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“The main objective is to generate a digital model of a river bed and its adjacent land
surface using close-range photogrammetry from an UAV and image matching techniques.

The quality of the model will be assessed based on GNSS and levelling techniques.

The case study will be elaborated using the data from the upper part of the Jizera river
of the Czech-Polish border.“



Snell's law 
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The main barrier to accurate bathymetric 
mapping with any photogrammetric technique 

(and also with ALB systems) is correcting  for 
the refraction of light as it passes between two 

different media (air and water  interface).

ℎ = 1.34 × ℎ𝐴
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Refraction of light causes water depths to 
appear shallower than they are. 
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The mapped part of the Jizera river was selected by the Polish
team from University of Wroclaw as a suitable river channel
with slow water flow and clean water providing
favourable conditions to test the capabilities of the
UAV two-media photogrammetry.

optimal site conditions: 
✓ Clear & SHALLOW water
✓ minimal surface waves
✓ Slow water flow
✓ optimal weather conditions
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UAV imagery – DJI Phantom 4 Pro

coordinates of ground control points

reference levelling data
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DEM_river_bottom_CORRECTED = 
1.34* DEM_river_bottom _UNCORRECTED 

-0.34* DEM_water_surface

original DEMs were replaced 
with elevation corrected  for 

water refraction using the  
water mask  and the derived 

DEMs of the river bed.
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Resolution 1 cm 2 cm 3 cm

GCP
(largest)

Total values of vertical and horizontal errors on Ground Control Points used for 

georeferencing and independent Check Points for validation of the georeferencing:



DEM resolution
COUNT REF 

POINTS
MIN MAX MEDIAN MEAN MEAN_ABS STDEV RMSE

diff_DEM1cm 91 -0,028 0,824 0,167 0,171 0,172 0,120 0,209

diff_DEM2cm 91 -0,034 0,672 0,172 0,168 0,170 0,121 0,207

diff_DEM3cm 91 -0,035 0,647 0,180 0,184 0,186 0,124 0,222

diff_DEM1cm_COR 91 -0,059 0,824 0,064 0,076 0,083 0,107 0,131

diff_DEM2cm_COR 91 -0,079 0,672 0,053 0,071 0,070 0,116 0,136

diff_DEM3cm_COR 91 -0,085 0,647 0,065 0,090 0,094 0,120 0,154

OVERALL ERROR STATISTICS BEFORE AND AFTER CORRECTING DEM ELEVATIONS:

effects of refraction correction on channel bed elevations:

DEM 
1 cm

DEM 
2 cm

DEM 
3 cm





Future research: E.G., what results the applied method would achieve on different types of other clear water
bodies OR what results would be achieved if the robust method for refraction was used on our data. 

The generated DEMs provide highly detailed
representation of the river bed morphology.

Structure-from-Motion has the potential to be a powerful 
and inexpensive tool for fluvial remote sensing.

flying heights of imagery acquisition have an effect on 
the digital elevation model quality.
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