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AirborneLaser Scanning

1550nm
1064nm
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BathymetricLaser Scanning

532nm
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UAV-basedLaser Scanning

905nm
1550nm
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UV INFRARED

diode lasers, 905 nm

solid state lasers (fundamental wavelength), Nd:YAG, 1064 nm

solid state lasers (harmonics), Nd:YAG, 532 nm, (355 nm)

fiber lasers, Er-doped, 1.55 µm

fiber lasers, Yt-doped,  1.06 µm

fiber lasers, Ho-doped,  2.05 µm

frequency-doubled fiber lasers, 532 nm
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LiDAR equation

Received power PR [W]

Transmitted power PT [W]

Laser beam divergence θT [rad] 

Backscatter cross section of the target s[m2]

Receiver aperture D [m2]

Atmospheric and system loss hATM, hSYS [1]

Background radiation power PB [W]
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Solar irradiance
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One way transmission@20km 
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Laser safety: MPE, NOHD andENOHD

UV IR

Maximum permissibleexposure1)

Nominal occular
hazarddistance
NOHD [m]

Extended
nominal occular
hazarddistance
ENOHD [m]

1) European standardEN 60825, US standardsANSI Z136.x
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Difficult to matchmeasurementperformanceandeyesafetyΧ

VQ-780II-S:

l= 1064nm

Laser Class 3B

hAGL= 2500m

PRR = 700kHz

VQ-880G-II: 

l= 532nm

Laser Class 3B

hAGL= 2500m

PRR = 700kHz 

VQ-480II:

l= 1550nm

Laser Class 3R

hAGL= 680m 

PRR = 600kHz

NOHD = 0.7m
ENOHD = 5m500m

1000m

1500m

2000m

hAGL[m]

NOHD = 159m

ENOHD = 1152m

NOHD = 254m

ENOHD = 1811m

2500m
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Echo digitization and(online) waveformprocessing

System responsepulse fitting

Åprecisetime stamps, distanceandcoordinates

Åcalibratedecho amplitudein [dB], relative to receiverdetectionlimit, rangedependent

Åcalibratedtarget reflectancein [dB], relative to white Lambertiandiffuselyreflectingtarget, rangeindependent

Åpulse shapedeviation

Echo receptionand digitization Parameter estimation

A1

A2

A3

A4

T1 T2 T3 T4

D1
D2

D3 D4
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RIEGL point attributes:    Amplitude,      Reflectance,    Deviation

shadedrelief

αintensityά
range² dependent!
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Multispectral laserscanning- Reflectance

RGB 532nm
VQ-840G

1064nm
VQ-1460

1550nm
VQ-480II



© 2024 RIEGL ïAll rights reserved.

•The VQ-1560i-DW isa dual-channelairborneLiDARsystemwith commonscanmechanism:

•LiDARchannel1 greenlaser@ 532nm

•LiDARchannel2 infrared laser@ 1064nm

•Eachof thesechannelsgeneratesa 
setof parallel scanlineson ground. 

•The scanlinesof both channelsare
rotated by ± 14° wrt yawaxis

•The effectivefield of view(FOV) of the
systemis58°.

The VQ-1560i-DW
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VQ-1560i-DW scanningmechanism
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FromReflectanceto GNDVI 

„Green Normalized Difference Vegetation Index“:

ὋὔὈὠὍ
” ”

” ”

with

” ρπ
ϳ

” ρπ
ϳ

Å GNDVI isa normalizeddifferenceindex, thus the absolute magnitudesof the reflectancesare lost.

Å The GNDVIcanbe calculatedonly on a cell / rasterbasis, i.e. by averagingover all targetsof a 
channelwithin a cellof the raster, asthe lidar channelsarenot co-axial andsynchronizedin time.

The GNDVI calculationis implementedin RiProcessandhasbeenusedfor the followingexamples.
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Exampledata VQ-1560i-DW

RGB 1064nm 532nm GNDVI
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Example: Green LiDARChannel

o Reflectancevalues
from -3dB to -18dB
(limited by sensitivity)

o Average reflectanceof this
example: -8.0dB

o The reflectanceis
calculatedindividually for
eachsinglemeasurement.
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Å Example: Infrared LiDARChannel 3/5

Example: IR LiDARChannel

o Reflectancevalues
from 0dBto -18dB 
(limited by sensitivity)

o Average reflectanceof this
example: -5.3dB

o The reflectanceis
calculatedindividually for
eachsinglemeasurement.
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Example: ResultingGNDVI

Å Calculatedon a cell basis:

– cellsize1m x 1m

– approx. 21pts/m² per ch.
(for singletargets)

– reducesspatialresolution

Å GNDVI valuesfrom +1 to -1 

Å -1.0meansthat the reflectance
for greenlaserwavelength
dominates

Å +1.0 meansthat the infrared
reflectancedominates

Å Average GNDVI of this
example: approx. 0.35
=> On averagethe IR reflectance
ishigherthan the green.
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Example: RGB Image

The GNDVI emphasizesa changeof vegetationtype
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description
same 
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temporal 

coincidence
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coverage
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footprint

synced 

pulses

data set from two different campaigns X

Difficulties in multispectraldata acquisitionand laserscannerdesign



© 2023 RIEGL Laser Measurement Systems GmbH ïAll rights reserved.

description
same 

area

temporal 

coincidence

identical 

coverage

identical 

footprint

synced 

pulses

data set from two different campaigns X

data from several laser scanners on 

same platform
X X

Difficulties in multispectraldata acquisitionand laserscannerdesign



© 2023 RIEGL Laser Measurement Systems GmbH ïAll rights reserved.

description
same 

area

temporal 

coincidence

identical 

coverage

identical 

footprint

synced 

pulses

data set from two different campaigns X

data from several laser scanners on 

same platform
X X

several LIDARs sharing the same 

scanning mechanism
X X X

Difficulties in multispectraldata acquisitionand laserscannerdesign



© 2023 RIEGL Laser Measurement Systems GmbH ïAll rights reserved.

description
same 

area

temporal 

coincidence

identical 

coverage

identical 

footprint

synced 

pulses

data set from two different campaigns X

data from several laser scanners on 

same platform
X X

several LIDARs sharing the same 

scanning mechanism
X X X

co-axial beams of same instantaneous 

field-of-view
X X X X

Difficulties in multispectraldata acquisitionand laserscannerdesign



© 2023 RIEGL Laser Measurement Systems GmbH ïAll rights reserved.

description
same 

area

temporal 

coincidence

identical 

coverage

identical 

footprint

synced 

pulses

data set from two different campaigns X

data from several laser scanners on 

same platform
X X

several LIDARs sharing the same 

scanning mechanism
X X X

co-axial beams of same instantaneous 

field-of-view
X X X X

pulses of LIDARs are synchonized X X X X X

Difficulties in multispectraldata acquisitionand laserscannerdesign



© 2023 RIEGL Laser Measurement Systems GmbH ïAll rights reserved.

description
same 
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increasing sensor/system complexity

increasing flexibility

Difficulties in multispectraldata acquisitionand laserscannerdesign

increasing data fusion integrity
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