
P20

P11

P07

P04

107

106

101

Marker 1

Marker 2

Marker 3

Marker 4

Total Error

100 0.000

Control Points

Check Points

0.005000 0

Marker X(m) Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

469719.692 4976257.951 91.286

101 0.0000.005000 0469716.914 4976267.433 91.197

... ...... ...... ... ...

Marker

Total Error

X(m)

0.005000 5 0.670
0.005000 5 0.684
0.005000 0.009255 5 1.524
0.005000 5 0.546
0.005000 5 0.475
0.005000 5 0.592
0.005000 5 0.731
0.005000 0.019292 5 0.546
0.005000 5 0.468
0.005000 5 0.411
0.005000 5 0.658
0.005000 5 0.271
0.005000 5 0.469
0.005000 0.008326

0.009674 0.637

5 0.351
0.005000 5 0.618
0.005000 5 0.475
0.005000 2 0.165
0.005000 5 1.031
0.005000 5 0.499
0.005000 5 0.622
0.005000 5 0.409
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0.004613
0.007414 
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)
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P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

Marker

Total Error

X(m)

100 0.005000 5
101 0.005000 5

0.704

102 0.005000 5
0.635

103 0.005000 5
0.401

104 0.005000 5
0.727

0.005000 5
0.486

106
0.005000 5

0.980
107

0.005000 5
0.782

108
0.005000 5

0.831
109

0.005000 5
0.592

110
0.005000 5

0.574
111 0.582

0.010723 0.681Control Points
Check Points
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

0.017149

0.015505

0.008605
0.007726

0.006294
0.013646

0.008839
0.008852
0.007963
0.005883

0.010781

Marker

Total Error

X(m)

P01 0.005000 0 0.000
P02 0.005000 0 0.000
P03 0.005000 0.000610 3 0.253
P04 0.005000 0 0.000
P05 0.005000 0 0.000
P06 0.005000 0 0.000
P07 0.005000 0 0.000
P08 0.005000 0.000619 3 0.411
P09 0.005000 0 0.000
P10 0.005000 0 0.000
P11 0.005000 0 0.000
P12 0.005000 0 0.000
P13 0.005000 0 0.000
P14 0.005000 0.000631

0.000620 0.317

3 0.263
P15 0.005000 0 0.000
P16 0.005000 0 0.000
P17 0.005000 0 0.000
P18 0.005000 0 0.000
P19 0.005000 0 0.000
P20 0.005000 0 0.000
P21 0.005000 0 0.000
P22
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

Marker

Total Error

X(m)

0.005000 3 0.654
0.005000 0 0.000
0.005000

0.001933

0 0.00
0.005000 3 0.646
0.005000 0 0.000
0.005000 0 0.000
0.005000 3 0.793
0.005000

0.001942

0 0.000
0.005000 0 0.000
0.005000 0 0.000
0.005000 0 0.000
0.005000 0 0.000
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Marker

Total Error

X(m)

0.005000 5 0.362
0.005000 5 0.371
0.005000 0.006792 5 0.398
0.005000 5 0.756
0.005000 5 0.355
0.005000 5 0.241
0.005000 5 0.546
0.005000 0.011952 5 0.360
0.005000 5 0.348
0.005000 5 0.276
0.005000 5 0.512
0.005000 5 0.422
0.005000 5 0.331
0.005000 0.008627

0.008179 0.412

5 0.317
0.005000 5 0.193
0.005000 5 0.375
0.005000 2 0.131
0.005000 5 0.340
0.005000 5 0.318
0.005000 5 0.658
0.005000 5 0.336

Control Points
Check Points

0.005000

0.007130
0.009383

0.004133
0.002732
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

Aerial Close-Range Chunk - 22 markers
 Control points: 18 markers
 Checkpoints: 4 markers 

Aerial Range Chunk - 10 markers
 Control points: 7 markers
 Checkpoints: 3 markers

Aerial Range Chunk Distortions

Aerial Close Range Chunk 

Error (M)
Error (PIX)
X Error (cm)
Y Error (cm)
Z Error (cm)
XY X Error (cm)
Total (cm)

Control Pt. Check Pt.
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Error (M)
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Step 4: Georeferencing - Placing markers
Final Results

Step 4: Georeferencing - Placing markersProcessing the Data 

- Import the coordinates of the GCPs that were obtain using the Total Station into Metashape 
software to improve the quality and precision of the sparse point cloud after the alignment 
of images. 
- The import was carried out using the following parameters:
 Coordinate system: Local coordinates (m)
 Rotation angle: Yaw, pitch, roll
 Delimiter: Semicolon
 Columns: Rotation box checked 
 Each marker carried the following info: Label, X, Y, and Z coordinates. 

Step 3: Loading data for Georeferencing

- Two methods were employed to place markers. These markers help ensure proper 
alignment and identify errors related to the model’s precision. 

Both chunks initially used guided approach, followed by the manual approach implemented 
gradually as follows:

1.  Places three markers in three different 
images

2.  Use the “update transform” tool

3. Project each marker in five images

4. Use the “optimize camera” tool 

5. Create checkpoints and increase mark-
ers’ projections Manual approach

Guided approach
The software automatically 
projects the markers onto the 
model. They need manual 
verification before being used 
in calculations. 

1 & 2. Total error after placing three markers in three different images and use the update 
transform tool. This tool is used to recalculate and update the global transformation a chunk 
based on changes made to the georeferencing. By suing this tool any changes done in the 
markers is reflected in the 3D Model.

Manually placed through “Place 
a marker” tool. Marked with a 
green flag once confirmed. 

After importing the GCPs

Results after implementing manual apporahc

Aerial Close-Range Chunk: 22 markers
Aerial Range Chunk: 10 markers

0.009982
0.400
0.525082
0.684949
0.501501
0.863057
0.998183

0.029879
0.403
1.47329
0.942346
2.42261
1.74889
2.98791

CoordinatesIdentification

Error (pix): mean square root for the reprojection error for the marker, calculated over all 
images where the marker has been placed. Works as an indicator of the discrepancy a 
marker can have. 

Aim: Less than 1 cm

Number of images the 
marker has been manually 
placed.

5. Control points are essential for anchoring the model to 
a real coordinate system as they are incorporated in the 
calculations to correct positional and orientation errors.

Checkpoints, on the other hand, are unselected 
control points, used to verify the model’s accuracy 
without influencing the calculations. 

3. The markers help to correct image distortion caused by the camera lens. This is why this 
third step of increasing projections was taken. After placing the markers, the update 
transform tool was used again. 
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Fit f
Fit k1

Fit k2
Fit k3

Fit k4
Fit cx,cy

Fit p1
Fit p2

Fit b1
Fit b2

Fit additional 
correctoons

Placed Marker

Marker

Total Error

X(m)

0.005000 5
0.005000 5

0.611

0.005000 5
0.580

0.005000 5
0.240

0.005000 5
0.399

0.005000 5
0.357

0.005000 5
0.729

0.005000 5
0.480

0.005000 5
0.435

0.005000 5
0.462

0.005000

0.017358
0.010937
0.005874
0.013363
0.008324
0.010900
0.008636
0.005967
0.010299
0.008816
0.006766 5
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0.391
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

100
101
102
103
104
106
107
108
109
110
111

Marker

Total Error

X(m)

0.005000 5 0.363
0.005000 5 0.346
0.005000 0.008200 5 0.436
0.005000 5 0.809
0.005000 5 0.284
0.005000 5 0.265
0.005000 14 0.518
0.005000 0.014334 5 0.385
0.005000 7 0.486
0.005000 5 0.310
0.005000 5 0.296
0.005000 5 0.439
0.005000 7 0.246
0.005000 0.009469

0.009316 0.348
0.046258 0.586

5 0.337
0.005000 5 0.204
0.005000 5 0.407
0.005000 2 0.180
0.005000 5 0.343
0.005000 5 0.317
0.005000 5 0.706
0.005000 5 0.377
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Check Points
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Y(m) Z (m) Accuracy (m) Error (m) Projections Error (pix)

P01
P02
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P04
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P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

Marker

Total Error

X(m)

100 0.005000 5
0.005000 5

0.597

0.005000 5
0.387

0.005000 6
0.206

0.005000 5
0.323

0.005000 5
0.307

0.005000 5
0.428

0.005000 5
0.394

0.005000 10
0.399

0.005000 5
0.367

0.005000

0.019058
0.026860
0.003528
0.012161
0.005754
0.041847
0.014341
0.004503
0.010133
0.007031
0.008250 5
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101
102
103
104
106
107
108
109
110
111

0.009316
0.348
0.796157
0.419863
0.240099
0.900084
0.931557

0.046258
0.586
4.42463
1.24039
0.53084
4.5952
4.62576

- Camera calibration determines:
 Intrinsic parameters: focal length, principal point, 
distortion coefficient, etc.
 extrinsic parameters: rotation matrix and translation 
vector of a camera. 

This process corrects lens distortions (radial, tangential), 
establishing accurate geometric relationships between the 
3D scene and its 2D image projection, and ensuring 
precision in applications such as 3D modeling and 
photogrammetric reconstruction. 

Tangential Distortion (p1, p2): Caused by lens misalignment 
or decentring causes the image to skew in specific directions. 
It results in asymmetrical distortion, typically smaller than 
radial distortion in high-quality lenses, but can be significant 
in lower-cost lenses.

Radial Distortion Coefficients (k1, k2, k3, k4): Displays how 
the lens introduces distortion that increases with distance 
from the principal point (center of the image). It is caused by 
variations in light refraction through lens components 

Step 5: Camera alignment

4. To reduce the error per chunk, the optimize camera alignment tool was used.  This 
command performs a full bundle adjustment procedure on the aligned photogrammetric 
block, simultaneously refining exterior and interior camera orientation parameters and 
triangulated tie points coordinates. The adjustment is made based on all available 
measurements. The next parameters were chosen:

(X, Y)

(Xw, Yw, Zw)
(Xc, Yc, Zc)

Image coordinates system World coordinate systemCamera coordinates system

Xc

Yc

Zc

Zw

Yw

Xw

Extrinsic parameters 
calibration

Intrinsic parameters 
calibration

X

Y

f:
k1:
k2:
k3:
k4:

3713.29
-0.112575
0.0148744
-0.0270641
0

Type:

Initial

Precalibrated

f:
k1:
k2:
k3:
k4:
Fixed parameters
Image variant parameters

None
None

cx:
cy:
p1:
p2:
b1:
b2:

7.02
-8.72
1e-07
-8.572e-05
0
0

3773.58368
-0.236842
0.346443
-0.390364
0.14145

Type:

Adjusted

Precalibrated

cx:
cy:
p1:
p2:
b1:
b2:

16.8144
-31.9705
2.8877e-05
-0.000314741
-0.0738402
0.0740171

3713.29
-0.112575
0.0148744
-0.0270641
0

Type:

Initial

Precalibrated

f:
k1:
k2:
k3:
k4:
Fixed parameters
Image variant parameters

None
None

cx:
cy:
p1:
p2:
b1:
b2:

7.02
-8.72
1e-07
-8.572e-05
0
0

f:
k1:
k2:
k3:
k4:

3765.9261
-0.235275
0.341882
-0.384124
0.138636

Type:

Adjusted

Precalibrated

cx:
cy:
p1:
p2:
b1:
b2:

16.8207
-30.6922
-5.83685e-06
-0.000255113
0.297651
0.222784
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