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Abstract

Whole plant leaf area properties were extracted
from contrasting laser scanner point clouds of
herbaceous plants and compared to information
obtained by 3D magnetic digitization. Total leaf area
and its spatial distribution were strongly related to the
total number of scanned points and its spatial
distribution. The calculations of normal directions
allowed, to some extent, to infer the distribution of
plant surfaces elevation angles. Together with the
definition of an accurate plant boundary envelope,
these data allowed the calculation of light interception
as accurately as magnetic digitization by using simpler
turbid medium plant representations.

1. Introduction

High-throughput screening of many genotypes and
the phenotypic analysis of their response to
environmental conditions has become a major
challenge to unravel the genetic basis of complex traits
in plants [1]. In this context, automating the
interpretation and analysis of biological images is of
particular importance. Current advances in 3D imaging
are likely to provide performing tools in a near future
to deal with these phenotyping issues [2, 3]. Laser
scanner devices in particular can generate valuable
data to infer the topology and geometry of plants [4,
5].  Much work however remains to be done to
develop algorithm making full use of the information
available in the 3D point clouds generated [5, 6].

At the same time, it has been recently pointed out
that complex plant architectures can be summarized
through a limited set whole-plant variables (i.e. plant
boundary envelope, total leaf area, leaf angle
distribution and a characterization of leaf area
clumping) to infer key plant function such as light

interception and carbon uptake [7, 8]. A partial use of
the full geometric information might thus be enough
for the phenotyping of these functions. The plant
representation used in that case relies on a ‘turbid
medium’ analogy (i.e. plant structure seen as a
homogeneous medium of random small particles
within the plant boundary envelope) to which a
supplemental leaf dispersion parameter can be
introduced to empirically deal with the non-random
clumping of foliage. Relative vertical and horizontal
leaf area distributions were shown to advantageously
replace this leaf dispersion parameter in herbaceous
plants [8].

The objectives of the present paper were i) to assess
if whole plant features necessary to infer light
interception through simple plant turbid medium (i.e.
plant boundary envelope, total leaf area, leaf angle
distribution and spatial distribution of leaf area) could
be extracted from laser scanner point clouds and ii) to
validate the accuracy of these data on light interception
calculation. A series of herbaceous plants was scanned
and then digitized with a magnetic digitization device
to build 3D reference plants and allows comparison of
laser scanner data with a reference mesh of each plant.

2. Materials and Methods

2.1. Plant material studied

An experiment was carried out outdoors between
April and September 2009 at the INRA Lusignan
station, France. Alfalfa (Medicago sativa L. cv Orca)
was sown at 50 (LD) and 460 (HD) plants.m™. Each
plant was grown in an individual pot to facilitate
extraction of individual plants from the canopy. Pots
were ferti-irrigated three times a day with a complete
nutrient solution.



2.2. Three-dimensional digitising

For each density, 3D digitizations were performed
at two stages of development (once during vegetative
development D1, and once at the end of a summer
regrowth period D2) on a group of neighbouring plants
extracted from the centre of each canopy. They were
measured indoors using an electromagnetic 3D
digitizer (3Space Fastrak, Polhemus Inc., Colchester,
VT, USA). Detailed record of the multi-scale topology
of each plant and of the spatial coordinates and
geometry of all plant organs were performed as
described in [9, 10]. The reconstruction process of
triangulated virtual plants was achieved using the
PlantGL toolkit [11] in the Openalea platform [12]

(Fig. 1).

Figure 1: Pictures, corresponding 3D digitized
plants and laser scanner point clouds for four
contrasting alfalfa plants (LD, D1).

2.3. Laser scanner point clouds acquisition

For each of the digitised plants, 3D point clouds
were acquired indoor using a rapid non-contact 3D
laser scanner (VIVID 910 ®, Konica Minolta Holdings
Inc., Tokyo, Japan). Focal distance (TELE, f=25mm)
and plant distance from the scanner (2.25m) provided
an about 1mm resolution. Plants were placed on a
synchronised rotary table, so that three views were
captured modulo 120°. They were merged without
outlier processing with the “Rapid Form” software
(Inus Technology Inc., Seoul, South Korea).

2.4. 3D point cloud processing

Point clouds were further processed with the open
source Meshlab software [13].

Convex Envelope

N

. Normal calculation
3D points cloud

Point density
distribution along x,y,z

Figure 2: lllustration of the whole plant
properties extracted from the 3D point clouds.



Plant characteristics necessary to calculate light
interception with a turbid medium approach were
estimated (Fig. 2). First, point density distributions
were established along X, y and z axes. Second, an
oriented point cloud was calculated using the
algorithm computing vertices normals  without
exploiting mesh connectivity. The ten closest
neighbour points were determined and used to fit a
plane that gives an estimate of the normal of the point.
The distribution of normal elevations was then
calculated. Finally, the Ball Pivoting algorithm enabled
to reconstruct a raw 3D mesh from the oriented point
cloud [14]. Each plant convex boundary envelope was
defined by fitting a convex hull to this mesh using
PlantGL [11].

2.5. Assessment of the derived leaf properties

Total numbers of scanned points, their relative
distributions in space as well as the distribution of
normal elevations were compared to total leaf area,
plant surface distributions and plant surface elevations
extracted from the corresponding 3D digitizations.
Ultimately, light interception properties of the turbid
medium generated with these plant characteristics (i.e.
boundary envelope, leaf area, 3D spatial distribution
functions and leaf angles distribution) were compared
to the light interception of the digitizations. A
statistical envelope-based reconstruction method was
used to build-up 3D plant turbid medium [8, 15].
Individual plant representations were gathered
according to their position and orientation in the actual
stand to build up virtual canopies.

3. Results and Discussions

Figure 3 presents the relationship between the
number of scanned points for a plant and the measured
plant leaf area. For a given scanner configuration, the
two variables were strictly correlated, making it
possible to infer total leaf area from the number of
scanned points. The spatial distribution of scanned
points also appeared as a very good proxy for the
spatial distribution of leaf area. Relative vertical
distributions were for instance similar for total plant
area (leaves + stems) and for scanned points (Fig. 4).
Considering leaves only (L) instead of leaves + stems
(LS) surfaces did not modify the relative spatial
distributions of plant surfaces (not shown).
Discrepancies were frequently more important for leaf
angle distributions between scanner data and
digitisations (Fig. 4). In most cases, the distributions of
elevation angles were quite similar between LS

digitizations and scanned point’s normals. They were
intermediate between classical planophile and
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Figure 3: Relationship between total number of
scanned points and plant leaf area (LD, D1).
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Figure 4: Comparisons of vertical distributions
of scanned points and whole plant surfaces (a)
and of cumulative leaf elevation distributions for
scanner data and magnetic digitizations (b) for the
four plants presented in Fig.1.
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plagiophile distributions [16]. It however also
happened that the angle distributions clearly differed
between the two types of characterisation. Although
deeper flaws and/or inappropriate sampling of the
scanner method can not be excluded, the most
plausible reason for that could be the time delay
between scanner acquisition and digitisation that could
allow leaflet reorientation for the last digitised plants.
The more plagiophile distributions observed for some
digitizations indeed seem to correspond to plants
adapted to indoor light conditions.

The overall consequence of these plant
characterisations was finally assessed on the light
interception properties of the plants (Fig. 5).
Interestingly, the data extracted from the point clouds
enabled the reconstruction of 3D plants that provided
good estimates of light interception as compared to the
digitizations. The accuracy required for such a
calculation of light partitioning was thus met by using
raw scanner point clouds. In a previous analysis, total
plant leaf area and the relative vertical distribution of
leaf area were shown to have the more influence on
light partitioning among individuals within a canopy
[8]. The method thus appears promising for non-
destructive follow-up of plant architectures on a large
scale. It could probably be applied to point clouds
obtained from other devices (e.g. time of flight camera,
structured light scanner...). The method is currently
being tested on a broader range of plant architectures,
including plants with a high degree of self-shading.
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Figure 5: Comparison of daily light
interceptions between 3D digitized plants and
turbid-mediums reconstructed from scanner data
(LD, D1).
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