TECHNISCHE A‘
@ UNIVERSITAT DRESDEN
DRESDEN concept W gpd

Institute of Photogrammetry and Remote Sensing
Chair of Photogrammetry

Full-waveform stacking techniques applied to
coastal LIDAR bathymetry data

David Mader, Katja Richter, Patrick Westfeld, Hans-Gerd Maas
HYDRO2024, Rostock-Warnemunde, 05 Nov 2024



Content

115,000,000 - L - o fr"
1:75,000 f i
full-waveform : &% :
= ﬁ % )
ar g
® g
e 8
E‘ L HHHH NL = S { 3
'—‘: F number of ™ W f 1: 500,000 r
c| samples \ ., sampling time i Sytt * :
2 \ \ intervall tsi 4
\ J \\ :) \ Eohr . p ‘.— ”
amplitude As 1 A i y . |
| ofanecho \ \ [ & 10 B ’
m
R > 10 455000
0 20 40 60 80
time /sample
height coordinate [m] height coordinate [m] height coordinate [m]
-2.54 -2.54 -2.54
-2.77 -2.77 -2.77
stacked full-waveform
T T T -3.00 -3.00 -3.00
— [ -3.24 3.24 -3.24
g ter surf. ;
e. L water surface 347 \ 3.47 \ 3.47(
o f \
e} 3.70 . 370 370 |0
3+ ot
2 &
%_ L 4 3.94 o -3.94 3.94
= water bottom | a7 s ap
< f
o[ ] -4.40 -4.40 -4.40 ’
C L i Y Y Y
bo 4 — o ¥ —wmm X SEom Ex
I owpP sigFWFS VvolFWFS
L " | "
Samples
TECHNISCHE Full-waveform stacking techniques applied to coastal LiDAR bathymetry data i
UNIVERSITAT HYDRO2024, D. Mader, K. Richter, P. Westfeld, H.-G. Maas 2 DRESDEN ‘\ h
DRESDEN Rostock-Warnemiinde // 5 Nov 2024 concept R



Measurement principle - airborne laser bathymetry (ALB)
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Advanced methods for determining water bottom points

- basic principle:

- assumption: closely neighboring measurement data have very similar characteristics in terms of water

depth (with steady water bottoms)

- no isolated evaluation of the measurement data

- combined evaluation of spatially closely neighboring measurement data to derive water depth
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Advanced methods - full-waveform stacking
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PFG (2027) 89:139-158
https://doi.org/10.1007/541064-021-00147-y

ORIGINAL ARTICLE

Advanced methods - signal-based fwf stacking (1)

(S| FW FS) Potential of a Non-linear Full-Waveform Stacking Technique
g in Airborne LiDAR Bathymetry

Demonstration of Full-Waveform Stacking Techniques on Data from the Elbe River

- definition of neighborhood is based on position of first echo point

David Mader'® . Katja Richter' - Patrick Westfeld? - Hans-Gerd Maas'

- partioning of survey datain a regular grid

- combined processing of all survey data within a grid cell

Source: Mader et al. 2023IHR
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ORIGINAL ARTICLE

Advanced methods - signal-based fwf stacking (2)

(S| FW FS) Potential of a Non-linear Full-Waveform Stacking Technique
g in Airborne LiDAR Bathymetry

Demonstration of Full-Waveform Stacking Techniques on Data from the Elbe River

- d | Ign ment Of fu | |-Wavefo rms David Mader'® . Katja Richter' - Patrick Westfeld? - Hans-Gerd Maas'

- accumulation of individual full-waveform to stacked full-waveform

- stacked full-waveform has an improved signal-to-noise ratio
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Contents lists available at ScienceDirect

ISPRS Journal of Photogrammetry and Remote Sensing

. X -
ELSEVIER journal homepage: www.elsevier.com/locate/isprsjprs

Advanced methods - volumetric fwf stacking (1)

(VO | FW F S) Volumetric nonlinear ortho full-waveform stacking in airborne LiDAR
bathymetry for reliable water bottom point detection in shallow waters

D. Mader *", K. Richter?, P. Westfeld ", H.-G. Maas *

- integration of all full-waveform information into the voxel space
(mapping of amplitudes)

- close neighborhood is guaranteed along the entire water column

- water/voxel column = processing unit
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Advanced methods - volumetric fwf stacking (2) = 23
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(V O I FW F S) Volumetric nonlinear ortho full-waveform stacking in airborne LiDAR
bathymetry for reliable water bottom point detection in shallow waters
D. Mader *", K. Richter?, P. Westfeld ?, H.-G. Maas*

- mapping of full-waveform sample information into the voxel space

- generation of an ortho full-waveform

- ortho full-waveform has an improved signal-to-noise ratio
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(V O I FW F S) Volumetric nonlinear ortho full-waveform stacking in airborne LiDAR
bathymetry for reliable water bottom point detection in shallow waters
D. Mader *", K. Richter?, P. Westfeld ?, H.-G. Maas*

- mapping of full-waveform sample information into the voxel space
- generation of an ortho full-waveform

- ortho full-waveform has an improved signal-to-noise ratio
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(VO I FW F S) Volumetric nonlinear ortho full-waveform stacking in airborne LiDAR
bathymetry for reliable water bottom point detection in shallow waters

D. Mader *", K. Richter?, P. Westfeld ?, H.-G. Maas*

water depth
ortho Waveform

N\

\II‘I\Il\II‘\\\lI\I}II\

signal amplitude [DN]

water surface

water bottdm

I\I‘Ol\l\l\‘\\l‘l\ll\l\

TECHNISCHE Full-waveform stacking techniques applied to coastal LIDAR bathymetry data e
UNIVERSITAT HYDRO2024, D. Mader, K. Richter, P. Westfeld, H.-G. Maas 14 DRESDEN \
DRESDEN Rostock-Warnemiinde // 5 Nov 2024 cancept R pd



signal amplitude [DN]

III‘I\Il\II'\\IlI\IlIIT

Advanced methods - volumetric fwf stacking (2)

(VOIFWES)

ortho waveform
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Volumetric nonlinear ortho full-waveform stacking in airborne LiDAR
bathymetry for reliable water bottom point detection in shallow waters

D. Mader *", K. Richter?, P. Westfeld ", H.-G. Maas *
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Advanced methods - volumetric fwf stacking (2)
(volFWFS)
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Laser bathymetry in nearshore areas of the North Sea (BSH/TUD)
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Laser bathymetry in nearshore areas of the North Sea (BSH/TUD)
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Laser bathymetry in nearshore areas of the North Sea (BSH/TUD)
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Results - comparison of point cloud with hydroacoustic measurements
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Source: Mader et al. 2023IHR
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Results — accuracy and reliability as a function of the water depth
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Results — accuracy and reliability as a function of the water depth
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Results - additional information
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Source: Mader et al. 2023IHR

TECHNISCHE Full-waveform stacking techniques applied to coastal LiDAR bathymetry data
UNIVERSITAT HYDRO2024, D. Mader, K. Richter, P. Westfeld, H.-G. Maas 24 DRESDEN

rA

h

DRESDEN Rostock-Warnemiinde // 5 Nov 2024 concept ‘v)



Publications regarding full-waveform stacking processing methods

signal-based full-waveform stacking (PFG Journal):

- Mader, D., Richter, K., Westfeld, P. & Maas, H. (2021). Potential of a Non-linear Full-Waveform Stacking Technique in
Airborne LiDAR Bathymetry. PFG - Journal Of Photogrammetry Remote Sensing And Geoinformation Science, 89(2),
139-158. https://doi.org/10.1007/s41064-021-00147-y

volumetric full-waveform stacking (ISPRS Journal):

- Mader, D., Richter, K., Westfeld, P. & Maas, H. (2023). Volumetric nonlinear ortho full-waveform stacking in airborne
LiDAR bathymetry for reliable water bottom point detection in shallow waters. ISPRS Journal Of Photogrammetry And
Remote Sensing, 204, 145-162. https://doi.org/10.1016/j.isprsjprs.2023.08.014

application to maritime water - North Sea (The International Hydrographic Review - IHR):

- Mader, D., Richter, K., Westfeld, P., Nistad, J. & Maas, H. (2023). Analysis of the potential of full-waveform stacking
techniques applied to coastal airborne LiDAR bathymetry data of the German Wadden Sea National Park. The
International Hydrographic Review, 29(2), 46-64. https://doi.org/10.58440/ihr-29-2-a31

For more information please contact: david.mader@tu-dresden.de
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https://doi.org/10.1007/s41064-021-00147-y
https://doi.org/10.1016/j.isprsjprs.2023.08.014
https://doi.org/10.58440/ihr-29-2-a31
mailto:david.mader@tu-dresden.de

Research Project - Laser bathymetry in nearshore areas of the North Sea
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