DAFTAR ISI

HALAMAN PENGESAHAN T ..ottt il
HALAMAN PENGESAHAN IL.....ooiiiiiiiiiieeceeeeeeeee e il
KATA PENGANTAR ..ottt v
ABSTRAK ..ttt sbeeae e A%
ABSTRACT ...ttt ettt ettt bbbt enes vi
DAFTAR IST ..ottt vii
DAFTAR TABEL......oiiiitiiieieeeeeee sttt X
DAFTAR GAMBAR ...ttt xi
LAMPIRAN ...ttt ettt st ettt e b et ene e xii
BABT PENDAHULUAN......ccotitiiettsesteteeeetee ettt 1
1.1 Latar Belakang ..........ccceviiiiiiiiieieeieeece et 1
1.2 Rumusan Masalah ...........coceviiiiiiiniiiiieneceecee e 6
1.3 Batasan Masalah..........ccccoooiiiiiiniinii e 7
1.4 Tujuan Penelitian..........ccoooiiiiieiieniieiiecieceeee e 7
BABII TINJAUAN PUSTAKA ...ttt 8
2.1 Diabetic REtiNOPALNY ............ccueeuieciiiiiieiieeieecieeee et 8
2.2 COMPULET VISION ..eooutieiiieiieiieeieesiieeteesteeeteesieeenteenseesaseeseessseeseesnseens 10
2.3 Convolutional Neural Network (CNN) ......ccocveevviieecieeecieeeee e 11
2.4 Vision Transformer........ooooiiiiiiiiiiiiiieeeeeeeeeeecee e 12
24.1 Pembagian Citra mejadi Patch.........cccoeeeeeceeeceieciiieiieieeieeeene, 14
242 Linear Projection dan Patch Embedding ..................cccccvevuennnnn. 14
243 Positional ENCOAING ...........c..ccueveuieioiiiiiiaiieeieeieeie e 15
244 Transformer ENCOAET ...............cccueeeeeceeeiieeiieiieeieeieeee e 15
2.4.5 Klasifikasi melalui MLP Head..............ccccooueecevecienieianieeieenene. 18

vii



2.4.6 Varian Model Vision TranSformer...........ooovveeveeiiiiiiiiiiiiiiiiiiiinnnne.. 18

2.5 Transfer LeATNING.............ccoecueeeieeieeciieeieeieeeiie et eteeseee e siaesnae e 19
2.6 Preprocessing dan Augmentasi Data .............ccccoeeeeiieiiiieniiniiienieee 21
2.6.1 Random Horizontal FIIP ............ccoooveecieiieaiieiieeiieeeeee e 21
2.6.2 Random ROIQLION............c.ccoeevuiveiniiiiiieieeeeeeseee st 21

2.6.3 Contrast Limited Adaptive Histogram Equalization (CLAHE).... 21

2.6.4 Konversi K€ Tensor........c.coceiueieeiiniiniiiiieeeeeeseeeeeees 23
2.6.5 NOTMAIZATION. ....eiieiieieiiieeeee e 23
2.7 OPLIMIZET.cc.eiieiieiieeieeeie ettt ettt et steeete et e e beeaeesnbeeseesnseeseesnseans 23
2.8  Rank-Consistent Ordinal RegreSSiOn ...............ccoecceeveueecueenieeeieeenrennaans 25

2.8.1 Conditional Ordinal Regression for Neural Network (CORN) .... 27

2.8.2 Conditional Training SUDSELS ..............ccoeeeeeeeeeceeecienieeiieeieeeeans 28
2.8.3 LOSS FUNCHION ...ttt 28
2.8.4 Rank PrediCtion ..............c.cccocueveveiniisiniiiieieneseee e 29
2.9 ClaSS WEIGRIING .......cueeeeeeiieeiieieeeeee ettt 29
2,10 EVAIUGLION MEITICS ..ottt 31
2.10.1  Area Under the Curve (AUC) ......ccouveeeveeeciieeeieeeeeeeeeee e 31
2,102 ACCUFACY .ottt 32
2.10.3  Balanced ACCUTACY ..........cccueeueeeceeeiieeiieiieeieesiie et 32
2.10.4  MaCTO-F1 SCOTE ..ottt 33
2.10.5  Mean Absolute Error (MAE) .......ccooveeeieeeiiieeeieeeeeeeee e 33
2.10.6  Root Mean Square Error (RMSE) .....cccccooviiiniiiniiiiiiienieeeen, 34
2.10.7  Quadratic Weighted Kappa (QWK).......cccceevvieiiiniienieniieieeine 34
BAB II1 METODE PENELITIAN ....cooitiiiiiiiieeeeeeeeeeee e 35
3.1 Jenis dan Sumber Data.........cocoevuiiiiniiiiiiiinieieee e 35
3.2 Tahapan Analisis Data..........cccoccueeiiiiriiiiiieniieieeee e 36

viii



33 Diagram Alir Analisis Data ..........ccoevvieiiiniieiiiiieciiee e 39

BAB IV  HASIL DAN PEMBAHASAN .....coooiiieeeeeeeeeee e 42
4.1 Deskripsi Dataset dan Distribusi Label..........ccccoceviriiniininiiniencnnn, 42
4.2 Preprocessing dan Augmentasi Data ............ccccoeeieviiiiiiiniiniicieee 43

4.2.1 Random Horizontal FIIP ............ccoooveecieviieiieiieeieeeieeie e 43
422 Random ROIQLION.............c.ccoceevuiviiiniiiiiiesieeeeeseee st 44
423 CLAHE ...ttt 44
4.2.4 TOTOIISOF ...ttt 45
4.2.5 NOFIQLIZE ... 45
4.3  Arsitektur Model VIT-CORN ......cccooiiiiiiiiiiiniiieeeeeeeeieeee 46
4.4  Proses Pelatihan Model...........cocoeviriiiiiniiiiiieeecceeereeene 49
441 Pembentukan Patch dan Embedding................c.ccceevevevvenuvannnnnne. 49
442 Transformer ENCOAEr ...............cccoueeueeciieiieeieeiieeieesiieee e 50

443 Conditional Ordinal Regression for Neural Network (CORN) .... 54

4.5  Hasil Pelatihan dan Evaluasi Model ...........c.coocoviiiiiiiiiiiiiiieiee 56
4.6  Analisis Perbandingan dengan ResNet-18 dan ResNet-50................... 59
4.7  Ringkasan Temuan Kesalahan ...........ccccoccoeiiiiiiiiiiniiniiiccciee 63
BABV PENUTUP ..ottt 65
5.1 KeSIMPUIAN ...ooiiiiiiiiciieie et 65
5.2 SATAN ..ttt et 66
DAFTAR PUSTAKA ...ttt 67
LAMPIRAN ...ttt ettt et st 75

X



