
Post Quemada sinkhole SfM mapping
Structure-from-Motion mapping of the Post Quemada sinkhole area.  Image data

collected via Unmanned Aerial Vehicle (UAV) on 10/22 and 10/23, 2017 by
Arizona Geological Survey.

25 October 2017



Survey Data
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Fig. 1. Camera locations and image overlap.

Number of images: 371

Flying altitude: 40.8 m

Ground resolution: 1.08 cm/pix

Coverage area: 0.0555 km²

Camera stations: 363

Tie points: 44,680

Projections: 122,743

Reprojection error: 0.418 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

FC6310 (8.8 mm) 4864 x 3648 8.8 mm 2.61 x 2.61 μm No

Table 1. Cameras.



Camera Calibration

1 pix

Fig. 2. Image residuals for FC6310 (8.8 mm).

FC6310 (8.8 mm)
371 images

Type Resolution Focal Length Pixel Size
Frame 4864 x 3648 8.8 mm 2.61 x 2.61 μm

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2 P3 P4

F 3562.56 7.7 1.00 0.37 0.07 -0.03 0.16 0.61 -0.59 0.69 -0.74 -0.01 0.01 0.06 -0.08

Cx -5.31523 0.87 1.00 0.31 0.04 0.03 0.23 -0.20 0.24 -0.26 0.70 0.66 -0.64 0.58

Cy -1.50761 1.3 1.00 0.21 -0.08 0.06 -0.04 0.05 -0.06 0.43 0.43 -0.42 0.40

B1 11.0446 1.1 1.00 -0.06 0.03 -0.02 0.03 -0.04 0.08 0.08 -0.08 0.07

B2 3.22518 0.68 1.00 0.08 -0.09 0.11 -0.12 -0.01 0.01 0.02 -0.02

K1 0.0117683 0.00032 1.00 -0.89 0.87 -0.85 -0.02 0.01 0.05 -0.06

K2 -0.0943183 0.0014 1.00 -0.98 0.96 0.01 -0.01 -0.04 0.05

K3 0.176983 0.0034 1.00 -0.99 -0.01 0.00 0.05 -0.06

K4 -0.112876 0.0027 1.00 0.02 -0.00 -0.06 0.07

P1 0.000417984 5.9e-05 1.00 0.95 -0.97 0.92

P2 0.000234826 2.6e-05 1.00 -0.95 0.90

P3 3.35318 0.49 1.00 -0.98

P4 -2.06317 0.33 1.00

Table 2. Calibration coefficients and correlation matrix.



Camera Locations
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Fig. 3. Camera locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated camera locations are marked with a black dot.

X error (m) Y error (m) Z error (m) XY error (m) Total error (m)

1.50357 2.75801 38.1454 3.14123 38.2745

Table 3. Average camera location error.

X - Longitude, Y - Latitude, Z - Altitude.



Ground Control Points
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Fig. 4. GCP locations and error estimates.

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count X error (cm) Y error (cm) Z error (cm) XY error (cm) Total (cm)

7 3.10831 2.71943 2.57855 4.13 4.86887

Table 4. Control points RMSE.

X - Longitude, Y - Latitude, Z - Altitude.



Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

LPQ1

LPQ2 -3.51376 -3.40569 4.84894 6.88894 0.665 (14)

LPQ3 -3.18052 -4.37921 -2.81708 6.10157 0.248 (33)

LPQ4 5.54591 3.43636 -2.51551 6.99239 0.271 (18)

LPQ5 2.09212 2.78174 -1.56491 3.81629 0.225 (18)

LPQ6 -1.22877 0.782177 1.97335 2.45271 0.328 (17)

LPQ7 -1.96439 0.903028 1.19403 2.46982 0.245 (8)

LPQ8 2.16013 -0.130783 -0.998898 2.3835 0.236 (31)

Total 3.10831 2.71943 2.57855 4.86887 0.323

Table 5. Control points.

X - Longitude, Y - Latitude, Z - Altitude.



Digital Elevation Model
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Fig. 5. Reconstructed digital elevation model.

Resolution: 4.31 cm/pix

Point density: 538 points/m²



Processing Parameters

General
Cameras 371
Aligned cameras 363
Markers 8
Shapes

Polylines 141
Polygons 19821

Coordinate system WGS 84 (EPSG::4326)
Rotation angles Yaw, Pitch, Roll

Point Cloud
Points 44,680 of 434,694
RMS reprojection error 0.106066 (0.417731 pix)
Max reprojection error 0.348545 (1.55828 pix)
Mean key point size 3.9213 pix
Effective overlap 3.4572
Alignment parameters

Accuracy Medium
Generic preselection Yes
Reference preselection No
Key point limit 40,000
Tie point limit 0
Adaptive camera model fitt ing No
Matching time 49 minutes 36 seconds
Alignment time 6 minutes 20 seconds

Optimization parameters
Parameters f, b1, b2, cx, cy, k1-k4, p1-p4
Fit rolling shutter Yes
Optimization time 7 seconds

Dense Point Cloud
Points 32,348,021
Reconstruction parameters

Quality Medium
Depth filtering Aggressive
Depth maps generation time 1 hours 18 minutes
Dense cloud generation time 55 minutes 7 seconds

Model
Faces 2,134,741
Vertices 1,069,819
Texture 4,096 x 4,096, uint8
Reconstruction parameters

Surface type Height field
Source data Dense
Interpolation Enabled
Quality Medium
Depth filtering Aggressive
Face count 2,156,536
Processing time 1 minutes 7 seconds

Texturing parameters
Mapping mode Orthophoto
Blending mode Mosaic
Texture size 4,096 x 4,096
Enable color correction No
Enable hole filling Yes
UV mapping time 38 seconds
Blending time 10 minutes 16 seconds

DEM



Size 7,093 x 7,007
Coordinate system WGS 84 (EPSG::4326)
Reconstruction parameters

Source data Dense cloud
Interpolation Enabled
Processing time 51 seconds

Software
Version 1.3.3 build 4827
Platform Windows 64


