DAFTAR ISI

HALAMAN SAMPUL....uuiiuiereisicsnissenssnsssncsesssessssssssssessssssssssssssssssssssssssssssssssssssssssssssass i
HALAMAN PENGESAHAN PEMBIMBING.......ccccceecinniinsurcsnsssaisssesssassssssssssssssssans ii
HALAMAN PENGESAHAN PENGUJL......uucouiinininrninsensensnncsensesssnssesssessssssssssessssans jii
SURAT PERNYATAAN BEBAS PLAGIASL.....cooiiniinnninnninsnncsssisssnsssssssssssssssssssses iv
SURAT PERNYATAAN KARYA ASLI TUGAS AKHIR......ccocieniensnicsnissserssasesnsens \4
ABSTRAK ..uuiiiiuinnininsninseississsissssssssssisssssssssssssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssss vi
ABSTACT ..uiiiiiininsnisensaisssnsssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssssssssssssssssssass vii
KATA PENGANTAR....uiiiiintinnnininnaissnnsssssisssssssssssssssssssssisssssssssssssssssssssssssssssssasssssss viii
DAFTAR ISLcuuiiiiiiiiceiiinsninssisesssicssissssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss ix
DAFTAR GAMBAR......cuuititiinictinenneisnisesssisssissssssesssissssssssssisssssstssssssssssssssssssssssssas xi
DAFTAR TABEL...uucouiiiininnicensinsnicsensisssisssssssssissssssesssssssssssssssssasssssssssssssssssssssassaes xiii
BAB I PENDAHULUAN....ucoviniintiinnsaicssissssssnsssssesssesssssssssstsssssssssssssssssssssssssssssssssssssss 1
1.1 Latar BelaKang.........c.oovuiiiiiiiiiiie ettt e e e et e e e eeaeeeenee s 1
1.2 Perumusan Masalah............ccoooiiiiiiiiiii e 2
1.3 Batasan Masalah...........ccoooiiiiiiiii e 2
1.4 Tujuan Penelitian. ..........ccooviiiiiiiiiieiieie ettt 3
1.5 Manfaat Penelitian..........coccoiuiiiiiiiniieierieceesee et 3
1.6 Metodologi Penelitian...........cccvieriieiiieiiieiii ettt eeae e eenes 3
1.7 Sistematika PenuliSan...........coceeiirieiiiiiinieieeieete e 4
BAB II TINJAUAN LITERATUR.....uccotiiirriisnisnisuicssisesssissssssssssessssssssssssssssssssssssssans 5
2.1 HUMANOoid RODOL......c..eeiiiiieiiiieieieeee et 5
2. 1.1 RODOLIS OP 3.ttt ettt et et 5
2.1.2 Robotic Operating System (ROS)......cccoovuiriiiiiiiiiinieeiee e 6
2.1.3 Intel NUCSI3RY Huooiiiiiiee e 7
B B 0 ) o) 1 L PRSP 8
2 1.5 UZD 2ttt sttt 10
2.2 HUTOCUP (ODSIACIE RUM).......eeeeneieeiieeeeeeee ettt s 10
2.3 COMPULEE VISIOM ..ottt ettt e et e e et e e enaaeeenseeeensee s 12
2.3.1 RODOT VISTON. ...ttt et 13
2.4 Cost-Oriented AULOMALION...................cc..ceecueeecieeeeeieeseiieeeeeeeetee e e e aeeesaee e 15
2.5 EdQE DEIECHION .......c.eeeeeeee ettt 18
2.5.1 Sharpening Image (Penajaman Citra).........ccceceevuerienernienieneeiieneeneeie e 19
2.5.2 Konversi Citra RGB menjadi HSV. ..., 19
2.5.3 FIlEOFING.c..cei ettt 20
2.5.4 Canny EdGe DeteCtion................cccueecuueeiiuieeiiie e e e e 21
2.5.5 Deteksi KONTUL.....c..ooiiiiiiiiiieieeeeeee ettt 24
2.7 SHAPE DLECIION. .........coeceeeeeeeee et et e aee e e e nnseeenneeas 25
2.8 Penelitian Terdahulu...........cocooiiiiiiiii e 26
BAB IIIl METODOLOGI PENELITIAN.....cucovvinninicnnissensisssnsssssassssssesssssssssssssassssssns 35
3.1 Metodologi Penelitian..........coccuiiuieiiiiiiiiie e e 35
3.2 Analisis KebUtUhan..........cocooiiiiiiiiii e 36
3.3 Perancangan Desain SIStEML........cceevuiriiriieiiinieniiienitesiteie ettt 37

X



33,1 ATSIEEKEUL SISTEIM.ceeeeiieiiieeieieeeeeeeeeee e e e e e e e e e e e e eeeeeeeeeeeeeeeeeeeeeeeaeeees 37

3.3.2 Diagram BIOK SiStem.........cccuieiuiiiiiiiiiiiiieiieeie ettt ens 40
3.3.3 Diagram AL SISTEM.....ccuieruieriieiiieeieerieeeteeieeeteeteeereeneeesaeebeeseseeseesnseenseennns 41
3.3.4 Konfigurasi Robotic Operating System (ROS)........cccceeviiriiienieniieiieeieeeeene, 43
3.3.5 Objek Rintangan (Kotak)...........ccoviiiiiiiiiiiieiecieeie e 45
3.4 Implementasi Algoritma Edge Detection................cccooevueeceieeueeeieeeiieeieeeeeeieeeee e, 45
3.4.1 Pengambilan Citra (Sistem Visi RODOt)........ccovoiiiiiiiiiiiiiiieecceeeee 46
3.4.2 Sharpening IMaGe................ccccceecuiiciiiiiiiiiiiiniiee ettt 47
3.4.3 Pemisahan Citra Warna RGB..............cccccooiiiiiiiiee e 48
3.4.4 Konversi Citra Warna RGB ke HSV ..o 48
3.4.4.1 Pemisahan Citra Warna HSV.........ccccooiiiiiiniieeeeeee e 51
3. 4.5 IMAZE FillOFING...........oeeeeeeieee ettt e e 52
3.4.6 CANNY DEIECIION. ..........oeeeeeeeeee et e e e saae e s 54
3.4.7 DetekSh KONTUL.......ooiiiiiiiiiieiieie et 57
3.4.8 SHAPE DEIECHION ... 57
3.5 Penentuan Arah Gerak RODOL.........cc.ooiiiiiiiiiceece e 61
3.5.1 SAtU OBJEK...cuiiiiiiiiiieiiee e 63
3.5.2 DU ODBJEK.....eeiieiieieeeeeee e et 64
3.6 Metode PengUiian........c.ccccvieiiiiiieiiecie ettt ettt ettt ae et e ebe e snneesaeenaaens 65
3.7 DOKUMENEASI. ...c.eeutieitietieiiete sttt ettt ettt e e st e bt et e eaee bt et e ssee bt enteeneenees 68
BAB IV HASIL DAN PEMBAHASAN....ccovintiinrennenssisssnsesssissssssessssssssssssssssssssssssaes 69
4.1 TMPICMENLASI.....eevieeiieetieeiie et eeie et e et e et et e ete e teeebeestaeeeseesseessseeseessseeseessseenseesssaans 69
4.1.1 Implementasi Algoritma Cost-Oriented Automation (COA).......cccceeveevueiieennnnns 69
4.1.2 Implementasi Algoritma Edge DeteCtion.............occeewoueeeeesieesieeeiieeieeeieasieeneens 71
4.2 Penentuan Arah Gerak RODOL..........ccccuiiiiiiiiiiie e 86
4.3 PEINGUJIAN. ...ttt ettt et ettt et e et e e s st e e bt e sab e et e e sate e bt eenbeenteenneeenne 91
4.3.1 Pengujian AKUrasi DEteKSI.......c.cccuieriiiriiirieeiiieeieeieeeie ettt eieeeveeveeseveeseeseneens 92
4.3.2 Pengujian Ketepatan Gerakan RoODOL............ccveviiiriiiiiiiiieciiceecieeieeee e 95
BAB V PENUTUP....uucotiiiitintisensnicsisesssicssissesssissssssssssssssssssssesssssssssssssssssssssssssssssssss 97
5.1 KESTMPUIAN. ...ttt ettt e s ereeteeseaeesseessseensaeensaenseennnas 97
T | ¢ | 1 PSSP 98
DAFTAR PUSTAKA.....uuireiniininsensinsaisssnsssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss xiv



DAFTAR GAMBAR

Gambar 2.1. RODOtiS OP3......c.ooiiiiiiiii e 5

Gambar 2.2. Skema Arsitektur Dasar ROS.........cccooiiiiiiiiinieeeee e 7

Gambar 2.3. Inte]l NUCSI3RY H.....oooiiiiiiiiiieeeeee e 8

Gambar 2.4. OPenCR..........oooiiiiiiii et e 9

Gambar 2.5. U2D2. ...ttt 10
Gambar 2.6. Gambar Denah Perlombaan Obstacle Run..................ccccooceevoiiiiniiannne. 11
Gambar 2.7. Kriterian Objek OBStACIe.................cccoooiiiiiiiiiiiiiiiiiiicteee 12
Gambar 2.8. Representasi Area Computer ViSiON...............ccooeeieieioiiiicianiiiiieieeeee 12
Gambar 2.9. Penelitian Sistem Visi untuk Kendali Autonomus Robot.............cccccueneee. 14
Gambar 2.10. Sistem Kendali Visi Autonomus Hurocup Cabang Maraton.................... 14
Gambar 2.11. Archie Humanoid RoDOt ...............cccccoocveviiiiiiiiiiiiiiiiieieee e 15
Gambar 2.12. Kamera STEFe0...........ccccoiiiiiiiiiiiiiiiie et 15
Gambar 2.13. Main Board..................cccoooiiiiiiiiiiiiiiiiit et 16
Gambar 2.14. Pengujian Obstacle Detection and Avoidance of a COHR....................... 17
Gambar 2.15. Kerangka Humanoid Robot...................cccccoveniiiiiniiniiiniiiiiiiiiecee 18
Gambar 2.16. Pembagian Warna Arah Tepi........cccoceeveriiniiiiniiiniiiinicccieccneeieene 22
Gambar 2.17. Representasi Citra Setelah Dilakukan Erosi dan Dilasi.........ccccccceevuenneene. 23
Gambar 2.18. Hasil Operasi untuk Menemukan Gawang Sepak Bola............................ 24
Gambar 2.19. Pendekatan KOntur............oooiiiiiiiiiiiiiiecceeceeee e 24
Gambar 2.20. Block Diagram Shape Detection...................ccccccueucveeecieesieeenieeeeeeeennnnn 25
Gambar 3.1. Metodologi Penelitian...........c.cooveeiieriieriiinieeiieieceeeeee e 36
Gambar 3.2. Arsitektur Sistem Menggunakan Remote Desktop RealVNC...................... 38
Gambar 3.3. Arsitektur Sistem Menggunakan Robotic Operating System (ROS)........... 39
Gambar 3.4. Diagram Blok Sistem RobOt..........ccccoouiriiiiniiiiiiicce 40
Gambar 3.5. Diagram AL SISTEIM......cocuiriiiiiriiiieieeereeeeteeee e 41
Gambar 3.6. User Interface (Ul) Program dari Walk Turner................ccccoueeeeecueeeeeccineneeenn, 44
Gambar 3.7. Objek Rintangan (Kotak).............ccoeviiiiiiiiiiiiiiiniicc e 45
Gambar 3.8. Proses Deteksi Objek Rintangan..............c.coccveviieiiiiiiiiiiiiiecii e 46
Gambar 3.9. Sampel Nilai Layer RGB dalam Matrik 5X5.......c.ccccceviieiieniiieiieeiieeeee, 47
Gambar 3.10. Hasil Citra Warna RGB Setelah Mengalami Pemisahan.......................... 48
Gambar 3.11. Hasil Konversi Citra Warna RGB ke HSV...........coociiiiiiinis 51
Gambar 3.12. Hasil Citra Warna HSV Setelah Mengalami Pemisahan...............c........... 52
Gambar 3.13. Proses Canny DeteCtion. ..............ccouuouieiiuiaiieiaiiie et 55
Gambar 3.14. Contoh Hasil Penerapan Deteksi Kontur pada Objek.............coceeeeniinn. 57
Gambar 3.15. Contoh Sampel Hasil Objek Menggunakan Fungsi ApproxPolyDP......... 58
Gambar 3.16. Contoh Hasil Pencarian Titik Simpul Objek...........cccoevveriiienieniieniienn, 61
Gambar 3.17. Segmentasi Frame 9 Bagian............ccceevveeviieiiieiiieniieieeeieeieeeee e 62
Gambar 3.18. Penempatan Objek Rintangan.........c..cccceevuevieiiriiiniininiinieniencneceenene 63
Gambar 3.19. Ilustrasi Penempatan Objek pada Frame Area Kanan dan Kiri................ 63
Gambar 3.20. Ilustrasi Penempatan Objek pada Frame Tengah ...........ccocevvininninnenn 64
Gambar 3.21. Ilustrasi Dua Objek Yang Saling Berdekatan dan Berjauhan................... 65
Gambar 3.22. Ilustrasi Posisi Pengujian Robot Terhadap Objek..........ccocvevviniininiinnns 66

X1



Gambar 4.1. Kerangka Robot Setelah Diterapkan Algoritma COA...........cceevveeeereennnnn. 69

Gambar 4.2. Hasil Pengambilan Citra Objek..........cccoeeiieiiiiiiieniiniieiecieeeeeeeee e 73
Gambar 4.3. Hasil Proses Sharpening Image..................c.ccccoevveveieveeeieeneeeieaeieereenns 74
Gambar 4.4. Hasil Proses Pemisahan Citra Warna RGB.............ccccoeoiiiiiiiniiniiiie, 75
Gambar 4.5. Hasil Proses Konversi Citra Warna RGB ke HSV.........cccccooviiiiiiiiienen. 76
Gambar 4.6. Hasil Proses Pemisahan Citra Warna HSV.........c..ccooveiiiiiniiinieciceee, 77
Gambar 4.7. Hasil Proses Image Filtering Untuk Citra Warna RGB (Blue Channel).....79
Gambar 4.8. Hasil Proses Image Filtering Untuk Citra Warna HSV (Value Channel)...80
Gambar 4.9. Hasil Proses Canny Detection..............ccceuceevcueeoeiiieeniieiiesieesee e 81
Gambar 4.10. Hasil Proses Deteksi KONtUT..........c.oooieriiiiiiiniiciieciceeece e 82
Gambar 4.11. Hasil Proses SAape Detection..............coccveeeeecueeeeencveesienieeseesiveenseennnes 86
Gambar 4.12. Hasil Proses Posisi Objek Menggunakan Segmentasi Frame................... 88
Gambar 4.13. Posisi Pengujian Robot Terhadap Objek.........ccccoooieviieiiiniiiiiieiiieeeee, 91

Xii



Tabel 2.1.
Tabel 2.2.
Tabel 2.3.
Tabel 2.4.
Tabel 2.5.
Tabel 2.6.
Tabel 2.7.
Tabel 3.1.
Tabel 3.2.
Tabel 3.3.
Tabel 3.4.
Tabel 3.5.
Tabel 3.6.
Tabel 4.1.
Tabel 4.2.
Tabel 4.3.
Tabel 4.4.
Tabel 4.5.
Tabel 4.6.

DAFTAR TABEL

Spesifikasi RObotis OP3.........cooiiiiiiiieiiieiece et 6

Spesifikasi Intel NUCSI3RYH......ccoooiiiiiiiiiiiieiieeeceece e 8

Spesifikasi OPENCR.........cciiiiiiiieieceee e e 9

Kategori Perlombaan Obstacle RuM.................ccceeeuveeeiecieenieeiienieeieesieeenens 11
Spesigikasi Kamera Stereo..........ocuveviieiieiiieiieeieeiiecie e 16
Spesifikasi Main BOArd..................ccoooiiiiiiiiiiiiiiieieeee e 16
Penelitian TerdahulU...........cccoooieoiiiiiiiee e 27
Kebutuhan Penelitian............ccceeeiiiiiiiiiciieccie e 36
Persamaan Perhitungan Erosi..........cccecuieriieiiieiieniieieeeie e 53
Persamaan Perhitungan Dilasi..........cccoevciieiiieriiiniieniieieeeie e 53
Persamaan Perhitungan Morphology Close...............ccccoovevvieviiieciacieaiiannnn. 54
Tabel Pengujian L.........ccccccuieiiiiiiieiiiecieeieee et 67
Tabel Pengujian 2.........c.coocuieiiiiiiieiiecieeieeeee ettt 67
Spesifikasi Alat Yang Dipakai RObOt..........cooviiiiiiiiiiiiiie 70
Pengujian 1 Channel Blue Kondisi Gelap (0-60 LuxX)........ccccevveeeiieniiencennne. 92
Pengujian 1 Channel Blue Kondisi Terang (61-200 Lux)........cccccecvervenuennnee 93
Pengujian 1 Channel Value Kondisi Gelap (0-60 Lux).......ccccoevvvevverveenneennen. 94
Pengujian 1 Channel Value Kondisi Terang (61-200 Lux).........cccccvverreeennenne. 94
Pengujian 2 Ketepatan Gerakan RobOt...........ccccceeviieciiiniiiiiiiecieeeeeeee, 96

Xiii



