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HydroVish: ONE powerful software to 
handle multiple terabytes of data!

MTA

Waveform processing

Quality Management

Manual or Automatic Classification

Strip Adjustment

Refraction

Data export: tiff, las, shapes etc.



End-to-End Workflow: 
From RXP to Bathymetry in HydroVish

Å Baltic See: 3 TB

Å Eider Piep 3.19 TB

Å Elbe 5.19 TB



Which WORKFLOW

(GUI vs Terminal)



Which Workflow? 

Graphical User Interface



Which Workflow? 

Current Step

Prev. Step Next Step



Which Workflow? 

Console use (e.g., bash, MSYS2)



READ Riegl-RXP FILES 



Convert Riegl Native File Format RXP to F5

(two ways: either via rivlib or riunite/ rdbLib)

rxp

rivLib

rdbLib
F5

RiUNITE



RivLib vs RDBLib: First Impressions

ÅRiUnite creates 5 out-files which can be read 
by rdbLiB (no license necessary for raw data 
export)

ÅRDBLib is slightly slower due to indexing and 
duplicates data (rxp->rdbx->f5)

 

 

sodx

Two indices

sbx

Two indices

sp0 sp1

owpTwo indices



RivLib vs RDBLib: First Impressions

ÅRDBLib very versatile to 
manipulate/inspect data, e.g.:

 

 

rdbadmin ς Riegl Software



For pure Data-Export we use rivLib!

rxp

rivLib

rdbLib
F5

RiUNITE



F5/hdf5 ς IȅŘǊƻǾƛǎƘΩǎ ǳƴŘŜǊƭȅƛƴƎ Řŀǘŀ 
layout

ÅWhy hdf5

ïOrganizes data like a file system (groups 
and datasets), Self-Describing Format!

ïFor large volumes of data (terabytes or 
more)

ïVarious compression filters (e.g., GZIP, SZIP, 
LZF)

ïhigh-speed data read/write operations



F5/hdf5 ς IȅŘǊƻǾƛǎƘΩǎ ǳƴŘŜǊƭȅƛƴƎ Řŀǘŀ 
layout

Waveforms



WAVEFORM PROCESSING



Waveform processing ς What do I need?

Online Point CloudAll Laser ShotsWaveforms

Needed when 
Waveforms are missing

Needed MTA,
SOCS 

Waveform processing



Waveform processing ς Peak detection

Å Simple Peak Detection

ï A point is considered a peak if its value is greater (+ extra!) than both 
its immediate neighbors.

ï Fast and efficient, but low quality.

Å Linear Gaussian Fit

ï A Gaussian curve is fit using three points: Left, Center, and Right.

ï Provides a sub-sample estimate of the peak-location.

Å Gaussian Decomposition

ï The waveform is decomposed into a sum of Gaussian components.

ï Allows detection of overlapping or closely spaced returns.

Å RichardsonςLucy (RL) Deconvolution

ï An iterative method to deblur waveforms and enhance resolution.

ï Useful for distinguishing overlapping peaks in low-SNR conditions.

Å Hybrid Approach

ï Combines Gaussian Decomposition with RL deconvolution.

ï Vegetation & Waterbody=RL, rest with Gaussian Decomposition



Gaussian - Decomposition: Simple/Linear 
Peak Detection (precondition)



Gaussian - Decomposition



Waveform processing: Richardson Lucy

ÅWith the known System-Wave (analytical eq):
ïWith the known system wave (analytical equation), increase its 

resolution by a factor of 6 to capture fine details accurately

ï Perform convolution of the current guess with the high-resolution 
system wave

ï Compare the convolved result with the observed return waveform

ï Update the guess iteratively to better fit the observed data 

ï Using Fast Fourier Transform (FFT) to speed up calculation

ÅResult: This method effectively removes the system pulse from the 

return signal, eliminating smearing and blurring. The outcome is a 
sharpened, deblurred waveform that enables straightforward and 
accurate peak detection.



Waveform processing: Richardson Lucy

Deblurred and
Sharper peaks!



Waveform processing: Richardson Lucy

OWP

R&L



Waveform processing - Noise

Å {ƻƳŜ Ŧƛƴŀƭ ƴƻǘŜǎ ŀōƻǳǘ ΨƴƻƛǎŜΩ ƛƴ ǿŀǾŜŦƻǊƳǎ

ï Aggressive peak detection via Mean-Value (@local region) ± STD



Waveform processing - Noise

Å {ƻƳŜ Ŧƛƴŀƭ ƴƻǘŜǎ ŀōƻǳǘ ΨƴƻƛǎŜΩ ƛƴ ǿŀǾŜŦƻǊƳǎ

ïAggressive peak detection via Mean-Value (@local region) ± STD

ïSmall peaks captured but introduces also some noise



Waveform processing ς Noise, Remove 
flaw echoes

Å {ƻƳŜ Ŧƛƴŀƭ ƴƻǘŜǎ ŀōƻǳǘ ΨƴƻƛǎŜΩ ƛƴ ǿŀǾŜŦƻǊƳǎ

ï Aggressive peak detection via MeanValue (@local region) ± STD

ï Small peaks captured but introduces also some noise

ï Two Criteria to remove noise: 1) How many points per sphere and 2) 
smallest distance to center point

dist=      ,density= dist=      ,density= dist=      ,density=



MULTIPLE TIME AROUND (MTA)



MTA (Multiple Time Around)

Shot-Time: @0
ὙὥὲὫὩ

ὧ ὸ

ς

Every returned waveform received by the system unambiguously 
corresponds to the most recent laser pulse emitted. NO MTA-Problem!



MTA (Multiple Time Around)

Shot-Time: @? 

Which corresponding time stamp for the current received 
signal?  (5 shots back!)



MTA: Repetition rate will be changed 
according Barker-7 (@Riegl)

MTA 1

MTA 2

MTA 3

Which one has the lowest noise energy? 



MTA Transition



MTA Transition



MTA Transition



CLASSIFICATION



Classification 

ÅRandom forest  (~95%) 

ïmlpack is an intuitive, fast, and flexible 
header-only C++ machine learning library

ïAlpha Expansion

ÅEnergy-Based Label Optimization

ÅGraph-Cut Inference

ÅManual Classification (tedious last ~5%)

ïWerner will show you more on that



Random forest, Features from lidar/fwf 
processing

ÅAmplitude

ÅReturn-Number, Number of Returns

ÅScan angle

ÅPulse With

ÅΧ



Random forest, 12 handcrafted features

ÅHeight Variance, Relative-Height

ÅPoint Density

ÅCurvature

ÅRoughness

ÅOrientation (Altitude & Azimuth)

ÅShape factors(Linear, Normal-Vector, 
Planarity and Spherical)

ÅΧΦ



Random forest, Training Set?

Å3 Sets:

ïOne for sea

ïOne for river

ïGeneral (sea & river)



Random forest, Training Set?



Random forest, Training Set?



Random forest, Training Set?



Random forest, Classify



Random forest, Classify



Random forest, Classify ς Problems ?

? ?



STRIP ADJUSTMENT



Strip Adjustment 

ÅIterative Closest Point (ICP)

ïGeneral Rigid Transformation with 6 
optimization variables per strips (only used 
if no scanner coords are available) 

ÅRigorous via ICP (Glira et al, 2015)

ïAHM Standard   



Strip Adjustment - Rigorous 

ÅOptimized Parameters, scanner 2 world:

ïGlobal Parameters:
ÅRange and angle offset (3)

ÅRange and angle scale (3)

ÅMisalignment angles (3)

ÅLever Arm (3)

ïLocal Parameters for each Strip (Trajectory 

Correction):
ÅAngel (3)

ÅPositions (3)



Strip Adjustment - Rigorous 

ÅOptimized Parameters, scanner 2 world:

ïGlobal Parameters:

Å12 Parameters

ïLocal Parameters for each Strip (Trajectory 
Correction):

Å6 Parameters per Strip and a spline function for 
each parameter (4) is used: 6*4=per strip=24 

Number Of Parameters: 12 + 24*Number of Strips!

(More parameters if strips are split!)



Strip Adjustment - Solver

ÅSolver: Ceres-Solver from Google for 
solving nonlinear least squares 
problems

ÅAutomatic Differentiation no Jacobi-
Matrix needed but all residual 
equations: e.g.:

 SOCS -> Ellipsoidal coordinates -> UTM 



Strip Adjustment - Correspondences 

ÅWell defined pre-classification (random 
forest)

ÅUniform Raster for local sampling + 
octree for correspondence search

ïFitting planes 0.5 m

ïRoofs 1-2 m

ïTerrain/bed 15-30 m

ÅAngle between normal vectors < 5°



Strip Adjustment ς Correspondences  

Classified Point Cloud



Strip Adjustment - Correspondences 

Rasterized Points: 
Patches of different 
sizes (statistics!)



Strip Adjustment - Correspondences 

Correspondence via 
octree, some statistics 
and angle < 5° 



Strip Adjustment - Results 



Strip Adjustment - Results 



Strip Adjustment - Results 



Strip Adjustment - Results 



Strip Adjustment - Pitfalls 

ÅUsing higher-order splines or splitting 
strips into many sub-strips can lead to 
over-optimization

ÅThe strip becomes too flexible ("soft"), 
allowing it to match the fitting planes 
very precisely

ÅHowever, this can result in large errors 
on unseen areas



REFRACTION



Refraction

Å{ƴŜƭƭΩǎΥ bŜǿ ŘƛǊŜŎǘƛƻƴ ŀǘ ōƻǳƴŘŀǊȅ 

ÅSpeed drop: n_air/n_water ~ 0.75 

ïRule of thumb: 4 m water depth at low 
incident angle results in 3 m  depth

Wiki,2025



Refraction: Mesh Creation

ÅExtract surface points via amplitude, relative 
below, number of returns, classification, 
ƘŜƛƎƘǘ ΧΦ

ÅSometimes non water points need to be 
removed

Entire Strip - Colored by amplitude

Extracted Water Points 

Extracted points, contains only water points 



Refraction: Mesh Creation

ÅWith a high quantile value (0.98) extract 
topmost points (voxel size from 1 to 10 
meters)



Refraction: Mesh Creation

AI-generated image



Refraction: Mesh Creation

Wavy surface with increased waviness on the right.


