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ABSTRACT 
 
The rendering technique described in this work 
allows non-photorealistic rendering of plants and 
trees. Our method is based on the general method 
proposed by Barbara Meier in 1996. RL-Systems 
are used to model a tree, allowing the generation in 
a single step of both the tree geometry and the set 
of brush strokes needed for later rendering. It can 
be applied to traditional animation, and to project 
presentation in architecture and interior design. The 
main advantage of our method is the integration of 
the processes of particle generation and geometry 
generation, facilitating the random perturbation of 
the model parameters, and the combination of 
elements to produce several levels of detail. 

 
1. INTRODUCTION 

 
The modeling  of plants and trees has received an 
increasing attention in the last few years. The work 
of Prusinkiewicz and Lindenmayer [8], Reeves and 
Blau [11], and Lintermann and Deussen [3] has led 
to the development of integrated systems for 
modeling and rendering natural environments with 
plants and trees. These systems have been applied 
to architecture, interior design, and gardening and 
landscaping simulations. Our interest in this field 
focuses on a different application: robot training 
for operation in agricultural environments, where 
rendering techniques for trees play a highly 
relevant roll. 
 
The recent emergence of non-photorealistic 
rendering techniques [12] introduces alternatives to 
conventional rendering that aim at increasing the 
expressiveness of the final images. The most 
relevant techniques in this field are used to match 
the look of traditional animation films (usually 
called toon shading) [2], and the look of drafts 
common in building and interior design   
presentations [13]. In all these applications, plants 
and trees are found repeatedly. Therefore, specific 
techniques are necessary for proper plant and tree 
rendering. 
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Our method is based on the general method 
proposed by Meier [7]. RL-Systems are used to 
model a tree, allowing the generation in a single 
step of both the tree geometry and the set of brush 
strokes needed for later rendering. This method has 
several advantages over those using surface models 
for the representation of trees [1]. In the following 
sections we summarize the techniques involved in 
rendering and modeling a tree. We also outline 
possible applications of our method, and present 
some of our experimental results. We conclude this 
paper with some directions for future work. 

 
2. PAINTERLY RENDERING 

 
The painterly rendering technique used in this 
work is based on a method proposed by Meier in 
1996 [7]. Meier’s method uses the following 
algorithm to obtain the final image of the model 
(extracted literally from [7]): 
 
create particles to represent geometry 
create a reference picture using 
conventional rendering techniques 
sort particles by distance from viewpoint 
for each particle, starting with furthest 
from viewpoint 

transform particle to screen space 
determine brush stroke attributes 
composite brush stroke into paint buffer 

end 

 
This method proposed by Meier has been improved 
by several researchers to support real-time 
rendering [5]  and multiresolution modeling  [6]. In 
all these works, stroke distribution in 3D space is 
based on a set of particles associated with the 
geometry. Particle generation is carried through  
the triangulation of surface patches. Such 
triangulation is inefficient for plant and tree 
rendering applications. Instead, we propose 
integrating the particle distribution into the tree 
modeling procedure. We do it using an RL-System 
[10] as described in the following section. The 
integration of the modeling procedure and the 
stroke particle system generation makes the 
process easier, taking great advantage of the 
hierarchical structure of plants and trees. 

 



3. TREE MODELING 
 
We use an RL-System [10] for tree modeling. They 
are an improvement of Parametric L-Systems 
introduced by Prusinkiewicz [9], where a set of 
random variables is associated to the system. RL-
Systems are a particular case of rewriting system 
whose final string representing the tree geometry is 
obtained by a derivation process starting from the 
axiom. The final string obtained is interpreted by a 
constructing 3D turtle, whose position and 
orientation in 3D space changes according to 
specific symbols, placing branches and leaves by 
means of a shape instancing process. L-Systems 
have been successfully applied to multiple plant 
and tree modeling systems [8][9][4]. 
 
The distribution of stroke particles is done by the 
same RL-System used for geometry modeling. To 
achieve this goal, a last derivation step is added to 
the system that obtains a set of related stroke 
particles for every instantiable element, i.e., for 
every branch and leaf. This technique has multiple 
advantages over the approach based on surface 
patches [1]. The most important advantages are: 
 
• It integrates both generation processes, the tree 

geometry generation and the generation of the 
set of stroke particles. 

• It supports the addition of local perturbations 
to the particles using the random variables 
included in the system. 

• It simplifies the generation of several levels of 
detail for the representation of every 
instantiable element. 

 
4. EXPERIMENTAL RESULTS 

 
For the test and validation of the  algorithm we 
have used a ternary tree model. The system starts 
from an initial branch with a bud in its final end. In 
the following derivations, each existing bud derives 
in three branches with new buds in their ends. The 
penultimate derivation generates buds of different 
types that will give place to the final leaves of the 
tree. The last derivation generates the instantiable 
forms for leaves and branches. 
 
The final RL-System used to render the realistic 
image of reference is described hereinafter: 
 
SYSTEM 
DECLARATIONS 
 

   CUniform d 130.0 145.0 
   CUniform b  15.0 35.0 
   CUniform r 0.8 1.4 
   CUniform h 3.0 4.0 
   CUniform k 50.0 80.0 

   CUniform x 6.0 10.0 
   CUniform m 170.0 190.0 
   CConstant v 0.707 
   CConstant s 1.4144 
 

AXIOM 
 

   BR{40.0,0.7}/{63.0}A{} 
 

RULES 
 

   A{}:NumIt<7#Push{}&{b}BR{15,0.7}A{}Pop{} 
   /{d}Push{}&{b}BR{15.0,0.7}A{}Pop{} 
   /{d}Push{}&{b}BR{15.0,0.7}A{}Pop{} 
 

   A{}#Push{}&{b}BR{5.0,0.5}B{}Pop{} 
   /{d}Push{}&{b}BR{5.0,0.5}B{}Pop{} 
   /{d}Push{}&{b}BR{5.0,0.5}B{}Pop{} 
    

   B{}#/{m}BR{3.0,0.5}Push{}&{k}LF{}Pop{} 
   /{m}BR{3.0,0.5}Push{}&{k}LF{}Pop{} 
   /{m}BR{3.0,0.5}Push{}&{k}LF{}Pop{} 
   &{-k}LF{ } 
    

   BR{l,w}:NumIt<7#BR{l*r,w*s} 
    

   BR{l,w}:NumIt=9#Cylinder{l,w,w*v}F{l} 
    

   LF{}#Instance{0,x,x,x} 
  

END 

 
In the realized implementation, the module 
Cylinder {} generates an instantiable object formed 
by brush strokes distributed on a cone shaft. The 
module Instance {} generates a single brush stroke 
to represent a leaf. 
 
The derivation of the previous system produces the 
realistic image of the tree that has been used as 
reference image, as is shown in the figure 1. 
 

 
 

Figure 1. Original image of sample tree 
 
The use of random variables allows obtaining 
variations of the same specie of tree. To generate 
some of the test images a variation of the previous 
system has been used, where the productions that 
give place to the leaves are eliminated . 
 
 
 



The previous image, together with the particles 
distribution, allows calculating the position, 
orientation, size and color of each one of the brush 
strokes. We have used as brush stroke a polygon to 
which a channel alpha texture is applied. The color 
of the polygon is obtained from the image of 
reference, determining the color of the pixel 
associated to the center of the brush stroke. In the 
calculation of the parameters associated to each 
stroke, random variables had been used, producing 
the effect of hand-made painting. 
 
The brushes used for the experiment had been 
extracted from the plug-in Impressionist, and 
simulate the real painting materials effect. The 
figure 2 shows two of these brushes simulating, 
chalk and watercolor.  
 

   
 

Figure 2. Sample brushes 
 
The painting process traverses the strokes list, 
beginning with the far away ones. The final results 
are shown in the figures 3 and 4. In each one of the 
figures a different brush it has been used, without 
varying the parameters of the brush strokes. The 
tree of the figure 5 has been generated using a 
variation of the RL-System, removing the 
productions that give place to the leaves. 
 

 
 

Figure 3. Rendering with chalk brush 
 

 
 

Figure 4. Rendering with watercolor brush 
 

 
 

Figure 5. A variation of the RL-System 

 
5. APLICATIONS 

 
Non-photorealistic rendering of plants and trees 
has both pure aesthetic applications and 
applications to traditional animation, videogames, 
architecture, and interior design. Non-
photorealistic rendering can also be used for 
geometric simplification without affecting image 
rendering quality. As an alternative to conventional 
rendering techniques, it is also applicable to real-
time simulation and training. This application 
requires speed improvements and a better 
management of levels of detail.    

 
6. CONCLUSIONS AND FUTURE WORK 

 
The rendering technique described in this work 
allows non-photorealistic rendering of plants and 
trees. It can be applied to traditional animation, and 
to project presentation in architecture and interior 
design. The main advantage of our method is the 
integration of the processes of particle generation 
and geometry generation. The management of the 
symbolic entities – imposed by the features of RL-



Systems – also facilitates the random perturbation 
of the model parameters, and the combination of 
elements to produce several levels of detail. Future 
work in this area will concentrate on the 
application of our method to conventional 
rendering. Our ultimate goal is to use it in 
simulation applications for agricultural robot 
training. To achieve this goal it is essential that we 
guarantee real-time visualization using acceleration 
techniques and a better approach to level-of-detail 
generation and management. 
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