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Abstract
Creation of tree models faithful to light environment is an important task in computer graphics as well as in
botanical research, such as horticulture and forestry. In this paper, we propose an approach to model virtual
trees with constraints of light resources and tree morphological properties. By the allocation of received light
resources, tree model parameters are estimated, including branching directions and branching sizes. The light
energy is calculated by sampling the environmental space, so that the final architecture of trees could be modeled
corresponding to its growth environments. Experimental results show that the proposed method create trees with
architectures guided by light resources.
Keywords: tree modeling, environmental constraints, light guided modeling
Categories and Subject Descriptors (according to ACM CCS): I.3.5 [Computer Graphics]: Computational Geometry
and Object Modeling—I.6.8 [Simulation and Modeling]: Types of simulation—Visual

1. Introduction
Plant modeling is an important and popular topic in computer graphics, which has been successfully used in many
applications. Over the last decades, an immense amount of
efforts have been dedicated to the problem of realistic tree
generation. Broadly speaking, these approaches include procedural modeling, reconstruction from real world data (e.g.,
photographs or scanned points), and interactive modeling.
The reconstruction method can be used to generate trees with
higher level of realism. However, trees modeled by this approach are usually static and can not react to the environment.
In contrast, procedural methods are capable of simulating the shape of trees of different species, meeting multiple
constraints. One of the most relative procedural techniques
is rule-based systems, especially L-systems [Hon71, PL90].
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Runions et al. [RLP07] introduced a modeling method by
simulating the competition for space among branches. Furthermore, Palubicki et al. [PHL∗ 09] present a modeling
method based on the concept of self-organization. In this approach, the tree modeling process is dominated by the competition of buds and branches for light and for space, and
by the regulation by internal signaling mechanisms such as
nutrient transportation. However, there are still some worthy issues for research: improvement of resource allocation
model for growth simulation and exploitation of space competition and light influence.
In this paper, we propose new approach to model a virtual tree with constraints of light resources and tree species
properties. Our method address those issues listed in above
paragraph and also shows a new tree model mechanism because of considering comprehensive roles from the external
environmental factors.
2. Related work
Our topic belongs to procedural method, so we here discuss those landmarks and new progress works in recent
years. Early tree modeling did not take environmental factors into account. They focused on rule-based modeling and
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Figure 1: The competition for space, a simulation of the growth of two trees.

constructed trees using a recursive procedure since 1970’
[Hon71]. Using parameters such as branching angles and the
ratio of module sizes to construct tree models is a character.
Procedural methods like L-system, Fractional mechanism, stochastic process and particle system all begin their
development from the starting line. The basic mechanism of
L-system, introduced by [Lin68] as a mathematical theory
of developing plants, is to apply iteration system to build a
kind of procedure models according to a special and small
set of symbolic rules. Fractional tree [Ber91] can be generated with a simple recursive procedure also. Tree growth was
simulated by stochastic process since 1970’ from de Reffye
[PdR88]. Using parameters derived from observation, realistic structures faithful to botanic knowledge were simulated,
where a bud can die, rest, or create a variable number of
metamers. In addition, Kang et. al. [MK08] gave a detailed
survey about stochastic modeling of trees. particle system
method was used to simulate the tree growth in [NFD07].
Environment dependent methods were then introduced
for tree modeling, since the above methods are not sufficient to describe the underlying mechanisms of plants reacting their environment. [MP96, PJM94] applied the Lsystems to simulate the interaction between plants and environments. Based on L-system, [LK05, LL05] proposed different methods to respectively describe the growth of fractal
branches and the growth under different resource conditions.
[SP12] developed a modeling method through applying systematically botanical analysis of trees. [RLP07]proposed a
space colonization method which optimized the distribution of branches and modeled the trait of trees in a realistic
way. Then, [PHL∗ 09] developed and extended this method
when proposed the self-organizing modeling method which
utilized more botanical rules, such as the botanical constraints of branch patterns. [LRBP12,XM12,WYZB14] proposed several advanced methods to reconstruct or simulate
tree models realistically showing the trait of trees, convenient for modelers to control the shape of trees. In addition,
[LFM∗ 13, SPK∗ 14] proposed an inverse modeling method
to model trees and simulate plants’ growth process, which
is able to partly reflect the environmental impact on growth
with constraint of input point cloud data.

Comparing with those methods, our method consider both
internal mechanism and effects of space and light on the
branches’ shooting, making the shape and complex branches
more realistic.
3. Light-guided tree architecture modeling
We would like here at first to describe some modeling terminologies: a node is a point which constitutes a branch and
probably supports stems or leaves; an internode means a part
of stem between two nodes.
And we divide tree occupied space into a grid of voxels.
We set that the range of influence mode is from tree top to the
ground, which means that a node influences all of beneath
space. Note that, in our experiment the length of a voxel is
half of an internode.
Our method of simulating a tree is an iteration algorithm,
as shown in Figure 2.
Input. Our input information includes the initial location
of root, the branching mode or phyllotaxis, and several tree
morphological parameters introduced below.
Resource calculation and allocation. According to existing tree structure and environmental information, we acquire
the light value of each node according to the light informa-

Input root
position and
parameters
Generate beginning
trunk or read
previous structure
Calculate
resource and
allocate to nodes

Output tree structure
Calculate radii and shed
branches
Calculate environmental
impact of new shoots
Append new shoots

Figure 2: Overview of algorithm.
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d
∑M
j=1 r j , where r is the radius of the internodes at the branch
point, r j is the radii of the children internodes of r, M is the
total number of successor shoots including main axis and
lateral branches, and d is a user-defined parameter related to
tree species, usually between 2 to 3.5. Moreover, radii will
not decrease by shedding of branches.

After each iteration, the branch shedding step is applied
as [Tak94]. For each branch, the total amount of light it received is compared with the branch size measured in the
number of internodes.

4.3. Diverse tree biomorphs and control parameters
By tuning several parameters with our method, we here list
more experimental results as shown in Figure 5. In this figure, there are four tree models: an arbor, a evergreen shrubs,
a pine and a dungarunga. Comparing with the tree models
in [WYZB14], our trees have more complex skeleton structure with higher degree of randomness.
In order to generate these tree models, we specify some
parameters listed in Table 1. The table shows parameters for
generating all models in the paper. In addition, the second
model in Figure 5 has 8 roots.

4. Experimental Results
All the results presented in this paper are conducted on a
PC with 2.4 GHz Q2600 Quad CPU, 16GB memory, and a
64-bit Windows 7 operating system.

Figure 4: Simulation of trees with solid obstacles.

4.1. Modeling constrained by solid obstacles
Different from using deformation of a mature tree to build
a new shape when a tree meets a solid obstacle like a ball
[PSK∗ 12], our method is able to used to continually exhibit
modeling process. This does not increase the complexity of
our algorithm. We simulate a tree under a solid box (Figure
4). In the simulation, branches avert shooting into obstacle
or shooting too much in shadow space and the whole tree
adjusts its resource allocation according to the environment.
In addition, although resources are allocated much more to
the part of tree with more light, it still has constraints to the
growth.

Table 1: Parameters set for all models.
Tree
Fig.1,left
Fig.1,right
Fig.4
Fig.5,1st
Fig.5,2nd
Fig.5,3rd
Fig.5,4th

λ
0.46
0.54
0.52
0.52
0.46
0.54
0.52

k
0.5
0.35
0.5
0.5
0.5
0.35
0.35

b
2.1
1.9
2
2
2.1
2.2
2

µ
1.5
1
1.5
1.5
1
1.5
1

γ
0.5
0.5
0.5
0.5
0.5
0.2
0

θ
45
38
45
45
45
30
38

rs
0.2
0.35
0.35
0.35
0.25
0.25
0.35

5. Conclusion and Discussion
We present a tree modeling method which takes into account
light resource, space occupation and resource allocation. The
methodological contribution of our method is the tree architecture is modeled with resource allocation calculated according to light information based on environmental interaction. Compared with others’ modeling method, our modeling
method is able to control the general shape with decurrent or
excurrent inclination and detailed trait of branches. Technical advantages are follows:

4.2. Modeling of two trees

• Based on ideas of two models of calculating the fate of
nodes, we present a new two-stage resource calculation
method.
• Through optimizing branch shooting direction by comprehensively utilizing light and environmental information,
we demonstrate our approach with example for modeling
tree growth in an complex environment with solid space
obstacles.

Two trees showing the interacting effect on the environment
and space competition between plants can be simulated with
our algorithm expanded only by setting the tree number and
their root positions. Initial light space should cover all the
tree growth environment. We simulate two trees growing together while they have different parameters. After space and
light resource competing, the output result is shown in Figure 1. The parameter of model on the left

Our method still has limitations. First, the gravity influence to branching is not taken into account, which results in
the shape of some branch not simulated well. Another is that
the growth simulation partly exhibits growth progress which
is lack of variation of growth rhythm. In the future, we also
would like to consider improvement of model to realistically
simulate the whole growth progress of plants based on internal mechanism and environmental influence.
c The Eurographics Association 2015.
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Figure 5: Tree models with different architectures
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[MK08] MZ K ANG PH C OURNÃ ĹDE P. D. R.: Analytical study
of a stochastic plant growth model: Application to the greenlab
model. Mathematics and Computers in Simulation 78, 1 (2008),
57–75. 2
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