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Summary

The graph-based functional structural plant modeling (FSPM) platform GrolMP (Kniemeyer,
2008) was extended by a set of functionalities for managing point clouds on the level of
individual points using GrolMP’s relational graph grammar. These functionalities include the
import of XYZ (simple x y z coordinates in CSV style) and PLY (sets of points, edges and
faces) based point clouds as balanced trees to the GrolMP simulation graph and a set of basic
point cloud manipulation tools. They are extended to support the possible faces and edges
from the PLY as part of the point cloud. We use this new implementation in GrolMP in two
examples to showcase its usage: a model validation and a fine-grained light interception on
meshes.

Statement of need

In plant science, 3D point clouds are widely used as data structure as they are a straightforward
way to represent a 3D object. They bring an efficient and fast approach to collect geometric
data from plants/trees, which can be complex structures (Okura, 2022). This data can be
used for extracting features (Ghahremani et al., 2021), reconstructing topology (Preuksakarn
et al., 2010; Raumonen et al., 2013) or geometry meshes and volumes (Wang et al., 2023),
calibrating models, among others. FSPM represents plants by including fine grain properties
and organ interactions in the plant growth representation. The FSPM representation benefits
from the plant modeling and reconstruction approaches using point clouds, as they provide
accurate analyses for model validation (Perez et al., 2023) or data-driven models.

Most FSPM platforms support importing point clouds as static data structures, yet they do
not integrate direct interactions such as simulated growth starting from the measured point
cloud, light simulation, or rule-based manipulation of the point cloud. Besides this, FSP
models commonly use point clouds in an abstracted form by analyzing them with various
platform-independent tools. For instance, Bekkers et al. (Bekkers et al., 2024) present an
analysis pipeline for point clouds with the goal of using the derived parameters in a GrolMP
FSP Model. Only the FSPM platform OpenAlea (Pradal et al., 2008) provides an integrated
tool to do semi-automatic 3D reconstruction from a point cloud (Boudon et al., 2014).

The platform GrolMP with its model-specification XL language provides queries for rewriting
or retrieving data from graphs. The platform is well-adapted for plant modeling and has been
used extensively for FSPM. In GrolMP, the models and data are represented as graphs. Thus,
a graph representation of a point cloud eases its integration into the modeling process. This
design also enables to leverage the XL language on the point clouds, allowing the usage of
complex queries on both the point cloud and the model.

To showcase the possible benefit of such an approach we consider two use cases: validation of
growth rules for a model to fit a measured tree, and integration of organs measured at high
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resolution into the model. In the case of validating the accuracy of a growth model simulating
a measured tree, integrating the point cloud into the environment of the simulation eases the
validation. A scenario where this kind of validation in GrolMP is used is the reconstruction
of measured pine trees into a topological graph following a growth model. In the case of
integrating measured organs (e.g. leaves) into a model, a suitable data integration of point
clouds enables fine-grained analyses and manipulations of the organ. As PLY files can also
contain faces, it would be possible to use a raytracer and gather the amount of intercepted
energy for each face. In a GrolMP model, this enables to use light models on measured leaves
at a very precise resolution, while the leaf is connected to a growth model.

PointCloud plugin in GrolMP

To import and export XYZ and PLY point clouds, new filters were created. Since these filters
follow the general structure of importing and exporting in GrolMP, they can be used in any
part of the software and in combination with other plugins.

The points of the imported point clouds are added as terminal vertices to a balanced tree in
the project graph. Adding the objects only as leaves allowed us to keep the concept of local
transformation of GrolMP, which enables the user to manipulate the whole point cloud at once
using turtle geometry commands.

If the imported file also includes meshes or lines, these objects are added as separate trees. The
meshes and lines are then linked to their corresponding points using refinement edges. This
structure of separated trees with only specific relationships allows users to easily manipulate
only one scale of the structure while keeping the included knowledge/relationships.

For the visualization, the existing graph visitor that builds the 3D scene has been improved to
speed up the overall visitation time. Indeed, by default, GrolMP's display visitors go through
every node of the project graph for every user interaction. We added a possible cache of 3D
objects that prevents re-visiting the same nodes. It is particularly impactful with point cloud
graphs with millions of nodes.

A more in depth description of the point cloud objects in GrolMP is available on the software
wiki.

Installation & usage

The code is available on gitlab, and can be used in GrolMP, either downloaded and compiled from
the source, or directly from the GrolMP plugin manager. Two example projects are embedded
within the plugin and can be opened through the example explorer (File/Example projects).
They represent the basic examples of the use cases described above. More documentation on
both the algorithms/implementation and on how to set up/use the plugin is available from the
wiki.

The example projects are used to highlight the features of the plugin. The first one uses a
measured leaf organ in a PLY file (Figure 1). The leaf is transformed and added several times
to a branch model. A simple XL rewriting rule is used to simulate leaf growth, and the GPUFlux
raytracer (Henke & Buck-Sorlin, 2017) in the light model. The absorbed power per area is
used to set the RGBAShader of each mesh in order to create a heatmap-like representation
(Figure 1).
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Figure 1: Imported leaf added to a model branch. Results of light modeling. Each mesh is colored
depending on its individual amount of light intercepted.

The second example project shows how the point cloud can be integrated in model validation.
The plant model is simulated in the same scene as the point cloud. The point's coordinates
are tested for whether they fit in the volume of the simulated plant. The result of the fitting
can be used in the growth rules (Figure 2).
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Figure 2: Point cloud of a tree, and reconstruction models that matches the point cloud at 99 and 75
percents.
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