penelitian Terdahulu .......................................... 12

Tabel 4.1 Cuplikan Data Penelitian ....................................................................... 28

Tabel 6.1 Cuplikan Data Penelitian ....................................................................... 45

Tabel 6.2 Cuplikan Data Penelitian Setelah min-max normalization ....................46

Tabel 6.3 Cuplikan Data setelah discrite wavelet transform ................................. 47

Tabel 6.4 Data Hasil Evaluasi Pelatihan Model Spacetimeformer ........................48

Tabel 6.4 Data Hasil Evaluasi Pelatihan Model Spacetimeformer-DWT............. 49

Analisis Pengaruh Wavelet Transform Terhadap Efisiensi Waktu Spacetimeformer pada Multivariate
Time
Series Forecasting
Irfan Azis Al Rasyid, Dr. Mardhani Riasetiawan, SE Ak, M.T.; Novera Istiqomah, S.T., M.T., Ph.D.; Dr. Raden Sumiharto, S.Si., M.Kom
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/


	DAFTAR ISI
	DAFTAR GAMBAR
	DAFTAR TABEL

