DAFTAR ISl

HALAMAN PENGESAHAN PEMBIMBING ......cccoooiieicecce e ii
HALAMAN PENGESAHAN PENGUUJI ......c.ooi i ii
SURAT PERNYATAAN KARYA ASLI TUGAS AKHIR ..., v
PERNYATAAN BEBAS PLAGIASH ...ttt v
ABSTRAK ..ottt e bt ne et e Vi
ABSTRACT .o e et e e st e e e e e e e e n e e e e e e anaa e e naeeeraeeanns vii
KATA PENGANTAR ..ottt ettt ne st ne s e viii
DY A o G ] SRRSO IX
DAFTAR TABEL ..ottt sttt Xiii
DAFTAR GAMBAR ...ttt ettt ettt nre e Xiv
DAFTAR PERSAMAAN .....ooiiiitieee sttt sttt sb et e nre s XVi
DAFTAR PSEUDOGCODE .......ccocotiiiiiiisieiet ettt an s Xvii
Y SRR 1
PENDAHULUAN ..ottt sttt be bt ene st nnenes 1
1.1. Latar BelaKang .........cccooiiiiieieie e 1
1.2. RUMUSAN MASIAN ..o 3
1.3. Batasan Masalah............cooioiiiii 3
1.4. TUJUAN PENEIITIAN. ......eeiiieiecie et 3
1.5. Manfaat Penelitian...........cocooiiiiiiii e 4
1.6. Metodologi Penelitian dan Pengembangan Sistem ...........ccccccovevivevviieiiieieenns 4
1.7. Metodologi PENEIILIAN ..........ooviiiiiiie e 4
1.8. Metode Pengembangan SIStEM ..........ccooiiiiiiiiieie e 4
1.9. Sistematika PENUIISAN.........ccoiiiiiiieie e 5
N I SRR 6
TINJAUAN LITERATUR ..ottt 6
2.1 FUNAUS IMLA......ceeeieecieeieee ettt sttt enae s 6
2.2. Retinopati DIADELIK ..........ccviieiiiiice e 6
2.3. L0111 - F PSPPSR 9
2.4, Pengolahan Citra DIgital ...........cccceieeiiiie e 9
2.5. Jenis Citra DIgital............coeiiiiiiie e 9
2.6. Operasi Pengolahan Citra Digital.............ccoooiiiiiiiiiiic e 10
2.6.1.  AUgMENTAST DALA ........ccveiiiiii i 10
2.6.2.  RBSIZE ...iiiiiiie ettt ettt te et re e 10



2.6.3.  ROTALE... .ot 10
2.8.4,  FIiDeuiiiceieeeecee ettt 11
2.6.5.  IMIN=IMAX 10ttt sttt bbbttt bbb nne e 11
2.6.6.  ZOOM RANGE ... ..ottt ettt b e nane e 12
2.6.7.  ShIft RANGE.......i it re s 12
2.6.8.  SNBAN ... et 12
2.7. Artificial Neural NEetWOTK.........ccooiiiiiiiiiiiiee s 12
2.8 Convolutional Neural Network (CNIN) ......ooooiiiiiieeee e, 13
2.8.1.  CONVOIULION ..ot re e sraeneas 13
2.8.2.  POOKING LAYET ..ottt sttt a et 15
2.8.3  ACHVALION FUNCLION ...ocviiiieic e 16
2.8.4.  OPUMIZALION ..ooiviiciie e a e sbe e sreesrae e 17
2.8.5.  Global Average POOIING ........cccooiiiiiiiiicieee e 17
2.8.6.  DIOPOUL......coiiiiiiiiie et 17
2.8.7.  FuUlly CoNNECEEd LAYET ...ceeeeeiieieiiieieees e 18
2.9. ATSITEKEUN XCEPLION ... 18
2.10.  HYPEIPAramMELEL ....ociiieeciie et 22
211, EVAIUGSTI MOUEL.......ccieieeie et 22
2.12.  Penelitian SEDEIUMNYA........c.ooiiiiice e 23
[ R I PRSPPI 26
METODOLOGI PENELITIAN. ..ottt 26
3.1. MEtOde PENEIITIAN........ciie e 26
3.1.1.  Pengumpulan data.........c.cceeeeiieieiieieese e 27
3.1.2.  Data PrePrOCESSING .....ecveeiueereeriierieeiesteesteesiesseesteestesseesseessesssessesssesnsesnesssesnes 28
3.1.3.  Pembagian DataSet ..........cccerueiirirerieiiesiesie st 28
314, RESCAIE.....eoeie s 28
315, AUGMENTAST DALA .....eeieiiiiiiic e 29
3.1.6.  Penerapan AIgoritma CNN.........cccccceiiiiiiii e 30
3.1.7  Penerapan Algoritma CNN menggunakan Xception...........ccccccervrererienncnn 32
3.1.8  Rancangan PENQUJIAN .........cccecvieiierieiieieeiie et e st sve e s sre e sre s 39
3.1.9  Rancangan Pengujian MoOdel ..........c.ccoviiiiiiiiiiiieee e 39
3.2 Metode Pengembangan SIStEM ..........cccvviieiieiiiie e 40
3.2.1.  Analisis Kebutuhan SISTeM.........ccoooiiiiiiiiiie s 41
3.2.2.  Perancangan SIStEM........cccueiueiiieiierieeieseesiesee e e steeseeseeste e sneesreeeesneesraeeas 41



3.2.3 Data Flow Diagram LevVel O .........ccooviiiiiieeic e 42
3.2.4 Data Flow Diagram Level 1 ..o 42
3.25 Data Flow Diagram LeVel 2 ..........covoiiiiiieic e 43
3.2.6  Perancangan FIowchart SIStem..........cocooiiiiiiiiiiieee e 43
3.2.7  PengUJIan SISTEM .....c.oiieiiiie ettt nreas 45
3.2.8  IMPIEMENTAST ..ot e 47
BAB TV ..t ettt r ettt e ettt ettt ne e 48
HASIL PENGUJIAN DAN PEMBAHASAN ......oooiiie et 48
4.1. [ o | PP 48
4,11 IMPOrt MOGUIE......coiii i 48
4.1.2. IMPOIE DALA......coiviiiiitieiiee s 48
4.1.3.  Membuat Folder di File SYStem ........ccccooiiiiiiiiiiie e 49
414, SPHE DAL ....c.eieiiiieitiiee e 49
4.1.5. Menampilkan Jumlah Data yang akan diolah...............ccccccoevviieiiiiiiiiiennenn, 50
4.1.6.  PreproCessing Data .........ccceieeriiiieiieie et ol
4.1.7.  AUGMENAST DALA ......ceeieieiecicciiee s 51
4.1.8.  INiSialisasi MOEL...........cooviiiiiiii e 52
4.1.9. Inisialisasi MOdel CNN ........cccccoiiiiiieii e 52
4.1.10. Inisialisasi Model CNN+XCEPLION........ccoveiiieiiiiii e 52
4111, Training MOCEL .......c.ooiiiiiiieee e 53
4.1.12.  EValuasi MOEL .........cccooiiiiieiiieiec e 56
4.1.13 Evaluasi Model CNN........ccooiiiiiieiiee e 56
4.1.14.  Evaluasi Model CNN+XCEPLION........ccoveiiiiieiieie e 57

4.2. Implementasi Perangkat LUunak............ccocooieiiiiniiinenesecee e 57
4.3. Hasil Pengujian MO ...........oooviiiii i 59
4.3.1.  Analisis Pengujian Model CNN ... 65
4.3.2.  Pengujian Data AKLUAL ..o 66
4.3.3. CONFUSION IMALIIX.c..eiiiiiiiiiiieieeieie et 71
4.3.4.  HaSil PENElItIaN........ocvi i 73
4.3.3.  Hasil PENgujian SIStem ........ccccoiiiiiieieciece e 73

4.4. PeMDANASAN ..ottt e 74
BAB V bRt b e et R ettt Ee bt re bt et ne st e 75
KESIMPULAN DAN SARAN ...ttt e e e nnaa e 75
5.1 KESTMPUIAN. ...ttt sneees 75

xi



5.2 Saran..........

DAFTAR PUSTAKA

xii



DAFTAR TABEL

Tabel 2.1 Tabel Perbandingan Xception ... 18
Tabel 2.2.1 State OF TNE Al .....ec et sne e nnees 24
Tabel 2.2.2 State of The Art (LANJULAN) ...c..ooeeiieecie e 25
Tabel 3.1 Tabel klasifikasi tingkat keparahan Diabetic Retinopathy............cccocoveveninenne. 27
Tabel 3.2 Tabel pembagian data............cccveiiiiiiiiii e 28
Tabel 3.4 Tabel ArSiteKIUr CNIN ......oiiiiie e 31
Tabel 3.5 Rencana Kombinasi Hyperparameter dan Optimizer ...........cccccevvevveveiveecnennn. 39
Tabel 3.6 Pengujian MOGEL.........c.ooiiiiiiieie et 40
Tabel 3.7 Kebutuhan Perangkat KEras ..........ccocveieiieiieie e 41
Tabel 3.8 Kebutuhan Perangkat LUNGK ............cccooiiiiiiiiciieie e 41
Tabel 3.9 Rencana pengujian ekstensi data INPUL...........cccooveerieieiieneere e 46
Tabel 3.10 Rancangan Pengujian DeteksSi ........ccovviiiiiiiiiiiiiiiiccc e 46
Tabel 3.11 Rancangan Pengujian AUGMENTAST .........curvrerierierieriene s 47
Tabel 4.1. Hasil Pengujian CNN ........ccooiiiiiieiiee e 54
Tabel 4.2. Hasil Pengujian CNN+XCEPLION ......c.coiiiiiiiiieieiesie s 56
Tabel 4.3 Hasil Pengujian Model CNN.........ccoioiiiecece e 64
Tabel 4.4.1 Hasil Pengujian Deteksi Citra Retina Mata............ccooovviiiiiniiienenencneee 67
Tabel 4.4.2 Hasil Pengujian Deteksi Citra Retina Mata (Lanjutan)............cccccovveveiiveninennn. 68
Tabel 4.5.1 Hasil deteksi menggunakan rotasi 90° ..........ccccevviiiieiie s 68
Tabel 4.5.2 Hasil deteksi menggunakan rotasi 90° (Lanjutan) ..........ccccevevvviveveerecieesinenn. 69
Tabel 4.6.1 Hasil deteksi menggunakan rotasi 180° ..........cccevvvviiieiiieiiee s 70
Tabel 4.6.2 Hasil deteksi menggunakan rotasi 180° (Lanjutan) ........c.ccoceevveverenenenenennn 71
Tabel 4.7 Confusion Matrix model Optimal ............cccovveiiiieiicieecee e 71
Tabel 4.8 Kesimpulan model 0ptimal............ccooiiiiiiiiii s 73
Tabel 4.9 Hasil Pengujian Ekstensi File pada SIStem .........cccccveveiiieiiiiie s 74

xiii



DAFTAR GAMBAR

Gambar 2.1 FUNAUS MALA ........ooiiiieie et 6
Gambar 2.2. Retina mata sehat (https://www.kaggle.com/c/aptos2019-blindness-detection/)
............................................................................................................................................... 7
Gambar 2.3. Retina Mild Non-Proliferative Diabetic Retinopathy
(https://www.kaggle.com/c/aptos2019-blindness-detection/) ..........ccocevveveiinieeneiinseene, 8
Gambar  2.4. Retina  Moderate  Non-Proliferative ~ Diabetic ~ Retinopathy
(https://www.kaggle.com/c/aptos2019-blindness-detection/) ..........ccocevveveiinneeiesinseene, 9
Gambar 2.5. ROtaSH CITIa 90 .....cveiviiiiiiiiiesee e 11
GAMDAN 2.6 FLIP veiiviieiii it 11
Gambar 2.7 Artificial Neural Network (ANN) (Anwarul, 2020) ........cccooveiiereeieieeieanns 12
Gambar 2.8. CNN (Elhamraoui, 2020).........cccciiiiiiieiieiie e 13
Gambar 2.9. Convolution (Rohim & Arum Sari, 2019) .......cccceviviiiieniiinieese e 14
Gambar 2.10. Pooling (Rohim & Arum Sari, 2019) ......c.cccveveiieiiciececce e, 16
Gambar 2.11. Grafik persamaan ReLu (Ravichandiran, 2019) ...........ccccevviiieiencnicncnnns 17
Gambar 2.12. (a) sebelum menggunakan dropout (b) setelah menggunakan dropout
(Srivastava et @l., 2014) ......ooviieiee e 18
Gambar 2.13. Arsitektur Depthwise Separable Convolution ............cccccoveiieiiiiciieciecns 19
Gambar 2.14. Arsitektur Modified Depthwise Separable Convolution..............cccccccenneen. 19
Gambar 2.15. lHustrasi Arsitektur Xception (Chollet, 2014).........cccovveviiieieevecicceeees 20
Gambar 2.16. Confusion Matrix (Nugroho, 2019) .........cccceoiieiieiiiciic e 22
Gambar 3.1 Tahapan Penelitian............ccoooeiviiiiiece e 26
Gambar 3.2. lustrasi pembagian data RGB ...........cccoiiiiiiiiic e 28
Gambar 3.6 DIagram CNN ........coiiiiiiiiieiee e nee s 31
Gambar 3.7 Model CNN dengan arsiteKtur XCeption...........ccceovvevivieiieiiieesie e esee e 32
Gambar 3.8 Hustrasi DEPLNWISE .........cciiiiiiiiieee e 33
Gambar 3.9 HUSLraSi POINTWISE..........oiiiiiiiieieie et 34
Gambar 3.10 Hustrasi DACANOIM ........oviiiiiiee e 35
Gambar 3.11 HUSIFAST RELU.......ccoiiiiiiiieieiee e 35
Gambar 3.12 HUSLrasi PrOSES GAP ......c..oiiiiieieiee ettt nbe e 36
Gambar 3.13 HUStrasi DENSE RELU........ccuiiiiiiieiiiiesie st 37
Gambar 3.14 Hustrasi Dense SOFIMAX........ccviieiiiiiiiinieiee e 38
Gambar 3.15 Metode ProtOtYPe........coiiiiiiiiiieeesie e 40
Gambar 3.16 DFD LEVEI O ....ooviieiiiiiieieeee sttt 42
GambDar 3.17 DFD LEVEI L ...ttt anee s 43



Gambar .18 DFED LBVl 2 ... 43

Gambar 3.19 FIOWCHAIT SISTEM ......ccoiiiiiieiece e 44
Gambar 3.20 Hustrasi desain antar MUKE ...........cccoveriiinienieiee e 45
Gambar 3.21 lustrasi pada tampilan Utama ............ccoceeiriiiiiineneeesee e 47
Gambar 4.1 Grafik Pengujian Model CNN 15 Epoch Optimizer Adam...........c.ccccveeveennen. 55
Gambar 4.2 Grafik Pengujian Model CNN+Xception 15 Epoch Optimizer Adam............ 56
Gambar 4.3 HaSil EVAIUAST ..........cooiiiiiiiiiieee e 57
Gambar 4.4 HaSil EVAIUAST ..........ooueiiiiiiieieee e 57
Gambar 4.5. Halaman AwWal SISTEIM .........coiiieiiiieiiee e 58
Gambar 4.6. Hasil DetekSi NO DR .........ooiiiiiiiiiie e 58
Gambar 4.7. Hasil DetekSi Mild DR ........coooeiiiieiiee s 59
Gambar 4.8. Hasil Deteksi Moderate DR ..........coccoiiiiiiiiiiiiiieie e 59
Gambar 4.9 Grafik Pengujian Model CNN 15 Epoch Optimizer Adam............cccceeernennen. 59
Gambar 4.10 Grafik Pengujian Model CNN 15 Epoch Optimizer RMSProp.........c.cc........ 60
Gambar 4.11 Grafik Pengujian Model CNN 15 Epoch Optimizer SGD.........c.cccceeeiieenee. 60
Gambar 4.12 Grafik Pengujian Model CNN 25 Epoch Optimizer Adam...........c..c..c......... 61
Gambar 4.13 Grafik Pengujian Model CNN 25 Epoch Optimizer RMSProp..........ccccce... 61
Gambar 4.14 Grafik Pengujian Model CNN 25 Epoch Optimizer SGD.........cc.ccccevvenneee. 62
Gambar 4.15 Grafik Pengujian Model CNN+Xception 15 Epoch Optimizer Adam.......... 62
Gambar 4.16 Grafik Pengujian Model CNN+Xception 15 Epoch Optimizer RMSProp.... 62
Gambar 4.17 Grafik Pengujian Model CNN+Xception 15 Epoch Optimizer SGD............. 63
Gambar 4.18 Grafik Pengujian Model CNN+Xception 25 Epoch Optimizer Adam.......... 63
Gambar 4.19 Grafik Pengujian Model CNN+Xception 25 Epoch Optimizer RMSProp.... 64
Gambar 4.20 Grafik Pengujian Model CNN+Xception 25 Epoch Optimizer SGD............ 64
Gambar 4.21 Visualisasi nilai akurasi dan nilai 10SS...........ccocvvviiiiieniiieeeee, 66

XV



DAFTAR PERSAMAAN

PEISAMAAN 2. 1. ettt bbb 10
PEISAMAAN 2.2ttt ettt b et et e e st b e bt e nn e ne e 11
PEISAMAAN 2.3 ... ittt ettt sttt et a bt b e a b e et e e sab e e b e nb et b e e nbe e e 13
PEISAMAAN 2.4 ...ttt ettt ettt b et e b e e nnn e b e e snbe e b e nn e nne e e 13
PEISAMAAN 2.5 .. ittt b bbb 16
PEISAMAAN 2.6ttt b et et et n e r e r e nne e 17
PEISAMAAN 2.7 ...ttt ettt et a bt e bt e e bt et e e sab e e be e enb e e nbe e snn e e nneeanes 23
PEISAMAAN 2.8...... ettt 23
PErSAMAAN 2.9 it b et n e nne e 23
PErsamaan 2.10........eeiuiiieiieii ettt 23
PErSAMAAN 3.1 ... ittt b e b e 34
PEISAMAAN 3.2 .ttt ettt ettt et a e b e st e et e e nrb e e be e enb e nbe e b e nreeanee 34
PEISAMAAN 3.3 ... ittt r et et n e r e ne e 34
PEISAMAAN 3.4 ... ittt ettt ettt b et e et e e nae e be e be bt nn e nneeenee 36

XVi



DAFTAR PSEUDOCODE

Pseudocode 2.1.1 CONVOIULION .......ccuiiiiiieieeie e 14
Pseudocode 2.1.2 Convolution (LanjULaN) .........ccoovrereiieieiesie e 15
Pseudocode 2.2.1 ArsiteKtur XCEPLION ......ccveueiiiiieie et 20
Pseudocode 2.2.2 Arsitektur Xception (Lanjutan) .........cccooereririnieieneneseseseseeeeee e, 21
Pseudocode 4.1. IMPOrt MOGUIE.........ccviiiii i 48
Pseudocode 4.2. IMPOIt DALA........ccccouiiiirieiiiiiiseee e 48
Pseudocode 4.3. Membuat Folder di File SyStem .........cccccooveiiiiiiiie e 49
PSeudocode 4.4.1 SPIE DAtA.......ccueiiiieiieie e 49
Pseudocode 4.4.2 Split Data (LanjUan) .........ccccoveiieieiee e 50
Pseudocode 4.5.1 Menampilkan Jumlah Data yang akan diolah ..............ccccccceviiinennn 50
Pseudocode 4.5.2 Menampilkan Jumlah Data yang akan diolah (Lanjutan)....................... 51
Pseudocode 4.6. PreproCessing Data...........cocveiivieiieiiioiie s 51
Pseudocode 4.7. AUGMENTAST DALA ........cccereiiiiiiiiiiireee e 52
Pseudocode 4.8. Inisialisasi Model CNN ... 52
Pseudocode 4.9. Inisialisasi Model CNN+XCEPLION ......cccoiiiiiiiiiieiereese e, 53
Pseudocode 4.10. Training MOEl...........c.cov it 53
Pseudocode 4.11 Pengujian Model CNN+XCEPLION ......ocviiviiiiiiiiieieccre e, 57
Pseudocode 4.12 Pengujian Model CNN+XCEPLION ......ccovviieiieiicie e 57
Pseudocode 4.13 Simpan Model CNIN ........cooiiiiiie e 57
Pseudocode 4.14 Implementasi Model CNN ..o 58
Pseudocode 4.15 Deteksi Tingkat Keparahan Diabetik Retinopati............ccccccevveiiiieineen 58

XVii



