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ABSTRAK

Evaluasi gerakan bulutangkis umumnya masih dilakukan secara manual sehingga
berpotensi subjektif dan kurang konsisten. Penelitian ini bertujuan mengembangkan
serta membandingkan model Klasifikasi gerakan berbasis estimasi pose untuk
mendukung analisis performa yang lebih objektif dan stabil. Dataset yang
digunakan merupakan subset VideoBadminton sebanyak 2.624 klip video yang
difokuskan pada tiga gerakan, yaitu drop shot, smash, dan long serve. Proses
ekstraksi pose dilakukan menggunakan MediaPipe untuk memperoleh 33 keypoint
tubuh, kemudian dimodelkan menggunakan empat arsitektur, yaitu GRU, Hybrid
GRU-Transformer, ST-GCN, dan PoseC3D. Data dipreproses menggunakan
normalisasi hip-centered dan dievaluasi pada beberapa skema pembagian data.

Hasil penelitian menunjukkan bahwa PoseC3D mencapai performa rata-rata
tertinggi dengan accuracy sebesar 0,8790 dan weighted F1-score sebesar 0,8804.
Hybrid GRU-Transformer menunjukkan konsistensi performa keseluruhan terbaik
dengan standar deviasi F1-score sebesar 0,0405. ST-GCN memperoleh weighted
F1-score sebesar 0,8703 dan unggul pada kelas smash. Temuan ini menunjukkan
adanya trade-off antara akurasi, stabilitas, dan kompleksitas model. Sistem juga
diimplementasikan dalam simulasi real-time berbasis Streamlit sebagai prototipe
analisis gerakan.

Kata Kunci: Pengenalan Aksi, Bulutangkis, Estimasi Pose, GRU, Transformer,
ST-GCN, PoseC3D.



ABSTRACT

Badminton performance evaluation is commonly conducted manually, which may
lead to subjectivity and inconsistency. This study aims to develop and compare
pose-based classification models to support more objective and stable motion
analysis. The dataset used is a subset of VideoBadminton consisting of 2,624 video
clips focused on three fundamental movements: drop shot, smash, and long serve.
Pose extraction was performed using MediaPipe to obtain 33 body keypoints, which
were then modeled using four architectures: GRU, Hybrid GRU-Transformer, ST-
GCN, and PoseC3D. The data were preprocessed using hip-centered normalization
and evaluated under multiple data split schemes.

Experimental results show that PoseC3D achieved the highest average performance
with an accuracy of 0.8790 and a weighted F1-score of 0.8804. The Hybrid GRU—
Transformer demonstrated the best overall performance consistency, indicated by
the lowest F1-score standard deviation of 0.0405. ST-GCN achieved a weighted F1-
score of 0.8703 and performed best in the smash class. These findings indicate a
trade-off between accuracy, stability, and architectural complexity. The system was
also implemented in a real-time simulation using Streamlit as a prototype for motion
analysis.

Keywords: Action Recognition, Badminton, Pose Estimation, GRU, Transformer,
ST-GCN, PoseC3D.

Xi



DAFTAR ISI

HALAMAN PENGESAHAN TUGAS AKHIR ... i
PERNYATAAN KEASLIAN TUGAS AKHIR ..o v
LEMBAR PERSETUJUAN REVIEW AKHIR .....ccooiiiiininiin %

LEMBAR PERSETUJUAN JUDUL YANG TIDAK ATAU YANG DIREVISI vi

KATAPENGANTAR. ... e vii
AB ST RAK ettt ettt a b e s ane e be e s Rt e ahnesReeab e et e e ne e nbe e neeenne e X
ABSTRACT etttk s ditib e siteaansasmnas e siheaaneesmnaabeesseeenneesneesneesnneas Xi
DAFTAR IS] . et et xii
DAFTAR TABEL ... .. i st e s Xviii
DAFTAR GAMBAR ... it e xXii
DAFTAR RUMUS ... i et abessbe s sae s anah e sbessabassnna e e steesneeesneeaneas XXIV
DAFTAR LAMPIRAN ... ettt st sbe s XXV
BAB I PENDAHULUAN ...t sifeee st neaessse s sinee e 26
1.1 Latar BelaKang ....cccice oo e seeareameseess e it anbanesne et 26
1.2 Identifikasi Masalah ... 28
1.3 RUMUSAN MaSAIAN ..o s 29
1.4 Tujuan Penelitian.........oocooiiiiiiiiiiiee s 29
1.5 Manfaat Penelitian. ..o 29
1.5.1 Manfaat TEOELIS ........ccveriiiiiriiiiiieee e 29
1.5.2 Manfaat Prakuis ..........cccooiiiiiiiiiecee e 30

1.6 Batasan Masalah............ccccooiiiiiiiiiiiicc 30
1.7 Mata KUITaN .......cooiii e 31

Xii



BAB II TINJAUAN PUSTAKA ... 32

2.1 Penelitian Terdanulu ..........c.cooviiiiiiiiiic e 32
2.2 LANAASAN TEOM ..vvvevitieeiieiiseeeetest ettt 37
2.2.1 Konsep Dasar BUlUtangkiS ...........coieruriieiieiesieneeie e 37
2.2.2 Computer Vision untuk Action Recognition...........ccccceeevvereiiennannnns 38
2.2.3 P0OSE ESTIMALION ...ttt 39
2.2.4 Gated Recurrent Unit (GRU) ......c.ooeiiiiiiniiiiisieieecc 40
2.2.5 TrANSTOMMIET ...ttt bbbttt 40
2.2.6 Model HIBFIAA ......cooiviiiir b 41
2.2.7 Perbandingan dan Evaluasi Model untuk Action Recognition ............ 43
BAB Il METODE PENELITIAN....... oo 45
3.1 DeSain PENEITIAN ........cecieeiueiute s ierreseeessesssesheeateessesssessaesseansesseesseesesseesseeseens 45
3.2 Waktu PENEIITIAN ... /oo ittt ettt 46
3.3 SUMDEE DALA......... ek e abeane b sk ennh e e anesnesne s en e 47
3.4 FOKUS PeNelItian ... ....ciueueee it et ettt 50
3.5 AU PENEIILIAN. ... i ... sttt sietast s ene e bbb 50
3.5.1 Identifikasi Masalah ... 51
3.5.2 SHUAT LITEIATUL .....eiieite ittt sttt ettt 51
3.5.3 Persiapan DAtaSEL .........ccoouiirieiiieieie et 52
3.5.4 EKStraksi KEYPOINT ......coiiiiiiieiiiieiieie e 52
3.5.5 Labeling & Mapping .......cccovieiriiiieie st 52
3.5.6 FINAHISAST DA ......ccveivereeiiiriiriieiieie e 52
3.5.6.1 Normalisasi Berbasis PINgQul ...........cooioiiiininiiie e 52
3.5.6.2 Panjang SEOUENCE........cceeirieiieireeiiee ettt 53
3.5.6.3 VISIDIlity SCOr€.......ccviiiiiiiicee e 53

Xiii



3.5.7 SPHLtING DAla........ccveiiiieiieieec e 53

3.5.8 Implementasi ke 4 Model...........cccooveiiiiieiiecccece e 53
3.5.9 EValuasi MOGEL..........coeiiiiiiiiieeee e 54
3.5.10 Simpan & Dokumentasi Hasil...........ccocceviiiinienine e 54
3.5.11 Pemilihan Model Terbaik..........cccocoiiiiiiiiiis 54
3.5.12 Implementasi REAI-TIME..........c.coeiiiiiiiiiiiiceie e 54
3.5.13 Pengujian Sistem & Hasil Pengujian ...........ccoooovveiciiiiiiiis 55
3.6 INStruUMEN PENEIITIAN. .....couveiieniiie ittt 55
3.6.1 Perangkat Keras (Hardware) .........ccccoereieninieninieieccc e 55
3.6.2 Perangkat Lunak (SOTtWAre).........cuevveueiieinniesiesieeie e 56
3.6.3 Perangkat dan Alat Pendukung ..........c....ccovveieeiieesieenieiie e 56
3.7 Metrik EValuasi KINEIJA ....ccui. . oieseeitieitesheeciaesreessessaessessesseesieesesseesseenens 56
3.7.1 CONFUSION IMALIIX 1ttt ettt bbb 57
3.7.2 AKUFAST (ACCUIBCY) veeuv.vv itesneannssseessensnnsheesdaansessssssesssessessssensesesseansens 57
3.7.3 PreSiSl (PreCISION) «..e.veeviiiustesseeseesuessessestenseduesseanessunsunsseseessessessessesensens 58
3.7.4 RECAIl (SENSITIVY) ... eeiteeeeieeiteeeeases e e cdoraesneansianaesneansesseesreeeesseesseeeens 58
3.7.5 F1-SCOTCHERE o ~ P - N ... 58
BAB IV HASIL DAN PEMBAHASAN ......ooiiiiieie e 59
4.1 Implementasi dan Konfigurasi EKSPerimen ...........c.ccoovvvienineniieicninns 59
4.1.1 Ekstraksi Keypoints POSE ........cccuuiiiiiieiiiesiesieseseeee s 59
4.1.2 Preprocessing Data.........cccooiiiiiiiiiiene e 59
4.1.3 NOrmMalisasi Data.........cccereruirieriinieieiene e 60
4.1.4 Padding SEOUENCE ....c.voiviiiiiiiiieiieiee ettt 60
4.1.5 Strategi Pembagian Data...........cccceeviiieiiiieiic e 60
4.1.6 Konfigurasi Hyperparameter Pelatihan............ccccocceovvevieiiiciie e, 61

Xiv



4.2 Hasil Evaluasi Model dan Analisis Komparatif............ccccceveviveiiiieiiienne 62

4.2.1 Model GRU Sederhana ...........ccoevierieiiinencisces e 63
4.2.1.1 Pembagian Data 80:20 ..........ccceevveriiiiieiieie e 63
4.2.1.2 Pembagian Data 80:10:10 ........cccoeeiiiieiieiie e 66
4.2.1.3 Pembagian Data 70:30 .........ccceeiieiiiiiiie e 68
4.2.1.4 Pembagian Data 70:20:10 ......ccooeieiieiiiiiiiieieeecc e 70
4.2.1.5 Ringkasan dan Analisis Model GRU Sederhana........................... 72

4.2.2 Model Hybrid (GRU + Transformer).........c.ccooevvevieinieicicicicce 73
4.2.2.1 Pembagian Data 80:20 ..........cceieieiiiiiiiisieieeecc 73
4.2.2.2 Pembagian Data 80:10:10 ........ccueviiieiinriieniiieieecce 75
4.2.2.3 Pembagian Data 70:30 L.ccueccveiieieeii e 78
4.2.2.4 Pembagian Data 70:20:10 ........cccccviieeieeieciee e 80
4.2.2.5 Ringkasan dan Analisis Model Hybrid ........ccccoooiiiiiiiiin, 82

4.2.3 MOOEI ST-GCN ..ueiiii e iibtareantasceseessessi e dresnessesssssasseeseeseessessessessenns 83
4.2.3.1 Pembagian Data 80:20 ..........ccccevueriiiiiieeie e 83
4.2.3.2 Pembagian Data 80:10:10 ..............ccoveiieiiiiie e 85
4.2.3.3 Pembagian Data 70:30 ..o 87
4.2.3.4 Pembagian Data 70:20:10 ......cccoeiveiiiiiiiiiiicieece e 89
4.2.3.5 Ringkasan dan Analisis Model ST-GCN ........cccccooeiiiiiiiinennne 91

4.2.4 MOl POSEC3D ...ttt 92
4.2.4.1 Pembagian Data 80:20 .........ccceveiiiiiiiiiieeeee e 93
4.2.4.2 Pembagian Data 80:10:10 .....cceevveierineni e 95
4.2.4.3 Pembagian Data 70:30 ........ccoeeeiiiiieneseneeeee e 97
4.2.4.4 Pembagian Data 70:20:10 ........ccooveiiieiiieiie e 99
4.2.4.5 Ringkasan dan Analisis Model PoseC3D .........ccccccvevieiiivevinenn, 101

XV



4.3 Analisis Komparatif Komprehensif Antar Model.............ccccccoevveiennn. 102

4.3.1 Performa Keseluruhan Model Berdasarkan Metrik Evaluasi............. 103
4.3.2 Analisis Performa per Kelas Gerakan BulutangKis...............cccceev..... 104
4.3.3 Analisis Keunggulan Spesifik per Jenis Gerakan ............ccccoevevunnnn. 107
4.3.4 Kesimpulan Analisis Komparatif............cccooeiiiiiiiiiiieccc e, 109
4.4 Implementasi Sistem Streamlit ..........cccooveiieiiiie i 110
4.4.1 Strategi Pemilihan Model............cocooiiiiiiiiii 110
4.4.2 Arsitektur Sistem Streamlit Terintegrasi.........ccoovveveeeiiiiiiiiiiis 111
4.4.3 Model Loading dan Switching Mechanism ..........ccccccocciiiiiiiiiinn 112
4.4.4 Implementasi Pipeline Real-time ... 112
4.4.5 Height-Based Zone Detection Algorithm ..., 112
4.4.6 Validasi Fungsionalitas SiStem ..........c....iveeveiieeieiieeieeie e 113
4.4.7 Demo Aplikasi dan Evaluasi Performa...........ccoceveveicieiciciiciininnn 113
4.4.8 Visualisasi DetekSI Gerakan....ccuu: v erieesecviiesesiesisinie e 115
4.4.9 Integrasi Sistem dan Kinerja Operasional ..........cccceoceieieiiiiciiciiannn 116
4.4.10 Kesimpulan Implementasi.........cc......ctieaiiiiieiesineneene e 116

4.5 Perbandingan Hasil Perhitungan Manual dan Otomatis Google Colab.... 117

4.5.1 Metodologi Validasi Manual............c...c.cocooiiiiiiiiiiie e 117
4.5.2 Validasi pada Model GRU Sederhana ............cccocvevvvieiiiniiccec 118
4.5.2.1 Skema Pembagian Data 80:20 .........ccccoovreiiiiiiiiieie e 118
4.5.2.2 Skema Pembagian Data 80:10:10 ........ccovvvvvveviiieieieneseenes 120
4.5.2.3 Skema Pembagian Data 70:30 .......ccvceverieninenienene e 123
4.5.2.4 Skema Pembagian Data 70:20:10 ........ccoovevineiieiinenene e 125
4.5.3 Validasi pada Model Hybrid (GRU + Transformer) ............c.ccceveu.e. 128
4.5.3.1 Skema Pembagian Data 80:20 ..........ccccceeviiiiieerieieese e 128

XVi



4.5.3.2 Skema Pembagian Data 80:10:10 ........ccccccevveveiieeieiie e 130

4.5.3.3 Skema Pembagian Data 70:30 .........ccccccevveevveiieiieeneee e 133
4.5.3.4 Skema Pembagian Data 70:20:10 ........ccccccevvevereeieeie e 135

4.5.4 Validasi pada Model ST-GCN .........cccooviiiiiniieiee e 138
4.5.4.1 Skema Pembagian Data 80:20 .........cccocerveriieiienieneeie e 138
4.5.4.2 Skema Pembagian Data 80:10:10 ..........cccovvvvviieneniiiieiccen 140
4.5.4.3 Skema Pembagian Data 70:30 ........ccoocerereninieiieicicie 143
4.5.4.4 Skema Pembagian Data 70:20:10 .......ccccovvervviinieniiiiii 145

4.5.5 Validasi pada Model POSEC3D .........cccooiiiiiiiniiiiiece 148
4.5.5.1 Skema Pembagian Data 80:20 ..........ccoeveveerveienieiiaeie e 149
4.5.5.2 Skema Pembagian Data 80:10:10 ..........ccooevvvmiererciiiiiiieene 151
4.5.5.3 Skema Pembagian Data 70:30 ..........ccccceeveevverenieiecieieeiee 153
4.5.5.4 Skema Pembagian Data 70:20:10 ..........ccooervvevereneieiiiiieene 156

BAB V KESIMPULAN DAN SARAN ...ttt 159
5.1 KeSIMPUIAN............ee i et et ae et et 159
5.2 Saran.. SRR, ... S ... A i e 160
DAFTAR PUSTAKA i e i s aae b sk aine e sneesnteesteesnteenneeanbeennees 161
LAMPIRAN ettt st sttt sbe s aabe ettt et e e st e e e s e e e ne e e e nnee e e 164

XVii



DAFTAR TABEL

Tabel 2.1 Penelitian Terdahulu ..........ccccooiieiiiiiiiie e 32
Tabel 3.1 Jadwal Penelitian...........cocviiiiiiiiieeee e 46
Tabel 3.2 Ringkasan Seleksi Dataset ............ccccoveveiiieiicie s 49
Tabel 3.3 CoNfUSION MALIIX .....vouviiieiciiieiee e 57
Tabel 4.1 Konfigurasi Input dan Hyperparameter Pelatihan Model ..................... 61
Tabel 4.2 Distribusi Jumlah Data untuk Setiap Skema Pembagian Data.............. 62
Tabel 4.3 Classification Report Model GRU (80:20) .......ccccevvvevveiiiiiieiiiiiieenn 64
Tabel 4.4 Classification Report Model GRU (80:10:10) .....cccovevviviiieiiiiiieennnn 66
Tabel 4.5 Classification Report Model GRU (70:30) ..cccvoovueiveereeiieiieieiiccieeen 68
Tabel 4.6 Classification Report Model GRU (70:20:10) ....cccovevveeieiveiiiiiiieenee 71
Tabel 4.7 Ringkasan Hasil Model Skema GRU Pembagian Data ........................ 72
Tabel 4.8 Classification Report Model Hybrid (80:20) .....coevevierieiiiiiiiiieen, 74
Tabel 4.9 Classification Report Model Hybrid (80:10:10) ....cccoovevviiiieiiiiieen, 76
Tabel 4.10 Classification Report Model Hybrid (70:30) .ccovvevereerieiiiiiiiiine, 78
Tabel 4.11 Classification Report-Model Hybrid (70:20:10) .............cocoveveiinenene 80
Tabel 4.12 Ringkasan Hasil Model Skema Hybrid Pembagian Data ................... 82
Tabel 4.13 Classification Report Model ST-GCN (80:20) .......cccccoevveveiieiieennnne 84
Tabel 4.14 Classification Report Model ST-GCN (80:10:10) .....ccoceevvevveiieenen. 86
Tabel 4.15 Classification Report Model ST-GCN (70:30) ......ocovvevveevieeiiecieenne. 88
Tabel 4.16 Classification Report Model ST-GCN (70:20:10) .....coovvvevvevvecieennen. 90
Tabel 4.17 Ringkasan Hasil Model Skema ST-GCN Pembagian Data ................ 91
Tabel 4.18 Classification Report Model PoseC3D (80:20)........cccccvvvevvevieciveennen. 9
Tabel 4.19 Classification Report Model PoseC3D (80:10:10) .....ccovvvvvvevvecveennen. 96

xviii



Tabel 4.20 Classification Report Model P0seC3D (70:30)......cccccvevvrierieneriennnns 98
Tabel 4.21 Classification Report Model PoseC3D (70:20:10) ......cccovvvvverernnnnne 100
Tabel 4.22 Ringkasan Hasil Model Skema PoseC3D Pembagian Data.............. 101
Tabel 4.23 Ringkasan Performa Rata-rata Model Berdasarkan Metrik Evaluasi 103
Tabel 4.24 Performa Detail per Kelas Semua Model.............cccoooveviiiniiinnnnnnne 105

Tabel 4.25 Analisis Konsistensi Model Berdasarkan Standar Dev F1-Score..... 105

Tabel 4.26 Analisis Keunggulan Model per Jenis Gerakan Bulutangkis............ 107
Tabel 4.27 Confusion Matrix Model GRU 80:20 ..........cccoeviiiieiiiiiiiii 118
Tabel 4.28 Rekapitulasi TP, FN, FP, dan TN Model GRU (80:20)................... 118
Tabel 4.29 Hasil Manual dan Otomatis untuk Model GRU (80:20)................... 119
Tabel 4.30 Confusion Matrix Model GRU 80:10:10 ........ccooevenierieiiiiiiiiin 120
Tabel 4.31 Rekapitulasi TP, FN, FP, dan TN Model GRU (80:10:10)............... 121
Tabel 4.32 Hasil Manual dan Otomatis untuk Model GRU (80:10:10).............. 122
Tabel 4.33 Confusion Matrix Model GRU 70:30 ........c.ccoouieieneniiiiiiiin 123
Tabel 4.34 Rekapitulasi TP, FN, FP, dan TN Model GRU (70:30).................... 123
Tabel 4.35 Hasil Manual dan Otomatis untuk Model GRU (70:30) .................. 124
Tabel 4.36 Confusion Matrix Model GRU 70:20:10 ...........ccccoeveveiiiiiiicien 125
Tabel 4.37 Rekapitulasi TP, FN, FP, dan TN Model GRU (70:20:10)............... 125
Tabel 4.38 Hasil Manual dan Otomatis untuk Model GRU (70:20:10).............. 126
Tabel 4.39 Confusion Matrix Model Hybrid 80:20 ..........ccoovvviineiiieiiice 128
Tabel 4.40 Rekapitulasi TP, FN, FP, dan TN Model Hybrid (80:20)................. 128
Tabel 4.41 Hasil Manual dan Otomatis untuk Model Hybrid (80:20) ................ 129
Tabel 4.42 Confusion Matrix Model Hybrid 80:10:10 ........ccccvveviieieninciee 130

Xix



Tabel 4.43 Rekapitulasi TP, FN, FP, dan TN Model Hybrid (80:10:10)............ 131

Tabel 4.44 Hasil Manual dan Otomatis untuk Model Hybrid (80:10:10)........... 132
Tabel 4.45 Confusion Matrix Model Hybrid 70:30 ........cccoocevieviieiininiieee 133
Tabel 4.46 Rekapitulasi TP, FN, FP, dan TN Model Hybrid (70:30)................. 133
Tabel 4.47 Hasil Manual dan Otomatis untuk Model Hybrid (70:30)................. 134
Tabel 4.48 Confusion Matrix Model Hybrid 70:20:10 ........cccoovveiiiiiiiiiin 135
Tabel 4.49 Rekapitulasi TP, FN, FP, dan TN Model Hybrid (70:20:10)............ 135
Tabel 4.50 Hasil Manual dan Otomatis untuk Model Hybrid (70:20:10)............ 137
Tabel 4.51 Confusion Matrix Model ST-GCN 80:20 .........cccoovveriiiiiiiiiin 138
Tabel 4.52 Rekapitulasi TP, FN, FP, dan TN Model ST-GCN (80:20).............. 138
Tabel 4.53 Hasil Manual dan Otomatis untuk Model ST-GCN (80:20)............. 139
Tabel 4.54 Confusion Matrix Model ST-GCN 80:10:10.......cccevvevviiiiiiiiiinne 141

Tabel 4.55 Rekapitulasi TP, FN, FP;-dan TN Model ST-GCN (80:10:10)......... 141

Tabel 4.56 Hasil Manual dan Otomatis untuk Model ST-GCN (80:10:10)........ 142

Tabel 4.57 Confusion Matrix Model ST-GCN 70:30 .......ccooerenereiiiiiiiiin 143
Tabel 4.58 Rekapitulasi TP, FN, FP, dan TN Model ST-GCN (70:30).............. 143
Tabel 4.59 Hasil Manual dan Otomatis untuk Model ST-GCN (70:30)............. 144
Tabel 4.60 Confusion Matrix Model ST-GCN 70:20:10.......cccooeveiiienineniennn 146

Tabel 4.61 Rekapitulasi TP, FN, FP, dan TN Model ST-GCN (70:20:10)......... 146

Tabel 4.62 Hasil Manual dan Otomatis untuk Model ST-GCN (70:20:10)........ 147

Tabel 4.63 Confusion Matrix Model PoseC3D 80:20..........cccovvereienenencniennn 149
Tabel 4.64 Rekapitulasi TP, FN, FP, dan TN Model PoseC3D (80:20) ............. 149
Tabel 4.65 Hasil Manual dan Otomatis untuk Model PoseC3D (80:20) ............ 150

XX



Tabel 4.66 Confusion Matrix Model PoseC3D 80:10:10 .......cccccvevvrerrverinnnnnne 151
Tabel 4.67 Rekapitulasi TP, FN, FP, dan TN Model PoseC3D (80:10:10)........ 151

Tabel 4.68 Hasil Manual dan Otomatis untuk Model PoseC3D (80:10:10)........ 152

Tabel 4.69 Confusion Matrix Model P0SeC3D 70:30........ccceeverereicneneniienn 153
Tabel 4.70 Rekapitulasi TP, FN, FP, dan TN Model PoseC3D (70:30)............. 154
Tabel 4.71 Hasil Manual dan Otomatis untuk Model PoseC3D (70:30) ............ 155
Tabel 4.72 Confusion Matrix Model PoseC3D 70:20:10 ......cccoovevveiviiviiiiinnnn. 156

Tabel 4.73 Rekapitulasi TP, FN, FP, dan TN Model PoseC3D (70:20:10)........ 156

Tabel 4.74 Hasil Manual dan Otomatis untuk Model PoseC3D (70:20:10)....... 157

XXi



DAFTAR GAMBAR
Gambar 3.1 llustrasi tahapan gerakan smash pada permainan bulutangkis........... 47

Gambar 3.2 llustrasi tahapan gerakan drop shot pada permainan bulutangkis..... 48

Gambar 3.3 llustrasi tahapan gerakan long serve pada permainan bulutangkis. .. 48

Gambar 3.4 Sampel Data Dari Dataset Videobadminton .............ccccceeevveieennnnn, 49
Gambar 3.5 Diagram Alur Penelitian...........ccccoovieiiiiiieiie e 51
Gambar 4.1 Learning Curves Model GRU (80:20)........ccccoveveiieieeiiiiciiciee, 63
Gambar 4.2 Confusion Matrix Model GRU (80:20)........cccccovevveeieiiiiiiiicee, 65
Gambar 4.3 Learning Curves Model GRU (80:10:10) .....ccooovvvveieeiiiciecceee, 66
Gambar 4.4 Confusion Matrix Model GRU (80:10:10)......ccccevvueieeiieiiiiieieenen, 67
Gambar 4.5 Learning Curves Model GRU (70:30)......ccceiiveiiiieieciiicieccee, 68
Gambar 4.6 Confusion Matrix Model GRU (70:30)......cccoveieiieieeiiiciecee, 69
Gambar 4.7 Learning Curves Model GRU (70:20:10) ..coovvvveeiieieieieieicicee 70
Gambar 4.8 Confusion Matrix Model GRU (70:20:10).....ccccvuereerierieiiieiiiiannnne 71
Gambar 4.9 Learning Curves Model Hybrid (80:20).......cccuuvaieieiiiiiiiiiiie 73
Gambar 4.10 Confusion Matrix Model Hybrid (80:20)...........ccocovveivviveiieieee, 75
Gambar 4.11 Learning Curves Model Hybrid (80:10:10)...........cccccccvivevieieenee, 76
Gambar 4.12 Confusion Matrix Model Hybrid (80:10:10).........cccccccviivevieineennnne. 77
Gambar 4.13 Learning Curves Model Hybrid (70:30)........cccceviiiviiiiiiiiiciiecies 78
Gambar 4.14 Confusion Matrix Model Hybrid (70:30).......cccccoviviiiiiiiiieiiecies 79
Gambar 4.15 Learning Curves Model Hybrid (70:20:10)......cccccceeviviivevieiiieenen. 80
Gambar 4.16 Confusion Matrix Model Hybrid (70:20:10).......ccccccvvvivevveiieenen. 81
Gambar 4.17 Learning Curves Model ST-GCN (80:20)........cccccceevvvivvevieciieennn. 83
Gambar 4.18 Confusion Matrix Model ST-GCN (80:20)........ccccevvvvvvevvriiieennnn. 85

XXii



Gambar 4.19 Learning Curves Model ST-GCN (80:10:10) .....ccovvvevveeeiierieennnne 86

Gambar 4.20 Confusion Matrix Model ST-GCN (80:10:10)......c.ccevvrvververirnnnnne 87
Gambar 4.21 Learning Curves Model ST-GCN (70:30)......ccceverieenininiierieennne 88
Gambar 4.22 Confusion Matrix Model ST-GCN (70:30)......cccccviierrininiieriennnne 89
Gambar 4.23 Learning Curves Model ST-GCN (70:20:10) ....cocovevvviiniieiieenene 90
Gambar 4.24 Confusion Matrix Model ST-GCN (70:20:10)......c.cccoviviiiiinnnen. 91
Gambar 4.25 Learning Curves Model PoseC3D (80:20) .......cccevveveveieiiiiiennen 93
Gambar 4.26 Confusion Matrix Model PoseC3D (80:20) ........ccccvevverviiiiiennnen. 94
Gambar 4.27 Learning Curves Model PoseC3D (80:10:10)......ccceovereiiriiiinnnen 95
Gambar 4.28 Confusion Matrix Model PoseC3D (80:10:10) .........ccevvviivriviiennne 96
Gambar 4.29 Learning Curves Model POSeC3D (70:30) ......covurreeveiveiiiiiiiiiennen. 97
Gambar 4.30 Confusion Matrix Model PoseC3D (70:30) .....cccevveveviiieiiiiiieinen. 98
Gambar 4.31 Learning Curves Model.PoseC3D (70:20:10).....ccccccevvereiirriennnne 99
Gambar 4.32 Confusion Matrix Model PoseC3D (70:20:10) ....c.ccooovvvvvvirinnne. 100

Gambar 4.33 Arsitektur Sistem Real-time Badminton Action Recognition....... 111

Gambar 4.34 Tampilan Ul Streamlit (ver. web cam)........c.cooovviiiiiiieiicin. 114
Gambar 4.35 Tampilan Ul Streamlit (ver. upload video) ..........cccccooivviiiiinnn. 114
Gambar 4.36 Deteksi Gerakan DropShot...........ccccooeiiiiiiiiiiiicce 115
Gambar 4.37 Deteksi Gerakan LONGSEIVE. .......ccovieiiieiiiieieeiese s 115
Gambar 4.38 Deteksi Gerakan Smash..........ccccooviiiiniiiiiiiie 116

xxiii



DAFTAR RUMUS

XXV



DAFTAR LAMPIRAN

Lampiran 1 Hasil Turnitin..................

Lampiran 2 Al Detection by QuillBot

XXV



