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Hydro-morphological mapping of river reaches 

using videos captured with UAS
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- To illustrate approaches of topographic and bathymetric survey and flow velocity and discharge measurement

at river reach scale

Two study sites

River in 
cold
climate
(Pulmanki, 
Finland)

River in continental climate (Sajo, Hungary)
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- Using UAV photogrammetry to reconstruct the earth surface above and below the water surface

Topographic mapping Kraus, 2007

200 m

250 m

Freiberger 
Mulde

Sajo Pulmanki
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- Underwater region error during

reconstruction due to refraction impact

- Needs correction

- Improving visibility of river bed at more

turbulent locations

- Stacking co-registered images

- Calculation of median image

River bathymetry

Original 
image

Filtered image

𝑛1 sin 𝑖 = 𝑛2𝑠𝑖𝑛 𝑟

Dietrich, 2017
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River bathymetry

150 m 200 m

Sajo

Pulmanki
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- Comparing water depth to RTK GNSS point measurements

at Pulmanki

River bathymetry

0             100         200 m

RTK GNSS 
height
reference

Pulmanki

Eltner et al., 2021
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m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames (same 

approach as for median images)

Image co-registration

Eltner et al., 2022
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m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames

(same approach as for median images)

- Mask water area

Masking region of interest
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m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames

(same approach as for median images)

- Mask water area

- Extract features for tracking

Feature detection

Eltner et al., 2022
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m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames

(same approach as for median images)

- Mask water area

- Extract features for tracking

- Match features

Feature tracking



UAV image sequence processing
11

11

- PTV workflow

- Frame preparation  co-registration of frames

(same approach as for median images)

- Mask water area

- Extract features for tracking

- Match features

- Filter false tracks

Filtering tracks

filtering tracks considering 
- Main flow direction
- Steadiness of tracks
- Minimum number of frames
- Minimum and maximum

plausible velocity

Unfiltered Tracks Filtered Tracks
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- PTV workflow

- Frame preparation  co-registration of frames

(same approach as for median images)

- Mask water area

- Extract features for tracking

- Match features

- Filter false tracks

- Scale tracks via water surface intersection 

considering waterlevel and camera pose (pose

estimation  get exterior orientation/position of 

camera)

Scaling feature tracks

m/s

𝑋0, 𝑌0, 𝑍0, ω, φ, κ
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m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames 

(same approach as for median images)

- Mask water area

- Extract features for tracking

- Match features

- Filter false tracks

- Scale tracks via water surface intersection 

considering waterlevel and camera pose (pose

estimation  get exterior orientation/position of 

camera)

Scaling feature tracks

𝑝…𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑖𝑛 𝑖𝑚𝑎𝑔𝑒
𝑃…𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑛 𝑤𝑎𝑡𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒

𝑝𝑡1 𝑝𝑡1+1

𝑃𝑡1 𝑃𝑡1+1

water
surface

image 
sensor

𝑋0, 𝑌0, 𝑍0
ω,φ, κ
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Eltner et al., 2020

[m/s]

m/s

m/s

m/s

- PTV workflow

- Frame preparation  co-registration of frames 

(same approach as for median images)

- Mask water area

- Extract features for tracking

- Match features

- Filter false tracks

- Pose estimation  get exterior 

orientation/position of camera

- Scale tracks 

- Eventually retrieve velocity considering video

frame rate

Scaling feature tracks

github.com/AnetteEltner/FlowVeloTool
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 Along river reaches

  Tracking similar to stationary captured

videos, but scaling different in regard to pose

estimation and water level assignment

Flow velocity measurement

Eltner et al., 2021
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Flow velocity measurement
Sajo

Pulmanki
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- At entire river reaches  accuracy assessment

Flow velocity measurement

Sajo

Eltner et al., 2021
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- For different extracted cross-sections and compared to

discharge measured with ADCP

Discharge measurement

reference cross section 1 cross section 2 cross section 3

discharge 
[m³/s] Pulmanki

3.24 2.61 (-5%/+31%) 3.08 (-51%/+9%) 2.98 (-15%/+11%)

discharge 
[m³/s] Sajo

11.9 12.52 (+/-4%) 11.32 (+/-3%) 11.51 (+/-5%)

0        100     200 m0    50   100 m

Cross-section 2 Pulmanki

1

2

3

3

2

1

Sajo Pulmanki

Change in discharge due to water
level error of 2 cm
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- Assess change of flow patterns in flood scenarios

Next steps to do…

0        50    100 m
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- Assess change of flow patterns in flood scenarios

Next steps to do…

0        50    100 m
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17.05.21 (midday)
WL: 0.95 m

Accuracy 
CP: 3.3 cm 20.05.21

WL: 2.1 m
21.05.21
WL: 2.0 m

Accuracy 
CP: 2.9 cm 

- Assess change of flow patterns in flood scenarios

Next steps to do…
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Thank you for your attention


