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WHY MULTISPECTRAL LIDAR?

Counterpart Merit over counterpart

Multispectral LiDAR systems

 

• Combination of single-

wavelength systems 

    (Like HeliALS, FGI)

• Multi/hyper-wavelength 

systems

    (Like Optech Titan)

Monochromatic 

LiDAR

✓ Enriching radiometric information

✓ Allowing remote sensing indices calculation

✓ Differentiating objects within similar geometries

✓ Higher accuracy

Multispectral / 

hyperspectral images

✓ Accurate height information

✓ No shadow (active sensor)

✓ No hidden area (penetration)

✓ Higher accuracy

LiDAR and image 

data fusion

✓ Single-data source solution

✓ Without data fusion problems

✓ Neither shadows nor hidden objects
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Photogrammetry (left) vs. multispectral LiDAR (right), SAKURA5 dataset (false-color image, red: 1550 nm, 

green: 1064 nm, blue: 532 nm)

WHY MULTISPECTRAL LIDAR?

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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WHY MULTISPECTRAL LIDAR?

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

Simultaneous spatial-multispectral 

data acquisition in multispectral LiDAR 

eliminates the data fusion problem, 

e.g. moving objects   
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WHY MULTISPECTRAL LIDAR?

Multispectral LiDAR could boost automatic detection of features like solar panel, road, and

 road marking

Photogrammetry        Multispectral LiDAR                            Photogrammetry            Multispectral LiDAR            

        

Photogrammetry                 Multispectral LiDAR

SAKURA5 multispectral LiDAR dataset (false-color image,

 red: 1550 nm, green: 1064 nm, blue: 532 nm)

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

Higher contrast due to

shadowless data and distinct 

reflectance properties of materials
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Sum of reflectance values Linearity

Spatial-multispectral features 

Using sum of reflectance values and linearity could improve e.g. power line extraction 

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

WHY MULTISPECTRAL LIDAR?
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WHY MULTISPECTRAL LIDAR?

Multispectral LiDAR is nD (full coordinates + k spectral information)

SAKURA5 multispectral LiDAR dataset 

(false-color image, red: 1550 nm, green: 1064 nm, blue: 532 nm)

✓ Comprehensive spatial-multispectral information

✓ Single-data source solution

✓ No shadow and data registration problem

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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MULTISPECTRAL LASER SCANNING SYSTEMS

HeliALS, FGI, Finland, combination of 

RIEGL VUX-1HA, miniVUX-1DL, 

and VQ840-G

(1550 nm, 905 nm, and 532 nm)

Optech Titan, Teledyne Optech

(1550 nm, 1064 nm, and 532 nm)
VQ-1560i-DW, RIEGL

(1064 nm and 532 nm)

 

SAKURA5, NAKANIHON, Japan, 

combination of RIEGL

VQ-480 II and VQ-880-GH

(1550 nm, 1064 nm, and 532 nm) 

Broadband dual-comb hyperspectral LiDAR, FGI, Finland,

 based on a supercontinuum light source

Commercial

(out of market) Commercial
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Some software like OPALS (TU Wien) can be used for multispectral point cloud generation in nD 

(https://opals.geo.tuwien.ac.at/html/stable/preMergeChannelsPointclouds.html)

MULTISPECTRAL POINT CLOUDS GENERATION

HeliALS multispectral LiDAR system, FGI 

RIEGL VQ840-G (532​ nm)

RIEGL VUX-1HA (1550 nm) 

RIEGL miniVUX-1DL (905 nm)
Multispectral point cloud

Point clouds 

merging

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

https://opals.geo.tuwien.ac.at/html/stable/preMergeChannelsPointclouds.html
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MULTISPECTRAL LIDAR BENCHMARK DATASETS

Dataset, Year Producer
Data 
Type

LiDAR 
System

Wavelength Area Type
Area of 

Coverage
Auxiliary Data

IEEE GRSS, 
2018

NCALM 2D Optech Titan
SWIR, NIR, 
and green

Urban

University of 
Houston campus 

and its 
neighborhood

RGB and 
hyperspectral 

image

ISPRS WG III/5, 
2015

ISPRS WG 
III/5 and 
Teledyne 
Optech

3D Optech Titan
SWIR, NIR, 
and green

Natural 
coastal

Tobermory (ON, 
Canada)

NA

Summary of released multi/hyperspectral LiDAR benchmark datasets. [Takhtkeshha, N., Mandlburger, G., 

Remondino, F., & Hyyppä, J. (2024). Multispectral light detection and ranging technology and applications: A 

review. Sensors, 24(5), 1669. https://doi.org/10.3390/s24051669]

Two upcoming benchmark datasets:

❑ Loosdorf-Melk suburban dataset

❑ HeliALS forestry dataset 

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

https://doi.org/10.3390/s24051669
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MULTISPECTRAL LIDAR BENCHMARK DATASETS

Loosdorf-Melk suburban multispectral LiDAR benchmark dataset (will be released soon!)

✓ RIEGL VQ-1560i-DW  commercial laser scanning system

✓  Including 25 classes

✓  According to national European mapping agencies schemes

Green reflectance NIR reflectance Ground truth
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Multispectral LiDAR applications

[Takhtkeshha, N., Mandlburger, G., Remondino, F., & Hyyppä, J. (2024). Multispectral light detection and ranging technology 

and applications: A review. Sensors, 24(5), 1669. https://doi.org/10.3390/s24051669]

MULTISPECTRAL LIDAR APPLICATIONS

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

https://doi.org/10.3390/s24051669
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PRECISION FORESTRY– DATASET

Surveyed geometry of forest components; conventional 

monochromatic LiDAR vs. multispectral LiDAR 

VUX-1HA

(1550 nm)

miniVUX-1DL

(905 nm)

 

VQ840-G 

(532​ nm)

Multispectral point cloud

(HeliALS system, 1550 nm, 

905 nm, and 532 nm)

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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PRECISION FORESTRY– SPECTRAL HISTOGRAM 

Ground Low 

vegetation

Trunk

Branches Foliage Woody

 debris

Different forest components exhibit distinct spectral profiles

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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PRECISION FORESTRY- FOREST SEMANTIC SEGMENTATION

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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PRECISION FORESTRY- FOREST SEMANTIC SEGMENTATION

Multispectral improvement 

over geometry:

33.73% in mIoU 1

  32.35 % in mAcc 2

1 Mean intersection over union 
2 Mean accuracy EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

[Takhtkeshha, N., Bocaux, B., Ruoppa, L., Remondino, F., Mandlburger, G., Hyyppä, J., 

Kukko, A. 3D forest semantic segmentation using multispectral LiDAR and 3D deep 

learning, under review]
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PRECISION FORESTRY- TREE SPECIES CLASSIFICATION

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

Maple Aspen Spruce Rowan

XYZ Lime Pine Birch Maple

XYZ + SWIR + 

NIR + Green 

Maple Aspen Spruce Rowan
+ 15 % improvement 

in overall accuracy 

[Taher, J., Hyyppä, E., Hyyppä, M. et al., 2025: Multispectral airborne laser scanning for tree species 

classification: a benchmark of machine learning and deep learning algorithms. arXiv:2504.14337]

https://arxiv.org/abs/2504.14337
https://arxiv.org/abs/2504.14337
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Multispectral 

LiDAR system

Wavelength 

(nm)

Point density 

(point/m2)

Pulse repetition 

rate (kHz)

Laser beam 

divergence 

(mrad)

Flight 

altitude (m)

VQ-1560i-DW 532 9.06 1000 2.19 700m

1064 14.69 1000 0.25

Multispectral point clouds has an average point density of 21.11 points/m². 

RIEGL VQ-1560i-DW Loosdorf-Melk, lower Austria 

3D LAND USE LAND COVER MAPPING – DATASET

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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3D LAND USE LAND COVER MAPPING – PROSPECTIVE SCHEMES

EuroSDR survey on urban point cloud classification schemes based on airborne laser scanning

European mapping agencies are advancing toward fine-grained land use land cover mapping
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3D LAND USE LAND COVER MAPPING – SPECTRAL HISTOGRAM 

Dirt 

road Paved 

road 

Metal 

roof 

Clay roof 

Concrete 

roof 

Road 

marking

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al

Distinct reflectance values from multispectral LiDAR data open the door to material detection and 

infrastructure monitoring

Asphalt Gravel

Soil
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3D LAND USE LAND COVER MAPPING – SPECTRAL HISTOGRAM 

Dirt 

road Paved 

road 

Asphalt Gravel

Metal 

roof 

Clay roof 

Concrete 

roof 

Water

Façade Chimney

Solar 

panel
Car

Truck

Road 

marking

Soil

Bridge

Railway

track Fence Electric 

tower 

Cable 

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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Ground truth XYZ XYZ+G XYZ+NIR XYZ+G+NIR

Asphalt
Soil Paved road

Dirt road Water
Low 

vegetation

Medium 

vegetation

High 

vegetation
Clay tile roof

Concrete tile 

roof

Metal tile roof Facade Chimney Solar panel Car Pole Container Gravel Electric tower
Cable

3D LAND USE LAND COVER MAPPING – RESULTS 



Multispectral LiDAR and 3D Imaging_ Narges Takhtkeshha23

Auto-annotated multispectral LiDAR point cloud            Accuracy assessment of auto-annotation

    

   Dataset and case study: HeliALS, FGI, Finland

[Takhtkeshha, N., Bayrak, O.C., Mandlburger, G., Remondino, F., Kukko, A. and Hyyppä, J., 2024. Automatic annotation of 3D 

multispectral LiDAR data for land cover classification. International Archives of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences, XLIII-B2-2024, IEEE International Geoscience and Remote Sensing Symposium, Athens, Greece]

3D LAND USE LAND COVER MAPPING – UNSUPERVISED 



Multispectral LiDAR and 3D Imaging_ Narges Takhtkeshha24

Segmented MSL point cloud based on auto-annotated
 training data and KPConv deep learning model

Segmented MSL point cloud based on auto-annotated

 training data and KPConv deep learning model

3D LAND USE LAND COVER MAPPING – UNSUPERVISED 
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CHALLENGES OF MULTISPECTRAL LIDAR DATA PROCESSING

❑ Processing of high-dimensional and huge data

❑ Lack of customized AI models

❑ Substantial variability in spectral values on some land surfaces caused by moisture difference cause challenge 

for object detection, e.g. for detecting tennis courts

❑ Cost of multispectral LiDAR systems

❑ Most of the multispectral systems are not commercial

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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CONCLUSION

Multispectral LiDAR Technology:

❑ Offers a single-source data solution, eliminating data fusion challenges

❑ Enables material detection

❑ Supports infrastructure monitoring (e.g., distinguishing between paved and unpaved roads, new asphalt and 

old asphalt)

❑ Facilitates fine-grained 3D mapping

While the technology shows great promise, several open research topics remain, particularly in the areas of:

➢ Making the best use of multispectral LiDAR data  

➢ Proper radiometric calibration

➢ Developing tailored AI solutions

➢ Developing new commercial multispectral LiDAR systems

➢ Cost-benefit trade-offs

EuroSDR Multispectral LiDAR Workshop - Takhtkeshha et al
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