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HydroVish ONEpowerful softwareto
handlemultiple terabytesof data!

Data export: tiff, las, shapes etc.

MTA Quality Management

Waveform processing |
Refraction

Strip Adjustment

Manual or Automatic Classificatior



Endto-End Workflow:
From RXP to Bathymetry in HydroVish
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Which WORKFLOW
(GUI vs Terminal)




Which Workflow?

Graphical User Interface

4 HydroVish WF2025-05-19 (64 Bit) Version VISH_API 2025 JAN 25 - built May 22 2025 (GNU C++ 15.1.0) {HydroVishPrivatelidarprivate 22.05.2025,12:40:55}
File Options Create Help Shortcuts

1 Trajectory2F5 2RXP2F5 I 3 MTA calculation 1 4 5canner Coordinates to World Coordinates I 5 Tiling a Point Cloud 1

Mote: Press Analyse File(s) to print the first lines of the text file.

Input Processing Options
ﬂ Select Input Files: Select Converter: \‘ ﬂ
Add File Re trieve File History Clear Input List | |x ﬂ ‘RXPZFS ﬂ |x -4
Converter Description:
Converts RAP fo F5 fles.

Analyse Selected File(s) using RXP2F5

Output

ﬂ Select Working Directory:
LPROJ ECT/04_dlassification/02_manual_classification Browse
Provide Optional Prefic:

Output Files:

Process Data

Progress:

- Trajectory2F5 | MTA calculation -

Possible Next Steps: (Select option and double-click on item)

Displays a Point Cloud in scanner coordinates

I Workflow Management: FastFullWaveformProcessing |5|

b’h. The RXP MTA Workflow: Produce a tiled point doud
_{.:t‘&,_ with waveforms from .RXP Riegl Input files and a
trajectory given as text file.

i
‘H, Finalize workflow |

CPU

GREENSUR!

:

AIRBORNE
HYDRO
MAPPING

}

AIRBORNE
MAPPING

AIRBORNE

AIRBORNE

/1



Which Workflow?

Processing Options

Select Converter: I= =l

<1 [ Efe.

I* ;I IMTA calculation

Converter Description:

Current Step

Convert waveforms to ranges via peak detection. Range measurement from online processing will be used if waveform is missing. Calculation of
multiple time around (MTA) to shift point doud to the correct MTA-Zone. For each input file two out files (forward- and backward strip) are created.

Data Type: |F Mo Skip ® No Waveforms " No Online Points |

Ship dataset: No Skip means 3l svaizbie data wil be exporied, Skip FWF and Skip Oniine ignores dataset, respectivaly (if avaizble)

Export FWF: r
Additional fo the newly created point doud export 2l waveforms (if avaiable). Waveforms are cropped degpending on NoiseL evel

MTA Zone.: _l | -1

MTA Zone: 0 for automatcaly caloulated zone shift, IF MTA Zone greater than zero: Al poinés wil be pushed fo this zone.

MHoiselevel: _I

I -1,000000

Additional fo the newly created point doud export 2l waveforms (if avaiable). Waveforms are cropped degpending on NoiseL evel

Peak Detection: |(* Linear Gauss (LG)

(" Gaussian Decomposition (GD) (" Deconvolution {Richardson and Lucy) (RL)

" Hybrid RL+GD

Linear fthng: Fthng 3 gaussian shape (fastest detection, reasonable good ft). Gaussian Decomposition: non fnear Fitng (detects more poinis i
the signal but somewhat slower. Best peak detection for hiah amplitude). Deconvalstion vis Richardson-Lucy (Good results in vegetafion and water
body). Hybrid: If amplitude low RL and for high GD will be used (best solution so far).

Prev. Step

e S e, TR S

:
|
|
|
| GREENSURVEY
I
|
|

AM

Output

| Select Working Directory:
lfish,.'modules,.'hydrcwishprivate,."LibrariestonversionLibfP.iengR}(PtoFiberF5 Browse |
Provide Optional Prefix: Ie,g,: output_

Output Files:
Process Data | r
Progress: W Cancel |

- canner Coordinates to World Coordinatgs | -
Possible Next optW

Next Step

- [v Workflow Management: FastFullWaveformProcessing

@
_-llrhh The RXP MTA Workflow: Produce a tiled point doud with waveforms from

.RXP Riegl Input files and a trajectory given as text file.

Finalize workflow

€3




Which Workflow?

1
|
|
|
|
e T VS e
I \ oy
1 GREENSURVEY
I
|
|
| AIRBORNE
HYDRO
| MAPPING
|
|
Console use (e.g., bash, MSYS2) |
[ AIRBORNE
[ MAPPING
00_raw 27052025 12:10 File folder # | /b .
! /bin/bash
01_trajectory 27/05/202512:10 File folder
02_fwf 27/05/2025 12:10 File folder
03_f5 27/05/202512:12 File folder # p rocess wave f Orms
04 _classification 27/05/2025 12113 File folder . .

- - for f in rxp file/*.f5
05_water_surface 27/05/202512:10 File folder p— ‘
06_refraction 27/05/202512:10 File folder do
07_strip_adjustment 27/05/2025 12:10  File folder RXP2F1berF5 $ { f }
08 raster 270520251213 File folder do ne
09_perimeter 27/05/2025 12110 File folder

|

10_gm 27/05/202512:10 File folder |
11_export 27/05/202512:10 File folder :
12_report 27/05/2025 12:10 File folder :
13_archive 27052025 12:10 File folder :
Q{ backup.sh 27/05/202512:10 SH File 2 KB 1
1
Q{ readme.txt 27/05/2025 12:10 TXT File 1 KB l
I
Qf’ run.sh 27/05/2025 12:10 SH File 1 KB I
|

|

|

|



READ Rie@@XP FILES



Convert Riegl Native File Format RXP to F5

1 GREEN

HHHHH
PPPPPPP

(two ways: either viaivlib or riunite/ rdbLib) Y

RRRRRRRR
PPPPPPP

rXp

|
| MAPPING
|
I
- — I A
RRRRRRRR
f— | ICE&SNOW
PPPPPPP
— |

rvLib l _________

\ rdbLib

F5 |~



RivLib vs RDBLIb: First Impressions

GREEN
A RiUnite creates 5 odles which can be read @ **
by rdbLiB(no license necessary for raw data | !’
export) JprY
A RDBLib is slightly slower due to indexing and ,44\4
duplicates data (rxrdbx>f5) P
codx WO indices _ owp o
Two indice%

Two indicV \

sbx E
sp0 spl i



IVLID vs RDBLIb: First Impressions

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

L A -
+ GV e
Database Transactions Changelog Meta Data Point Attributes Paint Index Point Data Inspection

7T Br =

# riegl.shot_origin[0] riegl.shot_origin[1] riegl.shot_origin[2] riegl.shot_direction[0] @ rieglshot_origin

1 -0.01525 -0.00175 -0.02325 0.93758690 8 rieglshot_direction

2 -0.01525 -0.00175 -0.02325 0.93758704 U rieglshot_timestamp_hr
3 -0.01525 -0.00175 -0.02325 093758709 U rieglecho_first

4 -0.01525 -0.00175 -0.02325 093758721 U riegl.echo_count

5 -0.01525 -0.00175 -0.02325 093758738 ) e el et

3 -0.01525 -0.00175 -0.02325 0.93758751 U rieglwfm_sbl_count

7 -0.01525 -0.00175 -0.02325 093758756 U rieglline angle_coarse
8 -0.01525 -0.00175 -0.02325 093758774 U riegl.mirror_facet

9 -0.01525 -0.00200 -0.02325 093758785 8 rieglscan_segment

10 -0.01525 -0.00200 -0.02325 093758793 8 rieglstart_of scan_line
M -0.01525 -0.00200 -0.02325 0.93758806 =jreolid

12 -0.01525 -0.00200 -0.02325 0.93758819

13 -0.01525 -0.00200 -0.02325 0.93758832

14 -0.01525 -0.00200 -0.02325 0.93758846

15 -0.01525 -0.00200 -0.02325 0.93758855

16 -0.01525 -0.00200 -0.02325 0.93758866

17 -0.01525 -0.00200 -0.02325 093758878

18 -0.01525 -0.00200 -0.02325 0.93758869

19 -0.01525 -0.00200 -0.02325 0.93758900

20 -0.01525 -0.00200 -0.02325 0.93758910

21 -0.01525 -0.00225 -0.02325 0.93758921

22 -0.01525 -0.00225 -0.02325 0.93758937

23 -0.01525 -0.00225 -0.02325 0.93758948

24 -0.01525 -0.00225 -0.02325 0.93758955

25 -0.01525 -0.00225 -0.02325 0.93758971

26 -0.01525 -0.00225 -0.02325 0.93758978

rdbadminc¢ Riegl Software

AIRBORNE
HYDRO
MAPPING

}

AIRBORNE
MAPPING
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ICE&SNOW
MAPPING



For pure DateExport we useivLid e

|
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I  MAPPING
|
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| MAPPING
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F5/hdf5¢1 8 RNE OA 8 KQa  dzy RSN

layout .
AWnhy hdf5 )
i Organizes data like a file system (groups | 4
and datasets), Selbescribing Format! 4
i For large volumes of data (terabytes or "
more) :
I Various compression filters (e.g., GZIP, SZIP
LZF) |

I high-speed data read/write operations



. , Ne)
F5/hdf5¢] € RNR OA a KQa dzy RSN

REEN

Q)

|
I
u |
v AM
| AIRBORNE
HYDRO
| MAPPING
|
: V]
L AM
File Window Tools Help
S € @®
Recent Files | | Ditesti00_Fbgenesis\Test_River PROJECT02_fwfiy {5
VE]Xf5 @ Fragment_1 at /t=000000000.0000000000/Waveforms/Points/StandardCartesianChart3D/Waveforms/ [xf5 in D:\test\00_F5genesis\Test_River PROJECT\0Z_fwf] — [m] *
2 Charts Table Import/Export Data Data Display
€4 TableOfContents “ﬁ’ﬂ
~ @ t=000000000.0000000000
£y OPP O-based
24 Shots
~ @ \Waveforms
@ Charts
o b TimeTabie | o | 1 | 2 | s | 4 | & | & | 7 | & | e | w | u | 12| 18] 14 | 15 | |
- & Points 0 145 150 149 153 146 143 146 152 142 145 145 150 145 139 149 147 144
- @ StandardCartesianChartsD 1 151 146 147 146 152 147 144 152 164 154 162 147 155 150 160 1563 154
€4 Charnel 2 152 146 144 154 147 149 147 150 149 139 143 147 147 149 145 1563 143
£ PWFLsngth 2152 151 147 144 153 147 145 147 153 147 149 146 150 145 144 152 164
24 GPSTime 4 146 147 160 163 151 162 143 154 146 142 143 151 146 142 145 151 144
€4 Fositions 5 153 153 164 162 155 143 145 152 159 143 143 144 150 150 153 146 154
€4 SBL_Time 6144 141 150 153 150 156 156 154 151 137 143 147 146 149 146 150 138
L SORG_Time 7 153 151 147 148 153 151 146 146 155 149 152 145 157 155 149 153 161
~ g Waveforms
8147 150 150 154 156 154 153 152 149 150 143 152 148 141 142 153 145
ggigzz;ﬁ) 9 163 182 182 143 143 143 14z s s ae aan 145 185 183 183 182 183
I 10 147 150 157 160 154 162 W .I: 153 147 150 143 152 146
11 155 151 150 153 153 149 ave Orl I IS 142 152 150 154 152 154
12 144 149 149 150 150 155 — o s o — 150 141 143 144 154 145
13 156 149 145 147 153 143 156 152 150 142 149 150 153 143 142 147 154
14 147 142 151 151 148 150 152 153 141 145 146 154 145 143 149 151 145
16 152 147 149 151 154 159 159 156 156 143 146 150 160 156 151 155 153
16 145 147 143 152 142 143 146 147 148 143 146 155 145 141 143 154 142
17 152 149 154 166 155 154 156 155 154 143 151 157 164 147 146 144 158
18 147 146 143 164 145 147 147 153 148 160 160 150 147 143 143 154 147
19 151 151 163 163 155 143 145 149 154 144 151 152 153 143 142 144 154
20 148 147 143 160 143 143 143 154 148 136 147 150 147 143 146 152 147



WAVEFORM PROCESSING



ON

Waveform processing What do | need?

|
w
: i T e RS o N
| GREEN
I
L AM
: ome
|
C AM
[ AIRBORNE
. . I MAPPING
Waveforms All Laser Shots Online Point Cloud
|
_ AM
» 24 Channel » CA GPSTime , EA AmpllTude : AIRB§£f§&rG
. € PWFLength » Q4 Positions » Q4 Channel :
, €4 GPSTime » 24 Waveforms DirectionDelta , 24 Deviation | AM
» €4 Positions K ) » €4 GPSTime : iCENON
» CASBL_Time + 24 Positions :_ ________
» LA SORG_Time \)/ » 24 Range :
» 24 Waveforms Needed MTA, > gg;fllqegra_lrjce :
> ime
\ | SOCS - |
\ \ ) :
. | :
Waveform processing :
|
|

Needed when
Waveforms are missing



Waveform processing Peak detection

A Simple Peak Detection i
i A point is considered a peak if its value is greater (+ extra!) than both ™

its immediate neighbors. A4M
i Fast and efficient, but low quality. e
A Linear Gaussian Fit AM
I A Gaussian curve is fit using three points: Left, Center, and Right. e
i Provides a sulsample estimate of the pedkcation.

A Gaussian Decomposition
i The waveform is decomposed into a sum of Gaussian components.
I Allows detection of overlapping or closely spaced returns. i
A RichardsogLucy (RL) Deconvolution i
I An iterative method to deblur waveforms and enhance resolution. |
I Useful for distinguishing overlapping peaks in48iWR conditions. i
A Hybrid Approach |
I Combines Gaussian Decomposition with RL deconvolution. i
i Vegetation & Waterbody=RL, rest with Gaussian Decomposition



Gaussian Decomposition: Simple/Linear ———
Peak Detection (precondition) .
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Gaussian Decomposition

:

Non-Linear Fitting AIRBORNE

1
|
|
|
|
|
|
I
|
|
400 I HYDRO
------ FWF-Gauss Deomp. 1 MAPPING
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Waveform processing: Richardson Lucy

A With the knownSystem\Wave(analytical eq):

[
|
|
|
[
|
I
|
[
|
|
|
I With the known system wave (analytical equation), increase its | A M
resolution by a factor of 6 to capture fine details accurately L
[
|
|
|
[
|
|
|
[
|

I Perform convolution of the current guess with the higdsolution

system wave AR
I Compare the convolved result with the observed return waveform

AIRBORNE
MAPPIN

I Update the guess iteratively to better fit the observed data
I Using Fast Fourier Transform (FFT) to speed up calculation

(2]

A Result:This method effectively removes the system pulse from the |
return signal, eliminating smearing and blurring. The outcome is a i
sharpened, deblurred waveform that enables straightforward and |
accurate peak detection. |



Waveform processing: Richardson Lucy

System Wave
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Waveform processing: Richardson Lucy
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Amplitude
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Waveform processingNoise

A{2YS FTAYylLt y2iSa |o2dzi Wy2Aa
I Aggressive peak detection via Me¥nalue (@local regio®) STD

AIRBORNE
Waveform with Mean =+ Std Dev (first 30 points)
14001 — Waveform
ﬂ —— Mean (first 30 points)
----- +1 Std Dev
T S H e B e & SR -1 Std Dev
1000 +
800 -
600 -
400 +
200 +

0 50 100 150 200
Sample Index



Waveform processingNoise

A{2YS Faylt y26(8a Fo2ddi Wy2ArasQ iy
i Aggressive peak detection via Me¥alue (@local regiom) STD TR

I Small peaks captured but introduces also some noise
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Waveform processing Noise, Remove

flaw echoes e
A{2YS FTAYyIlIt y20G4§Sa lo2dzi Wy2AaSQ A\
I Aggressive peak detection \MeanValug@local regiont STD i AR
I Small peaks captured but introduces also some noise :
I Two Criteria to remove noise: 1) How many points per sphere andiZ)
smallest distance to center point !
: AIRBQRNE
dist=[_’ ,density dist= ,density, diSt:, ,density
@ ) ® ®
@
@ » o ® 9 ® )
° ® ®



MULTIPLE TIME AROUND (MTA)
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MTA (Multiple Time Around)

:
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ShotTime: @0

-
/
e
-
= \
z
o o

/

Every returned waveform received by the system unambiguously
corresponds to the most recent laser pulse emitted. NO Mi@dblem!



MTA (Multiple Time Around)

HHHHH
PPPPPPP

PPPPPPP

ShotTime: @? 4 P']
|
RRRRRRRR
ICE&SNOW
PPPPPPP

Which corresponding time stamp for the current received
signal? (5 shots back!)
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MTA: Repetition rate will be changed
according Barkev (@Rieqgl)

MTA 1

:

AIRBORNE
HYDRO
MAPPING

:

AIRBORNE
MAPPING

1
1
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[
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1
|
I
1
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I
1
1
[
I
1
1
[
I AIRBORNE
1

1

[

I

1

1

|

|

|

. . |
Which one has the lowest noise energy? |
|

|



MTA Transition
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MTA Transition

Original: Range vs Time

w. [ ] b [ ] [ ]
250

200

Range

100 |
50 I

T T T T
0.0003 0.0004 0.0005 0.0006 0.0007
Time +2.08372618e5

Sorted Ranges (Low to High)

250

200

Range

100

125 150 175

Index (sorted)

e __

GREENSURVEY

¥

AIRBORNE
HYDRO
MAPPING

:

AIRBORNE
LAND
MAPPING

AIRBORNE



GREENSURVEY

MTA Transition @




CLASSIFICATION



. P
Classification
A Random forest (~95%) -
i mlpack is an intuitive, fast, and flexible | 4%
headeronly C++ machine learning library A
i Alpha Expansion

AEnergyBased Label Optimization
AGraphCut Inference

A Manual Classification (tedious last ~5%)
I Werner will show you more on that



Random forest, Features from lidar/fwf

processing P
A Amplitude -
A ReturnNumber, Number of Returns |
A Scan angle -
A Pulse With o

A X



Random forest, 12 handcrafted features

A Height Variance, Relatiudeight
A Point Density

A Curvature

A Roughness

A Orientation (Altitude & Azimuth)

A Shape factors(Linear, Norm¥ééctor,
Planarity and Spherical)

AX ®

RO
PPPPPPP

AIRBORNE
PPPPPPP

AIRBORNE
NNNNN
PPPPPPP

AIRBORNE
MAPPING

_________



Random forest, Training Set?

HHHHH

A3 Sets: -
| Oneforsea 0 e
I One for river " AM

RRRRRRRR
ICE&SNOW
PPPPPPP

I General (sea & river) Saiiin
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Random forest, Training Set?

¥

AIRBORNE
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MAPPING

AIRBORNE
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Random forest, Training Set?
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Random forest, Training Set?
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Random forest, Classify

e S e, TR S

GREENSURVEY

AN




Random forest, Classify Td

| GREENSURVEY




Random forest, ClassifyfProblems ?
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STRIP ADJUSTMENT



o NS
Strip Adjustment B
i
A Iterative Closest Point (ICP) I
I General Rigid Transformation with 6 i Gt
optimization variables per strips (only used A
If N0 scanner coords are available) '

A ngorous via | CBlira et al, 2015)
I AHM Standard



Strip Adjustment Rigorous

| GREEN
A Optimized Parameters, scanner 2 world: A
i Global Parameters: o
. AM
A Range and angle offset (3) o
A Range and angle scale (3) ' AM
A Misalignment angles (3) .
A Lever Arm (3) | AM
i Local Parameters for each Strip (Trajectory
Correction):

A Angel (3)
A Positions (3)

II
. |
errain



Strip Adjustment Rigorous

A Optimized Parameters, scanner 2 world: "

I Global Parameters:
A 12 Parameters

I  MAPPING

N
i

RRRRRRRR

I Local Parameters for each Strip (Trajectory =«

Correction):

A6 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!)

AIRBORNE
T MAPPING



Strip Adjustment Solver

A Solver: CereSolver from Google for
solving nonlinear least squares
problems

A Automatic Differentiation no Jacobi
Matrix needed but all residual
equations: e.g.:

SOCS> Ellipsoidal coordinates UTM
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Strip Adjustment Correspondences (

A Well defined preclassification (random A
forest) &M

A Uniform Raster fotocal sampling + 4
octree for correspondence search

I Roofs 12 m
I Terrain/bed 1530 m

I Fitting planes 0.5 m
A Angle between normal vectors € 5



Strip Adjustment; Correspondences
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AIRRORNF
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octree, some statistics -

Strip Adjustment Correspondences
and angle <5 |

Correspondence via




Strip Adjustment Results
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Strip Adjustment Results e
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Strip Adjustment Results
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Strip Adjustment Pitfalls
A Usinghigher-order splinesor splitting T

strips Iinto many sukstripscan lead to 4!
over-optimization A

AIRBORNE
MAPPING

A The strip becomewo flexible ("soft"), -
allowing it to match thditting planes
very precisely

A However, this can result large errors
on unseen areas
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Refraction
Al ySEtfQayYy bSs RAND
A Speed drop: n_air/n_water ~ 0.75

I Rule of thumb: 4 m water depth at low
Incident angle results in 3 m depth

Vv,

Q  Wiki2025




Refraction: Mesh Creation

removed

AIRBORNE

Extract surface points via amplitude, relative | "%
below, number of returns, classification, L AM
KSAIKU X i °
Sometimes non water points need to be R

y AM

Extracted points, contains only water points




Refraction: Mesh Creation

. . .  AM

A With a high quantile value (0.98) extract "
topmost points (voxel size from 1 to 10 | <
meters) 4
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Refraction: Mesh Creation

Greedy Refinement for

1 1 AIRBORNE
Surface Approxmatlon YORO
An adaptive meshing method that starts with
a coarse mesh and iteratively adds points L
where the error between the mesh and the MAPPING
raster is largest, creating a more accurate
surface with fewer triangles AM
AIRBORNE
NATURE
MAPPING
A-M

AIRBORNE
ICE&SNOW
MAPPING

:

O Point
B Surface raster

Algenerated image



Refraction: Mesh Creation

AIRBORNE
HYDRO
MAPPING

AIRBORNE
MAPPING
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Wavy surface with increased waviness on the right.



