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Summary 
This paper describes the modeling and animation of broad-leaf 
plant moving with the wind. There are many instances where 
animations of vegetation and foliage are limited to simple textures 
in non real-time. To address this limitation, we show how to use a 
physically based animation method to realistically simulate the 
movement of stem and foliage in real-time. Our emphasis is on the 
overall geometrical structure of the plant according to botanical 
principles, including hierarchically transaction of the part of 
branch and foliage. In particular, by introducing the transfer force, 
dynamics simulation is performed from the improved semi-rigidity 
model for foliage to the segment model for branch. By comparing 
with the other simulation methods, the experiment indicates that 
the proposed model can animate the movements caused by 
external forces such as winds both effective and realistic. 
Key words: 
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Introduction 

Much of the research involved in computer graphics is 
focused on eliminating the gap between art and science, as 
well as creating realistic images and animations world 
around us. Scientists and artists have a common goal, to 
realistically display the scene in our real world by their 
hands. The quest for photorealism challenges modeling and 
rendering algorithms, while a departure from realism may 
offer a fresh view of known structures [1]. And nowadays 
the computer animation is combing science with art. 
In computer animation, realistic vision showed on computer 
is more attractive than physically accuracy. An extensive 
amount of work such as Growth Model has already been 
carried out in the area of plant. In general these works 
include three aspects: modeling the plant itself, animation 
and rendering of the plant, and interaction of the plant with 
its surrounding environment. Many computer game 
developers and scientists interested in visualizing natural 
environments make some efforts on modeling visual plant 
and rendering the plant, but not on the animation of plant in 
real time. Prusinkeiwicz and Lindenmayer built the tree 
model by using L-Systems method firstly, which is one of 
the parametric approaches used to make tree models [2,3,4]. 
Oppenheimer used fractals and the notion of fractal self-
similarity for modeling plants in [5]. Weber and Penn also 
propose one method to construct the forest from one plant 
[6]. Recently, Wang divided leaves of plant into several 

segments in order to represent the softness of leaves in 
quaternion space. However it is difficult to simulate some 
plants in real time because of the expensive computation [7]. 
On the other hand, Deussen and Sakaguchi developed and 
improved the animation rendering technique in the quite 
complex scenery and interactive environment [8,9]. In the 
physically based methods, Ono proposed another segment 
based method in which braches are connected by springs 
[10].Shinya computed the distortion of tree with the wind 
using the stochastic theory through calculus equations [11]. 
And Stam introduced half Lagrange method to obtains the 
rapids effect through filtering white noise in the frequency 
field, and then to calculate the auto-oscillatory frequency of 
branch by using the finite element mode analysis, 
eventually to gain oscillatory effect of branch in the 
wind[12]. In order to compute the distortion of tree and to 
make the tree have good physical condition, Giacomo 
combined process-based method and physical-based method 
to realize animation of tree. He computed the time-
consuming latter only in the near distance [13]. Feng Jin-hui 
simulated the form of willow tree in the wind by carrying 
on the branch classified processing [14]. Liu You-quan 
proposed that the finite element method and parallel 
computation on GPU could accelerate distortion 
computation of the willow branch in the wind in real time 
[15]. 
Most research above focus on simulating the movement of 
plant with thin leaves or small leaves, where each leave is 
modeled as a single polygon in the wind and they always 
have the same appearance. So they can not show the real 
shape of each leave, like blade bend of leaves. Our goal is 
to simulate the realistic movement of broad-leaf plant, like 
Japanese banana and violet and hollyhock, with the wind in 
real time. We propose a method for rendering and 
animating broad-leaf plant in real-time and realistic manner 
according to the familiar Newtonian notation. We describe 
the details of the process of stem and leaves when the wind 
force added. By introducing the notion of rigidity, it is not 
only to control the general behavior of the plant efficiently 
but to reduce the complexity of the process of force analysis. 
On the other hand, we model the leaves of plant in a new 
way with an improved semi-rigidity structure, which can 
greatly simplify the self-collision detection of leaves and 
expensive computation. The rest of the paper will proceed 
as follows. In section 2, we will review our physically based 
model for branches and leaves of broad-leaf plant. Section 3 
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will discuss the detail of the system and dynamics of 
branches and leaves. Section 4 will evaluate of results in 
comparison with the other system. Finally, in Section 5, we 
conclude with some discussion on possible future work. 

2. Building the Physically based Broad-leaf 
Plant 

For the purpose of simulating the behavior of plant 
perfectly in the wind, we should model for the plant based 
on physics. There are several phases for this modeling. First, 
the stems or branches of plant have been divided into 
several little cylinders or prism primitives with equal length 
and different radius, which can generate rotation and 
translation acted by the internal forces and external forces. 
Thus it can effectively control the computation time and 
create animation in real time. Second, we also divided the 
parallel venation of leaves into several segments because of 
our relatively broad leaves of plant, which is different from 
other works. Finally, we adopt of improved semi-rigidity 
structure to control the points on leaves to make them move 
with the wind. It is obey the botanic characteristics in nature, 
and it makes the plant animation vivid and more realistic. 

2.1 Creating the Stems or Branches 

There is a possible segmentation of stems or branches 
divided shown in Figure 1. Matrixes were used to represent 
transformations (Cartesian coordinate system) to prevent 
Sakaguchi’s[9] spherical coordinate system which can give 
rise to the Gimbal lock that can occur in using Euler Angles. 
Matrixes are considered a very convenient and simple 
method to calculate rotations and translations in the three 
dimensional space. It can also save massive computation 
time by reducing the essential transformation to the 
hardware applications, such as GPU [16].  

 

Fig. 1: Segment hierarchy of a plant. 

The model on the left in Figure 1 shows a simple segment 
structure, and the right the segments form a hierarchical tree. 
Each segment has exactly one parent segment, except for 
the root segment which has no parent. In turn, each segment 
can have none, one, or more child segments. As we can see 
in figure 1, segment 1 is the root segment and therefore has 

no parent. Segment 5 and segment 6 have one parent 
segment, 3. For example if some external forces (wind 
force) cause segment 3 to be rotated to the right, segments 5, 
6, 7 and 8 must follow this rotation such that there are no 
graphs in the model, and the segments stay attached to one 
another. We will later discuss the detail of its algorithm in 
Section 3. 

2.2 Creating the Broad Leaves 

If a displayed equation needs a number, place it flush with 
the right margin of the column (e.g., see Eq. 1). 
For knowing this paper clearly, Figure 2 shows some 
botanic notions of leaf mentioned in this paper. 

 

Fig. 2: A leaf of Plant. 

In figure 3, we have been modeled the broad leaf blades in a 
special way — an improved semi-rigidity structure which is 
inspirited from the structure used in cloth [17], which is 
represented as an object composed of mass points 
connected by semi-rigid rods. This kind of mold is more 
suitable for some ordinary leaf forms of plant, such as 
oblong, elliptic, rhombic and spoon shape, which have 
parallel venation in common. It can be seen from the figure 
that there is one mid-rib in the middle of leaf blade in the 
longitudinal direction on which the rigidity and mass of 
points gradually lessen from the base of leaf to the apex. 
The mass points on the mid-rib have the biggest rigidity and 
mass than those on both sides in the same latitudinal 
direction, which is shown by the change of color in the 
figure. The constraint in the latitudinal direction may 
guarantee the movement of leaf blades with the wind. And 
the constraint added on parallel venation may avoid the 
abnormal phenomenon of tearing and over-bending of 
leaves in the movement. This improved model is very 
suitable for showing the form of the broad-leaf plants in 
wind. 
Each mass point on the mid-rib accords with the point in the 
middle of leaf blade in the model, so the movement of 
points on the leaf model may lead to the movement of leaf 
segments connected with those points. Since the mid-rib of 
leaves is very thin, they can be rendered as cubic tubes, 
which make similar approximations for efficiency. Figure 
3(b) shows a close up view of a leaf mid-rib. The size of the 
leaf can be modified by the depth of tree. Leaves closer to 
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the root segment are larger. The more segments the leaf is 
divided, the more realistic the leaf moves, and the more 
expensive the computation will be. 

 
            (a) 

   
   (b)                              (c)  

Fig. 3: leaf blade model. (a) semi-rigidity and spring structure of leaf model 
(b) cubic tubes of mid-rib of leaf model (c) leaf model in our 

experimentation 

3. Calculations and Animation of Broad-leaf 
Plant Model 

The animation of Broad-leaf plant swaying in wind is 
mainly created by the forces acting on the mass points on 
leaves and vertexes on the stem or branch, which make 
meshes attached to them rotation and translation to form a 
variety of postures of plants. The overall animation process 
is as follow. 

At each time step, 

  1. Clear the forces on all segments (i.e. set all forces to 
<0,0,0>) 

  2. Traverse the segment list and leaf points in reverse order 
(i.e. order from the leaves to the root), calculating all 
internal and external forces for each. 

  3. Traverse the segment list and leaf points again in the 
order from the root to the leaves, this time calculating the 
new rotation of each segment. Use this new rotation to 
calculate the new transformation matrix of each segment 
and to adjust the position and velocities of mass points for 
each leaf. 

  4. Rendering and displaying the image of plant at this time. 

The local Z-axis of each segment mentioned in this paper 
always points along the length of the segment. We will 
discuss the detail of force calculations of stems or branches 
and leaf blades of plant respectively as follow. 

3.1 Force Calculations of Stem and Leaf Mid-rib 

The basic animation mechanism involves calculating a 
number of external and internal forces, acting on each plant 
segment (stem or branch and leaf mid-rib), and use these to 
calculate their rotational movements. When looking at each 
segment in isolation, we only consider rotational movement. 
Any translational movement of a segment is due to a 
movement in its parent segment. 

Wind force,
stem

WF
r

 acts on the stems and leaf mid-rib 
segments of plant due to wind is simply calculated using the 
following equation: 

stem
W segF S P=
r

        (1) 

where Sseg is the surface area of the segment which is facing 
the wind and p is the air pressure due to wind, at the surface 
of the segment. In our implementation we assume that 
pressure due to wind is proportional to wind velocity. 

Weight force,
stem

GF
r

 due to gravity (weight) intuitively is 
calculated by 

stem
GF Mg=
r

            (2) 

where M is the mass of a segment. 

Restoration force, 
stem

RF
r

 is an internal force which always 
acts to restore the initial orientation of the segment. To 
provide a robust and flexible technique to animate realistic 
plant movements, it is necessary to include a variable that 
can ultimately determine the behavior of the plant. We 
implement this feature through the notion of rigidity [18]. 

2 ( )stem
R rF K r R Z= Δ ×
r r r

       (3) 

where Kr is a user defined constant, representing the rigidity 

of the segments, r is the cross-section radius, RΔ
r

 is the 

current rotation vector of the segment, and Z
r

 is a unit 
vector pointing along the local Z-axis. By performing a 

cross product between RΔ
r

 and Z
r

 we obtain a vector 
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Figure 5: Modeling the forces on a point of leaf blade 

which is perpendicular to both the segment itself, and the 
rotation axis as shown in figure 4. 

 

Fig. 4: Calculating the restoration force vector. Note that △R is pointing 
out of the paper and is perpendicular to Z. 

Axial damping force,
stem

DF
r

 is an internal force which 
always opposes the angular velocity of the segment, and it 

can be calculated in the same way as
stem

RF
r

. 

Transfer force, 
stem

TF
r

 is defined as the force that is 
propagated from a segment, back to its parent. For example, 
when wind is exerted to a leaf (i+1 segment), some of this 
force is transferred to the branch it is attached, causing i 
segment to bend more than it would if the leaf did not exist. 
In our experimentation, we have taken a user defined 
fraction of the external forces acting on a segment, and 
apply to its parent, which is accordant with the order of 
nature. 

1

1
( )

n
i i i i

T t r W G T
i

F K K F F F +

=

= + +∑
r r r r

�
     (4) 

where Kt and Kr are user defined constants representing 
transitivity and rigidity respectively, n is the number of 

child segments. 
i

WF
r

 and 
i

GF
r

 are the wind force and weight 

of the ith child, and 
1i

TF +
r

 is transfer force of the i+1th child, 
after being transformed to the local space of ith segment. 
The value of the segment the apex of leaf attached is 0. We 
will discuss the transfer force of leaf blade in section 3.2. 

Having calculated all the forces acting on a segment at a 

given time step, we can now derive the torque
tτr , and in 

turn the new rotation of the segment 
t tR +ΔΔ . 

2

3( )t t t t tR R t V t
mlα τ+ΔΔ = Δ + Δ + Δ

r r r r
� � �           

(5) 

3.2 Force Calculations of points on foliage 

We need also to calculate the external and internal forces 
acting on each point of leaves as those of the stem or branch 

segments. These forces include Wind force ijWF
r

, damping 

force of Point DijF
r

, Weight force GijF
r

, Support Force SijF
r

, 

etc. Figure 5 shows the forces model where upijF
r

and dnijF
r

 
are a pair of balance forces, representing the interaction 
relationship of upper point and lower point acting on the 
point in a same longitudinal (vertical) direction. Specially, 
we will discuss the detail of wind force and support force. 

Wind force, ijWF
r

is different from the stem’s wind force, and 
it is calculated using the following equation: 

ijW w ij ij ijF C n v n= •
r r r r

       (6) 

where Cw is a user-specified viscosity constant for the wind, 

ijnr
 the normal to the surface at point Pij, ijvr

 the wind 
vector. In order to compute the surface normals, at each 
point, Pij of leaf, the sum of the effect of the wind on the 
surrounding triangles is calculated.  

Support Force, SijF
r

is expressed by 

Sij r ijF C M g=
r

         (7) 

where Mij is the mass of the particle Pij. The rigidity Cr is 
introduced this paper to show the feature of leaves in nature. 
Therefore, with a constant gravity force, the shape of the 
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leaf can be solely determined by the rigidity, which can 
simplify the complexity of computation. It is different from 
cloth that there is a support force acting on the particle Pij of 
leaf, which provided by the mid-rid segment of leaf.  

The internal and external force vectors are summed to give 
the final force acting on the point Pij, which is denoted 

by
leafF∑
r

. According to the relationship of angular 
quantity and linear quantity of rigid, we may decompose the 
final force of a point to three components of three axes in 
the rectangular coordinate system, and the component in the 
longitudinal direction is the transfer force of this point 
mentioned in section 3.1. Subsequently it can be calculated 
that the displacement of this point ran away from original 
point due to wind. Through constraint force in latitudinal 
direction, we can adjust the distance between every two 
points, for more details see [17]. 

2

2
ij ij

r ij

d x f
dt C m

=

rr

        (8) 

For the points of semi-rigid, it would be necessary to 
respond to the collision detection explicitly after getting the 
new positions. In order to avoid the disadvantage of rigid, 
there are two parts as follow. First, we add the constraint 
force in parallel venation direction. Leaf point’s movement 
will take place under this local coordinate system. The new 
displacement of Pi+1,j+1 is calculated using the following 
equation: 

old new old
ij ij ijnew

ij old new old
a ij ij ij

L if L L
L

K L if L L

⎧ ≥⎪= ⎨
<⎪⎩      (9) 

where Ka is the user defined elastic constant according to 

the softness of leaf. 
new
ijL

is the new distance between two 

points, 
old
ijL

the original one. So the resulting leaf can be 
guaranteed not to be over-curled in wind due to this 
constraint force together with that in latitudinal direction. 
Secondly, when experiencing the third step of animation 
process, it would be another opportunity to adjust the new 
positions of leaf points properly. 

The dynamic generation of the points provides the option to 
easily alter the number of points in longitudinal and 
latitudinal directions and their constraint force. The more 
points we are used to represent a model, the finer the 
movements that can be achieved, and the more expensive 
computation it will take.  

3.3 Wind Force Model 

Allowing for the effect of the wind, we can model the wind 
velocity with a single vector which is either randomly 
generated, or defined by users. To achieve this effect we 
have proposed the use of a regular 3D vector field, where 
each grid point in the field holds the velocity vector of the 
wind at that point. When we want to calculate the wind 
force on a particular segment or point, we simply look up 
the nearest grid point and obtain the velocity vector. The 
extents and resolution of the vector field is user defined, but 
typically it must completely contain the plant, even after 
application of large external forces. 

In order to simulate the actual wind through this vector field, 
we use a series of velocity functions. Each of them in a grid 
point can be obtained by defining a function of position and 
time. The number of leading edges of the wind will affect 
the velocity of wind in the next grid. At any given point in 
time, there may be several velocity functions affecting the 
vector field. Therefore, the final velocity vector at each grid 
point is equal to the sum of all velocity functions at that 
point: 

1
( , , , ) ( , , , )

n

wind i
i

V x y z t f x y z t
=

=∑
rr

      (10) 

where ( , , , )if x y z t  is velocity function. Note that at every 
time step, we keep track of the function values of each 
velocity function. If for a given velocity function, the 
resulting vectors at all the grid points are of length 0, it is no 
longer affecting the vector field for future time steps. 

4 Experimental Results 

In our experimentation, a broad leaf plant model was used 
to animate the realistic behavior of the plants in nature 
(shown in Fig. 6). The simulation is implemented by a 
computer with Pentium Ⅳ-2.8G MHZ CPU, 512MB DDR 
RAM and NVIDIA GeForce3 64MB. 
Fig. 6 shows the broad leaf plant model without wind, and 
Fig. 7 shows some snapshots of the effects of varying wind 
vector acting on the plant model. At any point, the 
movement of plant can be dynamically controlled by 
injecting a global wind into the system by the user. And the 
structural attributes of a plant like the mass, length, rigidity 
and the visual attributes like its texture maps also can be 
interactively specified at run-time by the user. 
The broad leaf plant model consists of 9529 vertices, 
including 6 stems and 54 leaves, and each leaf has 10 cubic 
tubes as mid-rib or parallel venation segment. The frame 
rate of the animation was found to run stably at 
approximately 44-46 fames per second, which is realized on 
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the CPU and not on the graphics card, as we do not yet take 
advantage of any hardware acceleration. 

 

Figure 6: The plant model without external forces at this point 

 

Fig. 7  Simulation result of general broad-leaf tree with different force 
model 

5 Conclusion 

In this paper, we propose a physically based method for 
realistic rendering and animating broad-leaf plant models in 
real-time by combing segment method and mass point 
method. It is given the detail of the process of modeling the 
stems and leaves of plant, and the effects of varying wind. 
The animations of plant model are generated through a 
particular model of wind force. This allows for the 
animations to achieve suitable real-time frame rates as well 
as provide realistic movement. The emphasis is on a new 
method of combining the traditional segment methods for 
tree models with the improved semi-rigidity system for 
cloth models successfully, and we creatively apply 
improved semi-rigidity structure to the leaf mold in 
accordance with the Newton's law of motion and plant's 
natural attribute. By adding the elastic constraint to the 

parallel venation direction, the movements of the leaves are 
not only rigid but soft.  

Moreover, the transfer force is introduced to keep the 
segment methods in accordance with the improved semi-
rigidity methods, and it can generate more realistic 
movements of the plant. It is the force that the surrounding 
segments or points will be affected when any part of them 
acted by wind. The experimentation indicates that our 
simulation algorithm has high performance and the shapes 
of the plant in wind are well comparing with the former 
methods. 

In this way, thin-leaf plant or small-leaf plant can be easily 
modeled by modifying the points on the semi-rigidity 
structure. The method will be suitable for the promising 
applications in computer games, animations, movie 
manufacture and Virtual Reality fields. Future 
investigations will be extended this method to be able to 
handle vast realistically animated landscape of vegetation 
and foliage. 
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