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Presentation of the post-doctoral project, context and objective:

The use of proximal imaging acquisitions from ground-based [1] or UAV-based [2] platforms at centimetric
scales is a promising non destructive way to monitor vegetation status with high accuracy. It has been proven
for many applications in precision agriculture, phenotyping or single plant-oriented management. Actually in
the Vis-NIR range (0.4 — 1 um), leaf optical properties, namely reflectance and transmittance, are mainly
dominated by strong spectral absorptions induced by leaf pigments, and essentially chlorophylls [3]. These
latter play a major role in the plant photosynthesis activity, and thus, are keys elements for a better
understanding of the plant physiological status (i.e. health, nutrition, growth) and primary production.

However when upscaling the leaf to a whole tree canopy, the remotely-sensed reflected light is actually more
a combination of different contributions due to combined 3D geometric and radiative effects. In fact, the
leaves in a tree are spatially distributed within the crown and have each one their specific angular orientation,
which infers multiple shadowing, scatterings, transmission and absorptions with photosynthetic (neighbouring
leaves) and non-photosynthetic wood materials (i.e. trunk and branches). In addition at centimetric scales,
the directional effects of the material optical properties can no longer be neglected while they are mostly
smoothed or with a lower intensity at lower spatial resolutions (metric/decametric scales)[4,5,6]. More
precisely at the leaf scale, the total reflectance can be decomposed into its diffuse (i.e. isotropic) and specular
contribution. The first effectively enters the leaf and interacts with chlorophylls molecules in the chloroplasts
before being scattered out of the leaf while the second is directly reflected from the surface according to the
Snell-Descarte law [7]. Since specular contribution is mainly function of leaf surface properties (e.g. refractive
index and rugosity), it can vary strongly among tree species having different leaf anatomy (ex: presence of
wax and hairs)[8]. As such, for given illumination and viewing directions, it is challenging to study a leaf in a
tree in natural conditions compared to a leaf in controlled environments like in laboratory conditions.

The issue is that an inaccurate estimation of leaf optical properties will necessarily lead to biases in leaf
chlorophylls content estimation from empirical regressions. Some studies focused on the design of spectral
indices less influenced by the canopy structure [1, 2]. Others removed the specular reflectance contribution
in spectral indices based on the fact that the specular contribution is wavelength-independent in the Vis-NIR
range [8]. Other studies rely on the linearly polarized state of the reflected light generated in the specular
direction. They either subtract it from the total measured reflectance [9] or compute the DOLP (Degree Of
Linear Polarization)[10]. The second has the advantage of not requiring calibration while the first need
normalization with a reference target. Most recent state of the art literature have carried out studies for single
leaves, potted plants and hedges in indoor and outdoor conditions with polarized measurements [11], and
very few with polarized imaging [12] even though it provides a better spatial variability and thus statistical
analysis. However, to our best knowledge, scaling these results from leaf to a tree canopy has not been
studied yet, as well as the assessment of the multi-angular impact of solar conditions throughout a complete
day.
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The objective of this post-doctorate  is to characterize the spectro-polarizing characteristics of leaf optical
properties from proximal Vis-NIR multispectral polarized imagery to estimate leaf chlorophylls content in a
tree canopy. The goal is to provide first orders of magnitude of these spectro-polarizing effects in function of
the image spatial resolution, the daily temporal variation and the sensor spectral characteristics. The study
will focus on at least two tree species having different or extrema polarimetric optical behavior, with varying
illumination conditions, for fixed leaf geometries inside the tree and vertical acquisitions. The methodology
will rely on the use of spectral indices to estimate leaf chlorophylls contents, either taken from the literature
or designed specifically in the frame of this study.

The working plan will be the following:

- Set up and perform an experiment to acquire outdoor images with the polarized camera over a tree canopy
with multiple acquisitions over a full day along with chlorophyll-meter measurements on some leaves (and
other relevant measurements such as spectroscopic ones),

- Post-process the collected data including geometric/radiometric corrections, derivation of the Stokes vector
(describing the polarization state of acquired light) and DOLP per pixel and per spectral band images for
each acquisition, computation of relevant spectral indices,

- Same as before by studying different spatial resolutions (from a single leaf to several leaves) by image
spatial aggregation,

- Carry out statistical analysis to assess the spectral variance of Stokes parameters and DOLP values
observed within a single image (for leaves with different orientations), its temporal evolution (for different
solar illumination angles) and spatial variation (different spatial resolutions),

- Perform sensitivity analysis by studying the performance of regressions built between the derived spectral
indices and the previously chlorophylls measurements used as proxies,

- Summary of the results, scientific paper writing and conference presentation.

This post-doctorate is funded by the French National Research Agency and is part of the ANR JCJC CANOP
project "Remotely sensed leaf biochemistry intra-individual variability in orchard tree CANOPies for agro-
ecology" (2023-2026). This work will contribute to set up the appropriate experiment and methodology to be
applied further to orchard sites.

If you are interested in this post-doctorate positi on, please send botha CV anda motivation
letter to the persons of contact.
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External collaborations :
ANR CANOP laboratory consortium (ONERA, EMMAH, CESBIO, TETIS, GAFL, PSH)

Host laboratory at ONERA:
Department : Optics and Associated Techniques
Location (ONERA centre): Toulouse

Contact : Karine Adeline and Romain Ceolato

Phone: (+33) 5 62 25 26 68, (+33) 5 62 25 26 17
Email : karine.adeline@onera.fr, romain.ceolato@onera.fr
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