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0 Summaryll In movies or games, physically-based simulation has become an indispensable
technique to generate realistic animations. In movie productions, the scene is designed be-
forehand in a storyboard, and while keeping a realistic appearance, there is often a need of
non-realistic behavior. During the movie production, the control of the behavior of the ob-
jects is slightly possible by adjusting certain parameters of the simulation such as materials.
Despite that, setting them to obtain the expected results is a laborious and not a straight-
forward process. In this paper, we propose a method for the destruction simulation based on a
mass-spring model, where objects are represented as set of elements interconnected by spring,
to control the shape of the objects after destruction. We control the shape resulting from
destruction by letting the user to specify the hard and the fragile parts of the objects. Based
on this information, the toughness of the springs are automatically adjusted. As a result, we
can generate realistic destruction animations and at the same time control the shape of the

objects after destruction.

Key words: destruction, fracture, physically-based simulation, mass-spring model
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Fig.1 The fragile map. The black area is harder

to destroy. (a) is the case that upper half is
fragile. (b) is the case that the outer area
of the armadillo shape is fragile. In the de-
mos, we shot spheres at the positions of gray

points to destroy a square wall.
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Fig.2 Grouping of pore springs. They are grouped in the order from (b) to

(e). The (b) springs are the hardest to be cut and the (e) springs are

the easiest to be cut. The points are the centers of EDEM elements.
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each group. The larger the coefficient, the
harder the spring in the group to be cut.
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Fig.4 Grouping of pore springs taking into account a fragile map. The dark

area of the object is hard while the white area is fragile. The (b) springs

are the hardest to be cut and the (f) springs are the easiest to be cut.
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Fig.5 Destruction results when the upper part of the wall is fragile. (a), (b),
(c) and (d) are the results at frames 85, 95, 115 and 318.
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Fig.6 Destruction results when we use the fragile map in Figure 1(b). (a)

shows the EDEM elements. (b), (c), (d), (e) and (f) are the results at
frames 90, 109, 449, 675 and 876.
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Fig.7 Texture mapping the wall using the fragile map. (a) is the result of
our method at frame 876. (b) is a result at the same frame when the
toughness coefficient of the pore springs are set uniform without using
the proposed hierarchical grouping and the fragile map. The areas
correspond to the arms of the armadillo are also destroyed.
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Fig.8 The destruction result when the toughness coefficient of the pore

springs are set simply based on the color in the fragile map without
using the proposed hierarchical grouping. The areas correspond to the
arms of the armadillo are also destroyed. (a) is the result at frame 876.
(b) is the zoom in of the region inside the rectangle in (a). We can see

that small debris of near uniform sizes are generated.

09 000000000000000() 000000 43600000 ¢(b) 00 (a)
oooo0o0o0oo0b0o0000000000b0000000O000000A0
Fig.9 For comparison, the destruction result using our method. (a) is the
result at frame 436. (b) is the zoom in of the region inside the rectangle
in (a). We can see that debris of various sizes are generated.
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Fig.10 The destruction result at frame 436 when the parameter n is 0.001.

A lot of small size debris are generated.

O



ooooooo 0380 0O 60320090

"\

(b)

011 00000000000000000() 0000000000(b) 0000
pooooooobooOoOooOoobooOoOoOoOoOobobooOoOoOoOoOooobo
goooooooooooooooobooooboOooooOoobooooooboooo
ooo

Fig.11 The destruction result when a sphere collides the wall at the center.

(a) is the result of our method and (b) is the result without using the
proposed hierarchical grouping. Using our method, the hard area of
the wall are destroyed in the shape of the armadillo as the result of
hierarchical grouping.

ooo O

1995 0000000000000
o008 0000000000
ooooooooooooomoo
oooooooozoeo2000000
gooooooooOoOOoOOOo00oo
gooooooooooooooo
goooooooooooobobobo
goooobooooboooooooo
2006 0000OOOOOOOOO
goooooooOooOoOo0ogooo
oooo oooo ooooooo

1999 0000000000000
20010000 20040000000
go0ooo0oooooocoOooooo
Ooo00O2004 000 2006 00000
gobobooooooooboooooo
goooooz2oe06 00000000
gooooooooooobooooo
gooooooooooooogo
goboooooobooooO0ACM
SIGGRAPH 00O

o 0 0 0O ooooo

1971 0000000000001973
goooooooOoooOoooooo
ooooo (0)yooooi1979 00O
Jooooooooo1984 000
godoQo1990000000199800
Jo00o0ooooooi1999 000
goooooooooooooo
JO0o00ooO0ooooooO200500
ACM SIGGRAPH 0O 0O Steven
A.Coons 0O00O0ODOOOOOOO
ooooooooooooooooo
IEEE TVCGO The Visual Com-
puter 00 000000000000 0OO0OOOOOOOOO
0o00ooo0oooooooooooooooooooooo
odoo0o0o0oUoooooOOoooUoUooooooooog
ACMUOIEEE OOOO

10



