Remote Sensing on Neal Smith NWR

Images collected with a U.S. Fish and Wildlife Service unmanned aerial system
(UAS) from August 20 to August 22, 2019.

30 August 2019
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Fig. 1. Camera locations and image overlap.

Number of images: 3,725 Camera stations: 3,055

Flying altitude: 31m Tie points: 1,453,783

Ground resolution: 2.14 cm/pix Projections: 8,635,679

Coverage area: 0.0351 km?2 Reprojection error: 0.685 pix
Camera Model Resolution | Focal Length | Pixel Size Precalibrated
RedEdge-M, Blue (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, Green (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red (5.5mm) 1280 x 960 |5.5 mm 3.75x 3.75 pm | Yes
RedEdge-M, Red edge (5.5mm) | 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, NIR (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
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Camera Model Resolution | Focal Length | Pixel Size Precalibrated
RedEdge-M, Blue (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, Green (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red edge (5.5mm) | 1280 x 960 | 5.5 mm 3.75x 3.75 pm | Yes
RedEdge-M, NIR (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes

Table 1. Cameras.
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Camera Calibration
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Fig. 2. Image residuals for RedEdge-M, Blue (5.5mm).

RedEdge-M, Blue (5.5mm)
209 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1450.7 0.4 1.00 | -0.13 | -0.84 | 0.28 | -0.00 | -0.33 | 0.39 | 0.03 | 0.18
Cx | 6.98929 0.053 1.00 | 0.10 | 0.24 | -0.06 | 0.02 | -0.05 | 0.64 | 0.02
Cy | 9.29147 0.081 1.00 | -0.20 | 0.13 | 0.24 | -0.30 | -0.03 | 0.10
Bl | -0.0720108 0.023 1.00 | -0.05 | -0.20 | 0.13 | -0.01 | 0.15
B2 | 0.0397628 0.021 1.00 | 0.03 | -0.00 | -0.02 | -0.08
K1 | -0.0953921 0.00013 1.00 | -0.87 | -0.03 | -0.31
K2 | 0.13143 0.00041 1.00 | -0.00 | 0.08
P1 | 9.25405e-005 | 9.3e-006 1.00 | 0.05
P2 | -2,.55437e-005 | 9.8e-006 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 3. Image residuals for RedEdge-M, Green (5.5mm).

RedEdge-M, Green (5.5mm)
209 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1449.71 0.4 1.00 | -0.04 | -0.85 | 0.29 [ 0.01 |-0.35|0.43 | 0.04 | 0.19
Cx | -8.24952 0.051 1.00 | 0.02 | 0.28 | -0.07 | -0.02 | -0.01 | 0.61 | 0.04
Cy | 4.97555 0.081 1.00 | -0.21 ] 0.12 | 0.27 | -0.34 | -0.04 | 0.06
Bl | 0.0938933 0.023 1.00 | -0.04 | -0.22 | 0.15 | -0.02 | 0.17
B2 | 0.208457 0.021 1.00 | 0.03 | 0.00 | -0.02 | -0.08
K1 | -0.0960659 0.00012 1.00 | -0.86 | -0.00 | -0.34
K2 | 0.132929 0.00037 1.00 | -0.01 | 0.09
P1 | 0.000638181 | 8.6e-006 1.00 | 0.04
P2 | -9.9666e-005 | 9.4e-006 1.00

Table 3. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 4. Image residuals for RedEdge-M, Red (5.5mm).

RedEdge-M, Red (5.5mm)
209 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1446.79 0.4 1.00 | -0.02 | -0.83 | 0.29 | 0.02 | -0.34 | 0.37 | 0.02 | 0.20
Cx | -17.2687 0.056 1.00 | 0.01 | 0.25 | -0.05| -0.01 | -0.01 | 0.67 | 0.03
Cy | 17.0212 0.084 1.00 | -0.21 ] 0.10 | 0.25 | -0.29 | -0.02 | 0.10
Bl | 0.114771 0.023 1.00 | -0.04 | -0.21 | 0.14 | -0.03 | 0.15
B2 | 0.164044 0.021 1.00 | 0.02 | 0.00 | -0.01 | -0.08
K1 | -0.101104 0.00014 1.00 | -0.88 | 0.01 | -0.29
K2 | 0.131131 0.00044 1.00 | -0.02 | 0.09
P1 | 4.46595e-005 | 9.9e-006 1.00 | 0.02
P2 | -6.6191e-005 | 1.1e-005 1.00

Table 4. Calibration coefficients and correlation matrix.
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Camera Calibration

Fig. 5. Image residuals for RedEdge-M, Red edge (5.5mm).

RedEdge-M, Red edge (5.5mm)
209 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1449.72 0.4 1.00 | -0.12 | -0.84 | 0.28 | 0.01 | -0.38 | 0.44 | 0.02 | 0.21
Cx | -16.0141 0.05 1.00 | 0.09 | 0.25 | -0.07 | 0.01 | -0.04 | 0.58 | 0.02
Cy | 2.71408 0.078 1.00 | -0.20 | 0.13 | 0.28 | -0.35 | -0.02 | 0.03
Bl | -0.0274362 0.023 1.00 | -0.05 | -0.22 | 0.15 | -0.04 | 0.17
B2 | 0.0569361 0.021 1.00 | 0.03 | -0.00 | -0.02 | -0.09
K1 | -0.101413 0.00012 1.00 | -0.86 | -0.01 | -0.36
K2 | 0.133173 0.00036 1.00 | -0.03 | 0.11
P1 | -0.000339424 | 8.4e-006 1.00 | 0.05
P2 | 2.93009e-006 | 9.1e-006 1.00

Table 5. Calibration coefficients and correlation matrix.
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Fig. 6. Image residuals for RedEdge-M, NIR (5.5mm).

RedEdge-M, NIR (5.5mm)
209 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1453.23 0.4 1.00 | -0.08 | -0.84 | 0.28 | 0.00 | -0.38 | 0.43 | 0.04 | 0.23
Cx | -17.7505 0.051 1.00 | 0.06 | 0.26 | -0.06 | 0.00 | -0.03 | 0.60 | 0.03
Cy | 25.5923 0.08 1.00 | -0.21 ] 0.13 | 0.29 | -0.35 | -0.05 | 0.02
Bl | 0.117769 0.023 1.00 | -0.05|-0.23 | 0.15 | -0.03 | 0.17
B2 | 0.160531 0.021 1.00 | 0.03 | -0.00 | -0.01 | -0.09
K1 | -0.102357 0.00013 1.00 | -0.86 | -0.01 | -0.35
K2 | 0.131481 0.00037 1.00 | -0.02 | 0.11
P1 | 0.000626227 | 8.6e-006 1.00 | 0.05
P2 | 0.000246706 | 9.3e-006 1.00

Table 6. Calibration coefficients and correlation matrix.
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Camera Ce7libration
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Fig. 7. Image residuals for RedEdge-M, Blue (5.5mm).

RedEdge-M, Blue (5.5mm)
536 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1451.13 0.18 1.00 | -0.07 | -0.76 | 0.05 | 0.08 | 0.08 | 0.29 | -0.02 | -0.26
Cx | 7.02661 0.031 1.00 | 0.04 | -0.07 | 0.07 | -0.00 | -0.01 | 0.72 | 0.00
Cy | 9.09088 0.04 1.00 | -0.09 | -0.10 | -0.10 | -0.20 | 0.03 | 0.48
Bl | -0.11978 0.011 1.00 | 0.04 | -0.14 | 0.04 | 0.02 | 0.11
B2 | -0.0651888 0.011 1.00 | -0.04 | 0.03 | 0.01 | 0.04
K1 | -0.0956457 8.5e-005 1.00 | -0.72 | -0.04 | -0.41
K2 | 0.132202 0.00024 1.00 | -0.01 | -0.07
P1 | 0.000124222 5.7e-006 1.00 | 0.04
P2 | -2.53074e-006 | 6.8e-006 1.00

Table 7. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 8. Image residuals for RedEdge-M, Green (5.5mm).

RedEdge-M, Green (5.5mm)
536 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 K3 P1 P2

F 1450.18 0.18 1.00 | 0.01 | -0.78 | 0.06 | 0.08 | 0.01 | 0.09 | -0.04 | 0.02 | -0.27
Cx | -8.32526 0.029 1.00 | -0.02 | -0.07 | 0.07 | 0.00 | 0.00 | 0.00 | 0.70 | -0.02
Cy | 4.82458 0.04 1.00 | -0.10 | -0.10 | -0.05 | -0.04 | -0.00 | -0.00 | 0.46
Bl | 0.105485 0.011 1.00 | 0.04 | -0.05|-0.01 | 0.02 | 0.01 |O0.12
B2 | 0.123417 0.01 1.00 | -0.02 | 0.00 | 0.00 | -0.00 | 0.06
K1 | -0.0969643 0.00017 1.00 | -0.93 | 0.88 | -0.01 | -0.22
K2 | 0.140743 0.0012 1.00 | -0.98 | 0.01 | -0.01
K3 | -0.0196645 0.0027 1.00 | -0.01 | -0.01
P1 | 0.000659292 | 5.3e-006 1.00 | -0.00
P2 | -8.1633e-005 | 6.6e-006 1.00

Table 8. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 9. Image residuals for RedEdge-M, Red (5.5mm).

RedEdge-M, Red (5.5mm)
536 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error |F |Cx |Ccy |BL |[B2 |[KL |K2 |P1 |[P2
F | 144717 0.18 1.00 | 0.01 | -0.75 | 0.06 | 0.09 | 0.05 |0.28 |0.00 |-0.23
Cx | -17.2225 0.033 1.00 | -0.03 | -0.06 | 0.08 | 0.01 | 0.00 | 0.74 | -0.02
Cy | 16.9299 0.042 1.00 | -0.10 | -0.11 | -0.07 | -0.20 | -0.00 | 0.49
B1 | 0.126247 0.011 1.00 | 0.04 |-0.14 [ 0.05 | 0.00 |0.11
B2 | 0.0810247 0.011 1.00 | -0.05|0.03 [0.01 | 0.05
Ki | -0.10141 8.8e-005 1.00 | -0.75 | 0.02 | -0.38
K2 | 0.132233 0.00026 1.00 | -0.02 | -0.05
P1 | 8.65304e-005 | 6.1e-006 1.00 | -0.01
P2 | -5.26208e-005 | 7.2¢-006 1.00
Table 9. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 10. Image residuals for RedEdge-M, Red edge (5.5mm).

RedEdge-M, Red edge (5.5mm)
536 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 K3 P1 P2

F 1450.17 0.18 1.00 | -0.06 | -0.77 | 0.05 | 0.09 | 0.01 | 0.10 | -0.04 | -0.03 | -0.25
Cx | -16.0491 0.029 1.00 | 0.03 | -0.08 | 0.07 | 0.00 | -0.01 | 0.01 | 0.68 | -0.00
Cy | 2.61246 0.039 1.00 | -0.09 | -0.11 | -0.05 | -0.04 | -0.00 | 0.04 | 0.44
Bl | -0.0238746 0.011 1.00 | 0.04 | -0.05 | -0.01 | 0.02 | 0.01 | 0.12
B2 | -0.0631155 0.01 1.00 | -0.02 | 0.00 | 0.00 | -0.00 | 0.04
K1 | -0.102401 0.00016 1.00 | -0.92 | 0.88 | -0.03 | -0.22
K2 | 0.141268 0.0011 1.00 | -0.98 | 0.01 | -0.01
K3 | -0.019558 0.0026 1.00 | -0.02 | -0.00
P1 | -0.000313119 | 5.2e-006 1.00 | 0.05
P2 | 2.95925e-005 | 6.3e-006 1.00

Table 10. Calibration coefficients and correlation matrix.
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Fig. 11. Image residuals for RedEdge-M, NIR (5.5mm).

RedEdge-M, NIR (5.5mm)

536 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1453.63 0.18 1.00 [ -0.03 | -0.77 | 0.06 | 0.08 | 0.06 | 0.33 | 0.00 | -0.24
Cx | -17.8626 0.03 1.00 | 0.01 | -0.07 | 0.08 | 0.00 | 0.00 | 0.69 | -0.01
Cy | 25.6124 0.04 1.00 | -0.10 | -0.10 | -0.08 | -0.24 | 0.01 | 0.44
Bl | 0.148824 0.011 1.00 | 0.04 | -0.14 | 0.05 | 0.01 |O0.11
B2 | 0.0120651 0.011 1.00 | -0.05 ] 0.03 | 0.01 | 0.06
K1 | -0.102263 8e-005 1.00 | -0.70 | -0.00 | -0.44
K2 | 0.131046 0.00022 1.00 | -0.02 | -0.07
P1 | 0.000645444 | 5.3e-006 1.00 | 0.02
P2 | 0.000266448 | 6.5e-006 1.00

Table 11. Calibration coefficients and correlation matrix.
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Camera Locations
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Fig. 12. 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)

1.10778

0.452514

0.835205

1.19664

1.45928

Table 12. Average camera location error.
X - Longitude, Y - Latitude, Z - Altitude.
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Digital Elevation Model
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Fig. 13. Reconstructed digital elevation model.

Resolution: 8.25 cm/pix
Point density: 147 points/m?2
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Processing Parameters

General
Cameras
Aligned cameras
Coordinate system
Rotation angles
Point Cloud
Points
RMS reprojection error
Max reprojection error
Mean key point size
Point colors
Key points
Average tie point multiplicity
Alignment parameters
Accuracy
Generic preselection
Reference preselection
Key point limit
Tie point limit
Filter points by mask
Mask tie points
Adaptive camera model fitting
Matching time
Alignment time
Optimization parameters
Parameters
Adaptive camera model fitting
Optimization time
Software version
DEM
Size
Coordinate system
Reconstruction parameters
Source data
Interpolation
Processing time
Software version
Orthomosaic
Size
Coordinate system
Colors
Reconstruction parameters
Blending mode
Surface
Enable hole filing
Processing time
Software version
Raster Transform
Expression
Software

3725

3055

WGS 84 (EPSG::4326)
Yaw, Pitch, Roll

1,453,783 of 1,625,429
0.192379 (0.684719 pix)
0.700152 (25.2806 pix)
3.23101 pix

1 bands, uint16

No

7.70243

High

Yes

Yes

40,000

4,000

No

No

Yes

18 minutes 13 seconds
1 hours 6 minutes

f, b1, b2, cx, cy, k1k3, p1, p2
Yes

1 minutes 8 seconds
1.5.2.7838

5,279 x 2,040
WGS 84 / UTM zone 15N (EPSG::32615)

Dense cloud

Enabled

1 minutes 4 seconds
1.5.2.7838

17,900 x 5,392
WGS 84 / UTM zone 15N (EPSG::32615)
5 bands, uint16

Mosaic

DEM

Yes

7 minutes 31 seconds
1.5.2.7838

Bl /32768; B2 / 32768, B3 / 32768; B4 / 32768; B5 / 32768
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General
Version 1.5.2 build 7838
Platform Windows 64
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