Optimalisasi Kendali Cerdas Robot Non-Holonomic Menggunakan Deep Reinforcement Learning
Dengan

Pendekatan Waypoint-A* Di Lingkungan Labirin

R Cahya Hidayat, Dr. Andi Dharmawan, S.Si., M.Cs.

G[i\I\IIDlJVA'li-IRIS\/l[],;\ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/
DAFTAR ISI

HALAMAN SAMPUL ....ooiiiiieeee ettt il
HALAMAN PENGESAHAN ..ottt 111
PERNYATAAN BEBAS PLAGIAST......ccotieieiieieeeeteee e v
PRAKATA ..ottt ettt et sttt et e s aeesaeenaesneenneenneas v
DAFTAR ISttt vii
DAFTAR GAMBAR ..ottt s X
DAFTAR TABEL ..ottt XV
INTISARL ...ttt et e e ene s XVi
ABSTRACT ...ttt XVviii
BAB I PENDAHULUAN ......oootiiiiiiiteteet ettt ettt eseessneenee s 1
1.1 Latar Belakang Masalah............ccccccooiviiiiiiiiniiieicceeceee e, 1
1.2 Rumusan Masalah ..........cccoooiiiiiiiiiiee e 5
1.3 Batasan Masalah............cccccuiiiiiiiieiiiiicieccc e 5
L4 TUJUAN «eeiiieieee ettt ettt 5
L5 Manfaat .....oooooiiiiiie e 6
BAB II TINJAUAN PUSTAKA ...ttt 7
BAB III LANDASAN TEORI.......coiiiiiiieeeeeee e 15
3.1  Robot Non-holonomicC...........cc.eereeiiiieniiiiienie et 15
3.2 Occupancy Grid Map (OGM) ..........ccccoccevoeenoeiviniiniininieneeseeeeneeees 16
2 B K 77 TSR 18
3.4 Reinforcement Learning..........ccceeeveeevieeniieeeiieeniie e eeeee e 19

3.4.1  Markov decision process (MDP) .............cccooueeeueeecueeeceenaananns 20

3.4.2  Deep deterministic policy gradient (DDPG) ...............ccccc...... 22

3.4.3  Twin delayed deep deterministic policy gradient (TD3)........... 23
3.5 Simulasi Robot Operating System (ROS) dan Gazebo simulator ......... 24
BAB IV METODOLOGI PENELITIAN .....ccooiiiiiiiiiieceeeeeeee e 25
4.1  Analisis Kebutuhan SiStem ..........cccooiiiiiiiiiiiiiiiiieeeceee 25

vil



Optimalisasi Kendali Cerdas Robot Non-Holonomic Menggunakan Deep Reinforcement Learning
Dengan

Pendekatan Waypoint-A* Di Lingkungan Labirin

R Cahya Hidayat, Dr. Andi Dharmawan, S.Si., M.Cs.

G[i\I\IIDlJVA'li-IRIS\/l[],;\ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

4.2 Rancangan SISTEM .........ccceeevveeriieniieeniienieenireereesieeeteessreeseesereenseesaneenne 26
4.2.1  Rancangan robOt...........ccccveevuieriieiiieniieeiienie et 26
4.2.2  Rancangan lingKungan.............ccccccevvveeiieniieeniienieeieenie e 27
423 Rancangan state dan action..............ccceeeveeeeeeecceeeeceeeeieeenen. 32
424  Rancangan reward dan penalti.........c..ccccoveevrieeniieencee e, 33
4.2.5  Model arsitektur TD3........cccoviiniiiiiienieieeeeeeeeee e 38
4.2.6  Rancangan pelatihan ...........cccooceevvieniieiiieniieiieie e, 40
4.2.77  Rancangan PengUian ..........cccueeevueeeeireeesireeenrieesreeesreesesveesenens 42

4.3 Evaluasi Hasil......coccooiiiiiiiiii e 43

BAB V IMPLEMENTASI SISTEM.....cciiiiiiiiiiieeee e 46

5.1  Alatdan Bahan ... 46
5.1.1  Perangkat Keras ........cccooouieiiiiiiiiiieiiieeeeee e 46
5.1.2  Perangkat Tunak...........ccccoeviiiiiiiiiiiiieicceeee e 46

5.2 Implementasi Robot Non-holonomic ................coeeeeeevvenceeeceenceeecneennn 47

5.3 Implementasi LingKungan............cccceoeeviiiiniininiiniieneneeeeeeeeee 48

5.4 Implementasi State dan ACHON.........cc.ccceveeveiviiniiinieiinieneeeeeeeee 49

5.5 Implementasi Reward dan Penalti..........cccceeevveenciiiiniiiiniieiiee e 51

5.6 Implementasi Tuning Hyperparameter ...............ccoceeeueeevveenceeencueennns. 53

5.7  Implementasi TD3......ccooooiiioiiiieiieeeeee e e 54

5.8 Implementasi OGM dan Waypoint.............c.ccccceeeeevveeeineenceeneeceeneenne 57

5.9 Implementasi Pelatihan ...........coccoooiniiiiiiiniiiiiicccceeee 62

5.10 Implementasi Pengujian..........ccccceeevieeriieeniieeeieceie e 63

BAB VI HASIL DAN PEMBAHASAN ...ccoiiiiieeeeeeeee e 66

6.1  Hasil Tuning Hyperparameter Jaringan..............ccceeeeveeeecveeeecveeseveeenne, 66
6.1.1  Hyperparamerter CrILIC........ccueuuueueeeeeeiieeeeeeiieeeeniieeeesniaeeeeenns 66
6.1.2  Hyperparamerter ACIOF ..............coucueeeeueeeecueeenireeenieesneeesneeennns 70
6.1.3  Hyperparameter diskon faktor...........cccoeeveviiiiiiniieiiinieens 75
6.1.4  Hyperparameter pOLiCY NOISE ...........cccoueeeeeeeeieeeeieeenireeneeeennns 79

6.1.5  Hyperparameter batCh Size ...............ccoveeeeeeeceeenceeeniieeeeeeennnns 82



Optimalisasi Kendali Cerdas Robot Non-Holonomic Menggunakan Deep Reinforcement Learning
Dengan

Pendekatan Waypoint-A* Di Lingkungan Labirin

R Cahya Hidayat, Dr. Andi Dharmawan, S.Si., M.Cs.

G[i\I\IIDlJVA'li-IRIS\/l[],;\ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/
6.1.6  Hyperparameter SOft Update ...............ccccoueevuevveieceenceeecirennnnn, 86
6.2 Tuning Konstanta Reward dan Penalti.............cccoovvevienciiinieniieeeen. 91
6.2.1  Konstanta reward terminal.............ccceeverviiniieninieneenenieneeen. 91
6.2.2  Konstanta reward shaping jarak dan heading......................... 101
6.2.3  Konstanta kedekatan obstacle dan langkah............................. 106
0.2.4  KONStANtA STUCK ..c..eoueeiieiiiiiiieeeeceeeee e 113
6.3 Pelatihan.........coooiiiiiiiii e 116
0.4 PeNUJIAN.......iiiiiiiiieiieeieeeece ettt et eene 122
6.4.1  Lingkungan sederhana ............cccccoovvirviiniiiiiieniiiieeieeneeen, 123
6.4.2  Lingkungan dua cabang ...........cccccoeeiriiiiiiiiiieniieienee e, 130
6.4.3  Lingkungan tiga cabang..........cccccevoueriiieniiiiiienieeeereeeeeee, 139
BAB VII KESIMPULAN DAN SARAN .....oioiiiiee et 148
7.1 KESIMPUIAN ..eeiiiiiiiieiiecieeiece et 148
T2 SATAN.c..iiiiiiiieeeeeeee ettt st 149
DAFTAR PUSTAKA ...ttt 150



	DAFTAR ISI

