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Computer Animation of Swaying Trees Based on Physical Simulation
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YASUHIRO AKAGI,t SYO SANAMI' and KATSUHIRO KITAJIMA?®

This paper presents a series of techniques for generating animations of trees swaying in
the wind, in consideration of the influences that the tree shapes and leaf sizes give to the
air current. To do the simulation of the wind around a tree having a complicated shape, it
is necessary to consider the influence that some objects obstructing the wind such as leaves
or branches give. Generally, the following problem occurs when we use the incompressible
Navier-Stokes equations in a physical simulation model of the wind. Computational complex-
ity increases because of considering the details of tree shapes, so it is difficult to generate
the animations in real-time. Therefore, this paper proposes a novel method that reduces the
computational complexity and realizes an animation in real-time, by means of a boundary
condition map expressing space distribution of resistances from tree models automatically.
In this case, we make a model as simple resistances decreasing the wind velocity from the
parts that have similar shapes like leaves and branches. And also, it has another advantage
that the influences between a tree and others can be rapidly calculated by using a hierarchical
calculation method. Finally, through many experiments using these methods, it is shown that
real-time animations of swaying trees in the wind can be realized.
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Fig.1 Staggered cell.
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Fig.2 Bend of branch.
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Fig.3 Transmission of a force added to a branch.
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Fig.4 Tree model.
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Table 1 Calculation time of the wind with a grid size.

grid size | calculation time (sec.)
103 0.0016

20° 0.12

303 1.13

403 7.08

50°% 28.74

603 65.81

l1goooooosooooooooooooooo
goob400000000O00OC0C0OOOCOODOO
gobooobooOooooooooboooOoooooboooo
gbooooooboooooboo

3.2 0D00O0O0OO0OOOO0OOOOOOOOOOOO

oobooooooooooo

gobz20000000000000C0O000A0
3. 1000000000000000000DOO00O00
goooooooooooooboooooooboonoo
goooooo

3.2.1 OOO0OOO0OOOO

oooooboooooooooboooo2000000
gbloooooooooooooboooboOooobooboo
goooooooooooooooooooo 1oo0o
goboooooooooobooocoooooooboo
gooooooooooboobooooooooboooo
gobooooooobooboooooooOoooooo
gobooooooooooooooooooboobo
gooooooooooooooooobooobonoo
gbooooboooooooooo

booboooboooooooboooooood
gobooooooooobooocboOoooooobooo
goboboooooooobooooooboooooooD 1
gl1oooobooocooooooooooooboo
gbobooOoooooooooobooooooooboooo
goooobooooooooobooooooooboooo
gooboooooooobooooo

oobooooboooobodOemOOOO0D0OO1
000000oO0o0O00ooooooooO SMACOO
goboooooooooboooooooooboobood
0000000 60°000010em 00000000
gobooooloooooool1o0oocoooooo
gbooooboob1mooooobooooobooooo
goboooooooobocoooboooOoooboobooo
gooobooOoooooooooooooooooboo
goooooooooooooooooooooooo
gooooooooooooooooooooDoooo
goooooboooooooooboboooooboonoo



1802 goooooooo

b

a: Ordinary grids and boundary conditions to
compute the wind.
b: Using virtual resistance to reduce the amount
of grids.
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Fig.5 Virtual resistance.
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Fig.6 Hierarchical calculation.
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Table 2 Specification of the experiment environment.
CPU Pentium4-2.53 GHz
Memory 512 Mbyte
VGA Radeon9600
O8 Windows2000
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Wind velocity (a: Om/s, b: 5m/s, ¢: 10m/s, d: 20m/s)
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Fig.7 Variations of the bend of a branch by each wind
velocity.

Wind velocity (a: Om/s, b: 5m/s, ¢: 10m/s, d: 20m/s)
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Fig.8 Differences of the sway of a tree by each wind
velocity.
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Fig.9 Motion of a branch in each tree of Fig. 8.

a: Normal size b: Large size
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Fig. 10 Difference of the sway of a tree at each leaf size.
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011 0000000000000 00000
Fig.11 Motion of a branch with large leaves.
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a: No wall b: Wall is placed
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Fig.12 Influence of a wall on the sway of a tree, when it
is placed on the upwind side.

a: Upper wind b: Lower wind
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Fig. 13 Influence from the tree on the upwind side on the

difference of the sway of branches.
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Table 3 Creation time of the animation at each grid size.

grid size | BCM (sec.) | SMAC (sec.)
103 0.062 0.0016

15° 0.078 0.014

203 0.156 0.12

253 0.469 0.41

30° 1.203 1.13

BCM: Boundary Condition Map
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Fig. 14 Experimental verification of the acceleration

technique.
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Table 4 Calculation time in each case.

Method Calculation time (s)
BCM 3.43

BCM+HC 0.822
BCM+HC+LOD | 0.708

BCM: Boundary Condition Map

HC: Hierarchical Calculation

LOD: Level of Detail
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Grid size (a: 5%, b: 103, c: 20%)
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Fig. 15 Difference of the sway of a tree at each grid size.
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Fig.16 Trees like a Japanese cedar.
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Fig.17 Trees like a camphor tree.
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