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Discussion

GCPs X error 

(cm)

Y error 

(cm)

Z error 

(cm)

Total 

(cm)

30 Mixed 2.13 2.06 4.89 5.72

15 Land 1.64 1.66 2.05 3.11

15 

Submerged

2.21 2.17 4.34 5.33

15 Mixed 1.82 1.46 4.74 5.28

Table 1. (below) PhotoScan accuracy assessment 

Ground Control Points RMSE 

X-Longitude, Y-Latitude, Z-Elevation

•

•

•

Figure 1. Aerial image of upper Bellamy impoundment study site

Figures 2 and 3. Examples of 

conventional surveying equipment

Figure 4. Example of drone 

aerial image tie-points and 

image overlap

Figure 7. Drone flight of upper Bellamy 

impoundment site, July 11, 2019

Figure 6. Example of a submerged 

aquatic ground control point
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Figure 5. Resulting orthomosaic map displaying GCP configurations

Methods

Figure 8. (above) Comparison of modeled drone elevations vs 

conventionally surveyed checkpoints. Dry, vegetated checkpoints of 

higher elevations (i.e. reeds) are underestimated by the drone.

Figure 11. (right) Average difference of modeled drone elevations to 

conventional survey elevations. 15 submerged GCP configuration 

results in highest accuracy of submerged mapping.
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•

Figure 9. (right) Resulting DEM using 30 mixed GCP model iteration 

with enlarged view highlighting channel intersection and beaver dam

Figure 10. (above) Modeled drone elevations versus conventionally 

surveyed checkpoints in submerged areas only. Elevations of deeper 

submerged checkpoints are greatly overestimated by drone (up to +0.7 m). 
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Drone Model Iterations

Average Difference Modeled Drone Elevations-
Conventional  Surveyed Elevations (m)

30 Mixed, DRY CPs

30 Mixed, WET CPs

15 Submerged, DRY CPs

15 Submerged, WET CPs

15 Land, DRY CPs

15 Land, WET CPs

15 Mixed, DRY CPs

15 Mixed, WET CPs

*Error bars show standard deviations of differences
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