ESEERE P
Korea Computer Graphics Society Vol. 28, No. 4, P. 13~22

2 24 o2& 4T MPM7|¥Ho] g7} 31 ofuwo] 4

Iz 1 51 2 Z1=]1
S8l A7l A At
'y eoystu
2ot st

1 {ab4295, penorchid, chkim} @korea.ac .k, 2sunkim @hallym.ac kr

MPM-Based Angular Animation of Particles using Polar Decomposition Theory
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Abstract

In this paper, we propose a single framework based on the MPM(Material Point Method) that can represent the dynamic angular
motion of the elementary particle unit. In this study, the particles can have various shapes while also describing linear and angular
motion. As a result, unlike other particle-based simulations, which only represent linear movements of spherical (e.g. Circle,
Sphere) particles, it is possible to express the visually dynamic motion of them. The proposed framework utilizes MPM, due
to the fact that rotational motion can be decomposed and derived from large deformation. During the integration process of the
presented technique, a deformation gradient tensor is decomposed by polar decomposition theory for extracting rotation tensor.
By applying this together with the linear motion of each particle, as a result, it is possible to simultaneously express the angluar
and linear motion of the particle itself. To verify the proposed method, we show the simulation of rotating particles scattering in
the wind field, and the interaction(e.g. Collision) between a moving object and them by comparing the traditional MPM
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Figure 1: Mesh Construction at the MPM
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Figure 2: P2G, G2P Transfer Process
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2.2 Particle Rotation
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2.3 Polar Decomposition
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Figure 3: Polar Decomposition
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Figure 4: Method Overview
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Table 1: Notation Summary. p is position of the particles, n is Eu-
lerian Grid, and g is global function.
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Figure 5: Deformation Gradient
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4.1 Taichi-Lang
4.1.1 Taichi & Performance

Algtst= 7S 57 $15h “Taichi-Lang” 2to] B2 2] S At
|5t om o]= [25]0]4 AltE MPM 7]t 120 o] H e
Zloiek o] Sfolteiels] Jlwo] | J1ge At Al MM

L gAehY, o weA 22 dolge] 2Apt saEs
A7 BHﬂ(Element-Free Galerkin method, EFG)[26, 2713} 7|
Z9] MPM2 ZA3HSH MLS-MPM(Galerkin Style Moving Least
Squares MPMD(281 7|90 2 24 5|5ick. 2 25 2t 4
S A Wi o 2 FAFsto] URF MPME T} 2] 26f £ 7}
PRI FAN, A2 DS APICE AHg5te] 22
Fo] 24t ZAIE e £ A4S AT

4.1.2 Taichi & Rendering

Taichit H|2 @4t 17} o)-¢ e

afo] 1] 27| B o] chakgt ATl

Aol AR, of

A5t Y=t ol =

- 18 -



Figure. 7ol = & & Qle=tl, 2t 429 stz &8
A2, A9 JAH O 2 GUI(Graphic User Interface)gt7g of] 4] 7+
bl A Y3k mekA 2 Qe 913 AT F F7HAl
e A2p7F Z g st o] 2]t 1S B ekstr] 9iske] “Taichi-
Tina"sh 22 912 %7} elo|uejel A Ush| = s, A
% % oA} 2ol 2 AL obd A AL ek B
52 BASPoE Oa e 7|02 Bk kAT, Taichi

Figure 7: Taichi-Lang Snow Simulation
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Parameter Value
Critical Compression 2.5 x 10?2
Critical Stretch 45 x 1073

Hardening coefficient 10

Initial density 6 x 102
Initial Young’s modulus 5 x 1073
Poission’s Ratio 0.3

Table 2: Simulation Parameters.
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(b)

Figure 10: Scattering snowflakes Scene, (a): 34 Frame, (b): 47 Frame, (c): 54Frame, (d): 62Frame, (e): 74Frame, (f): 91 Frame

Figure 11: Snowflakes — car collision scene, (a): 70 Frame, (b): 90 Frame, (c): 110 Frame
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