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Abstract

Plant and tree rendering is critical to many computer graphics applications, like interactive walkthroughs, archi-
tectural presentations, entertaintment and computer games. Current research focuses on realistic modeling and
rendering of plants and trees. In this paper, however, we focus on non-photorealistic rendering of these mod-
els. We introduce GreenArt, a tool for a modeling and rendering non-photorealistic plants and trees. We present
GreenArt’s functionality and capabilities and we show some examples of scenes generated using the system.

Categories and Subject Descriptdescording to ACM CCS) 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism

1. Introduction RL-System. It also includes conventional rendering based on

] ) ~ OpenGL, and a more realistic rendering based on POV-Ray.
For several decades, modeling and rendering of synthetic

plants and trees has received much attention among com- Recently, a new breed of rendering techniques has ap-
puter graphics practitioners. There are serveral application Peared. Non-photorealistic rendering wants to achieve a less
areas of this field, particularly, modeling of forests, gar- realistic and more expressive look in computer generated im-
dens and other plant environments. Plant and tree models are2gery®“. Such techniques include methods to obtain more
known to be expensive to generate, process and render. Thisrtistic looking images-’, like painterly rendering, toon

is due to the huge amount of geometry required to model shading, and pen-and-ink illustrati®fi. In all these applica-
this type of scene. A tree model can be made of hundreds of tions, plant and tree models are commonplace. Therefore, we
thousands of polygons, and a forest model may contain hun- need specific techniques to expressively render these mod-
dreds or thousands of trees. Therefore, interactive rendering €/S-

of these scenes requires special custom-made tools. In this paper we introduce GreenArt, a tool for non-

photorealistic rendering of plants and trees modeled using
Green. The paper is organized as follows. Section 2 summa-
rizes Green’s features for modeling plants and trees. Section

Such tools support both modeling and rendering of plants
and trees. Traditionally, more effort has been devoted mod-

eling techniques and tools. Nowadays, there are applications . : . . .
that allow using different combinations of techniques to gen- 3 de§cr|bes G_reenArt, !ncludmg both its _underlymg structure
and its graphical user interface. In Section 4 we show some

erate very complex structures. These structures can then be . . ) .
. N . - results obtained with our system. Finally, Section 5 presents
edited and realistically rendered using the same applications. . Ll
some conclusions and directions for future work.

Most of these applications are based on L-syst&m®- 11,

Currently, research in plant and tree rendering focuses on
achieving interactive rates. For these purpose, we have de-
veloped a tool that allows tree modeling using Random Para- Green is a plant and tree modeler based on Random L-
metric L-Systems (RL-System&). This tool, called Green, Systems (RL-System$) These systems are an extension
generates a tree’s geometry by deriving and interpreting an of Parametric L-System$, widely used to generate self-

2. Plant and Tree Modeling: Green
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repeating natural structures. RL-Systems include random substantially reduce the number of polygons, enabling inter-
variables so that multiple unique individuals may be gener- active rendering and smooth transition between levels of de-
ated starting from the same system. Green contains context-tail. This technique can be easily applied to computer games
sensitivity, pruning, logical and arithmetic expressions, in- and other interactive applications that require plant and tree
terrogation modules and the possibility of adding new mod- rendering.

ules to improve the derivation process

The modeling process generates an RL-System, which 3. Non-Photorealistic Rendering: GreenArt
contains the declaration of the random variables to be used,
the initial string (axiom) and the production rules used in
the derivation. This system defines the geometry of the re-
sulting plant and tree. Using Green we have produced data
amplification models such as fractals, trees, corals and other
geometric substitution modéls Figure 1 shows an example
rendering that was generated with Green.

Given an RL-system we generate an image in two steps: (i)
we derive the RL-system and obtain a chain representing a
tree, and (ii) we interpret the chain using a 3D turtle and ob-
tain the geometric model of the tree. Green contains an inter-
preter that generates low-quality OpenGL-based renderings
of an RL-system. It also supports the generation of a ge-
ometry file suitable for rendering using POV-Ray, a free ray
tracer.

GreenArt is a new alternative interpreter for Green. When
GreenArt interprets a chain, it generates geometry that can
be rendered using one of several non-photorealistic tech-
niques, like painterly, hatching and sketching. The inter-
preter uses a 3D turtle to build a tree data structure. The data
structure is complemented with information on what render-
ing technique to use and how. Figure 2 shows two example
images of two different non-photorealistic rendering tech-
nigues obtained with GreenArt.

Figure 1: An image generated with Green.

Some of Green'’s features focus on speeding up the ren-
dering of scenes containing many trees. We have devel-
oped different approaches for branches and leaves. For ex-
ample, we generate a single polygonal mesh representing aFigure 2: Two examples of non-photorealistic renderings
branched structure from a tree modeled with Green. The fi- produced with GreenArt.
nal model shows smooth transitions in the tree areas joining
the branches. That way we avoid the overlapping problem,
as well as geometry discontinuities that appear when using
multiple meshes. The mesh supports both homogenous tex-
turing and simplification algorithm&'. On the other hand,
we have proposed procedural multiresolution to reduce the
number of branches used to render the tree. We build pro-
cedural models that reflect a tree’s visual structure at dif-
ferent resolution levels. We generate a new chain of mod-
ules with embedded multiresolution information. The algo- 3.1. Data Structure
rithm is based on a metric that quantifies the relevance of
the branches of a tree. The representation supports efficient
geometry extraction and produces good visual restilts.

We describe GreenArt’s main features: the data structure
that supports non-photorealistic rendering, and the graphical
user interface used to configure and display the renderings.
Our goal in this paper is to describe the tool. For more details
about the computer graphics techniques underlying the tool,
the reader is referred to our other work in this afeH.

GreenArt’s functionality is based on the data structure used
to store a plant or tree. Given a chain generated by deriving
an RL-system, we use a 3D turtle to interpret the symbols
Finally, we have developed a new method for realistic in- contained in the chain. Symbols have different meanings.
teractive rendering of tree foliage. Our methods starts by There are: (i) turtle control commands, like rotate and move,
pre-processing an RL-system and storing a hierarchy of tex- (ii) commands that generate graphics objects, like cylinder
ture images. For each frame, we traverse the texture treeand instance, and (iii) branching control commands, like
and retrieve an appropriate set of images. Those images arepush and pop. The 3D turtle can add to the scene the fol-
blended with other images to obtain the rendered tree. We lowing geometric elements: branches, leaves and instances
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of other objects, like flowers and fruits. A branch is repre- e background and canvas configuration
sented by its e_ndpqlnts and its thickness at each endp0|_nt. During normal use of the GUI changes in the rendering
Leaves and object instances are located and oriented with

. . dparameters immediately affect the image currently in dis-
respect to a canonical system. They are always associated t | i . I h
a branch. play. After modeling and rendering, GreenArt allows the op-

timization of the tree data structure for future rendering us-
The turtle starts from an initial position and generates a ing either OpenGL or a game engine.

tree data structure containing all the information pertaining

to its branches, leaves and other object instances. Each 980 pasults

metric element has two representations, a set of parameters

and a set of brush strokes. These representations can be useth this Section we present some results obtained with

to render a realistic and a non-photorealistic image of the el- GreenArt. The scenes contain plants and trees that were

ement, respectivelf. Here is the information stored forthe  modeled using RL-systems. Figure 3 shows the same tree

nodes of the hierarchical data structure. species rendered in two different ways: only with branches
and leaves, and with branches, leaves and object instances.
The RL-system used to model this tree is based on a ternary

Branch parameters: p1, p2, wl, w2 tree model like those describedsas.

List of brush strokes

List of leaves

Level of detail selection criteria

Simplified leaf model

List of object instances

Convex Hull

List of children nodes

Node

Leaf

e Leaf parameters: p, H, L, U

) Figure 3: A tree species rendered only with branches and
e List of brush strokes

leaves, and with branches, leaves and object instances.

Instance
e List of brush strokes Some tree species, like cone tree and cypress, contain so
e Level of detail selection criteria many, often tiny, leaves that each can not be represented by
e Simplified object models a brush stroke. In those situations we use object instances
Stroke to represent sets of neighboring leaves (see Figure 4 for an
example). The RL-systems shown in Figure 4 are based on a
e Associated polygon monopodial tree modél
e Brush stroke index
e Color

The Node data structure contains all the information as-
sociated to a branch, including its geometry, set of brush
strokes and leaves and object instances. The structure sup-
ports multiresolution for branches, leaves and object in-
stancegd’. Storing the convex hull associated to each branch
supports using a texture image instead of geometry for ren-
dering. Convex hulls are also useful for sketching and hatch-

ing.

3.2. Graphical User Interface

Once the tree data structure has been built, GreenArt allows Figure 4: Two trees whose leaves have been represented us-
the selection of different rendering parameters for the tree. ing object instances.
The GUI that makes this possible also supports:

e illumination control Finally, we have used RL-systems to generate the sim-
e camera control ple herbaceous plants shown in Figuré Fhis figure was

e selection of a brush stroke family composed using Impressionist, GreenArt and several brush
e randomness of stroke placement stroke families supported by both tools.
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2.

Figure 5: Two plants rendered using GreenArt. 9.

10.

5. Conclusions and Future Work

We have introduced GreenArt, a tool for non-photorealistic
rendering of plants and trees. We have presented a system
for modeling plants and trees using RL-Systems. We have
shown how a chain generated by an RL-system can be in-

terpreted by GreenArt. During interpretation GreenArt gen- 12,

erates a hierarchical data structure that is further employed
for rendering using painterly rendering and pen-and-ink il-
lustration.

13.

We are currently working on improving the speed of our
rendering algorithms. We would like to apply our technique
to areas like interactive rendering, simulation, and computer
games. We are also planning on adding new functionality
to GreenArt, like other non-photorealistic rendering algo-
rithms, a better outdoor illumination model and better com-
position tools for scenes made of multiple species.
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