DAFTAR ISI
KATA PENGANTAR ...ucouiruiieisinseissensisssissasssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssasssssses VIII
UCAPAN TERIMALKASIH ...cuuiiuiiuiiiiininsensnnssnssissississessssssssssssssssssssssssssssssssssssssssssssssssssssssns IX
BAB I USULAN GAGASAN . ..utiiiticnnnticssnsicssssisssssisssssisssssssssssssssssessssssssssssssssssssssssssssssssssssses 1
1.1 Deskripsi Umum Masalah dan Kebutuhan..............cccoooeviiiiiiiniiiiniiiiiecceeeeee 1
1.1.1 Complex Engineering Problem ............c.cccceeviieiiiiiiinieiiieiecieeeece e 4
1.2 Analisis Masalah .........coouiiiiiiiiiiiieeeeeee e 5
L1.2.1  ASPEK TEKIIS ..ttt ettt et e et e eseessbeensaessseenseennnas 5
1.2.2 ASPEK OPerasional..........c.cccueerieiiiieiieeiienieecieeeeeeteeseeeereesereeseeseseeseessneesseessseennes 5
1.2.3  ASPek K@amanan ..........cceeevieiiiiiieiieeieesite ettt ettt eve e eseaeebaesaaeesbeeseneenns 6
1.2.4  ASPEK EKONOMI ...c.vviiiiiiiiieiiieiiie ettt ettt et e essneentaesaaeesbeensseennas 6
1.2.5  ASPEK REGUIAST ...c..eeiuiiiiiiiriieiicieet et 6
1.3 Analisis Solusi Yang Sudah Ada..........ccoceeviiiiiniiiiniiiceeeeeeeceeee e 6
1.3.1 Pemantauan Manual oleh Petugas ...........cccooeriiniiiiniiiniiiniiieeeceeeeee 7
1.3.2  Pemantauan Menggunakan CCTV ........ccooiiiiiiiiiiiiiicee e 7
1.3.3 Pemantauan Menggunakan Kamera Termal...........ccccoceviininiiniininnininicicneene, 7
1.4 Kesimpulan Bab L........ccoooiiiiiiii e 10
BAB I BATASAN DAN SPESIFIKASL......ccioiniiinniicnsanisssancsssarsssssssssssssssssssssssssssssssssssssssssses 11
2.1 Dasar Penentuan SPesifikasi.........ccueeiieriiiiieiiieiieciiesie e 11
2.1.1  Aturan dan RE@UIAST .......c.cooiiiiiiiiiieiieicciecee et 11
2.1.2  Kebutuhan TeKNolo@i ........cccuevciiiriieiieieeieeeieeieeree et ere e seaeesaeas 11
2.1.3 Integrasi dengan Sistem yang Ada ...........ccceeeciierieiiiiiniieeieeee e 12
2.1.4 Spesifikasi Pertimbangan EKONOMI ...........occuvieiiiiiiiiiiciieciee e 12
2.1.5 Spesifikasi Keamanan dan Keandalan..............ccccoooviieiiiiiniiicnieceeceeeeee, 13
2.2 Batasan dan SpeSifiKast ........cccuieeiiiieiiieeiieeeeee e e e 15
2.2.1 Batasan Masalah...........coooiiiiiiii e 15
2.2.2  SPeSTIKAST SOIUSI...ccuvviiiiiieiiieeciie et e e e e e e e e e e ennaeeenneas 17
2.3 Pengukuran dan Verifikasi Spesifikasi.........ccoecueeriieiiienieiiienieeieeeee e 21
24 Kesimpulan Bab IL.......cccooiiiiiiiiiiiieee et 25
BAB III DESAIN RANCANGAN SOLUSL ...cuuiininiisensissanssensaesssnssessanssssssesssssssssssssasssssssssss 26
Alternatif Usulan SOIUST ........coiuiiitieiiiiie e 26

Telkom Unive;sity Learning Center Building - Bandung Technoplex | JI. Telekomunikasi, Terusan Buah Batu, Bandung 40257, West Java, Indonesia
t: +62 22 7564108 | f: +62 22 756 5200 | e: info@telkomuniversity.ac.id




3.1.1 Solusi Berbasis Sensor LIDAR ........c.cccccteviiiiiriiienieieeeeeeceeee e 26
3.1.2  Solusi Berbasis Radar Gelombang MIKIO ............ccceevuieriieniieniieniieieeie e 26
3.1.3  Solusi Berbasis Computer VISION...........cccuierierieeriieniieniieeieesieeeeeeieesneeseeesene e 26
3.2 Analisis dan Pemilihan SoIUST.......cccceoiriiniiiiiiiii e 26
3.2.1 Kiriteria Pemilihan Alternatif SOIUST.......cccceeviiriiriiiiiniiiiceeeeeee 28
3.2.2  Analisis Model ATSTEKIUT. .......eeruiriiriiiieiiesieeieeeseee e 29
3.2.3 Dasar Matematika Model YOLO .......ccccoeviiiiiiiiiienieieeiceeesieeestee e 47
3.2.4 Analisis Alat Kamera ........cccoocieiiiiiniiniiiienieieeesee et 49
3.2.5 Analisis Alat COmMPULEr URIL ..........ccooeueecueeeieeiieieeeieeciie e esiee e eaeesaeessee e 51
3.2.6  Analisis Opsi Alat ALSITING .......ccveviieriieeiieiieeie ettt eee 54
3.3 Desain Solusi Terpilili.....c.ccoiiiiiiiiiiiieiiecieeecee ettt 56
3.3.1  Overview dari YOLOVIT .oc.ooiiiiiiiiiieieeeeeeee et 57
3.3.2  FlOWCRhAIt SIStEM ...ccuiiiiiiiiiiieiieie ettt en 57
3.3.3  State Transition DIagrami...........ccceeveriiriiiiinienieeeiene ettt 62
3.3.4 Ilustrasi Implementasi Perangkat............ccccooiiiiniiniiniiiiniiceceecee 63
3.4 Jadwal dan ANGEATan ..........cooiiviiiiiiiiiiiniee e 65
341 JAAWAL ..o e ettt et et 65
342 ANGEATAN c...eeiiiiiieiiiee ettt e st e et e et e e ab e e e eabeeseaneeea 67
3.5 Kesimpulan Bab IIL........ccooiiiiiiiii e e 68
BAB IV IMPLEMENTASI .....coovtiiiniiinnneicssnicssnnssssnssssasssssasssssssssssssssssssssssssssssssssssssssssssssssssss 69
4.1 Deskripsi Umum Implementasi.........c.cccueeriieiieiiiieiieiie e sene e 69
4.1.1 Detil Implementasi Machine Learning.............ccccceeevvevieeciienireneenieeireesreeeeeeenen 76
4.1.2 Detil Implementasi HArdWare...........c..cccueeriiiriieiiieiiiiieecie et 76
4.1.3 Detil Implementasi Maket Model Lingkungan............c.cccccoeevieviiiiieniiienieenieenene 88
4.1.4 Detil Implementasi Keadaan Lingkungan .............ccccceevveviieiiieniienieniieieeeieeieene 92
4.2 Prosedur Pengoperasian.............cccuieeiiieeiieeeiiee ettt 95
4.2.1 Prosedur Pengoperasian Machine Learning...........cccceeeueeeeciveeniieenieeeeniie e 92
4.2.2 Prosedur Pengoperasian Hardware............cccceeeviiieniieiniieeiie e 92
4.3 Kesimpulan Bab IV .......oooiiiiiee et 97
BAB V PENGUJIAN SISTEM 98
5.1 Skenario Umum Pengujian...........cccceevieiiiiiiiiiiieiieeieeeeeee e 98
5.1.1 Pengujian Sub-Sistem DeteksSi.......cccevviiiiiiiiiiiiieiieeieece e 99
5.1.2 Pengujian Sub-Sistem ALCTtING ........ccccvreeriieeiiieeiiee et ee e 102
5.1.3  Pengujian HardWare ..............cccuieeiiiieiiieeiieeciee ettt 103

Telkom University Learning Center Building - Bandung Technoplex | JI. Telekomunikasi, Terusan Buah Batu, Bandung 40257, West Java, Indonesia
t: +62 22 7564108 | f: +62 22 756 5200 | e: info@telkomuniversity.ac.id




XII

5.2 Detil PENGUJIAN ....coouiiiiiiiiiiiiieee ettt e 105
5.2.1 Pengujian Sub-Sistem DeteksI.........ccceeviriiniiiiniiiiiiiicceeeen 106

5.2.2 Pengujian Sub-Sistem AlSTtiNg .......ccceevuiriimiiiiiniinieiieecreeeeeeeeeeee e 106

5.3 Analisa Hasil Pengujian ...........cccooiiiiiiiiiiiiie e 157
5.3.1 Analisa Pengujian Dataset Dengan YOLOV11n (Ultralytic) ........ccccevenernennen. 157

5.3.2  Analisa Pengujian Class Obstacle ..........ccccooirviiriiniiiiiniiiniiinccceceeeeeeeen 157

5.3.3 Analisa Pengujian Sistem AIEIting ........cccccoveeviiriininiiiniieneeieneeeeeeeee e 157

54  Keterbatasan dan Pengembangan Berkelanjutan............c.cccoooeeiiiniiiiniiinnnene. 165
5.5  Kesimpulan Bab V ... e 165
DAFTAR PUSTAKA 167

Telkom University Learning Center Building - Bandung Technoplex | JI. Telekomunikasi, Terusan Buah Batu, Bandung 40257, West Java, Indonesia
t: +62 22 7564108 | f: +62 22 756 5200 | e: info@telkomuniversity.ac.id



