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

Number of images: 598

Flying altitude: 25.3 m

Ground resolution: 1.42 cm/pix

Coverage area: 2.54e+03 m²

Camera stations: 598

Tie points: 227,573

Projections: 811,305

Reprojection error: 1.78 pix

Camera Model Resolution Focal Length Pixel Size Precalibrated

M3M (4.34mm) 2592 x 1944 4.34 mm 2 x 2 μm Yes

Table 1. Cameras.
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Camera Calibration

1 pix
Fig. 2. Image residuals for M3M (4.34mm).

M3M (4.34mm)

598 images, precalibrated

Type Resolution Focal Length Pixel Size

Frame 2592 x 1944 4.34 mm 2 x 2 μm

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

F 2186.72 0.086 1.00 -0.04 -0.45 -0.26 -0.05 -0.49 0.45 -0.41 0.38 0.01 -0.34

Cx 13.1116 0.095 1.00 0.04 -0.02 0.14 -0.02 0.02 -0.02 0.03 0.85 0.01

Cy -7.84127 0.11 1.00 -0.13 0.10 -0.01 -0.00 0.01 -0.01 -0.01 0.69

B1 0.271198 0.034 1.00 -0.04 0.01 -0.02 0.02 -0.02 -0.00 0.19

B2 -0.893424 0.029 1.00 0.00 -0.00 0.00 -0.00 -0.10 0.02

K1 0.0165836 0.00046 1.00 -0.97 0.93 -0.88 -0.02 -0.03

K2 -0.09642 0.0033 1.00 -0.99 0.96 0.02 -0.00

K3 0.146083 0.0096 1.00 -0.99 -0.02 0.01

K4 -0.161506 0.0094 1.00 0.02 -0.01

P1 0.000410996 1.4e-05 1.00 -0.01

P2 0.000549809 1.3e-05 1.00

Table 2. Calibration coefficients and correlation matrix.
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Ground Control Points
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Fig. 3. 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)

18 0.306797 0.375534 0.23056 0.484923 0.536944

Table 3. Control points RMSE.

X - Easting, Y - Northing, Z - Altitude.

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

5 0.856877 0.841931 0.996826 1.20129 1.56101

Table 4. Check points RMSE.

X - Easting, Y - Northing, Z - Altitude.
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

1000

3000

2000

M2001

M2002

M2003

M2004

V2005

V2006

F2007

F2008

F2015

F2016

F2017 0.205519 0.235408 -0.206602 0.374619 0.226 (13)

F2018 -0.220116 0.125183 -0.176021 0.308391 0.733 (9)

F2020 -0.267458 -0.129604 0.259913 0.394824 0.498 (11)

F2021

F2022

F2023

F2024 -0.48022 0.611131 0.465277 0.905856 0.269 (10)

F2025

F2026

F2027

F2028

M2029

M2030 0.125719 -0.248419 0.226147 0.358691 0.247 (10)

M2031

M2032

M2033

C2034

C2035
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

F2035

F2036

F2037

M2038

F2039

F2040

F2041

F2042

F2043

F2044

F2045

F2046

F2047

F2048

F2049 0.394344 0.400058 -0.549229 0.785625 0.220 (10)

F2050

F2051

F2052

F2053 0.273689 0.180141 -0.178858 0.373292 0.598 (8)

F2054

F2055

F2056

F2057

F2058

M3050 -0.557554 -0.226381 0.173282 0.626212 0.239 (7)

M3051

M3052 -0.431415 -0.0657819 0.0807417 0.443808 0.431 (10)

F3053

F3055

V3056 0.348536 0.161871 0.310289 0.493922 0.260 (12)

V3057

V3058
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

V3059

F3062

F3063

F3064 -0.105507 0.755268 0.0347041 0.763391 0.326 (11)

F3065

F3066

F3067

F3068 -0.24777 -0.395168 0.00963891 0.46652 0.393 (10)

F3069

M3070

M3071 0.328511 -0.0153796 -0.0709188 0.33643 0.125 (10)

F3072

F3073

F3074

F3075

M1100

M1102 0.206418 -0.336069 -0.00370055 0.394417 0.483 (12)

M1103

M1104

M1105

M1106

M1107

M1108

V1109 0.298456 -0.186281 -0.185449 0.397703 0.178 (12)

F1110 0.295139 0.172492 -0.123151 0.363355 0.564 (10)

F1111 0.0256464 -0.905037 -0.141307 0.916361 0.340 (14)

F1112

F1113

F1114

F1115

F1116

F1117
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Label X error (cm) Y error (cm) Z error (cm) Total (cm) Image (pix)

F1118

F1119

F1120

F1121

F1122

F1123

F1124 -0.191936 -0.133434 0.0752448 0.245572 0.187 (10)

F1125

point 1

point 2

point 3

point 4

point 5

point 6

point 7

point 8

point 9

point 10

point 11

point 12

Total 0.306797 0.375534 0.23056 0.536944 0.379

Table 5. Control points.

X - Easting, Y - Northing, Z - Altitude.

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

F2019 -0.237501 0.508366 0.793702 0.972011 0.642 (14)

F3054 -0.550136 1.19633 -1.02596 1.66926 0.515 (11)

V3060 -0.44909 1.24832 0.519193 1.42462 0.427 (13)

F3061 1.06029 -0.508091 -1.30207 1.75435 2.469 (11)

M1101 1.40934 0.195353 -1.14927 1.82899 0.320 (11)

Total 0.856877 0.841931 0.996826 1.56101 1.149

Table 6. Check points.
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X - Easting, Y - Northing, Z - Altitude.
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Digital Elevation Model

239 m

263 m

20 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 2.84 cm/pix

Point density: 0.124 points/cm²
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Processing Parameters

General
Cameras 598
Aligned cameras 598
Markers 120
Coordinate system WGS 84 / UTM zone 32N (EPSG::32632)
Rotation angles Yaw, Pitch, Roll

Tie Points
Points 227,573 of 327,457
RMS reprojection error 0.209981 (1.78439 pix)
Max reprojection error 1.58113 (57.8551 pix)
Mean key point size 7.56199 pix
Point colors 1 bands, uint16
Key points 348.51 MB
Average tie point multiplicity 4.33091
Alignment parameters

Accuracy Medium
Generic preselection No
Reference preselection Source
Key point limit 40,000
Key point limit per Mpx 4,000
Tie point limit 4,000
Exclude stationary tie points No
Guided image matching No
Adaptive camera model fitt ing No
Matching time 3 minutes 18 seconds
Matching memory usage 83.47 MB
Alignment time 3 minutes 47 seconds
Alignment memory usage 501.11 MB

Optimization parameters
Parameters f, b1, b2, cx, cy, k1-k4, p1, p2
Adaptive camera model fitt ing No
Optimization time 6 seconds

Date created 2023:11:21 17:26:10
Software version 1.8.5.15709
File size 32.97 MB

Point Cloud
Points 7,349,617
Point attributes

Color 1 bands, uint16
Normal

Point classes
Created (never classified) 7,349,617

Depth maps generation parameters
Quality High
Filtering mode Mild
Max neighbors 16
Processing time 44 minutes 3 seconds
Memory usage 2.65 GB

Point cloud generation parameters
Processing time 56 minutes 38 seconds
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Memory usage 10.51 GB
Date created 2024:01:17 16:23:20
Software version 2.0.3.16960
File size 388.77 MB

DEM
Size 1,996 x 823
Coordinate system WGS 84 (EPSG::4978)
Reconstruction parameters

Source data Point cloud
Interpolation Disabled
Processing time 1 seconds
Memory usage 202.56 MB

Date created 2024:01:19 16:07:13
Software version 2.0.3.16960
File size 3.48 MB

Orthomosaic
Size 1,887 x 778
Coordinate system WGS 84 (EPSG::4978)
Colors 1 bands, uint16
Reconstruction parameters

Blending mode Mosaic
Surface DEM
Enable hole filling No
Enable ghosting filter No
Processing time 2 minutes 8 seconds
Memory usage 90.13 MB

Date created 2024:01:19 16:18:58
Software version 2.0.3.16960
File size 271.41 MB

System
Software name Agisoft Metashape Professional
Software version 2.0.3 build 16960
OS Windows 64 bit
RAM 127.91 GB
CPU Intel(R) Core(TM) i7-6850K CPU @ 3.60GHz
GPU(s) Quadro M2000
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