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Description E—é‘

RAMIS is a biophotonic physiological plant sensor whichamees the water, dry matter, and
chlorophyll content of plant leaves. It was develbpin the Laboratoire Environnement et
Développement of the University of Paris 7 — Denidebot.

How does it work?

RAMISis a prototype based on the interaction of thetelatagnetic radiation, i.e. the
transmittance, with a plant leaf, i.e. the absorptf the leaf biochemical constituents and the
scattering within the leaf due to its anatomicelcure.
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Figure 2: Light sensor made of a double
layer Si/Ge photodiode sensitive to the
500 nm to 2000 nm range.

Figure 1: Light source made of five light i
emission diodes at 656, 721, 843, 937 and —
1550 nm. 2
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In order to determine the leaf biochemical contents , /\
using RAMIS, we shall consider the spectral |. —
fom \ emission function of the diodes (source) and the ®"
. ! filter function of the photodiode (detector). The | *
jH\ / \\ characteristics of the optoelectronics components °: /\
L have been chosen according to the leaf optical - - - — ~ -
s o) properties. ) Wowlh )
Figure 3: Distribution of the spectral emission Figure 4: Distribution of the spectral response
from the RAMIS source of photodiode array. oam| of the Si/Ge sensor from RAMIS.
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Physical model

The commercial devices based on the sam| £ . oo ] i
principle (e.g., SPAD and CCM series) only| ...
determine the leaf chlorophyll content in an semiy oot ————

empirical way.RAMIS uses a radiative transfer ansmiance
model, PROSPECT, to determine the

Water thickness (cm)
.
.
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Ieei’figure 5: Relationship between the transmittance:

|
b sl 1 s itysiteel sy . ._of the leaf measured byAMIS at 1550 nm and |* v [[ N
PROSPECT  computes the hemlspherlc e leaf equivalent water thickneskrgdescantia | I |- A
reflectance (R) and transmittance (T) of planffyminensis variegatd
leaves of different anatomical structures from 400 B

nm to 2500 nm. The knowledge of the specifi a

absorption coefficients of the leaf constituentaris [

important issue in that wavelength range. ERAA
The RAMIS transmittance has been simulated T

with  PROSPECT by varying the model inpu

parameters and, in inversion, a neural network

algorithm has been implemented to estimate the RE

leaf equivalent water thickness,Ceaf mass per

area G, and chlorophyll concentration ,C

RAMIS proves to perform well in the

determination of these constituents.

Figure 6: Specific absorption coefficient of
water, dry matter and chlorophyll.
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Figure 7: Optical leaf model of light interactions.
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Applications

The RAMIS prototype allows to perform
accurate analytical measurements of physiologicags.,
leaf variables. It can be used to validate sagellit]
products at the canopy level for different kinds of
applications (environmental pollution, precision,
agriculture, fire risk assessment,
research).
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Figure 8: Estimation of leaf equivalent water
thickness using RAMIS (after Vendola, 2006)
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