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Hybrid physical data-driven retrieval of canopy traits from a spectral imagery
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1D vs. 3D leaf and canopy radiative transfer models
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• PROSPECT, Fluspect [1,2] • RAYTRAN, FluVRT [3,4]
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Porcar-Castel, Malenovský et al., Nature Plants (2021), https://doi.org/10.1038/s41477-021-00980-4

• SAIL, SCOPE [5,6]
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3D leaf radiative transfer – Impact of non-Lambertian leaf surface
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Bidirectional Monte Carlo vectorized path tracing (physical rendering)
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o Mitsuba 2 | ERADIATE: https://www.eradiate.eu/
https://rgl.epfl.ch/publications/NimierDavidVicini2019Mitsuba2

o LuxCoreRender | DART-Lux: https://dart.omp.eu

Direct sun
irradiance

Atmosphere radiance

LiDAR

3D scene: no voxels, turbid/fluid volumes, facets with texture 
RT modelling: computation & RAM-usage reduced up to 100 times! 

LiDAR

Wang et al., Remote Sens. Environ., (2022)

https://doi.org/10.1016/j.rse.2022.112973



DART-Lux simulated BRF of 3D forest stands in RAMI-V 
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Nadir natural colour image Solar principal plane BRF3D forest representation
Järvselja forest – 1029 trees (465 birch, 196 alder, 185 aspen, 78 linden, 39 spruce, 46 ash, and maple) 

7 min, 3.3 Gb RAM (laptop)

800 nm

4 min, 2.6 Gb RAM (laptop)

Wytham Woods – 550 trees (362 sycamores, 51 ash, 33 hazel, 22 English oaks, 16 hawthorn, 2 maples, 34?, and 30♱)

560 nm



3D forest canopy radiative transfer – Impact of discrete canopy layers
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Airborne HDRF
DART simulated reflectance signature 

Tumbarumba supersite WITHOUT understorey3D RTM simulation
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Tumbarumba supersite WITH understorey3D RTM simulation

Tumbarumba
TERN forest monitoring supersite 

Courtesy Růžena Janoutová
100 m



DART-Lux: Example of a high-resolution large scene simulation

8Malenovský et al. | 2nd Workshop on International Cooperation in Spaceborne Imaging Spectroscopy

o Plantations & vineyards
(Ripperdan, California),  
ESA project COPA2 

o Exact 3D geometry of 
individual plants

o Spatial distribution 
based on high 
resolution satellite 
image

DART simulationSatellite image (Sept. 2018)
Courtesy Nicolas Lauret



DART-Lux: Example of a diurnal simulation on a continental scale
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25 May 2021 

06.00 – 21.00 CEST 

DEM (+ GEBCO)

Copernicus LC map

Pixel size: 250 m 

Computation: 9h 30min 

(laptop, 64GB RAM)

Courtesy Eric Chavanon



Challenges in 3D radiative transfer modelling of forests
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Leaf level
o Calibration of 3D leaf model optical parameters, e.g.: 

• refractive indices for leaf tissues, 
• specific absorption coefficients of leaf biochemical constituents.

o Library of species-specific 3D leaf representations (similar to spectral libraries).
o Validation of 3D leaf model simulations against multi-angular leaf optical measurements 

(leaf goniometer).

Canopy level
o Database of 3D virtual forest architecture:

• airborne laser scanning forest reconstruction, 
• process-based forest growth models.

o Multisensory parametrization of forest functional types, e.g.: 
• forest structure (e.g., canopy closure, height, LAI) & topography (DEM),
• forest phenology driven biochemical parametrization.

o Hardware-GPU accelerated real-time path tracing.



Questions?

zbynek.malenovsky@gmail.com
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