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Abstract: This paper presents an approach to animate realistic interactions between tree branches and raindrops,
based on physical theory. Tree branches and petioles are represented by a model namely ETPSM (extended
three-prism spring model) with three-prism structures, which can be flexibly controlled by four kinds of spring
systems. The branches and leaves are animated due to the bidirectional transference of kinetic energy between
raindrops and the branch system. The interactions between them can be well simulated by an efficient technique,
specially designed for liquid motion on non-rigid objects with hydrophilic surfaces. When the branches are
impacted by a raindrop, they will vibrate and twist, and the raindrops will flow along the leaf vein, merge into larger
ones, or hang on the leaf apex, and the branch will rebound and vibrate for a while after the raindrop falls off the
leaf, finally into a rest place. Experimental results show that this approach can be used to efficiently and realistically
simulate these interactions between tree branches and raindrops; meanwhile, it can efficiently and easily simulate
the elastic deformation of rod under the influence of external forces, such as rotation and vibration.

Key words:  physically-based deformation; branch animation; raindrop animation; extended three-prism spring
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Fig.8 Height and normal maps of a leaf without or with raindrops
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Fig.9 Generation of droplet meshes
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Fig.10 Dynamic analysis of droplet on a leaf surface
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Fig.11 A sequence of subdrops reduced at each time step in side viewport and in top viewport
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Table 1 Performance of our algorithm with different density of raindrops for three different scenes
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Scene Vertex Facet Leaf Resolution of Frame per second
number number number leaf texture Drop density: 20 Drop density: 200
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512x512 1.43 0.18
128x128 13.57 5.28
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128x128 10.33 3.59
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Table 2 Variables and user-defined coefficients list of proposed algorithm in this paper

R 2 ARRNEAN AR S E AREIR

Parameter Explanation Property Definition dValu_e Default Comment
omain | value
a Contact coefficient between drop and leaf surface V — Oorl | Oorl
& Loss coefficient of energy when drop hitting branch U - [0,1] 0.1
[ Contact angle between drop and leaf surface U - (0,m) n/3 | Appendix 1
2] Scale coefficient of drop height \Lj ;'A, [Oil] 0;5 Appendix 1
P A user-.defined constant for scale coefficient of U B ~1.0 1.05
drop height
The dot-product between leaf normal and drop v
x local geometry normal B - -
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Table 2 Variables and user-defined coefficients list of proposed algorithm in this paper (continue)
R 2 APTREM AR RS E XARER (L)
Parameter Explanation Property Definition Valu_e Default Comment
domain | value
o Controlling coefficient of leaf pressure Vv d/L — —
[l The threshold of ¢ U - [0,1] 0.8
d The distance between petiole tip and drop position V - - - Fig.12
L The length of main vein Vv — — — Fig.12
4 Interpolation coefficient of leaf texture Vv xn® - - Fig.13
4 Evaporation coefficient of drop trace U - [0,1] 0.5 Fig.13
A user-defined constant for interpolation coefficient .
n of leaf texture v B 10.1] 0.95 Fig.13
c The distance between drop-covering grid to drop Y B B B Fig.13
center
= The total energy of drop after hitting the branch Vv Egx(1-¢) - -
Eg The total energy of drop before hitting the branch V - - -
M Diagonal mass matrix of spring nodes Vv - - -
D Diagonal matrix of damping coefficient of spring Y
nodes h B B
K Diagonal stiffness matrix of springs Vv - - -
x(t) The position of branch node at time t V = — —
F(t) The external force of branch node at time t Vv Gp(t)+S(t)+P(t) - —
Gp(t)  |The gravity of branch node at time t V — — —
S(t) The spring force of branch node at time t \ Sst(D)+Ssn(t)+Sx1(H)+ Sen(t) - —
P(t) The pressure of branch from drops at time t V - - -
Sai(t) The structural spring force of branch node at time t Vv Hooke’s law — —
Ssh(t)  |The shearing spring force of branch node at time t Vv Hooke’s law - -
Sa(t) The bending spring force of branch node at time t \% Hooke’s law — —
Sep(t) The back-spring force of branch node at time t Vv Hooke’s law - -
1
. 3m 3 .
r The radius of drop on the leaf \% r=f— > - - Fig.15
(2 + cos’ 6 —3cos 6)
G The component of drop gravity along leaf surface Vv - - - Fig.10
The component of drop gravity along the vertical .
G direction to leaf surface v B B E Ne 10
F The frictional force of drop from leaf Vv 1xGy - - Fig.10
H The hydrophilic force of drop from leaf Vv — — — Fig.10
Vo The volume of drop on leaf surface Vv 37r/8 — - Fig.11
N
Vi The volume of i-th subdrop of drop tail \Y V, = ZVi = - Fig.11
=]
ro The radius of drop on leaf surface V R - -
N
ri The radius of i-th subdrop of drop tail \ I’o3 = Z ri3 - -
i=1
T The wet texture of leaf at time t \ (=pPxTgtyxTy - - Fig.13
Ty The full dry texture of leaf Vv - - - Fig.13
Tw The full wet texture of leaf \% = - - Fig.13
H(d)  [The affinity force of two drops with distance d \Y *log[ R+R J - -
1 2
Note: “—"represents NULL, “U” represents user-defined parameters, “V” represents non-user-defined parameters.
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