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OC Survey – sUAV Testing (Camera) - Equipment and Procedures

Purpose: 

The purpose of conducting multiple sUAV mapping surveys under various conditions is to get a sense of 

the accuracies and repeatability one can achieve using the different georeference positioning techniques. 

The three techniques performed are: 

1. LOKI & AIRGON CALIBRATION – All photo locations have a +/-2cm accuracy position relative to the

nearest CGPS station using the LOKI PPK GNSS system. Positions are computed on NAD83, Zone VI,

OCS 2007.00 epoch horizontal and GPS derived orthometric height based on CGPS station NAD83, Zone

VI, OCS 2007.00 epoch ellipsoid height with GEOID12B geoid model (close to NAVD88). The X4S camera

calibration file is used during alignment to remove lens distortion.

2. GCPs – GCPs positions are constrained to align photos and remove lens distortions. All photo locations

are +/- 300’. GCPs are +/-2cm accuracy position relative to local control stations NAD83, Zone VI, OCS

2007.00 epoch horizontal and local benchmarks orthometric height based on NAVD88, OCS 1995

adjustment. GCPs are constrained to position the flight relative to the desired datum and to remove

distortions associated with the camera lens.

3. LOKI & GCPs – Alignment is computed using technique 1. Alignment is then shifted and constrained to

select GCPs while using the camera calibration file to remove all lens distortions. Positions are

computed based on the selected GCPs.

Each survey is processed using all 3 techniques if possible. Quality Control (QC) GCPs are set and analyzed for 

estimating accuracies. Root Mean Square Error (RMSE) values are computed by the alignment software. 

Residuals are a measure of how far from the regression line data points are; RMSE is a measure of how spread 

out these residuals are. In other words, it tells you how concentrated the data is around the line of best fit. 

Equipment Used: 

DJI Inspire II sUAV 

DJI X4S Camera 

LOKI PPK System 
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Data Processing: 

sUAV GNSS LOKI positions are computed using ASPSuite PPK processing software with SP3 precise orbits. 

Photos are processed using Agisoft Metashape software with the following parameters: 

1. Align Photos – High

2. Camera Calibration – “X4S 2x3 20181107 Airgon Calibration.xml”, Fixed parameters – All

3. GCP weighting – 0.01604’, GCP weighting for AGAIN – 0.0005’, optimize

4. Build Dense Cloud – High, Mild

5. Build Mesh – Dense cloud, Arbitrary (3D), Face count High

6. Build Orthomosaic – EPSG:2230, Surface – Mesh, Blending - Mosaic

7. Export Points – LAS, EPSG:2230, Dense cloud, point colors

8. Export Ortho – EPSG:2230, background color – black, TIFF compression – LZW, JPEG quality – 90,

Write Big TIFF file
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Glassell Yard

Distance from CCCS – 2.6 miles (4.2km) 

https://www.ocgis.com/potree/1.6/Glassell_Yard_20190228.html 

Field Control: GCPs based on legacy control points. Horizontal and vertical conventionally established. 

Flight 1 (20190228) 

NADIR - 100' AGL, forward 85%, side 75%, Flight time = 17min 00s, 419 Photos 

GRID - 150' AGL, forward 85%, side 75%, camera angle 70, Flight time = 19min 18s, 427 Photos 

Flight 2 (20190418) 

NADIR - 100' AGL, forward 85%, side 75%, Flight time = 17min 00s, 419 Photos 

GRID - 150' AGL, forward 85%, side 75%, camera angle 70, Flight time = 19min 18s, 427 Photos 

45 DEGREE GRID - 125' AGL, forward 80%, side 60%, camera angle 60, Flight time = 6min 39s, 152 Photos 

Flight 3 (20190501) 

NADIR - 100' AGL, forward 85%, side 75%, Flight time = 17min 00s, 419 Photos 

GRID - 150' AGL, forward 85%, side 75%, camera angle 70, Flight time = 19min 18s, 427 Photos 

https://www.ocgis.com/potree/1.6/Glassell_Yard_20190228.html
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Glassell Yard – LOKI & AIRGON CALIBRATION 

Flight 1 (20190228) 

Flight 2 (20190418) 

Flight 3 (20190501) 
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Glassell Yard – GCPs 

Flight 1 (20190228) 

Flight 2 (20190418) 

Flight 3 (20190501) 
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Glassell Yard – LOKI & GCPs 

Flight 1 (20190228) 

Flight 2 (20190418) 

Flight 3 (20190501) 
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Miller Basin Stockpile

Distance from CCCS – 0.5 miles (0.8km) 

https://www.ocgis.com/potree/1.6/20190312_Miller_Basin.html 

Field Control: GCPs based on static GPS observations from CCCS. Horizontal and vertical conventionally 

established. 

Flight 1 

NADIR - 100' AGL, forward 80%, side 70%, Flight time = 6min 36s, 159 Photos 

GRID - 100' AGL, forward 80%, side 70%, camera angle 70, Flight time = 15min 19s, 335 Photos 

No additional flights were made due to the changing conditions. 

https://www.ocgis.com/potree/1.6/20190312_Miller_Basin.html
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Miller Basin – Flight 1 - 20190312 

LOKI & AIRGON CALIBRATION 

GCPs 

LOKI & GCPs 
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Como Channel

Distance from OEOC – 5.4 miles (8.6km) 

https://www.ocgis.com/potree/1.6/como_channel.html 

Field Control: GCPs based on MBI control network. Horizontal and vertical conventionally established. 

Flight 1 – (20190314) 

NADIR - 100' AGL, forward 80%, side 70%, Flight time = 12min 31s, 295 Photos 

GRID - 110' AGL, forward 80%, side 60%, camera angle 70, Flight time = 21min 49s, 293 Photos 

Flight 2 – (20190321) 

NADIR - 100' AGL, forward 80%, side 70%, Flight time = 12min 31s, 295 Photos 

GRID - 110' AGL, forward 80%, side 60%, camera angle 70, Flight time = 21min 49s, 293 Photos 

Flight 3 – (20190417) 

NADIR - 100' AGL, forward 80%, side 70%, Flight time = 12min 31s, 295 Photos 

45 DEGREE GRID - 110' AGL, forward 80%, side 60%, camera angle 70, Flight time = 21min 49s, 293 Photos 

ORBIT AROUND INTERSECTION, everything varies, 59 Photos 

https://www.ocgis.com/potree/1.6/como_channel.html
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COMO CHANNEL - LOKI & AIRGON CALIBRATION 

Flight 1 – (20190314) 

Flight 2 – (20190321) 

Flight 3 – (20190417) 
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COMO CHANNEL - GCPS 

Flight 1 – (20190314) 

Flight 2 – (20190321) 

Flight 3 – (20190417) 

Insufficient GCPs 
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COMO CHANNEL - LOKI & GCPs 

Flight 1 – (20190314) 

Reprocess constraining GCP to 0.0005’ to force model to fit vertical with optimize. 
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Flight 2 – (20190321) 

Reprocess constraining GCP to 0.0005’ to force model to fit vertical and optimize. 
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Flight 3 – (20190417) 
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Santa Ana River 

Distance from FVPK – 1.8 miles (2.9km) 

https://www.ocgis.com/potree/1.6/SAR_Field_Services_Tests.html 

Field Control: GCPs based on existing control stations. Horizontal and vertical conventionally established. 

Flight 1 – (20190416) 

NADIR - 150' AGL, forward 80%, side 65%, Flight time = 6min 52s, 142 Photos 

GRID - 175' AGL, forward 80%, side 70%, camera angle 70, Flight time = 14min 47s, 299 Photos 

45 DEGREE ANGLE - 100' AGL, forward 80%, side 60%, camera angle 75, Flight time = 6min 53s, 159 Photos 

Flight 2 – (20190426) 

NADIR - 150' AGL, forward 80%, side 65%, Flight time = 6min 52s, 142 Photos 

45 DEGREE ANGLE - 100' AGL, forward 80%, side 60%, camera angle 75, Flight time = 6min 53s, 159 Photos 

-45 DEGREE ANGLE - 100' AGL, forward 80%, side 60%, camera angle 75, Flight time = 6min 53s, 159 Photos

Flight 3 – (20190430) 

NADIR - 150' AGL, forward 80%, side 65%, Flight time = 6min 52s, 141 Photos 

45 DEGREE ANGLE - 100' AGL, forward 80%, side 60%, camera angle 75, Flight time = 6min 53s, 149 Photos 

-45 DEGREE ANGLE - 100' AGL, forward 80%, side 60%, camera angle 75, Flight time = 6min 53s, 153 Photos

https://www.ocgis.com/potree/1.6/SAR_Field_Services_Tests.html
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SANTA ANA RIVER - LOKI & AIRGON CALIBRATION 

Flight 1 – (20190416) 

Flight 2 – (20190426) 

Flight 3 – (20190430) 
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SANTA ANA RIVER - GCPs 

Flight 1 – (20190416) 

Flight 2 – (20190426) 

Flight 3 – (20190430) 
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SANTA ANA RIVER - LOKI & GCPs 

Flight 1 – (20190416) 

Flight 2 – (20190426) 
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Flight 3 – (20190430) 

Reprocess constraining GCP to 0.0005’ to force model to fit vertical and optimize. 
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San Diego Creek Reach 2 

Distance from TRAK – 4.9 miles (7.9km) 

https://www.ocgis.com/potree/1.6/SAR_Field_Services_Tests.html 

Field Control: GCPs based on existing control stations. Horizontal and vertical conventionally established. 

Flight 1 – (20190924) 

NADIR - 125' AGL, forward 80%, side 80%, Flight time = 15min 3s, 371 Photos 

GRID - 105' AGL, forward 60%, side 60%, camera angle 70, Flight time = 5min 47s, 282 Photos 

Flight 2 – (20190926) 

NADIR - 125' AGL, forward 80%, side 80%, Flight time = 15min 3s, 371 Photos 

GRID - 125' AGL, forward 70%, side 70%, camera angle 70, Flight time = 7min 9s, 343 Photos 

Flight 3 – (20190930) 

NADIR - 125' AGL, forward 80%, side 80%, Flight time = 15min 3s, 371 Photos 

GRID - 125' AGL, forward 70%, side 70%, camera angle 70, Flight time = 7min 9s, 343 Photos 

SANTA ANA RIVER - LOKI & AIRGON CALIBRATION 

Not performed due to difference in epoch positions; CGPS = 2017.50, GCP = 1990 adj. 

https://www.ocgis.com/potree/1.6/SAR_Field_Services_Tests.html
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SAN DIEGO CREEK REACH 2 - LOKI 

Flight 1 – (20190923)  

LOKI NADIR & LOKI GRID LOKI NADIR & GRID 

Flight 2 – (20190926) 

Flight 3 – (20190930) 



22 | P a g e

OC Survey – sUAV Testing (Camera) - Equipment and Procedures

SAN DIEGO CREEK REACH 2 - GCPs 

Flight 1 – (20190923) 

Flight 2 – (20190926) 

Flight 3 – (20190930) 
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SAN DIEGO CREEK REACH 2 – LOKI & GCPs 

Flight 1 – (20190923) 

Flight 2 – (20190926) 

Flight 3 – (20190930) 




