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ABSTRAK 

Perkembangan teknologi pemetaan, terutama yang berkaitan dengan drone atau 

UAV, membawa pengaruh yang signifikan terhadap teknis pengumpulan data 

spasial untuk beragam kebutuhan survei pemetaan. Sistem RTK memungkinkan 

integrasi GPS berketelitian tinggi pada UAV yang menawarkan alternatif pemetaan 

tanpa GCP secara masif, atau dengan jumlah GCP minimum, tanpa mengorbankan 

kualitas hasil pemetaan. Penelitian ini bertujuan untuk mengevaluasi ketelitian 

ortofoto hasil pemotretan drone menggunakan metode Minimum GCP dan Non-

GCP (Mode RTK) dibandingkan dengan metode GCP tersebar merata yang 

dilakukan di Desa Tadang Palie. Data foto udara diperoleh menggunakan drone, 

sedangkan pengolahan data dilakukan menggunakan Agisoft Metashape. Ketelitian 

ortofoto diuji menggunakan titik ICP dengan parameter RMSE, CE90, dan LE90. 

Hasil penelitian menunjukkan bahwa metode GCP tersebar merata menghasilkan 

CE90 sebesar 0,015 m dan LE90 sebesar 0,030 m, metode RTK Minimum GCP 

menghasilkan CE90 sebesar 0,019 m dan LE90 sebesar 0,008 m, sedangkan metode 

RTK Non-GCP menghasilkan CE90 sebesar 0,010 m dan LE90 sebesar 0,001 m. 

Seluruh metode memenuhi persyaratan ketelitian Peta Dasar Skala 1:1.000 Kelas 

1. Metode RTK Non-GCP menghasilkan ketelitian terbaik pada lokasi penelitian 

dan menunjukkan bahwa penggunaan RTK dapat menjadi alternatif yang efisien 

untuk pemetaan tanpa banyak menggunakan GCP. 

 

Kata kunci: UAV, RTK, GCP, Non-GCP, ortofoto, ketelitian. 
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ABSTRACT 

The development of mapping technology, especially that related to drones UAV, 

has a significant impact on the technical aspects of spatial data collection for 

various mapping survey needs. The system RTK enables the integration of high-

precision GPS on UAVs, offering an alternative to mass-scale mapping without 

GCPs, or with a minimum number of GCPs, without sacrificing the quality of the 

resulting mapping. This study aims to evaluate the accuracy of the resulting 

orthophotos.droneusing the Minimum GCP method andNon-GCP (RTK Mode) 

compared with the uniformly distributed GCP method conducted in Tadang Palie 

Village. Aerial photography data was obtained using a drone, while data 

processing was carried out usingAgisoft Metashape. The accuracy of the 

orthophoto is tested using points ICP with RMSE, CE90, and LE90 parameters. 

The results of the study show that the evenly distributed GCP method produces a 

CE90 of 0.015 m and a LE90 of 0.030 m, the RTK Minimum GCP method produces 

a CE90 of 0.019 m and a LE90 of 0.008 m, while the RTK methodNon-GCP 

produces a CE90 of 0.010 m and an LE90 of 0.001 m. All methods meet the 

accuracy requirements of a 1:1,000 Class 1 Base Map. RTK MethodNon-GCPs 

produced the best accuracy at the research location and showed that the use of RTK 

can be an efficient alternative for mapping without using much GCP. 

  

Keywords: UAV, RTK, GCP, Non-GCP, orthophoto, precision. 

 



 
 
 

xi 
 

DAFTAR ISI 

 

HALAMAN JUDUL ................................................................................................ i 

LEMBAR PERSETUJUAN.................................................................................... ii 

BERITA ACARA UJIAN SEMINAR HASIL SKRIPSI ...................................... iii 

ABSTRAK ............................................................................................................. iv 

ABSTRACT .............................................................................................................. v 

SURAT PERNYATAAN KEASLIAN SKRIPSI .................................................. vi 

LEMBAR PERSEMBAHAN ............................................................................... vii 

KATA PENGANTAR ........................................................................................... ix 

DAFTAR ISI .......................................................................................................... xi 

DAFTAR GAMBAR ............................................................................................ xv 

DAFTAR TABEL ............................................................................................... xvii 

BAB 1 PENDAHULUAN ...................................................................................... 1 

1.1 Latar Belakang ......................................................................................... 1 

1.2 Rumusan Masalah .................................................................................... 2 

1.3 Tujuan dan Manfaat .................................................................................. 3 

1.4 Batasan Masalah ....................................................................................... 3 

1.5 Sistematika Penulisan ............................................................................... 4 

BAB 2 DASAR TEORI .......................................................................................... 5 

2.1 Fotogrametri Udara .................................................................................. 5 

2.2 DJI Matrice 4 Enterprise .......................................................................... 6 

2.3 Jalur Terbang ............................................................................................ 8 

2.4 Metode Penentuan Posisi Menggunakan GNSS ...................................... 9 

2.4.1. Metode Pengukuran Statik Jaring ..................................................... 9 

2.4.2. Metode Pengukuran Rapid Static (Radial) ........................................ 9 



 
 
 

xii 
 

2.5 Jaring Kontrol Horizontal Nasional........................................................ 10 

2.6 Bundle Block Adjustment ........................................................................ 11 

2.7 Kalibrasi Foto ......................................................................................... 12 

2.8 Point Cloud ............................................................................................. 13 

2.9 Model Elevasi Digital ............................................................................. 14 

2.9.1. Digital Elevation Model (DEM) ..................................................... 15 

2.9.2. Digital Terrain Model (DTM) ........................................................ 15 

2.9.3. Digital Surface Model (DSM) ......................................................... 16 

2.10 Ortofoto .................................................................................................. 17 

2.11 Ground Control Point & Independent Control Point ............................ 17 

2.12 Persebaran Titik Kontrol Tanah ............................................................. 19 

2.13 Strength Of Figure .................................................................................. 19 

2.14 Parameter Exterior Orientation (EO) ..................................................... 20 

2.14.1 Nilai Parameter EO ......................................................................... 21 

2.14.2 Peran EO dalam fotogrametri.......................................................... 21 

2.15 Uji Akurasi dengan RMSE (Root Mean Square Error) ......................... 22 

BAB 3 METODOLOGI PENELITIAN................................................................ 24 

3.1 Lokasi ..................................................................................................... 24 

3.2 Alat dan Bahan ....................................................................................... 24 

3.3 Diagram Alir ........................................................................................... 26 

3.4 Pengambilan Data ................................................................................... 28 

3.4.1 Pengamatan Statik GCP & ICP ....................................................... 28 

3.4.2 Akuisisi Data Fotoudara .................................................................. 30 

3.5 Pengolahan Data ..................................................................................... 33 

3.5.1.  Alignment Photos ................................................................................ 33 

3.5.2.  Input GCP dan ICP ............................................................................. 34 



 
 
 

xiii 
 

3.5.3.  Optimize Camera Alignment ............................................................... 34 

3.5.4.  Dense Cloud ........................................................................................ 35 

3.5.5.  Penyusunan DSM dan Ortomosaik ..................................................... 36 

3.6 Uji Ketelitian .......................................................................................... 36 

3.6.1. Perhitungan Root Mean Square Error (RMSE) .................................. 36 

3.6.2. Perhitungan Ketelitian Horizontal (CE90) .......................................... 38 

BAB 4 HASIL DAN PEMBAHASAN................................................................. 39 

4.1 Hasil Pengolahan Rapid Static GCP & ICP ........................................... 39 

4.2 Hasil Ortofoto Mode Non-RTK ............................................................. 40 

4.2.1. Hasil Akuisisi Data ......................................................................... 40 

4.2.2. Hasil Akurasi Ground Control Point (GCP) ................................... 40 

4.2.3. Hasil Akurasi Independent Check Point (ICP) ............................... 41 

4.3 Hasil Pengolahan Ortofoto Mode RTK Non-GCP ................................. 42 

4.3.1. Hasil Akuisisi data ............................................................................... 42 

4.3.2. Hasil Akurasi Independent Check Point (ICP) .................................... 43 

4.4 Hasil Pengolahan Ortofoto Mode RTK Minimum GCP ........................ 43 

4.4.1. Hasil Akuisisi Data .............................................................................. 44 

4.4.2. Hasil Akurasi Ground Control Point (GCP) ....................................... 44 

4.4.3. Hasil Akurasi Independent Check Point (ICP) .................................... 45 

4.5 Hasil Uji Akurasi CE90 dan LE90 ......................................................... 46 

4.5.1. Marking Premark ................................................................................. 46 

4.5.2. Uji Akurasi Mode RTK Minimum GCP ............................................. 47 

4.5.2. Uji Akurasi Mode RTK Non-GCP ...................................................... 49 

4.5.3. Uji Akurasi Mode Non-RTK GCP Merata .......................................... 50 

4.6 Statistik Uji Akurasi CE90 dan LE90 .................................................... 51 

4.7 Klasifikasi Ketelitian Peta ...................................................................... 53 



 
 
 

xiv 
 

BAB 5 KESIMPULAN DAN SARAN ................................................................ 54 

5.1. Kesimpulan Penelitian ............................................................................ 54 

5.2. Saran ....................................................................................................... 54 

DAFTAR PUSTAKA ........................................................................................... 56 

LAMPIRAN .......................................................................................................... 58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

xv 
 

DAFTAR GAMBAR 

 

Gambar 2.1. Akuisisi Foto Udara ........................................................................... 5 

Gambar 2.2. Drone mode RTK ............................................................................... 6 

Gambar 2.3. DJI Matrice 4 Enterprise.................................................................... 7 

Gambar 2.4. Pembuatan jalur terbang ..................................................................... 8 

Gambar 2.5.Pola metode statik jaring ..................................................................... 9 

Gambar 2.6. Pola metode rapid static ................................................................... 10 

Gambar 2.7. Proses Bundle Block Adjustment ...................................................... 11 

Gambar 2.8. Point Cloud di Agisoft ...................................................................... 13 

Gambar 2.9. Model Elevasi Digital....................................................................... 14 

Gambar 2.10. DEM ............................................................................................... 15 

Gambar 2.11. DTM ............................................................................................... 16 

Gambar 2.12. DSM ............................................................................................... 16 

Gambar 2.13. Ortofoto .......................................................................................... 17 

Gambar 3.1. Lokasi penelitian .............................................................................. 24 

Gambar 3.2. Diagram Alir .................................................................................... 26 

Gambar 3.3. Pengamatan statik menggunakan GNSS Comnav ........................... 28 

Gambar 3.4.Persebaran ICP & GCP tersebar merata ............................................ 29 

Gambar 3.5. Persebaran ICP dan GCP minimum ................................................. 29 

Gambar 3.6. Persebaran ICP mode RTK .............................................................. 30 

Gambar 3.7. Jalur terbang ..................................................................................... 30 

Gambar 3.8. Tampilan RTK disable ..................................................................... 31 

Gambar 3.9. Tampilan RTK Connected ............................................................... 32 

Gambar 3.10. Tampilan Positioning fix ................................................................ 32 

Gambar 3.11. Tampilan setting kontroler GNSS .................................................. 33 

Gambar 3.12. Tampilan hasil Alignment Photos .................................................. 33 

Gambar 3.13. Tampilan marking GCP & ICP ...................................................... 34 

Gambar 3.14. Tampilan optimasi kamera ............................................................. 34 

Gambar 3.15. Tampilan Dense Cloud ................................................................... 35 

Gambar 3.16. Digital Surface Model .................................................................... 36 

Gambar 3.17. Visualisasi Pergeseran Posisi Horizontal. ...................................... 37 

Gambar 4.1. Hasil ortofoto GCP merata Non-RTK. ............................................. 40 

file:///C:/Users/Asus/Dropbox/1.Skripsi/5.%20Final/Revisi%20after%20yudis%20(AutoRecovered).docx%23_Toc239972956


 
 
 

xvi 
 

Gambar 4.2. Hasil ortofoto metode RTK Non-GCP ............................................. 42 

Gambar 4.3. Hasil ortofoto metode RTK minimum GCP .................................... 44 

Gambar 4.4. Posisi patok di atas premark............................................................. 46 

Gambar 4.5. Titik ICP dari lapangan dan marker ArcGIS .................................... 47 

Gambar 4.6. Diagram batang hasil uji akurasi ...................................................... 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/Asus/Dropbox/1.Skripsi/5.%20Final/Revisi%20after%20yudis%20(AutoRecovered).docx%23_Toc239972957
file:///C:/Users/Asus/Dropbox/1.Skripsi/5.%20Final/Revisi%20after%20yudis%20(AutoRecovered).docx%23_Toc239972958


 
 
 

xvii 
 

DAFTAR TABEL 

 

Tabel 2.1. Spesifikasi DJI Matrice 4 Enterprise..................................................... 7 

Tabel 2.2. Kerangka referensi koordinat ............................................................... 11 

Tabel 2.3. Standar BIG jumlah persebaran ICP .................................................... 18 

Tabel 2.4. Kriteria Strength of Figure ................................................................... 20 

Tabel 2.5. Peraturan Ketelitian Peta Dasar BIG ................................................... 23 

Tabel 2.6. Perhitungan ketelitian berdasarkan kelas ............................................. 23 

Tabel 3.1. Alat yang digunakan ............................................................................ 24 

Tabel 3.2. Bahan yang digunakan ......................................................................... 25 

Tabel 3.3. Koordinat hasil statik dan pengolahan foto.......................................... 37 

Tabel 3.4. Hasil perhitungan RMSE setiap metode .............................................. 38 

Tabel 3.5. Hasil Perhitungan CE90 & LE90 setiap metode .................................. 38 

Tabel 4.1. Hasil Koordinat Statik GCP & ICP ..................................................... 39 

Tabel 4.2. Hasil RMSE Agisoft titik GCP metode GCP merata Non RTK .......... 41 

Tabel 4.3. Hasil RMSE Agisoft titik ICP metode GCP merata Non-RTK ........... 41 

Tabel 4.4. Hasil RMSE Agisoft titik ICP metode RTK Non-GCP ....................... 43 

Tabel 4.5. Hasil RMSE Agisoft titik GCP metode RTK minimum GCP ............. 45 

Tabel 4.6. Hasil RMSE Agisoft titik ICP metode RTK minimum GCP .............. 45 

Tabel 4.7. Hasil perhitungan uji akurasi CE90 metode RTK minimum GCP ...... 47 

Tabel 4.8. Hasil perhitungan uji akurasi LE90 metode RTK minimum GCP ...... 48 

Tabel 4.9. Hasil perhitungan uji akurasi CE90 metode RTK Non-GCP ............... 49 

Tabel 4.10. Hasil perhitungan uji akurasi LE90 metode RTK Non-GCP ............. 50 

Tabel 4.11. Hasil perhitungan uji akurasi CE90 metode Non RTK GCP merata . 50 

Tabel 4.12. Hasil perhitungan uji akurasi LE90 metode Non-RTK GCP merata . 51 

Tabel 4.13. Hasil CE90 & LE90 ketiga metode ................................................... 52 

Tabel 4.14. Klasifikasi Kelas Skala Peta .............................................................. 53 

 


	Cover.pdf (p.1)
	Lembar persetujuan.pdf (p.2)
	Berita Acara.pdf (p.3)
	awal Kata pengantar.pdf (p.4)
	ttd kata pengantar.pdf (p.5)
	Keaslian skripsi.pdf (p.6)
	Abstrak.pdf (p.7-8)
	Daftar Isi.pdf (p.9-15)

