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[Abstract]

This paper describes a level of detail (LOD) based bending spring structure and damping technique that
can reliably represent strain-based dynamics (SBD) on a triangular mesh. SBD models elastic energy using
strain instead of energy based on the edge length of a triangular mesh. However, when a large external
force occurs, the process of calculating the elastic energy based on edges results in a degenerate triangle,
which stretches in the wrong direction because it calculates an unstable strain. In this paper, we introduce
an LOD-based bending spring generation and energy calculation method that can efficiently handle this
problem. As a result, the technique proposed in this paper can reliably and efficiently handle SBD based

on bending springs, which can provide a stable representation of cloth simulation.
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I. Introduction

QJX] 718t =5k Position-based dynamics, PBD)&
A-Amy Fauc ogRoln we 2ol bsst
7] gizof] AARE ofjZeAloldoA 2 ARRE]AL Qlth
[1,2]. PBD= Zolo] ®s} Wkl v peob 9J&] Hakgel
ApZ 7]8t02 U8 7lo]2 ® &35} urAlo|c). slx|ok,
PBD= A4 t#l9] ox] Aolg 7[§te2 oyx|E A
A7 ] miZol Feoly Eg2 EEshs Aol tisiA=
QMd/do] Bojxltt. SBD= o] wAIE sliAsh] sl Aot

= 7]golui[3], oflx] Zo] tjAlo] AP HPES 7Nt
Oz FHetE Altshs FLxolot. AA2] agola 27]

R
A7HEo] WHEY s 19] 7187 v 55 TNz
g8k 7ALteitt.
SBD= ofA] Zolg Mgt ciAle] W YAk 91
ofA] S-&== Green-St Venant H3 EIAE &231CH4.

H3](Strain)of|A] 23(Stress)S £&6k1 ¥d oA 2

Folo] A5 P2 ANSH atasvake gal, SBD
£ 9 AN 2 G50] 0 S5 Aot 242 0l
o W3 WS AT xog

2 T 2 ol A

g 2 o] B ot

o] e}, siAlg,

o et vend

Fig. 1.
SBD based cloth simulation using this strain.
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III. The Proposed Scheme

1. Strain-Based Dynamics
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2. Bending Spring Structure and Dynamics
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Fig. 2. Bending force can be computed
according to tensile crossover springs.
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violet : non—fixed node).
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3. LOD-based Bending Spring Structure
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4. Connection of Bending Spring on LOD-structure
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Fig. 4. LOD-based structural connection of
bending spring.

IV. Experiment and Results
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(a) Low resolution cloth (b) Medium resolution cloth
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Fig. 5. Comparison results of bending forces between
tensile crossover springs(a,b) and our method(c,d).

Amtolct,
. ou ofx]

Fig. 5t ol 71gat gelo] g vlag
Fig. ba,b= Yutxlo g dlo] AR5l I2A



Simulation of Stable Cloth on Triangular Mesh via LOD-Based Bending Springs on Strain-Based Dynamics 77

71%g0]m[14,23,24], Mg 24 Algdoldolibe &
B ZIAE BolR|eh sid=rt SUFek 1" ZRIE

Szl WS HIEAEel HaER s 2o
g 2} Ut (Fig. Sab A%). S, 92]e] W
< sid=et wAIRle] BYAY 2AgEE 2 e
o, ool wet Wt e ot §I6}A] gg obgE o
SBD Algdflo]d Auks wEdnt (Fig. Sc.d A=)
oA 7]348 TAE ZOIE X|AA] J_} 3lo] Ar8.g]
e g

os AR o] 2Pyl et
S5t slelol uish o2 AL A4l A
2 o] BAlE O B, VEER %
SZHIAICE (Fig. 5bef Fig. 1 A1%). ol 7%} &
Sl U Sl T 1 SYUAs Fa
N TS 20L& HolET 9ic

\i

a) Fully bending (b) LOD-based bending

Fig. 6. Comparison results of LOD—based
bending structure.

Tk (Flg. 6b AR).

(a) (b)

A

Fig. 7. Various results with our method.

Fig. 72 ARfsts W2 &
tistial Ale2folid o Zatolct. il
U2t oot FElM ez B V1) 24 Ale
oS 2 2

Fig. 8. Changing the material of cloth using our

method @ (a) default, (b) nl=><2, (c) n'=x4.
Fig. 82 2]9] 912 o850 29| AA S WA
70 Zolck. vlgAEel WHE glo] QgRoR ApD

a} Ao} 7¥sab] wieoll 7hd R34S AgSlE TRt
}\}'O']KﬂOﬂ _‘?}_Q.O] 7}‘— St 7—]% 7]“—H§_}D}

V. Conclusions
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