DAFTAR ISI

LEMBAR PERSETUJUAN ......oiiiiiiiieceseee e i
LEMBAR PENGESAHAN.......oootiiiesest e iii
LEMBAR PERNYATAAN. ...ttt ittt sttt sne s iv
KATA PENGANTAR ..ttt \
ABSTRAK e nra e vii
ABS T RACT ..ttt et e e e e e e e e e e e a e e e aree e viii
DAFTAR ISH ..ottt iX
BIEIETAR TABEL.... ..o i NGt g e et tesesssenessassersassessarnesessnenessassenes Xi
DAFTAR GAMBAR ..ottt Xii
DAFTAR LAMPIRAN ...ttt xiii
BAB | PENDAHULUAN ..ottt 1
1.1 Latar BelaKang .......cccccoveiiiiiieeecieseese e 1
1.2 Rumusan Masalan ... 3
1.3 TUJUAN PENEIITIAN ... 3
1.4 MaNFa@L ..........ccooiiiiiiiiirieie e tassssssnesrn e s snesnnass s sseesrnesresneessnessnssensnes 3
BAB I TINJAUAN PUSTAKA ...ttt 4
2.1 Deteksi Kondisi Jalan dan Kerusakan Infrastruktur..............c............ 4
2.2 You Only Look ONCe (YOLO) ...ccueiieiiaiiiieiineicsieesieesiesaesieenee e sraenee e 5
2.3 Computer Vision dan Deep Learning .........ccccuevvereeneareniesseenieseeseennenns 7
2.4  Evaluasi Model Deteksi ObjJeK.........cccoiviieiieieiieieec e 9
2.5 Dataset Citra Digital dan ANotasi ...........ccccceveeiiivieiicse e 12
2.6 Perkembangan Arsitektur YOLO Modern...........cccoovevvviieieeneciennnn, i3
2.7  Peran Artificial Intellegence dalam Infrastruktur Cerdas................. 14
2.8  Tantangan dan Peluang dalam Deteksi Otomatis Jalan .................... 16
2.9 Penelitian Terkait ........ccoiiiiriiieiiie e 17
BAB Il METODE PENELITIAN. ...ttt 19
3.1 ObJek Penelitian .......cc.coviiiiiiiiiieieee e 19
3.2 Prosedur PeNEITIAN .........covoiiiiiiiesiee e s 20
3.2.1 SHUAT LITEIATUN......eeivie et 22
3.2.2 Pengambilan Dataset ...........cccevviieiieiicie e 23
3.2.3 PrePrOCESSING ...c.veivieiteeieeie sttt enes 24
3.24 Pelatinan Model...........ccooiiiiiiii s 25



3.25 Pengujian Model...........ccooiiiii 27

3.2.6 Pengujian Implementasi Berbasis Streamlit..............cccccoovvevvennne. 29
3.2.7 Pengujian Implementasi Secara Real-time ............cccccevvvvervennnne. 29
3.2.8 Evaluasi Perbandingan ...........ccccooevieviiieiiesc e 30
BAB IV HASIL DAN PEMBAHASAN ........ooiii ittt 33
4.1 Hasil Pengambilan Dataset............cccevvevieiieii i 33
4.2 HaSHl PreproCeSSING ....ccuvviiieiie ettt sttt 34
4.3 Hasil Pelatinan Model .............oooiiiiiiiiiiccee e 36
4.3.1 MOdel YOLOVS ..ottt 36
4.3.2 MOl YOLOVIL ..ot 39

4.4 Hasil Pengujian MOl .........cccoiiiiiieiicic e 41
44.1 MOdEl YOLOVS ......ooiiieeieceece ettt 41
4.4.2 MOl YOLOVIL ..ottt 46

4.5 Hasil Pengujian Implementasi Berbasis Streamlit................cccccoevvenene. 50
451 MOl YOLOVS ......ooeiieecee ettt stee et st 50
4.5.2 Model YOLOVILL ....ociiiiiiiiceccee ettt 51

4.6 Hasil Pengujian Implementasi Secara Real-time.............cccccoeeevvevvcnene. 53
4.6.1 MOEIRMALODIVE ..........ccco ittt it ... 54
4.6.2 MOdEl YOLOVIL ...cooviiiiiiiieiieit e 56

4.7 Hasil Evaluasi Perbandingan ..............ccceeiiriiiiic i 57
4.7.1 Perbandingan Metrik EValuasi ...............ccoooieiiieniniiee 58
4.7.2 Perbandingan Hasil Implementasi..........c.ccccovveveiiieiieeie e 60
BABV KESIMPULAN DAN SARAN ...ttt 62
5.1 KESIMPUIAN ... 62
B.2 SAFAN......ccoccci e R O 63
DAFTAR PUSTAKA ...ttt 64
LAMPIRAN .t e e e e e st e e e e s e e e e ennes 67
RIWAYAT PENULIS ......cooooiiieeseee e 84



DAFTAR TABEL

Tabel 2. 1 Tabel Penelitian Terkait

Tabel 4. 1 Performa Model YOLOvV8 dan YOLOvV11 Epoch 100 ...........cccveeeee.
Tabel 4. 2 Performa Model YOLOv8 dan YOLOvV11 Epoch 150 ..........ccccveeee.

Xi



DAFTAR GAMBAR

Gambar 2. 1 Contoh Lubang Pada Badan Jalan.............cccccooeiiiiiinininiieec 4
Gambar 2. 2 Prinsip Kerja Umum Algoritma YOLO Untuk Deteksi Objek .......... 5
Gambar 2. 3 Hubungan Hierarkis............ccocoooviiiiiiiiineeee e 8
Gambar 2. 4 Visualisasi Dasar Intersection over Union (10U) ........cccceeeiiieninnnnne. 9
Gambar 2. 5 Visualisasi Area Intersection dan Union pada IoU .............cc.ccce.ee. 10
Gambar 2. 6 Tahapan Kunci Dalam Anotasi Dataset Citra Digital ...................... 13
Gambar 2. 7 Evolusi Pada Versi YOLO ... 14
Gambar 2. 8 Artificial Intelligence Dalam Deteksi Penggunaan Helm................. 15
Gambar 2. 9 Artificial Intelligence Dalam Deteksi Penggunaan APD.................. 15
Gambar 3. 1 Lokasi pengujian deteksi lubang jalan ............cccccoeveviieiicicienne. 19
Gambar 3. 2 AIUr PENEHLIAN ..........coiiiiiiieecereeiee s 21
Gambar 3. 3 Dataset Sumber Kaggle ..o 24
Gambar 3. 4 Folder YOLOVS........cooiiieiiiieeie e 26
Gambar 3. 5 Folder YOLOVLL.......cccioiiieiiiie e 27
Gambar 4. 1 Pengambilan Dataset Pribadi............c.ccccoeviiviiiiiiiiiiiiccic e 33
Gambar 4. 2 Hasil Anotasi Jalan Berlubang dan Jalan Retak..............c.cccocee 35
Gambar 4. 3 Dataset Details dan Pembagian Data pada Roboflow ..................... 35
Gambar 4. 4 Hasil Pelatihan Model YOLOV8 Epoch 100...........ccceevevveierinenee. 37
Gambar 4. 5 Hasil Pelatihan Model YOLOV8 Epoch 150.........cccccceevevvcieiinnee. 38
Gambar 4. 6 Hasil Pelatihan Model YOLOv11 Epoch 100...........ccccovevvveveinnnee. 39
Gambar 4. 7 Hasil Pelatihan Model YOLOv11 Epoch 150..........ccccovevvveieinnenee. 40
Gambar 4. 8 Confusion Matrix Model YOLOvV8 Epoch 100..........ccccccvevvvennnnne. 42
Gambar 4. 9 Hasil Akhir Model YOLOV8 Epoch 100........cccoeveiiviieineneeieieenne. 43
Gambar 4. 10 Confusion Matrix Model YOLOvV8 Epoch 150 ...........cccccveverunenee. 44
Gambar 4. 11 Hasil Akhir Model YOLOV8 Epoch 150..........ccccoveveiveieiieienne. 45
Gambar 4. 12 Confusion Matrix Model YOLOv11 pada Epoch 100................... 46
Gambar 4. 13 Hasil Akhir Model YOLOvV11 Epoch 100.........ccccceeveeiieiiiieninnne, 47
Gambar 4. 14 Confusion Matrix Model YOLOv11 Epoch 150.........ccccceevverunenee. 48
Gambar 4. 15 Hasil Akhir Model YOLOvV11 Epoch 150........ccccceevviieneiinninenne. 49
Gambar 4. 16 Hasil Uji Model YOLOVS8 Jalan Berlubang ...........cccccooeviiinnnene 50
Gambar 4. 17 Hasil Uji Model YOLOV8 Jalan Retak.............cccccvevvvveneiinneenee. 51
Gambar 4. 18 Hasil Uji Model YOLOv11 Jalan Berlubang ..........ccccocevceninnnnne 52
Gambar 4. 19 Hasil Uji Model YOLOv11 Jalan RetaK ..........cccccvevvvveieciesinenne. 52
Gambar 4. 20 Hasil Implementasi Model YOLOv8 Deteksi Jalan Berlubang ..... 54
Gambar 4. 21 Hasil Implementasi Model YOLOvV8 Deteksi Jalan Retak............. 55
Gambar 4. 22 Hasil Implementasi Model YOLOv11 Deteksi Jalan Berlubang.... 56
Gambar 4. 23 Hasil Implementasi Model YOLOv11 Deteksi Jalan Retak........... 57

Xii



DAFTAR LAMPIRAN

Lampiran 1 Lembar Bimbingan Tugas AKNIr..........c.ccooiiiiiiiiice 67
Lampiran 2 Lembar Persetujuan PUBIIKaSI............ccccoviiiiiiiiie e 68
Lampiran 3 Letter of Acceptance (LOA)........ccccoviueiieieeie e 69
Lampiran 4 Halaman Website Publikasi Artikel...........cccoooviiiiiiiiicc e 70
Lampiran 5 Artikel Hmiah ..o 71
Lampiran 6 TUrNItin LaPOran .........c.coveiieieiieieeie e 81
Lampiran 7 Turnitin Artikel Hmiah.............ccoooeiiiiiiicee e 82
Lampiran 8 Kode Program ...........ccueiieiiiieiieie e 83

Xiii



