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1. Automatic Dataset Generation

Capturing large, high-quality training datasets of real-world
plants is universally recognized as challenging [10]. For
trees in particular, even high-precision LiDAR scanners are
unable to fully scan their intricate branching details due
to significant occlusion. Hence, synthesizing plant models
with fine details has become a common choice for dataset
acquisition in various plant-related tasks, such as foliage
segmentation [2] and point cloud reconstruction [5, 10].

For network training, we automatically generate a large
number of realistic 3D plant models from scratch based on
parametric L-system technique [17] and self-organization
growth [12]. The L-system, widely used in the game and
movie industries, stands out as a powerful method for cre-
ating random, natural-looking plant models. It biologically
simulates the plant structures and growth patterns of var-
ious species through a set of structural rules, which are
typically represented as a sequence of algorithmic symbols
(Fig. 1(a)). By randomly selecting procedural parameters,
a large number of variants of the same species can be ob-
tained efficiently. For example, Fig. 1(b) shows three syn-
thetic plant models generated by the same species rules.
Meanwhile, when synthesizing the plant models, we can
also jointly collect other training data, including plant im-
ages, segmentation masks, and corresponding box hierar-
chies (see Fig. 2).

To make our synthetic images more photo-realistic, we
employ the physically based rendering (PBR) technique
along with global illumination (GI). We render the plants
with varying lighting and material settings, and position the
camera at random pitch angles and distances. Additionally,
as shown in Fig. 3, we randomly add backgrounds to the
images. The backgrounds of outdoor and indoor scenes
are sourced from two common image datasets: ImageNet
[1] and MIT-Indoor-Scene dataset [13]. As part of data
augmentation, we dynamically apply post-processing tech-
niques (e.g., Gaussian blur and film grain) to the synthetic
photographs during the training process.

As a result, we synthesized a training dataset containing
12 tree species (e.g., Maple, Oak, Cherry), and 9 common

Figure 1. We use L-system to automatically synthesize a large
dataset of realistic 3D plant models. (a) The L-system rules define
the growth pattern algorithmically. (b) Two Birch trees generated
using the same species rules. (c) A real photo of a Birch tree is
provided for visual comparison.

Figure 2. Two synthetic plant variations generated by the same
species settings. Their mask images and hierarchical boxes can be
simultaneously collected during synthesizing these plant models.

Figure 3. Examples of the synthetic photographs and their cor-
responding ground-truth segmentation masks. We render plants
with different camera transformations, including changes in pitch
angles and camera distance, to enhance diversity.

houseplant species (e.g., Anthurium, Monstera Deliciosa,
Pilea Peperomioides). We trained each species separately.
There are 2k unique plants for each species in the training
set, with another 1k plants for validation and testing.
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