DAFTAR ISI

ABSTRAK ...ttt sttt i
ABSTRACT ...ttt sttt ettt sbe et il
KATA PENGANTAR ..ottt il
DAFTAR ISttt ettt ettt A%
DAFTAR GAMBAR ..ottt ettt sbe e ns X
DAFTAR TABEL.....oooiiiieeeeeeeee ettt ettt xiii
DAFTAR SIMBOL ..ottt sttt ns Xiv
DAFTAR LAMPIRAN ..ottt Xvil
BAB 1 PENDAHULUAN ..ottt ettt ns 1
1.1 Latar Belakang.........cccoovieiiiiiiiiiieciee et 1
1.2 Rumusan Masalah............coccoiiiiiiiiiiiice e 2
1.3 Maksud dan TUJUAN .....cc.eeviiiiieiiieiiecceee e 2
1.4 Batasan Masalah ...........cccoooiiiiiiiiiiiieieceee e 3
1.5 Metodologi Penelitian...........ccceeriieiieniieiiieiie e 4
1.5.1  Metode Pengumpulan Data............ccccceeriiiiiieniieniiiiieecieeeece e 4
1.5.2  Metode Pembangunan Perangkat Lunak ............cccoceviininiiniininnincenns 4
1.6 Sistematika Penulisan ...........cccoocierieiiiieniieiiieiecie e 5
BAB 2 LANDASAN TEORIL.......ooiiiiiiiieeeeeetee et 7
2.1 CRETA Lttt ettt et et e aa e et e st e et e e stbeesbeeenseenseesnseenseennnas 7
2.1.1  Pengolahan Citra Digital............cccccerriiiiiiiniiiiieieceee e 7
2,12 JENIS CILIA cuvieiiieiieeiie ettt ettt ettt ettt e et e e eneeenne 8
2.1.2.1  CHIa BINET ..ooiiiiiiiiieciiee ettt ettt 8
2.1.2.2  Citra GraySCale ......ccoeecuieiiieiiecieeieeee ettt ettt 8
2.1.2.3 Citra Warna (8 Dit).....c..cecvuieiiiieeeiiieeiee ettt e e 9
2.1.2.4 Citra Warna (16 Dit).......ccouiiiiiiieiiieeiee e e 9
2.1.2.5 Citra Warna (24 DIt)......cocvieeeiieeeiee et e 10



2.13
2.2

23
2.3.1
23.1.1
23.1.2
232
23.2.1
2322
2323
24
24.1
24.1.1
24.1.2
24.13
24.14
24.1.5
24.1.6
242
24.2.1
2.5
2.5.1
252
253
2.6

2.7

2.8

2.9
2.10
2.10.1
2.10.2

B1EMEIN CITA e e e e e e e e e e e e e e e eee e 10

Pengertian RODOL .........ooouiiiiiiiiieiieece e 11
Klasifikasi Umum RoObDOt ........ccceeviiiiiriiiiiiiiicieiccceeeeeee 12
Klasifikasi Robot Berdasarkan Penggunaan Aktuator ...............ccceeenieen. 12
RObOt Manipulator........cc.eeeuieiiieiieiie et 12
MODIlE RODOL ...ttt 13
Klasifikasi Robot Berdasarkan Kebutuhan akan Operator Robot ........... 15
AUtonomous RODOL......cc.eeviiiiiiiiiiiienieceeeeeee e 15
Teleoperated RODOL.........ccoviiiiiiiiieiieieeeee e 15
Semi Autonomous RODOL..........ccouiiiiriiiiniiieienieeceee 16
Komponen RODOL.........oooiiiiiiiiciieieeeee e 16
Perangkat Keras ........ccveviieiiieiiieiiecieeeeee et 17
Cattl DAYA ... 17
MOLOT DIC ..ottt 18
ATAUINO ..ottt 18
DF Robot ROME0 BLE .......cooiiiiiiiiiiriieiicieiecieeectecee e 19
Driver Motor DC L293D ....coiiiiiiiiiiieieeceeieeeseeee e 19
BIUCtOOth 4.0.....eiiiiieieeieeee e 20
Perangkat Lunak ..........coocoiiiiiiiiiiiieieeee e 20
Arduino IDE .....ooiiiiiiiiiieeee e 20
Kecerdasan Buatan ..........c..cooceeieriiniiniinieieiicececeeee e 21
Lingkup Utama Kecerdasan Buatan ..............cccoeeveecieniiienienieciecieees 22
Keuntungan Kecerdasan Buatan.............cccccoevieniieiiiniiieniienieeeecieeen 22
Implementasi Kecerdasan Buatan..............ccocceeveeiiiienieniienienieceee 23
Kendali Proporsional ............cccceeiiieiiieiiienie et 24
Kendali INtegral ........cc.ooviiiiiiiiieiiee e 25
Kendali Derivatif.........cocoviiiiiiiniiieeeceeece e 26
Kendali PID ......oooiiiiiiiiiiiieeeeeeeee ettt 27
ANAIOIA i 28
Fundamental ApliKasi........cccoeviiiiiieiiieiieie et 29
Versi ANAIOLd .......ooueeieiiiniieiieieee et 30

vi



2.10.3  Android SDK ......cccoooiiiiiiiiiiininteeeeecce e 30

2.10.4  Android NDK .....cooiiiiiiiiiiieeeeee e 31
2.10.5  Android StUdI........cooveriiiiiiiiieiee e 31
2.11 JAVA oo 32
2.12 Object Oriented Programming (OOP) ........ccceeviiriiienieiiiiieeieeeee 33
2.13 OPENCV et ettt ettt e e 34
2.14 Canny Edge Detector.......ccviiiieiiieiieeiieiieeie et 34
2.15 Transformasi HOugh ..........ccooooiiiiiiiiiii e 37
2.16  Unified Modelling Language (UML) ........ccceociiiiiiniienieniieeeeeeeeeee, 38
2.16.1  DiIagram USE CaSE .....ccueeevieriieeiieniieeiieniieeiteeiteeteesreeseesereesaesaseenseesnnes 38
2.16.2  DiIagram SEQUEIICE .....c..eeevieruieeiierireeieeniieeteeseteeseesteeseessseeseessseeseessnes 39
2.16.3  DiIagram ACHIVILY ...cceeriieiiierieeiiierie ettt et e eite et eee e e e e ebaeseaeenbeesnnas 40
2.16.4  DiIagram ClassS.......cccieruieeiiieiieeiieiie et eete et see et ete ettt ebee s 40
BAB 3 ANALISIS DAN PERANCANGAN SISTEM.......cocvoieieieienienceeeenee. 43
3.1 Analisis Masalah..........cocoviiiiiiiniiieeeee e 43
3.2 ANALISTS SOIUST ..ttt 43
33 Analisis Data Masukan dan Keluaran..............coccoeeieniiiniiniiiiienieeee 45
34 ANALISIS PTOSES ..ottt 45
3.4.1  Analisis Proses Pendeteksian...........cccevviereiiiiniinienenieneeiecieneeee 46
34101 Citra OTiSINGL ..ccuveviiiiiiiiiieieeeeee e e 46
3412 RESIZE ittt 47
3.4.1.3  KONVETST WA ..c..eiiiiiiiiiiiieieeiiesieeie ettt 47
3.4.1.4 HSV Color FIIEriNg .....ccceeevuieiiiiiiieiiieiieeieeiee ettt 48
34,15 EIOSION outiiiiiiiiiieiteieee ettt sttt ettt sttt ettt 49
3.4.1.6 Canny Edge Detection ..........ccecuieiiieiiieriieniieiieeie et 50
3417 DAATION .ot et 51
3.4.1.8  Contour EXtraction.........coverueeierieniiiieniienieeieete e 52
3.4.2  Analisis Algoritma PID Controller............cceovveriiiiiiniieniiiiieiiecieeene 54
3.4.2.1 PID Controller Untuk Nilai Setir.........ccceeevieiiiniiiinieniieieiieeieeeie e 55
3.4.2.2 PID Controller Untuk Nilai Kecepatan Maksimal Motor........................ 56
3.4.3  Analisis Perhitungan Kecepatan Motor DC Kiri dan Kanan................... 57

vii



3.44
3.5
3.6
3.6.1
3.6.2
3.6.3
3.7
3.7.1
3.7.1.1
3.7.1.2
3.7.2
3.7.2.1
3.7.2.2
3.7.23
3.7.24
3.7.2.5
3.7.2.6
3.7.2.7
3.7.3
3.7.3.1
3.7.3.2
3.7.33
3.7.34
3.7.3.5
3.7.3.6
3.7.3.7
3.7.4
3.7.5
3.7.5.1
3.7.5.2
3.7.5.3

Analisis SerialiSaAST Data .....coeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 58

Analisis Komunikasi Perangkat............cccoooeeiiiniiiiiiiniiiiiiecieeieee 60
Analisis Kebutuhan Non Fungsional.............cccoccoeiiiiiiiiniiniiiiieiieeee 60
Analisis Kebutuhan Perangkat Keras ...........ccccoeovieiiiniiiiniiniicieieeee 60
Analisis Kebutuhan Perangkat Lunak .............cccccooviiiiiiiniiniiiiieiieees 61
Analisis Kebutuhan Perangkat Keras Robot............ccccooeeviniininiinnnen. 61
Analisis Kebutuhan Fungsional............c.cccceeiiiiiiiiiiniiieieieceeeeee 62
Diagram USE CaSE .......eevueeeiieriieeiieniieeieeeieeeieeeee et e see et esiteeaeessreeaeens 63
DefiniST AKLOT ...eviiiieieiieeeee e 63
Definisi USE CaSE ....eeuveriiiiieiieiieniieieeitesieete ettt 64
SKenario USE CaSE ......coueeueruieriieieniienieeiesitesie ettt sttt 64
Skenario Use Case Menyambung Koneksi...........cceecveerieeviienienieenieennen. 65
Skenario Use Case Memutus Koneksi.........ccceeceviereriienieninnienienenne 65
Skenario Use Case Menggerakkan Robot ..........c.cceceveeviieiiienieniiieeenee. 66
Skenario Use Case Mendeteksi Benda ...........ccccoooeeviiiiniiniiniiniencnnne. 67
Skenario Use Case Menghitung Kecepatan Motor............ccceeveeveennennnee. 68
Skenario Use Case Mengirim Data...........ccceevevienieeiiienieeiienieeieeieeeee. 69
Skenario Use Case Mengatur Pendeteksian ...........c.cccoecveeiienieniienieenen. 70
ACtIVILY DIAZIAM c...ooiiiiiiiciieiie ettt 71
Activity Diagram Menyambung Koneksi.........cccceccevvieniiiiniencnnencennen. 71
Activity Diagram Memutus Koneksi.........ccoeooveviieiiiniiieniienieeiiesieeens 71
Activity Diagram Menggerakkan Robot ..........ccccoceviiviiiiniincniicncenen. 71
Activity Diagram Mendeteksi Benda ............cccooevieiiiniiiiniiniiiieieeee 71
Activity Diagram Menghitung Kecepatan Motor...........ccceveerieriencennen. 71
Activity Diagram Mengirim Data...........cccocevieniniiniiininienieicniencee, 71
Activity Diagram Mengatur Pendeteksian...........c.ccoceveeviniencniencenen. 71
Class DIa@ram........coccuieiieiiieiieiie ettt ettt s ee e saeeeseeeeee e 76
Sequence DIagram .........ccccveeuieiiiiiiienieeieeeee et 77
Sequence Diagram Menyambung Koneksi ..........ccccceevveeiiienienieenieennen. 77
Sequence Diagram Memutus Koneksi..........cccceevieeiiienieiciienienieceeee, 77
Sequence Diagram Menggerakkan Robot ............ccoecievieiiiienieniiceeee. 77

viii



3.7.5.4 Sequence Diagram Mengatur Pendeteksian .............ccccoevieiiiieniininnnnen. 77

3.8 Perancangan RODOt........cccoocuiiiiiiiiieiiiciiee e 80
3.9 Perancangan SiStemM ..........cccvieiiieiiieiiieiiecie et 81
3.9.1  Perancangan Antarmuka..........ccceccveriieriieniiieniienie e 81
3.9.1.1 Antarmuka Utama..........coceeveeiieniiniiienienieeieeese e 81
3.9.1.2 Antarmuka Pengaturan ............cccoccereiieriieniiienienie e 82
3.9.2  Perancangan PeSan............ccoccuieviiiiiiiiiiniieiieeeeee e 82
3.9.3  Jaringan Semantik...........ccoeeieriiieiieiiiieiieee et 83
BAB 4 IMPLEMENTASI DAN PENGUIJIAN .....ccooiiiieee e 85
4.1 Implementasi STSTEM ........cccvieriieiiieiieeie ettt 85
4.1.1  Implementasi Perangkat Keras ..........ccccoceeviiniiiniiniiiiieniceeceeeeee, 85
4.1.2  Implementasi Perangkat Lunak ...........cccccoeoiiniiiiiiniiiiieniieieececee, 86
4.1.3  Implementasi ANtarmuka..........ccoeeueeiiieniieniienie e 86
4.2 Implementasi RODOL.........cccuiiriiiiiiiiieiiciiece e 87
4.3 Pengujian SIStEIM ......cc.eevuiieiiieiiieiieeie ettt 88
4.3.1  Pengujian BIack BOX ......cccooviiiiiiiiiiiiieiicee e 88
4.3.2  Skenario Pengujian Black BOX ........ccccoviiiiiiiiiiiiiiiiieeceeee 89
4.3.3  Kasus dan Hasil Pengujian .........cccccoeoieviiiiiiiniiinienieeieeeeee e 91
4.3.3.1 Pengujian Fungsionalitas Menyambung Koneksi ............cccecvervrenennen. 91
4.3.3.2 Pengujian Fungsionalitas Memutus Koneksi............cceceevevienieniieneennen. 91
4.3.3.3 Pengujian Fungsionalitas Mendeteksi Benda..............cccccoovviiiieniieennnnn. 92
4.3.3.4 Pengujian Fungsionalitas Menghitung Kecepatan Motor........................ 93
4.3.3.5 Pengujian Fungsionalitas Mengirim Data ...........cccccceevieniieniencieeieennee. 94
4.3.4  Kesimpulan Pengujian Black BOX.......cccccoeviiiiiiiiiniiiiieieeeee, 94
4.4 Pengujian Perbandingan Metode Pendeteksian Benda............................ 95
4.5 Pengujian RODOL.......cccuiiiiiiiiieiiicieeeeeee e 96
BAB 5 KESIMPULAN DAN SARAN ..ottt 99
5.1 KeSTMPUIAN ...ttt et 99
5.2 SATAN ..t 99
DAFTAR PUSTAKA ...ttt 101

X



