Penerapan Imitation Learning untuk Otomatisasi Tugas Needle Picking pada Platform SurRoL
Sefvia Lie, Ahmad Ataka Awwalur Rizqi , S.T., Ph.D;Dr.Eng. Ir. Adha Imam Cahyadi, S.T., M.Eng., IPM.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA
DAFTAR ISI
HALAMAN PENGESAHAN ... e ii
HALAMAN PERSEMBAHAN ..., v
KATA PENGANTAR ... e v
D T N 2 £ vi
DAFTAR TABEL ..o e ix
DAFTAR GAMBAR ... e X
DAFTAR SINGKATAN. ...t Xii
INTIS AR . ... e e e e et ee e xiii
AB ST R ACT . Xiv
BAB T Pendahuluan ... 1
1.1 Latar Belakang ...........cooiiiiiiiiiii i i 1
1.2 Rumusan Masalah ........ ... 4
1.3 Tujuan Penelitian ..........oooiiiiuiiiiiiiiiii i 4
1.4 Batasan Penelitian .......... ... 5
1.5 Manfaat Penelitian ..o 8
1.6 Sistematika Penulisan. ... 8
BAB I Tinjauan Pustaka dan Dasar Teori ........cccovviiiiiieiiieiineeeniinnennnnn... 10
2.1 Tinjauan Pustaka ... 10
B B Y G LT o 14
2.2.1 RobotBedah...........iii i 14
2.2.1.1 Definisi Robot Bedah...............................L. 14
2.2.1.2  Tingkat Otonomi Robot Bedah ........................... 15
2.2.1.3  Platform Robot Bedah da Vinci ........................... 15
2.2.2  Machine Learning............coueeeeeuuiiieeeeeiiiaeeeeeiianeeennns 16
2.2.2.1  Supervised learning.................ccceiiiiiiiiiiiii... 16
2.2.2.2  Semi-supervised Learning .................ccccouueiiinn... 17
2.2.2.3  Unsupervised Learning .................................... 18
2.2.2.4  Reinforcement Learning ...............cccoeeueeeeennnnnn... 18
223  Imitation Learning ................oeuuuiiieeeeeiiiiiaeeeeiiiaaaaannns 21
224 Behavioral CIONING ...........ccooue it iiiiiaaeeaeas 23
2.2.5 Dataset Aggregation (DAZZET) ........oovuuiiiiiiiiiiiiiiiiiiiii., 27
2.2.6  Arsitektur Neural Network untuk Robot Bedah ..................... 29
2.2.6.1  Multi-Layer Perceptron (MLP) ........................... 29
2.2.6.2  Long Short-Term Memory (LSTM) ....................... 34
2.2.77 Optimalisasi Hyperparameter .................ccooeeiiiiiiiiiiiiin... 36
2271 Grid Search ........ccccoeiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnn. 37

Vi



Penerapan Imitation Learning untuk Otomatisasi Tugas Needle Picking pada Platform SurRoL
Sefvia Lie, Ahmad Ataka Awwalur Rizqi , S.T., Ph.D;Dr.Eng. Ir. Adha Imam Cahyadi, S.T., M.Eng., IPM.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

22772  Random Search ................cccciiiiiiiiiiiiiiiiiit. 38

2.2.77.3  Bayesian Optimization ...............cccoeeeiiiieieiienn... 38

2274  Tree-Structured Parzen Estimator (TPE) ................. 39

2.2.8 Tugas Needle Picking .............c.oouuuuuuiiiiiiiiiiiiiiiiiiiaa.n. 40
2.2.8.1 Representasi State Needle Picking ........................ 41

2.2.82 Metrik Evaluasi ............ooi 41

2.2.9 Platform SurRoL ... 42
2.29.1  Environment dan Observation Space ..................... 43

2.2.9.2  Action Space dan Reward Function....................... 43

2.2.10 Kesimpulan Dasar Teori ..........ccoooviiiiiiiiiiiiiiiiiiiiiiiia, 44

2.3 Analisis Perbandingan Metode ...t 44
BAB III Metode Penelitian. ............uuuuuuunni e 47
3.1 Alat dan Bahan Tugas akhir .......... ..o 47
3.1.1  AlatTugasakhir.........ooooiiiiiiiii 47
3.1.1.1  Perangkat Keras..........cooovviiiiiiiiiiiiiiiiiiii.. 47

3.1.1.2  Perangkat Lunak ..............oooo 47

303 LiDFATY oo 48

3.1.2 Bahan Tugas akhir ...........cooiiiiiiiiiin i 48

3.2 Metode yang Digunakan.............ooiiiiiiiiiiiiiiii 49
3.2.1 Pengumpulan Data Demonstrasi .............cccovieveiiiiiiinnnennnn. 50

3.2.2 Pemrosesan Dataset............oooiiiiiiiiiiiiiiiiiiiiiii 55

3.23 Pelatthan Model ... 58
3.2.3.1 Hyperparameter TUNING ..............cciviiieeeininnnnn.. 58

3.2.3.2  Behavioral Cloning (BC)...........iiiiiiiiiiiiiiiin.. .. 60

3.2.3.3  Dataset Aggregation (DAgger)............................ 66

3.24 Evaluasi dan Analisis .........cooueiiiiiiiiiiiiiiiiiii 69

3.2.5 Visualisasi dan Pelaporan Hasil ..., 72

3.3 Alur Tugas AKRIT ...ooviit e 72
BAB IV Hasil dan Pembahasan. ... 75
4.1 Hasil Pengumpulan Data Demonstrasi dan Pemrosesan Dataset ............ 75
42 Hasil Grid Search ............ooooi i 77
4.3 Hasil Pelatihan Model ... 83
4.4 Hasil Evaluasi Model pada Konfigurasi Terbaik .....................ooo.t 88
4.4.1 Pengaruh Jumlah Demonstrasi ...........ccooovviiiiiiiiiieeennnnnn. 90

4.4.2 Pengaruh Algoritma dan ArsiteKtur ................oooiiiiiiii.... 92

4.4.3 Perbandingan Performa Model ... 94

4.4.4  Visualisasi Hasil..........oooooiiiiiiii 95

4.5 Perbandingan Hasil Penelitian dengan Penelitian Terdahulu ................ 99
BAB V Kesimpulan dan Saran.............cooviviiiiiiiniiiiiiiiiin i, 103

Vil



Penerapan Imitation Learning untuk Otomatisasi Tugas Needle Picking pada Platform SurRoL
Sefvia Lie, Ahmad Ataka Awwalur Rizqi , S.T., Ph.D;Dr.Eng. Ir. Adha Imam Cahyadi, S.T., M.Eng., IPM.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

5.1 KeSimpPulan........oooeeriiiiie e 103

5.2 SATAN .« 104
DAFTAR PUS T AK A . e 105
LAMPIR AN .ot L-1
L.1 Hasil Grid Search ...........coooouiiiii i L-1
L.1.1 Dataset 100 Episode .........couiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaan L-1

L.1.2 Dataset 2.000 Episode ........ccoviiiiiiiiiiiiiieiiiiiieeeeeiinnn, L-7

L.1.3 Code untuk merekam expert trajectory ...............ccccuuueen... L-13

L.1.4 Configuration training model untuk dataset 100 episode .......... L-14

L.1.5 Configuration training model untuk dataset 2.000 episode ........ L-15

L.1.6 Code training model ...ttt L-16

L.1.7 Code evaluation model ..................iiiiiiiiiiiiiiinannnn, L-32

viii



