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Series of measurements:
● 2020 November (base series)

● 2021 March

● 2021 June

● 2021 November

Study data
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Study data
UAV photogrammetry products

Orthomosaics + DEM

2.5D

Point clouds

3D

3



Methods
Horizontal displacements on the basis of orthomosiacs

1st series

2nd series
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Input data
Matching of 

orthomosaics fragments
Map of displacements
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Methods
Vertical displacements on the basis of DEMs

Input data
Shifting and subtracting 

of DEMs fragments
Map of displacements
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2nd series
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Methods
Spatial displacements on the basis of point clouds

Input data
Registration of point 

clouds fragments

Maps of 

displacements

6

1st series

2nd series



Results
Determined horizontal displacements

7

Point clouds

Consistency 
of results:

σdX = 23 mm 

σdY = 22 mm 

Orthomosaics + DEM



Results
Determined vertical displacements
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Consistency 
of results:

σdH = 17 mm 

Orthomosaics + DEM Point clouds



Reference data
Terrestrial laser scanning

2nd series

1st series

(X1,Y1,Z1)

(X2,Y2,Z2)

ΔXY

ΔH
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Results
Accuracy analysis

RMSE [mm] Orthomosaics + DEM Point clouds

dN 25 25

dE 32 29

dH 23 22
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Results
More information in publications

Application of UAV-based orthomosaics

for determination of horizontal

displacement caused by underground mining

Determination of underground mining-induced 

displacement field using

multi-temporal TLS point cloud registration


