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Timeline Airborne Laser Scanning

) LIiDAR: Light Detection And Ranging
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Timeline Airborne Laser Scanning — 1997

Point density: 1-2 points/m? Colored by amplitude
ALS simulation
First/last echo
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Timeline Airborne Laser Scanning — 2015

Point density: points/m? Colored by reflectance
ALS simulation
Full waveform
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Timeline Airborne Laser Scanning — 2019

Point density: 800 points/m?2 Colored by reflectance
UAV LIDAR
Full waveform
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Timeline Airborne Laser Scanning — 2019

Point density: 800 points/m?2 Colored by reflectance/RGB
Hybrid UAV-LIDAR + camera
Full waveform

B
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Linear mode— Geiger mode — Single Photon

Comparison: single laser pulse
Linear-mode waveform LiDAR n GmLIiDAR Single Photon LIiDAR
(a)

4000-10000m

EA‘E. &: 2000-4000m

600-2500m

Time

Voltage
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Linear-mode vs Single Photon LIDAR

Conventional LiDAR
Linear-mode LIiDAR

Diameter of
laser footprint

> |

Receivers's
Field Of View( FOV)

1 transmitter - 1 receiver
(full waveform)

Beo
\ ‘d’ EuroSDR PCP 2019, Stuttgart

N

Geiger-mode LiDAR

Laser footprint illuminates
entire receiver's FOV

Geiger-mode Avalanche Photo
Diode array (GmAPD array, 32x128)

1 transmitter = 4096 receivers
(binary detectors)

Mandlburger: Modern LIDAR technologies 15

Single Photon LiDAR

10x10 partial beams (beamlets)
derived from single laser pulse
via Diffractive Optical Element (DOE)

Silicon photomultiplier i
(Degnan, 2019) :

k S\ .
en.wikipedia.org/wiki/Silicon_photomultiplier
1 transmitter - 100 receivers
(discrete echo detection)




Data acquisition Single Photon LIDAR (SPL 100)
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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




Visual comparison of 3D point clouds

SPL Aerial image (RGB) Waveform LIiDAR

Signal intensity [DN]
,—"A"‘\ X% . =
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Comparison: longitudinal section
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Legend:

@® SPL unfiltert
@® SPL postprocessed
@® Waveform LIDAR
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Sensor systems
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Hybrid Aerial Sensors

Produkt Laser Scan rate Camera Type Pixel size

channels [kHZz] [um]

[nm]
Optech Titan 532/1064/1550 3 x 300 CM-10000 80 MP, RGB 5.2
Optech Galaxy 1064 1000 CM-10000 80 MP, RGB 5.2
Riegl VQ-1560-DW 532/1064 2 X 666 PhaseOne 100 MP, RGB 4.6
Leica TerrainMapper 1064 2000 RCD30 80 MP, RGBI 5.2
Leica CityMapper 1064 700 5x RCD30 80 MP, 5.2
RGB(I)
Titan Galaxy VQ-1560i-DW TerrainMapper CityMapper-2

EuroSD
R PCP

Mandlburger: Modern LIDAR techagpt%ies . pr
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Hybrid sensor systems, Leica CityMapper-2

Leica CityMapper-2

Airborne Hybrid Sensor Laser scanner 1064 nm
Pulse repetition rate 2000 kHz
Beam divergence (1/e?) 0.25 mrad
RCD30 Flying altitude 300 —-2500 m
cameras Scan mechanism Risley Prisma
4 x oblique cameras RCD30, RGBI, 150 Mpix
1 x nadir camera RCD30, RGBI, 150 Mpix
X
¥ 2 N
A1 A2
Risley prism A

Arbitrary scan patterns by coupling
of two rotating prisms (Risley prism)

Laser scanner

Source: https://leica-geosystems.com/en-in/products/airborne-systems/leica-citymapper

e
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Fusion of LIDAR and Images

Data: RieglVQ-1560i, PhaseOne |XU RS1000, Vienna
Colored by signal intensit

5.34044
5.34042
5.3404
~ 5.34038
5.34036
5.34034

534032y
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Fusion of LIDAR and Images

5.34044
~ 5.34042
5.3404
5.34038
5.34036
5.34034

5.34032
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Hybrid sensor orientation (Glira, 2019)

Schematic representation of laser/camera sensors on an airborne platform

camera e

Glira et al., 2019, Hybrid Orientation of
Aerial Lidar Point Clouds and Aerial Images.
ISPRS Annals, Geospatial Week, Enschede,
The Netherlands

terrain {

fGeo)
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Hybrid sensor orientation (Glira, 2019)

Correspondence between
CPC and lidar strip
(CPC-to-STR)

Correspondence between
two lidar strips
(STR-to-STR)

trajectory strip 1 - trajectory strip 1 -

Correspondence between
images (tie point)
(IMG-to-IMG)

image 1 o image 2

Correspondence between
tie point and GCP
(IMG-to-GCP)

trajectory strip 2
-

strip 1 .
o) Terraill

CPC (Control Point Cloud)

Minimization of
point-to-plane distance
in object space

Minimization of
point-to-plane distance
in object space

image 4 image 3

JVAN

AN

Correspondence between
tie point and lidar strip
(IMG-to-STR)

NTTTA

image tie point @

I

Terrailt

Minimization of
image residuals
in image space

ZANENNIRV/AN

image tie point

Minimization of
image residuals
in image space

image tie pDintA
ip 1 .
V

Minimization of
point-to-plane distance
in object space

AN /
Y Y
strip adjustment of lidar point clouds aerial triangulation
A
hd
hybrid adjustment: lidar strip adjustment 4 aerial triangulation
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Height differences LIDAR — Dense Image Matching

Yo

Relative Orientation: strips-to-strips

Laser only orientation

Relative Orientation: strips-to-images

Deviation: laser block vs. optimum orientation

A A
-0.02 0.02 -0.04 0.04
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20 20
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0 - - 0
002 0 0.02 -0.05 0 0.05
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sigmad =0.004

sigrr1Eid =0.034

Relative Orientation: strips-to-strips
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20

%

Relative Orientation: strips-to-images
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0.

%

-0.02

0.02
median = 0.000

s,igrml 4= 0.004

-0.02 0.02

20

10

-0.02 0 0.02
median = -0.000
sigl_I1Ec| =0.006

%

Hybrid sensor orientation

Deviation: laser block vs. optimum orientation

1

(=]
(=]

p >

-0.04

0.

-0.05

0

0.05

median = 0.000

Sigmsu:.l

=0.000



Platforms

Beo -
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Manned and unmanned platforms

Light aircraft (Source: Diamond aircraft)

UAV (Source: Wallace et al.
Forests)

2
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Unmanned platforms

GNSS+ radio data link antennas
batteries

hexacopter UAV GNSS antennas

(MTOM: 155kg). = [

profile array laser :
. "»)}7 scanners (5) + IMU

Hifp
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UAYV LIDAR — Sensor overview

sensor mass wavelength prec/ meas. meam footprint | FOV [ channels
range rate div. @50m agl

CL-90

(e] o)
EuroSDR PCP 2019, Stuttgart

VUX1-UAV
miniVUX-2UAV
VUX-240
VQ-840-G
Puck LITE

_ Alpha Puck

CL-360

12.00

[nm]
1550
905
1064
532
903
903
1550
1550

300
250
650
100
300
175
300

6 4

[mm] [kHZz]
5/10 500
10/15 200
15/20 1500
15/20 200
--/30 300
--/30 2400
5/10 500
5/10 500

\\\\\\\\\\\\\\\\\\\\\\\
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[mrad]
0.5

1.6 x0.5
0.35
1.0-6.0
3.0x1.2
3.0x 1.5
0.3

0.3

[mm]

25

80 x 25
18

50 - 300
150 x 60
150 x 75
15

15

330
360
75
40
360
360
90
360
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UAV-LIDAR Hessigheim

Data: Hessigheim, BfG, Koblenz
Sensor: Riegl VUX1-UAV+2xSony A6000

fGeo)
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[ Bathymetric UAV Laser Scanning: Riegl VQ-840-G

elliptic scan of
green laser scanner

typ. topographic

shoreline

targets /,
<

water surface

surface echo
seabed

e
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Data capturing, Neubacher Au, Pielach, Aug 27t 2019

% A

~voain

Landing of RiCopter-M carrying VQ-840-G bathymetric laser scanner after surveying a 500m section of P

AR

ielach River
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Summary

- Constant progress in lidar technology

/f..,,-\_
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Echo detection:

Discrete echo - full waveform capture -> online waveform processing
Measurement rate:

Increased measurement range and scan rate - multiple pulses in the air
Multiple wavelengths:

Single wavelength - multispectral laser scanning
Receiver sensitivity:

Linear-mode LIDAR - Single Photon LIDAR
Comprehensive systems:

Scanner only - Hybride sensor system (scanner + cameras)
Miniaturization:

Manned platforms - UAV LIDAR - small footprint = high spatial resolution




