DAFTAR ISI

PERSETUJUAN DOSEN PEMBIMBING TUGAS AKHIR ii
PERSETUJUAN TIM PENGUJI TUGAS AKHIR iii
ABSTRACT iv
ABSTRAK v
KATA PENGANTAR vi
DAFTAR ISI viii
DAFTAR GAMBAR X
DAFTAR TABEL xii
DAFTAR LAMPIRAN xiii
BAB 1 1
PENDAHULUAN 1
1.1 Latar Belakang ..........ccoooiiiiiiiiieeeeee e 1
1.2 Rumusan Masalah...........coccoviiiiiiiieieeeee et 2
1.3 Batasan Masalah ...........ccoooiiiiiiiiiii e 2
¥4 swiTujuaniRenelitianisssss ................. S 5SS Ruu R e 3

| Y [ 04 o) (oo BRSPS 3
1.6 Sistematika PenuliSan ............ccccoiiiieiiniiiiiiieiees e 4
BAB 11 6
LANDASAN TEORI 6
2NIESports AnalyticSUmmmesy  F . .. GOSN S ... LT 6
2.2 DEeP LEAIMING ....oovieiieiieiiieeie ettt ettt ettt ettt st eeebeesbeesbeesneeeaseeane 7
ZBROPCNEYE. .........c.eeeeeereeceerarsrnn, TS, .. ............. S S 8
248 ODbjeCHIDELECION ........cocrueeeennn.. o S B e e 9
2.5 YOLO (You Only LOOK ONCE).....cceivvieiiieriiiaiieiieiieieesiaesereeveeveeveesseesrneseneseneenns 9
2.6 YOloVA ¥ e e B e e . e i e, 10
2.6 . Backboneammrmr. . .. ...ossvrmmmmirr e remmimrore s o S Ao e e e e st e v oo sesssassassnssnnas 12
2:62=NCC ke e i L OOEERIE | ooeeeereunererrenaeas 13

2.6.3 Head ....... 0 e m e eeeeevvesstertessessnessessassaesnens 16

2.7 Intersection over URION(IOU) .......cccoiiiiiiiieiieiesie ettt 17
2.8 Mean Average Precision (IMAP).........cccoooviieciiieie ettt 18
2,81 PFOCISION ..ttt ettt ettt ettt et e st e s sate e snbeeeenbeaeas 18

2.8.2 RECAIL ...ttt ettt ettt et enneeta e 18

2.8.3 Confusion MAatriX ........ccecueriieieiieieeierie ettt ettt e e 18

2.9 Pukulan pada badminton ...........c.cceecueriieiieiiienienie et eees 19
2.10 GOOgle COlabOTatOry .......ccveeviieriieeiienirierieteereesteestreereereesreesteesereseresebeesseessaesnas 20
211 THACKET ..ttt ettt st b e ettt et sb e b et et 21
Bab III 23

viii



RANCANGAN DAN ALUR METODE 23
3.1 Diagram alir PENGETJAAN .......ccvveerrierierreeieeiieieereeseeereeseesteesseessresssessseesseesseessees 23
3.2 Pembentukan Model Pendeteksi...........cooceeiiiiiiniiniiiiiiieeeeeceeeee e 24

3.2.1 Alir Pembentukan Model ...........ccccooiiiiiiniiiiiieeeeeee e 24
3.2.2 Pengumpulan Data ..........ccoceeiiiiiiiiiieeeeeeee et 25
3.2.3 Pelabelan Data........ccocoiiiiiiiiieiee et 25
3.2.4 Training Data ........cccccvveiiiriierierieeie ettt re e e s sene e 26
3.3 Pengujian MOdel......cooiiiiiiiiiiiiiieiiese e 34
3.4 Pembuatan Trajectory lINE........cccvevieeiieiieiierieseecie et ere et senesr e reesseeseeseeas 35

Bab IV 36

HASIL DAN ANALISA 36
4.1 Hasil TTAININE ...ccueiiieitieiieeie ettt et ettt e e et st e be b e saeesaees 36

4.1.1 Chart TTAINING .....ee.eeieeeeeeieieeteee ettt et este et et e teseeeeeseeeneeneeas 36
4.1.2 Weights FIle ....ooouiiiiiiiieieeieee ettt 37
4.2 Hasil Pengujian Model Pada Video..........ccoveeiiiiiniiiieiieniceeeeee e 38
4.3 Evaluasi Metode YOLOVA .......coouiiuiiiiiieieieeeee sttt ettt 39
4.4 Hasil Pembuatan Trajectory Line dan Pembahasan ...........c.ccooceeiieiiiiieniencnnnen. 39
4.5 Evaluasi Y0lov4 dan Tracker .........ccooieieiiiierieiieeeeeeeee e 49
416, Perhitungan ... o e R .. eevveeeveeere Bt 51
AIGUN PrecisioTimmms .. .......... TS S . . .......... SO e 51
I Recall ........ . | v VSN | | ..veerreo. S SO .. 51
4.6.3 Rata-rata kecepatan pergerakan shuttlecock pada frame 1 — 15 ................ 52
4.6.4 Rata-rata kecepatan pergerakan shuttlecock pada frame 16 — 26............... 53
4.6.5 Rata-rata kecepatan pergerakan shuttlecock pada frame 27 — 57 .............. 53
4.6.6 Rata-rata kecepatan pergerakan shuttlecock pada frame 58 — 68 .............. 54
4.6.7 Rata-rata kecepatan pergerakan shuttlecock pada frame 69 - 107............. 55
4.6.8 Rata-rata kecepatan pergerakan shuttlecock pada frame 108 — 117 .......... 56
4.4.9 Rata-rata kecepatan pergerakan shuttlecock pada frame 118 — 145........... 57
4.4.10Rata-rata kecepatan pergerakan shuttlecock pada frame 146 — 175........... 58
4.4.11Rata-rata kecepatan pergerakan shuttlecock pada frame 176 — 185 .......... 59
4.4.12 Rata-rata kecepatan pergerakan shuttlecock pada frame 186 —200.......... 60

Bab V 61

Kesimpulan 61
5.1 KESTMPULAN ...ttt st st 61

DAFTAR PUSTAKA 63

DAFTAR LAMPIRAN 1




Gambar 2
Gambar 2
Gambar 2
Gambar 2
Gambar 2
Gambar 2
Gambar 2

Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3
Gambar 3

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
Gambar 4
Gambar 4

DAFTAR GAMBAR

. 1: Overview Sports ANALYLICS ...cccvvevvierierierieeiieieeieeree e ere e steesenesere e 7
. 2: Skema Object DeteCtOr ....cc.ueiiierueiniieniieiie ettt 9
237 ATSIEEKEUT YOLO ittt 10
LA ATSIEEKEUT YOIOVA .ottt 12
. 5: @araKErjatSRRY. W —e im0 00 WM ... ................c.o 15
R Chi), KT ) SN oosoopgganrareerrerr oo cosoansoaotionnsonie socoooonduoogo TSN TETROURRURNN 16
. 72 INterSection Of UNION .........ccueeeueeeuievieesieesieeieeiteeereesseesseesssesssesssessseesseesseens 17
. 1 Diagram Alir Pengerjaan Tugas AKNir.........cccoeoviieiieciienienieniecie e 23
. 2 Diagram Alir Pembentukkan Model ..........ccccooiiiiiiiiiiiiniiniinieeeeeee 24
. 3 Contoh Data yang terkumpul ...........cccocierieniiiiiiiiiieiieieeesee e 25
. 4 Pelabelan data menggunakan Labellmg............c.cccoeeviieiiinieniieniinieeieeiens 26
.5 Folder di GOOGIE DITVE .....cooueiriiiiiiiiieiieiieeeee ettt 27
. 6 Menghubungkan Notebook dengan Google Drive..........cccceveeevieriinieeninnne 27
. 7 Cloning repository darknet...........cceevveereeriienieeieeiiereeieesieeseesnesveesseesseens 28
. 8 File data yang dibutuhKan ............c.ccceevieiiiiieeiiciieieeeeeesee e e 29
. 9 obj.data dan Obj.NAMES .......cceeriiriiieiieiierieeieete ettt 29
. 10 KOde Program PrOCESS.PY «..eeeeeeveerieerieeriientiesieeteeteeseesseesseesseesseenseenseens 30
. 11 Mengubah konfigurasi makefile.............ccceevvieiiieiiiviinieniesieciccreeie e 31
12 build darknet .......eeveeiieiiee e 31
. 13 Memindahkan semua file yang dibutuhkan ke direktori darknet............... 32
- 14 train tXt dan teSE.EXL. ..o it 33
. 15 download yolov4 pre-trained Weights.........c.ccceeviieviieviienieniesrecre e 34
. 16 command training data...........ccoeceeeieeiienieniiieie e 34
. 1 Chart Training DAta............ccueceveieveeceesiesiiesiieere e ecreesieesaesaesresseesseesseens 37
. 2 Output Training Data berupa weights file ........c.ccoeeevievieiieniiiiiieeeieeen, 38
.3 Trajectory Line frame 1 = 15 ....ccccccooveeiiiiiiniieiieieecteeeeesee e 40
.4 Trajectory Line frame 16 = 26 .........cccocceevieeieeiieiiieiiesiieseesie st eie e 41
.5 Trajectory Line frame 27 = 40 .........covevveviieeieeieecreeereesieeseeseesnesvesseenreens 42
. 6 Trajectory Line frame 41 = 57 ....occoevuerieiieeieeeeeeseeeeseeste e 42
.7 Trajectory Line frame 58 = 08 .......c.cccovevvevierieeieeiieeieecieesieeste e sie e eeeens 43
. 8 Trajectory Line frame 69 = 82 .........coovevveveeeieeieereeereecieeseesee e sveesaeesveens 44
.9 Trajectory Line frame 83 = 107 .......covvevvevieiieeieereecreeieeseesee e eve e 44
. 10 Trajectory Line frame 108 = 117 .....cccoviriiiininiininieeeeeeeeeee e 45
.11 Trajectory Line frame 118 - 145 ......ooovevveiiieiierieieeeeceeste e 46
.12 Trajectory Line frame 161 - 175 ..ccvoviiiiiiiiiiecrieteeeeseesee e 47
. 13 Trajectory Line frame 146 — 160 .........ccceveveeviieciieiieiienienie e 47
. 14 Trajectory Line frame 176 - 185 ....ccoovevieviieiieiieciiecteseesee e 48
. 15 Trajectory Line frame 186 - 200 ........cccovvevrieriecriecrierieseeseesre e esveenneens 49
. 16 contoh shuttlecock terdeteksi namun bounding boxes tidak dapat mengikuti

pergerakan ShUttIECOCK. ........ocuiiiiiiiiiiceee e 50


file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919945
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919946
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919947
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919948
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919949
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919950
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109919951
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920115
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920116
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920117
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920118
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920119
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920120
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920121
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920122
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920123
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920124
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920125
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920126
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920127
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920128
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920129
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109920130
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900443
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900444
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900445
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900446
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900447
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900448
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900449
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900450
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900451
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900452
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900453
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900454
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900455
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900456
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900457
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900458
file:///F:/Mario/Kuliah/Semester%2011/TA2/Revisi/Pembelajaran%20Shuttlecock.docx%23_Toc109900458

Gambar 4. 17 contoh shuttlecock terdeteksi dan bounding boxes digambarkan dengan
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