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ABSTRAK

Mata merupakan organ vital yang memungkinkan manusia memperoleh sebagian besar
informasi dari lingkungan sekitarnya. Penyakit seperti Age-related Macular Degeneration
(AMD), katarak, retinopati diabetik, glaukoma, hipertensi okular, dan miopia dapat
menyebabkan gangguan penglihatan serius apabila tidak terdeteksi dan ditangani secara dini.
Penelitian ini mengembangkan model klasifikasi penyakit mata berbasis Convolutional Neural
Network (CNN) dengan menggunakan arsitektur VGG16 dan ResNet50. Dataset yang
digunakan berasal dari repositori ODIR dan terdiri dari data 5.000 pasien, dengan pembagian
70% untuk pelatihan, 20% untuk validasi, dan 10% untuk pengujian. Penggunaan transfer
learning terbukti dapat mempercepat proses pelatihan dan memungkinkan ekstraksi fitur yang
lebih efisien, sedangkan augmentasi data meningkatkan keragaman citra dan memperkuat
kemampuan generalisasi model. Kombinasi kedua teknik tersebut secara signifikan
meningkatkan performa klasifikasi, menghasilkan akurasi yang lebih tinggi dan nilai loss yang
lebih rendah. Pada skenario terbaik, model VGG16 mencapai akurasi validasi sebesar 83,95%
dengan nilai loss 0,5442, sementara model ResNet50 mencatat akurasi sebesar 84,90% dengan
loss 0,6014. Temuan ini menunjukkan bahwa integrasi antara transfer learning dan augmentasi
data berperan penting dalam meningkatkan efektivitas model klasifikasi citra fundus.

Kata Kunci: Transfer Learning, VGG16, ResNet50, Klasifikasi Penyakit Mata, Citra Fundus,
Augmentasi Data.
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ABSTRACT

The eyes are vital organs that allow humans to acquire most of the information from their
surroundings. Diseases such as Age-related Macular Degeneration (AMD), cataracts, diabetic
retinopathy, glaucoma, ocular hypertension, and myopia can cause serious vision impairment
if not detected and treated early. This study developed an eye disease classification model based
on Convolutional Neural Networks (CNN) using the VGG16 and ResNet50 architectures. The
dataset used was obtained from the ODIR repository and consists of data from 5,000 patients,
divided into 70% for training, 20% for validation, and 10% for testing. The use of transfer
learning proved effective in accelerating the training process and enabling more efficient
feature extraction, while data augmentation enhanced image diversity and improved the
models generalization capability. The combination of these two techniques significantly
improved classification performance, resulting in higher accuracy and lower loss values. In the
best-case scenario, the VGG16 model achieved a validation accuracy of 83.95% with a loss
value of 0.5442, while the ResNet50 model achieved an accuracy of 84.90% with a loss of
0.6014. These findings demonstrate that integrating transfer learning and data augmentation
plays a crucial role in enhancing the effectiveness of fundus image classification models.

Keywords: Transfer Learning, VGG16, ResNet50, Eye Disease Classification, Fundus Images,
Data Augmentation.

vil



DAFTAR ISI

PERNYATAAN ORISINALITAS ...ttt 1
PERNYATAAN PERSETUJUAN PUBLIKASI SKRIPSI UNTUK KEPENTINGAN
AKADEMIS ... il
LEMBAR PENGESAHAN. ... ..ootiitiiiiiiet e v
KATA PENGANTAR ..ottt v
ABSTRAK .o vi
ABSTRACT ...t vii
DAFTAR IS ..o viii
DAFTAR GAMBAR .. ..ottt Xi
DAFTAR TABEL......ooiiiii e Xiii
BAB 1. PENDAHULUAN .....oooiiiiiii s 1
1.1, Latar BelaKang.........ccooiiiiiiiiiiiii 1
1.2, Rumusan Masalah...........ccoooiiiiiiiii s 3
1.3, Batasan Masalah ..o s 3
1.4, Tujuan Penelitian ..o 4
1.5, Manfaat Penelitian .........cccoooiiiiiiiiiiiieiie e s 4
1.6.  Sistematika PenuliSan .........ccocoiiiiiiiiiiiiiic s 5
BAB 2. TINJAUAN PUSTAKA ... .ottt 6
2.1, Penyakit Mata.......ocoiiiiiiicicee e 6
2.2, DEEP LEAIMING ....ooiriiiiiiiie ittt 9
2.2. 1. Neural NEtWOTK ......ooiiiiiiiiiiiiie ittt 10
2.2.2. FUNEST AKLIVAST....viiiiiiiiie i 10
2.2.3. LSS FUNCHOMN ..ottt 11
22,4, OPUIMIZET ....eeeieeiieesiee et e e e s e me e et e ne e s e e nne e reennee s 11
2.3.  Convolutional Neural Network (CNN) .......coooiiiiiiiiiiceeee e 13
2.3.1.  Arsitektur Convolutional Neural Network...........cccooiviiiiiiiiices 14
2.4, Transfer Learning .........cccoiiiiiiiiiiiie et 15
2.5, ResidUal NetWOTK ....cccueiiiiiiiiiiie e 17
2.6, Visual GEOMELIY GIOUP ......ccviiiiiiiiiiiiiieii et 18
2.7 AUZMENTAST..e.vviiviiiiiiie it 19
2.8, SPIE RO ...eiiiiiiiiciicc s 20

viil



2.9, EVAlUALION IMEITIC ... eeiieeeeetee ettt e e ettt eee et e e e e e et et eeseeeaeseee s aeseeeseseenrnnnnns 21

2.9.1.  CONTUSION IMALIIX teivviiiiieiiiieiiie sttt ettt ettt e e e e e be e ssn e e sbeesnbeesneeas 21
2.9.2.  Classification REPOTT.......cciiviiiiiiiiiiiiciisie et 21
2,10, StUAL LIEEIATUT ..ottt sttt e e snee s 22
BAB 3. METODE PENELITIAN......ooiiiiiieiieeie e 26
3.1.  Metode Pengumpulan Data ...........cccooiiiiiiiiiiiiccceee e 26
3. 1.1, Studi PUSEaKa ..o 26

R N O] o1 o T PP PRSP 26
3.2. Alur Penelitian ... 27
3.2.1. Problem Formulation (Formulasi Masalah) ..........ccccccovviiiiiiiiiiiin i 28
3.2.2.  Collection of Input Data (Koleksi Data Masukan)...........ccccoceriieiiniiiennenninnne 28
3.2.3. Data Preprocessing (Pra-Pemprosesan Data)...........cccoceiiiiiiiniiiiii e 29
3.2.4. Dataset Reconstitution (Rekonstitusi Dataset).........cccevvveriiiieeiiiiieiiiiesninesiinnens 30
3.2.5. Data Augmentation (Data Augmentation)...........cccecvereeiieesieesieesee e 30
3.2.6. Data Loading (Data Loading) .........ccccoriieiiiiiienieiie e 31
3.2.7. Modelling (Pemodelan)...........cccuiuiiiiiiiiiiieise e 31
3.2.8.  Simulation (SIMUIAST)....cceiiiiiiiiiiieiie e 32
3.2.9. Model Result Analysis (Analisis Hasil Model)..........c.ccooviveiiniiiiinincneenen, 32
3.3. Perangkat Penelitian (Hardware dan Software)...........ccccoeeiiiiiiiiinice e 33
3.4, Jadwal Penelitian .........ccvoiiiiiiiiiii s 33
BAB 4. HASIL DAN PEMBAHASAN ..ottt 35
4.1  Formulasi Masalah ...........ccoooiiiiiiiiiii e 35
4.1.  Koleksi Data Masukan...........cooouiiiiiiiiiiiiiiiie e 35
4.2, Pra-Pemprosesan Data..........cccccoviiiiiiiiiiiiii 38
4.2.1. 1MPOTt MOAUIE ......oviiiiiiiiec e 38
4.2.2.  Declaration of Variable..........cccoooviiiiiiiiiiiic e 38
4.2.3.  Remove black PixXels .......cccoiiiiiiiiiiiiii s 43
4.2.4.  RESIZE IMAZE ...veivviiieeiiiiiiiie ettt r e nne s 44
4.3, ReKOoNStItuST DAtaSet .......cueeiiiiiieiiiiiiieiie et 46
4.3.1.  Diagnosis Class ......cccoiuiiiiiiiiiiiiieii e 46
4.3.2. Patient CLaSS ..cueeiiiiieieiieeiie e 53
4.3.3. Odirdataset ClaSS ........couieiiiriiieiieiie ettt 54
4.3.4.  Generate CSV Files .......ooiiiiiiiiiiiiiee e 60

iX



4.4, Datd AUZMENTALION ..eouvviiiieitiiiiieitie e e st et e ste ettt e e b e e teessbeesbeesbeesbeeanseesseeanneesreeas 61

4.4.1. DataAugmentatioNGeNErator ClASS .........ceiiiiiiiieiiiiiisiese e 63

4.5, Datad Loading ......ccovviiiiiiiiiiieii s 72
4.5.1. DataFTame ........c.cooiiiiiiiieie e 72
4.5.2.  DataGenerator ..........ccoviiiiiiniiiiii i 75

4.6.  Pemodelan ... 80
4.6.1.  Model ATChITECTUIE. .. .cuviiiieiiieiee it 81
4.6.2.  Model EValUAOTr........coiiiiiie i 86

A7, SIMULAST e 87
4.8.  Analisis Hasil MOdel .........couiiiiiiiiiiieie e 90
4.8.1. Evaluasi Hasil Model VGG16 dan ResNet50 .........c.ccooviiiiiiiiiniiieiieie e 90
4.8.2. Evaluasi Transfer Learning Vs Non-Transfer Learning............c.cccocoveviiiieennnnns 98
4.8.3. Evaluasi Augmented VS Non-Augmented.............ccoovvvvriiiinininiinnininiecnn, 100
4.8.4. Komparasi Hasil Penelitian Lain dengan Dataset Identik................cceevernnee. 104

4.9. Implikasi Klinis dan Implementasi Nyata ..........cccocoeeriiiiiriiiniienieeeesee e 107
BAB 5. PENUTUP ..ottt 109
5.1, KESTMPUIAN ....ciiiiiicieii e 109
BT Y 1 v 1 TSP P PR PP PPN 109
DAFTAR PUSTAKA ..ottt 6



DAFTAR GAMBAR

Gambar 1.1 Kasus Penyakit Mata Secara Global (1990-2019)........cccciiiiriiiiiiiiiiierieeee 1
Gambar 2.1 FUNAUS CAMETA.........ciiiiiiiiiiiiieiie ettt nbe e be e be e e 6
Gambar 2. 2 Pandangan Pasien Cataract..........cccccuveiiiieiiiiie e 7
Gambar 2.3 Pandangan Pasien diabetes..........cccviiiiiiiiiiiiiiniiiic e 7
Gambar 2.4 Pandangan Pasien glaukoma ..........cccceiviiiiiiiiiiiiiiiiee e 8
Gambar 2.5 Pandangan Pasien Age-related Macular Degeneration ...........ccocccevvvveiiveeniiiennnnn, 8
Gambar 2.6 Pandangan Pasien Hypertension Retinopathy ............cccccooviiiiiiiiiiiicins 9
Gambar 2.7 Pandangan Pasien Pathological Myopia..........ccccviiiiiiiiiiiiiiicsieee e 9
Gambar 2.8 Operasi Filter pada Lapisan Konvolusional .............cccoviiiiiiiiiiiiiciinee, 14
Gambar 2. 9 Konsep Transfer Learning ..........cccvcveiveiiiiiiiiiiiiiiecsesee e 16
Gambar 2. 10 Resnet50 ATChItECTUIE .......oviiieiiiiiiiereee e 17
Gambar 2. 11 VGG ATChITECTUTE ......eevieiiiieiie sttt 19
Gambar 2. 12 Contoh Representatif Data AUgmeNntasi .......cccccvvceviieiiiiiiieisi e 20
Gambar 3. 1 Kerangka Berpikir (1) ...c.oooeeiiiiiieiieeeee e 27
Gambar 3. 2 Kerangka Berpikir (2) .....oooeeiiiiiieiieeie e 28
Gambar 4. 1 IMPOrt MOAUIE .........ooiviiiiiiiee e 38
Gambar 4. 2 Declaration of Variable (1) .......ccccoviviiiiiiiiiiiecece e 39
Gambar 4. 3 Declaration of Variable (2) .......cccooviiiiiiiiiieiieses e 39
Gambar 4. 4 Declaration of Variable (3) .......ccooviiiiiiiiiiiiiicecee e 41
Gambar 4. 5 Remove black PIXELS ......oiiiiiiiiiiiiiecec e 43
Gambar 4. 6 RESIZE IMAZE.........cciiiiiiiiiiii e 44
Gambar 4. 7 Distribusi penyakit Mata...........ccoeiiiiiiiiiiii 46
Gambar 4. 8 DIagnosis Class (1) .. .eeiuieiiriiieiieiii et 47
Gambar 4. 9 D1ag@nosis Class (2) .. uueiriiieeirieiieie et 50
Gambar 4. 10 Patient CIass ........ooiiiiiiiiiiiie et 53
Gambar 4. 11 Odirdataset Class (1) ...c.oooveirieiieiieeeeeee e 55
Gambar 4. 12 Odirdataset Class (2) .....oooveirieierieeeesre e 56
Gambar 4. 13 Odirdataset Class (3) ....veeoeeiieeiieiieeiie et ne e 57
Gambar 4. 14 Odirdataset Class (4) .....eeoeeiiieiieiie ettt areesiee s 58
Gambar 4. 15 Odirdataset Class (5) ....veereeiiiaiieieieiie sttt 59
Gambar 4. 16 Distribusi gambar setelah augmentasi..........cccccveiiiiiiiiiiicii e, 63
Gambar 4. 17 DataAugmentationGenerator class (1) .......ccovovveiieiiiiiienieeiieseeee e 65
Gambar 4. 18 DataAugmentationGenerator Class (2) ........cccvovvererririiriienieeeese e 66
Gambar 4. 19 DataAugmentationGenerator class (3) .......cccovvvrieeriinriene e 67
Gambar 4. 20 DataAugmentationGenerator Class (4) ........ccovvvereeriierienee s 68
Gambar 4. 21 DataAugmentationGenerator Class (5) ......ccovrrrriirriiiiiiene e 69
Gambar 4. 22 DataAugmentationGenerator Class () ........covvueereerieiiiiieiieeiiesee e 70
Gambar 4. 23 DataAugmentationGenerator Class (7) .......ccevueereriiiiiienieesee e 71
Gambar 4. 24 OdirDataframe class (1) .....oooeeiiiiiiiiieic e 73
Gambar 4. 25 OdirDataframe class (2) .....ooovierieiiiiiieiie e 74
Gambar 4. 26 OdirDataGenerator Class (1).......cooviiieriiiiieiiiiee e 76
Gambar 4. 27 OdirDataGenerator Class (2)........coovviieerriiiierieeeesre e 78

xi



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.

28 VGG16Model/ResNetSOModel c1ass (1) ...ooiveeieriiieriiiiieiie e 82
29 VGG16Model/ResNetS0Model Class (2) ....ooverveiriiiiiieiiiieiiesiesecseee e 84
30 OdirModelEvaluator Class ..........cuoiuieiiiiiieiie et 86
31 Model Evaluator.......cooieiiiiiieicec e s 86
32 Testing dan Training dataset...........cccveiiiieiiiiieiiie e 88
33 Grafik Training RIStOTY ......coiuiiiiiie it 89
34 Confusion MatriX VGGL6 .......cccoviiiiiiiiiiieiicee e 92
35 Confusion Matrix ReSnet50........c.cooiiiiiiiiiiiiiiie e 94
36 Confusion Matrix Resnet50 tanpa kelas Others ..o 96
37 Perbandingan Glaukoma dan Miopia........cccocueririiniiiiiiiciienecceesee e 97
38 VGG Training hiStory (1) ....cecoviiiiiiiieiiiieiici e 98
39 Resnet Training hiStory (1) ....cocveiiieiiiiiiieiiei e 99
40 VGG Training hiStory (2) ...occviieiiiieiiiiiieiese e 101
41 Resnet Training hiStory (2).....cccveieeeiieiiieiie i 102

xii



Tabel 1.
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 Sistematika PenuIISAN .........cocuiiiiiiiiiiiii e 5
1 CONTUSION IMALITX 1uviiiiiiiie ettt e bt e st e bt esee e e nbeesbeeennee e 21
I Jadwal Penelitian .........c.oeieiiiiiiiiiiccee e 33
1 Citra pada Dataset per Kelas ........occoeiiiiiiiiiiiiiiii e 36
2 Citra pada Image AUugmentation ..........oocuveiiiieiiiieiiiie e siiee e sire e saeeesieee s 62
3 Distribusi Gambar Sesudah AUZMENtAST........ccuviriiiiiiiiieiiiie e 64
4 Parameter VGG16 dan RESNET-50 ......cccooiiiiiiiiiiiiieeecee e 80
5 Performa Model VGGG .......coouiiiiiiiiiiii e 91
6 Performa Model RESNEES0 ........uioiiiiiieiiiiiie e 93
7 Performa Resnet50 tanpa kelas Others.........cccccovviiiiiiiiiiiciiec e 95
8 Performa Model dengan Dataset Identik (1) ......cccceviiiiiiiniiiiiicn e 104
9 Performa Model dengan Dataset Identik (2) .......ccccoeeviviiiiiiiiiiicne e 104
10 Performa Model dengan Dataset Identik (3) ......cccoooveiiiiiiiiiieniieceee e 105
11 Performa Model dengan Dataset Identik(4) ........cccooeriiiiiiniieniiiice e 106
12 Performa Model dengan Dataset Identik (5) ......ccooeeriieiiiniieniciecceec e 107

xiil



