Multispectral airborne laserscanning:
Three wavelengths in theory and practice
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Suitablelasersourcesandwavelengthdor airbornelaserscanning
Wavelengthdependentimplications

Measurementprinciple amplitudeandreflectivity
DualwavelengthairbornelaserscanningsystemvVQ-1560:DW

GNDVbataexample




Airborne Laser Scanning

QREL

Vagy,

75° FOV
up fo 1.25 MHz
meas. rate
operating
altitude AGL

75° FOV
up to 1.256 MHz
meas. rate
operating
altitude AGL
up to 5,900 ft

60° FOV
up fo 1.33 MHz
meas. rate
operating
altitude AGL
up fo 12,800 ft

for
cusfomized system
configurations

58° FOV
forward/backward
60° FOV and nadir look
-20°/-10°/0°/10%20° up to 2.93 MHz
NFB meas. rate
up fo 2 MHz operating
meas. rafte altitude AGL
operating up fo 12,800 ft
altitude AGL
up fo 7,550 ft
e
‘orward/Bac
Scanning for an dual channel
optimal coverage turnkey system for
of complex and high alfitude, large
scale mapping

vertical targets

for surveying at high flight altitudes

up to 2.93 MHz
meas. rate

VQ-1260:
up fo 1.47 MHz
meas. rate

operating
altitude AGL
up fo 14,450 ft

furnkey system
for high altitude,
large scale
mapping

up fo 3,950 ft
VQ-480 |l Va-580 II-S VQ-780 II-S VQ-680 VQ-1560I1Il-S VQ-1260/VQ-1460

for surveying at mid flight altitudes
e.g. coridor mapping, city modeling, agriculture and forestry

e.g. wide area mapping of complex environments



BathymetricLaserScanning

40° FOV
circular scan pattem

up to 100 kHz
measurement rate

40° FOV
elliptic scan pattemn

up o 200 kHz ro—
40° FOV measurement rate enhanc
elliptic scan pattern performance
up to 200 kHz
extra features for
40° FOV measurement rate oot TRty 2.6 Secchi depths
elllraﬁ:%cflgo pk?‘lﬁzem exraf res for water penetration
s pllgelliug °pef°"°n°|‘ ferbily W>“2 Secerpgfr\:ed"epdh"“s integrated 24 Mpx digital camera
>2 Secchi depths >2 Secchi depths c
water penetration water penefration infegrated 24 Mpx digital camera (CRiionc
integrated 12 Mpx digital camera infegrated 24 Mpx digital camera (optional)
: ¢ 15 kg / 33 Ibs
o 12 kg / 27 Ibs
0.8kg /22 Ibs

95kg/21lbs
[ for use on UAVs
and crewed aircraft

NEW VQ-840-GE VQ-840-GL VQ-840-G NEW VQ-860-G

An attractive portfolio tailored to every task in LIDAR bathymetry:
coastline mapping, habitat observation and change detection, river and inland waterbody survey,
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UAMWbasedLaserScanning

1.6 kg
360° FOV
100 /200 kHz
eff. pulse rate

extremely
lightweight

mMiniVUX-TUAV, /-3UAV VUX-1UAV? /-LR?2 NEW VUX-100%

3.5kg
360° FOV
1.2/1.5 MHz
eff. pulse rate

powerful sensor
for various
applications
in wide area
UAV surveying

2.3 kg
160° FOV
1.33 MHz

eff. pulse rate

scan speed
up fo 200 lines/sec

large FOV
and lightweight;
suited for
complex areas
and ﬂexible

for applications using low-flying small or mid-sized multi-rotor UAVs
e.g. mining, topography, forestry, landslide and avalanche monitoring

2.3 kg
100° FOV

2 MHz
eff. pulse rate

NFB
(Nadir/Forward/
Backward)
Scanning
for an optimal
covel of
oomprl(g%nd
vertical tfargefs

VUX-120%

for applications using fixed-wing UAVs
e.g. corridor mapping. city modeling

2.6 kg
100° FOV
2 MHz
eff. pulse rate

fully integrated
IMU/GNSS
system

NFB
(Nadir/Forward/
Backward)]
Scanning
for an optimal
covert of
compltzeg%nd
vertical targefs

2.7 kg
75° FOV
2 MHz
eff. pulse rate

fully integrated
IMUJ/GNSS
system

scan speed up
fo 800 lines/sec,

resulting in an
optimal line and

point distribution;

ty suited
for use on high-

speed UAVs

VUX-160%/ VUX-180%

4.3 kg
75° FOV
2 MHz
eff. pulse rate

operating
flight altitude
up fo 1,430 m
(4,700 f1)
@ 60%
target reflectivity

versatile scanner
for use on
high-speed UAVs,
helicopters or
small manned
aeroplanes

VUX-240%

for applications using higher-flying large UAVs or helicopters
e.g. mapping with the need of detailed high-resolution data
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diode * * 905 nm
solid state 355 nm 532 nm 1064 nm
fiber 532 nm 1064 nm 1550 nm 2050 nm

M diode lasers, 905 nm

B solid state lasers (fundamental wavelengtiNg:YAG1064 nm
B solid state lasers (harmonic®)d:YAG532 nm, (355 nm)

M fiber lasersErdoped, 1.55 um

B fiber lasersytdoped, 1.06 um

M fiber lasers, Haloped, 2.05 um

M frequencydoubled fiber lasers, 532 nm
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“ LiDAR equation
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Received poweP, [W]
Transmitted poweP; [W]
Laser beam divergen@s [rad]

Backscatter cross section of the targefm?]

Receiver apertur®[m?]

Atmospheric and system lo&sy, h svd1]
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LiDAR equation
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Transmitted poweP; [W]

Laser beam divergen@s [rad]

Backscatter cross section of the targefm?]
Receiver apertur®[m?]

Atmospheric and system loBsy, h syd1]
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Targetreflectancevs. wavelength
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Solarirradiance
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Transmittanceof 1000ft horizontalair path

Transmittance [%0]
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Oneway transmission@20km
Visibility

23km

10km
0.1

5km

0.01

One way transmission @20km

0.001

0.0001 , :
1 1.2 1.4 i 16 18
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13m 1550nm
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Lasersafety.
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hacL[M]

—2500m

—2000m

—71500m

—1000m

Difficult to match measurementperformanceand eye safetyX

VQ-480ll:
| =1550nm
Laser Class 3R
hac = 680m
PRR = 600kHz

OHD =0.7m
ENOHD &m

///m' VQ-780ILS: & I VQ-880GilI:

| =1064nm | =532nm
Laser Class 3B Laser Class 3B
hag =2500m hag.=2500m
PRR=700kHz PRR= 700kHz

NOHD = 159m
ENOHD = 1152m

NOHD 254m
ENOHD 2811m




Ectiwodigitization and (online) waveform processngg

Echoreceptionand digitization =—» Systenresponsepulsefitting ==»  parameterestimation
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time = r | I time ™

A precisetime stamps distanceand coordinates

A calibratedechoamplitudein [dB], relativeto receiverdetectionlimit, rangedependent

A calibratedtarget reflectancein [dB], relativeto white Lambertiandiffuselyreflectingtarget, rangeindependent
A pulseshapedeviation
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RIEGL point attiibuiies: Amplitude, Reflectance DReviation

F— antensityd = — ranqe—independentF
range2dependent ®
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Multispectral laser scaniig- Refleatance

| Reflectance -
Scaled

Lazer data
£.00

-z.00

-a.50

-4.88

-5.a2

-6.50

-8.00

-10.00

-12.50

532nm 1064nm 1550nm
VQ-840G V(1460 VQ480ll o
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The VQ1560iDW

The V@L560tDWis a dualchannelairborne LiDARsystemwith commonscanmechanism
« LiDARchannell greenlaser@ 532nm
« LiDARchannel2 infrared laser@ 1064nm 58° effeciive FOV

« Eachof thesechannelgyeneratesa
setof parallelscanlineson ground

» Thescanlinesof both channelsare
rotated by = 14° wrt yaw axis

« Theeffectivefield of view (FOV)f the
systemis 58°.







»,Green Normalized Difference Vegetation Index”.

OV 0w™

with
p Tt

p T

GNDVisanormalizeddifferenceindex, thus the absolutemagnitudesof the reflectancesare lost.

TheGNDVkanbe calculatedonly on acell/ rasterbasis i.e.by averagingover all targetsof a
channelwithin a cell of the raster, asthe lidar channelsare not co-axialand synchronizedn time.

The GNDMWalculationisimplementedin RiProcesand hasbeenusedfor the followingexamples
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Exampledata VQ-1560:tDW

Reffectance -
~ Difference
i

< Aag

Laser daca
1.00

055
0.86
078
0.75
0.65
0.58
0.52
0.45
0.3
0.51
0.2¢
0.17
011
0.08
-0.03
-0.10
-0.17
-0.24
-0.51
0.3
-0.48
0.5z
-0.5e
-0.65
-0.72
-0.78
-0.86
-0.53

-L.00

D RIEGL
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Example GreenLIDARChannel

Reflectance -
Scaled

Laser data
0.00

-0.61

-1.28

0 Reflectancevalues
from -3dBto -18dB
(limited by sensitivity

0 Averagereflectanceof this
example -8.0dB

0 Thereflectanceis
calculatedindividually for
eachsinglemeasurement

-1.86
-2.47
-3.11
-3.72
-4.33
-4.96
-5.58
-6.19
-6.82
-7.43
-8.05
-8.68
-9.29
-9.93
-10.54
-11.15
=LL29:
-1z.40
-13.01
-13.65
-14.26
-14.87
-15.50
-l6.12
-16.73

-17.36

-18.00



Example IRLIDARChannel

A Examplelnfrared LIDARChannel 3/5

Reflectance -
Scaled

Laser data
0.00

-0.61

0 Reflectanceralues R i e T 5
from 0dBto -18dB ‘ ’
(limited by sensitivity)

0 Averagereflectanceof this
example -5.3dB

0 Thereflectanceis
calculatedindividually for
eachsinglemeasurement

-2.47

-3.11

-3.72

-4.33

-4.96

-5.58

-6.19

-6.82

-7.43

-8.05

-8.68

-9.29

-9.93

-10.54

-11.15

-11.79

-1z.40

-13.01

-13.65

-14.26

-14.87

-15.50

-1l6.12

-16.73

-17.36

-18.00



Calculatedon acell basis
— cellsizelm x 1m -
— approx 21pts/m? perch.

(for singletargety s
— reducesspatialresolution
GNDVWaluesfrom +1to -1 o

for greenlaserwavelength

r 0.3l
-1.0meansthat the reflectance/ ‘. =
- § [
dominates O *’l : o
+1.0meansthat the infrared

reflectancedominates
Average GNDWf this e
exampleapprox0.35
=> Omaveragethe IRreflectance .
ishigherthanthe green IZZZ



Example RGB Image
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L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses
data set from two different campaigns X
D
L




L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses
data set from two different campaigns X
data from several laser scanners on X X
same platform
D
L




L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses
data set from two different campaigns X
data from several laser scanners on X X
same platform
several LIDARs sharing the same X X X

scanning mechanism




L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses

data set from two different campaigns X
data from several laser scanners on X X
same platform
several LIDARs sharing the same X X X
scanning mechanism
co-axial beams of same instantaneous X X X X

field-of-view




L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses

data set from two different campaigns X
data from several laser scanners on X X
same platform
several LIDARs sharing the same X X X
scanning mechanism
c_o-aX|aI t_)eams of same instantaneous X X X X
field-of-view
pulses of LIDARs are synchonized X X X X X




L same temporal identical identical synced
description o :
area coincidence | coverage footprint pulses
data from several laser scanners on X X
same platform
several LIDARs sharing the same X X X
scanning mechanism
increasing sensor/system complexity >
- increasing flexibility
increasing data fusion integrity >
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