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Abstract—A novel approach to modeling realistic tree easily
through interactive methods based on ball B-Spline Curves
(BBSCs) and an efficient graph based data structure of tree model
is proposed in the paper. As BBSCs are flexible for modifying,
deforming and editing, these methods provide intuitive interaction
and more freedom for users to model trees. If conjuncted with
other methods like generating tree models through L-systems or
iterated function systems (IFS), the models are more realistic and
natural through modifying and editing. The method can be applied
to the design of bonsai tree models.

Keywords—Virtual plants, trees modeling, Ball B-Spline Curve,
3D Interactive modeling

I.  INTRODUCTION

Many contributions have been made to plant modeling.
L-system [4], Iterated Function Systems (IFS) [8-10], particle
systems [21], Automata [3], stochastic matrix (ramification
matrix) [31] and image based method [1] are used to describe
topological structures in plants. For the faithfulness of the
models to botanical nature of trees and plants, Philippe de
Reffye proposed a model through simulating the growth of
plants [32] and Oppenheimer used random number in fractal
modeling to generate plants in real time [30]. Among these
methods, L-system is the mainstream method. Because of the
structural complexity and freeform shapes of trees in nature, the
models generated by L-system or other fractal methods are not
plentiful enough. Therefore interactive method is becoming a
hot topic in modeling plants. Bernd Lintermann and Oliver
Deussen introduce interactive method of modeling plants in
1999 [12]; Later Makoto Okabe, etc. proposes a 2D freehand
sketch method to design trees [13]; furthermore, Lisa Streit, etc.
describes a 3D sketch method to model plants [14]; Xing Zhao,
etc. investigates interactive simulation of plant architecture
based on a dual scale automation model [15]; Xi Wang, etc.
focuses on interactive modeling tree bark [16].

In geometric representations of plants, a variety of methods
for representing 3D objects are wused. In boundary
representation methods, polygon mesh [6] and subdivision
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surfaces [17], Cone-Sphere [18], generalized cylinder [2],
implicit methods [19] like Blobtree [5, 22] and convolution
surfaces [20] are discussed. Even volume model [3] is also
explored to represent plants.

This paper proposes a hovel approach to modeling trees with
ball B-Spline curves [7, 11] easily through interactive methods.
BBSC is one kind of skeleton based representation method of
3D solid tubular object. Recently skeleton based representation
is hot topic. Sederberg and Farouki proposed interval B-Splines
[24] by using 2 intervals to define rectangular regions instead of
using simple control points. Further Lin and Rokne [25]
introduced disk/ball B&ier curve/surface by using disk or ball
instead of control points. Randriambelosoa tried to extend this
to B-Spline in constructing G* ball B-Spline by connecting 2
ball B&ier curves. But the conditions are too complex even for
some special cases [26]. For general case it is very difficult if
not impossible. Generalized cylinders [27-29] are one kind of
skeleton based representations, which are defined by moving a
2D contour along a 3D trajectory, i.e. generalized cylinder is
defined through its skeleton and Frenet frame on skeleton. The
tangent and normal vector are used in representation formula.
So it is a constructive or procedural representation method.

BBSC is a new representation of tubular objects with
thickness variations through directly defining the centreline
(skeleton) of solid regions as well as their radii in B-Spline form,
not constructing by combining ball B&ier curves. Comparing
with generalized cylinder, BBSC is defined by one parametric
equation, i.e. B-spline form. Therefore, the explicit
representation of ball B-spline is flexible for transformation,
manipulation, deformation, etc. The operations can be
implemented through changing control points and radii. As the
representation of generalized cylinder dependents on the
tangent and normal vector at each skeleton point, these
operations are not intuitive. Moreover, the properties of BBSC
can be explored directly and globally. But the properties’
investigation in generalized cylinder must dependent on each
local point’s tangent and normal.

Therefore, BBSC has good properties and is very suitable for
interactively generating trees. The paper is organized as follows.
In section 2, the representation method of a tree based on ball
B-Splines is discussed; In section 3, various interactive
modeling methods based above representation model are
described; In the section 4, local editing function are
investigated; In final section, some results and examples are
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shown.

Il.  TREE REPRESENTATION

2.1 Topology structure

An efficient graph based data structure (tree data structure)
of tree model is shown in Fig. 1.The data structure is built to
represent the structural relationships among stems of trees. A
general tree data structure is used to cover various trees’ branch
structures,. For efficient searching and modifying, the two
direction pointers between parent and children are necessary. In
each node of the tree data structure, the topological information
of its parent and children and its geometric representation based
on BBSCs are stored. For example, when modifying a branch’s
geometry information, to keep the continuity, its parent and
children node information are needed.

/ Root \ Level0
Node Node ** Node Levell
Node ... Node Node ... Node ... Lével(n—l)
Leaf» --- € Leaf» --- € Leaf Leaf» --- €Leaf» --- Leveln

Fig. 1 Hierarchical Structure

After the topological model is built, the relationship among
these stems can be easily found and the efficient management
and manipulation can be available. And it can also provide great
potential of interactively creating realistic tree models easily.

2.2 Ball B-Spline Curve [7, 11]

Let N; , (t) be the i-th B-Spline basis of degree p with knot

vector [uo,...,um] = {a,...a,uM,...,umfpfl,b...,b} Here,

< P;r, > isaball centered at P, with radius ;.

The Ball B-Spline Curve (BBSC) is therefore defined

n
as< B> (t) = Z N; ,(t) < P,;r >, where P, is control
i=0
pointand I; is control radius.
ASL B> () =DN,,(0)<Pin>=< DN, O XN, (O > 2
i=0 i=0 i=0
Ball B-Spline curve can be regard as two parts: a 3D B-Spline
n
curve, i.e. the center curve (or skeleton): c(t) = Z N ip (t)P, ,

i=0
and a B-Spline scalar function, i.e. the radius function

n
r(t):z Ni,p (t)ri . Therefore most properties and algorithms
i=0
can be obtained by applying B-Spline curve and function to the
two parts of BBSC respectively. Owing to the perfect symmetry

property of balls, the curve C(t) constructed from the centers

of balls is exactly the center curve of the 3D region represented
by the Ball B-Spline curve. The difference between B-Spline

curve and BBSC is shown in Fig. 2.

N

(a) Spatial curve represented by B-Spline curve
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(b) 3D solid region represented by BBSC
Fig. 2 Comparison of B-Spline curve and BBSC

From the paper [7], it can be seen that BBSC has solid
mathematical fundamentals. It can represent centerlines and
every point of 3D solid objects. It inherits theses properties from
B-Splines, like precise and efficient evaluation. It is flexible for
manipulation, deformation and morphing. It is a parametric
representation and thus requires small dataset for representing
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freeform shapes. These properties provide great potentials to
build a flexible plant model interactively.

Similar with B-Spline modeling, a ball B-Spline curve can be
generated through interpolating and approximating as shown in
Fig. 3. We can modify the 3D shape by deforming ball B-Spline
curves through modifying its control points and radii as shown
in Fig. 4.

Fig. 5 Tree represented by ball B-Spline curves (Control balls are shown)

I1l. INTERACTIVE MODELING METHODS

3.1 Interactively creating tree models
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Fig.3 Interpolation and approximation of BBSC
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(b) Deformed Object

Fig. 4 Deformation of BBSC through changing its control points and radii

Further properties and algorithms about BBSC, readers can __ (b) Generating tree model
refer to the paper [7] Fig. 7 Interactive creation of tree model

A tree can be created by rolling a radius-varying ball shown
in Fig. 7. During rolling balls, a sequence of position and radii
data can be obtained. By interpolating or approximating these
points and radii, a BBSC is generated to represent a stem. A tree
model is generated by iterating the above procedures.

2.3 Representing tree with BBSCs

For geometric data, a BBSC is used to represent each stem of
a tree shown in Fig.5.
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3.2 Deforming methods

(a) Original model (b) Model after global and local deformation
Fig. 8 Global and local deforming methods

Global and local deforming methods of tree models are
implemented through exerting the deformation to its geometric
model of BBSCs. Global deforming includes shearing, bending,
twisting, stretching, taper, and their compound, etc. These
deformations are applied to the whole tree, whole branch or
whole stem. Local deforming is to deform some local part of
some stem. For these two kinds of deformation methods, they
are implemented through deforming its geometric
representation, i.e. this deformation is implemented through
deforming BBSCs as mentioned above. Fig. 8 shows the result
after global and local deformation.

3.3 Morphing method

Morphing is a method of generating a sequence of shapes
between given two or more than two different shapes. By given
two or more tree model, these metamorphosis tree models can
be created by simulating their morphing procedure. The
algorithm for given 2 tree models case is explained, for more
than 2 tree models case, the algorithm is similar.

(1) The corresponding stems between given initial and final tree
models is found or indicated.

(2) For each couple of corresponding stems, metamorphosis
stem is generated. As for each stem, its BBSC representation
can be obtained. Therefore the problem converts into generating
metamorphosis between two or more than two BBSCs.

(3) Now the generation method of metamorphosis BBSCs when
given two or more than two BBSCs is discussed here. For
clearer explanation of interpolating two BBSCs to generate
metamorphosis BBSCs, it can be assumed that the two BBSCs
have the same degree, number of control points and knot vector,
that is

<Bl>(t):Zn:Ni’p(t)<F’i;ri >,

n
Here,< B, > (t) = ZNi’p(t) < P;r,>and T is the knot
i=0

vector. Therefore for the given two BBSCs case, the
metamorphosis BBSCs can be regard as linear interpolation
between the given 2 BBSCs, i.e. the metamorphosis BBSCs can
be generated by interpolating < B, > and <B, > ’s
corresponding control points and radii. In this paper only linear
interpolation is discussed. Suppose m+1 metamorphosis BBSCs
is given, the m+1 curve has the same degree, control points
number and knot vector <T>. The control points of these

BBSCs are PJ.i and control radii are rji ,then

Pji :(1_ (i+1) )7'c|:)J + (i+1) *QJ

(m+2) (m+2)
i _ (i+1) (i+1)
== @) ™1 + w5,
where j =01,....... , N. When two BBSCs have different

degree, the low degree curve can be converted to the higher
degree through elevation algorithm. For two BBSCs with
different control point number and knot vector, they can be
converted to two BBSCs with same number of control points
and knot vector through inserting knots. The algorithm is similar
to B-Spline curve. So it needn’t to explain in detail. For giving
more than two tree models, B-spline curve and scalar function
interpolation can be applied to the corresponding control points
and radii of these BBSCs to generate the metamorphosis
BBSCs.

(4) After generating all metamorphosis stems, these stems can
be combined to generate metamorphosis tree model according
to the metamorphosis order. So the morphing procedure is
simulated as shown in Fig. 9

Fig. 9 Morphing between two trees with different topology and geometry
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3.4 Modeling by combining branches

Combining simple components (branches) , a complicated
tree can be modeled which is shown in Fig. 10. During the
combination, some necessary transformations are used.
Currently theses branches are only put together without any
blending operations.

(a) Branch A (b) Branch B (c) Combined result
Fig. 10 Combining branches to generate a complex tree

IV. INTERACTIVELY EDITING METHODS

After obtaining a tree model through interaction or
procedural methods like L-system, some editing methods are
used to refine its topology and geometry of the model as shown
in Fig. 11. A branch is pruned and the shape of a stem is
deformed through changing its control points and radii locally.
For each stem, we can modify its position, direction globally as
well as change its local geometry through modifying its
geometry representation---BBSCs. As the topological data
structure, we can exert these editing methods to only one stem or
the branch starting from the stem.

(@) Original tree model

D

(b) Tree model after pruning and editing
Fig.11 Interactively editing of topological and geometric data

V. RESULTS

A general idea of modelling plant with BBSCs through
interaction is proposed. As BBSCs are defined in B-Spline
forms, the evaluation, tessellation and manipulation are as fast
as B-Spline curves. Rendering of these plant models are
implemented trough rendering the triangle mesh after
tessellations. So the technique can be applied to interactively
modeling plants in real time. Complex structure and freeform
shape of a tree can be generated through interaction. A variety
of interactively modeling methods are investigated which
provide more intuitive interaction and freedom for user to create
trees and assist users for creative design. Some examples are
shown in Fig. 12.

(a) Banyan tree without leaf
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(c) Cherry bay without leaf

(d) Mighty Oak Tree

Fig. 12 Some examples of modeling tree with BBSCs

The technique can be applied to interactive design of bonsai
tree models. A prototype system is developed based on the work
[21]. Currently only tree trunks are investigated and our current
prototype system is focus on the tree. But these methods can be
applied to the interactive modeling of leafs, root systems and
flowers. It can also be used to simulate plant growth.
Furthermore, some fundamental algorithms like blending
between 2 stems, etc. are needed to investigate. As BBSCs are
used to represent geometric information of trees, the dataset of
the representation is compressed and suitable for transmitting
via the internet. So the above methods can be applied to
collaborative design of plants in distributed environment. These
problems are needed to be investigated in the future.
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