,-"’“\ VIENNA UNIVERSITY OF TECHNOLOGY . . E ; t ODt -.'.'.'.'.'.'.°
/ DEPARTMENT OF GEODESY l I f p

ﬂ @ AND GEOINFORMATION

. ........
N RESEARCH GROUPS ‘ ' Wl e n ooooooo
“ PHOTOGRAMMETRY & REMOTE SENSING Un|vers|ty of Stuttgart

Single Photon vs Full Waveform LIDAR -
technological differences and
point cloud properties

Gottfried Mandlburger

gottfried.mandlburger@ageo.tuwien.ac.at
gottfried.mandlburger@ifp.uni-stuttgart.de

TU Vienna, Department of Geodesy and Geoinformation
University of Stuttgart, Institute for Photogrammetry

x X *
**EuroSDR



mailto:gottfried.mandlburger@geo.tuwien.ac.at
mailto:gottfried.mandlburger@ifp.uni-stuttgart.de

Overview

= Basics/Theory
(Conventional) Full Waverform Airborne Laser Scanning (ALS) — Linear mode LIDAR
Geiger-mode LIiDAR (GmLIDAR)
Single Photon LIiDAR (SPL)

= Pilot study ,City of Vienna"“
Single Photon LIDAR acquisition (Leica Geosystems SPL100), end July 2018

Full waveform (FWF) LIiDAR acquisition (RIEGL VQ-1560i), mid Sept 2018
Additional dataset: Lake Constance 2018 (Data: LUBW)

= Results of data evaluation
Visual comparison of 3D point cloud
Multi-target and penetration capability, point density
Strip fitting preC|S|o.n. %‘\ CloudCompare"2
Measurement precision
Opals Orientation and Processing of
Airborne Laser Scanning data
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Conventional vs Single Photon LIDAR

Conventional LiDAR Geiger-mode LiDAR Single Photon LiDAR
Linear-mode LIiDAR
Diameter of Laser footprint illuminates 10x10 partial beams (beamlets)
laser footprint entire Receiver's FOV derived from single laser pulse

via Diffractive Optical Element (DOE)
_’ 4_

N

Receivers's Geiger-mode Avalanche Photo e.G. Silicon Photo-Multiplier
Field Of View( FOV) Diode array (GmAPD array, 32x128) (AGISHEV et al, 2013)
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Discrete echoes vs. Full Waveform

Signalstarke Signalstarke
e

—

s|ndapuas
0

~
= =

._4_'1 ] [
1 —

5%

£

HBM[[BMUYIG  -oovoememmemsmseeenceeees

<>

}* Laser Footprint —»

GEO
m EuroSDR Workshop Barcelona: "SPL and GmLIiDAR" Mandlburger: SPL vs. Full Waveform LiDAR

Haz "
uaz




Full Waveform Analysis

25— . .
| - Gaussian decomposition: * Laserpulse
(Wagner et al, 2004) 20+t Gaussian model
Echo detection by fitting of 15!
Gaussian curves
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SPL100 — scan pattern
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Data acquisition Single Photon LIDAR (SPL 100)
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Mandlburger: SPL vs.

Flight mission parameters

Flight date 29.07.2018
Scan rate 5 MHz
Flying altitude 4000m
Swath width 2000m
Scan pattern circular

(Palmer)
Field-of-View 30°
Overlap >50%
Nom. pt. density | 20 Pkt/m?
Nr. of strips 10

Full Waveform LIiDAR




Datenerfassung Full Waveform LIDAR (VQ-15601)

20.09.2018

1,33 MHz

x-shaped
scan lines

Nom. pt. density

a.
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Detalled study areas: Forest + City
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Single Photon LIDAR: Unfiltered 3D point clound

(a)

Perspective view City test area Section view

Signal intensity [DN]
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Visual comparison of 3D point clouds

SPL Aerial image (RGB) Waveform LIDAR

Signal intensity [DN]
fGeo) :
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Comparison: longitudinal section

e

= .‘”k
(UL -

Legend:

@® SPL unfiltert
@® SPL postprocessed
@® Waveform LIDAR
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Comparison: cross section

Legend: L '§ .
L . .

@® SPL unfiltert K. . ’
@ SPL postprocessed o o ‘:
® Waveform LiDAR T -:'
__"l‘. ..I “e

fGeo)
\“/ EuroSDR Workshop Barcelona: "SPL and GmLIiDAR" Mandlburger: SPL vs. Full Waveform LiDAR 13




SPL.: pulse duration / beam divergence

Bright scatterer
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Penetration capability (leaf-on)

SPL

\ay

Perspective view: Forest test area
(b)

@® SPL unfiltered

@® SPL postprocessed

® Waveform LIDAR

Section view
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Waveform LIDAR
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Point density maps (all echoes)

SPL post processed Waveform LIDAR

Waveform: 1.84 echoes/puls
SPL: 1.06 echoes/puls

Forest

SPL: lower point density in
vegetation und at facedes
—Elimination of useful points
by post processing
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Comparison strip differences

SPL

post processed

Waveform
LIDAR

”7 (e)_Strip height differences Single Photon LiDAR

Relative frequency [%]

Omap=4Cm

#Samples: 243229
Min: -0.728

Max: 0.728

Mean: 0.013
Median: 0.012
StdDev: 0.060
StdDevMAD: 0.041

-0.1

dZ [m]

0.1

(f),,

Strip height differences Waveform LiDAR

40 4

Relative frequency[%]

Ouap=1cm

#Samples: 1900154
Min: -0.748

Max: 0.749

Mean: -0.001
Median: -0.001
StdDev: 0.020
StdDevMAD: 0.010

0.05 0.1
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Neighboorhood/measurement precision |

@ SPL post processed (e)
@ Waveform LIDAR;

(b) Histogramm: Nachbarschaftsgenauigkeit (d) Histogramm: Nachbarschaftsgenauigkeit (f)
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Neighboorhood/measurement precision Il

SPL
post proc.

Waveform

LIDAR

Asphalt Flat roof Steep saddle roof Meadow
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Summary and conclusions

= Single Photon LIDAR
Higher flying altitude - larger swath width - less flight strips
—> potentially higher area performance while maintaining the same point density
= Full Waveform LIDAR
Sharp capture of topography and buildings
Reliable measurement of signal strength and reflectance (via radiometric calibration)
= Penetration of vegetation under leaf-on conditions
SPL: penetration possible but moderate
Full waveform LiDAR: pronounced penetrations capabilities
= Measurement precision

SPL: high prec. @smooth, horizontal surfaces (~1-2 cm), Decreasing precision @ tilted,
poorly reflecting surfaces (~10 cm)

Full waveform LIiDAR: Advantages @ complex target situations (tilted and rough surface,
vegetation; ~1-3 cm)
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Addendum

Screenshots from animations of
City of Vienna dataset
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Single Photon LIDAR (SPL): Unfiltered 3D point cloud

Intensity
11239.000000

10236.968750
9683.481850
9129.994949
8576.508049
8023.021149
7469.534248
6916.047348
6362.560448
5809.073547
5255.586647
4702.099747 4
4148.612846
3595.125946
3041.639046 4
2488.152145 4

1934.665245

1381.178345

690.589172 4

0.000000

City of Vienna, 3 district, Scanner: Leica SPL100



Single Photon LIDAR (SPL): Postproc. 3D point cloud

Intensity
11239.000000

10737.984375
10236.968750
9708.783203
9180.597656
8652.412109
8124.226563
7596.041016
7067.855469
6539.669922
6011.484375

5483.298828

=T 4955.113281
4426.927734
3898.742188

3370.556641 4

2842.371094

2314.185547 4

1786.000000

City of Vienna, 3 district, Scanner: Leica SPL100



Full Waveform LIDAR: 3D point cloud

Intensity

65535.000000
61823.981445

58112.962891

54401,944336

50690.925781
47522.742920 +

44354.560059
41186.377197
38018.194336
34850.011475
31681.828613
28513.645752
25345.4628591
22177.280029
19002.097168 -
15840.914307 4
12672.731445 4

9504.548584 -

6336.365723 4

0.000000

City of Vienna, 3 district, Scanner: RIEGL VQ-1560i




Addendum

Dataset: Argen, Schussen, Lake Constance
Landesamt fur Umwelt, Baden-Wurttemberg (LUBW)
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Single Photon LIDAR 3D point cloud

Colored by classification

@® unclassified

© ground

O low vegetation

O medium vegetation
@ high vegetation

@ buildings

Laimnau, Lake Constance
Acqusition: 04.08.2018
Sensor: Leica, SPL100
Data: LUBW, Germany
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Single Photon LIDAR 3D point cloud

Colored by intensity

Laimnau, Lake Constance
e 5.4751 Acqusition: 04.08.2018
B ' o AR . Sensor: Leica, SPL100

_ Data: LUBW, Germany
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Single Photon LIDAR 3D point cloud

Colored by RGB (RCD30)

e S e T Laimnau, Lake Constance
' y Acqusition: 04.08.2018
Sensor: Leica, SPL100
Data: LUBW, Germany

Geo 0
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Single Photon LIDAR 3D point cloud

Colored by elevation [m]

Forest, Lake Constance
Acqusition: 04.08.2018
Sensor: Leica, SPL100
Data: LUBW, Germany
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Single Photon LIDAR 3D point cloud

Colored by intensity [DN]

Forest, Lake Constance
Acqusition: 04.08.2018
Sensor: Leica, SPL100
Data: LUBW, Germany
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Single Photon LIDAR 3D point cloud

Colored by classification

unclassified
ground

low vegetation
medium vegetation
high vegetation
buildings

5.2¢
440 g
e
130 5.2846
120 - i
5.28464
5.28462

Forest, Lake Constance
Acqusition: 04.08.2018 5.424

Sensor: Leica, SPL100 5.4245
Data: LUBW, Germany 5.425

 5.2846
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Single Photon LIDAR 3D point cloud (section view) ]

Colored by classification Forest, Lake Constance @ 1stecho
Acqusition: 04.08.2018 O 2" echo
Sensor: Leica, SPL100
Data: LUBW, Germany

SPL: 1.12 echoes/puls
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