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Realistic Cloth Simulation Based on Geometrical Measurement and Deformation

LIU Li"*3, WANG Ruo-Mei'?, LUO Xiao-Nan'?

'(National Engineering Research Center of Digital Life, School of Information Science & Technology, Sun Yat-Sen University,
Guangzhou 510006, China)
*(Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650500, China)

3(National State-Province Joint Laboratory of Digital Home Interactive Applications, Guangzhou 510006, China)

Abstract: This paper presents an efficient and expressive cloth simulation method based on geometrical measurement and mesh
deformation for obtaining realistic cloth shapes with various fabric materials. Geometrical measurement can measure the geometric
material properties including recovery, stretching and bending of different real cloth behaviors. In accordance with these three geometric
properties, three energy terms related to the vertex position, edge length and dihedral angle are embedded into the functional energy
optimization model based on differential mesh deformation. The corresponding weights for the three energy terms are learned from the
measured data with real cloth. The solution to the energy optimization can be obtained by a numerical solution in the least square sense.
Using the weight settings and numerical optimization can simulate realistic cloth behaviors. Experimental results show that the presented
method can effectively provide realistic cloth effects with various materials.

Key words: cloth simulation; geometrical measurement; mesh deformation; energy optimization; data driven
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Table 1 Reasonable selection of samples for different cloth materials
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Fig.2 Geometrically based experiment and measurement setup for recovery, stretching, and bending tests
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Table 2 Mean geometric properties, statistic value, and quantifiable scalar weights for 15 kinds of fabrics
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Fig.3 Cubic spline regression fitting relationship between the standard geometric measurement value of cloth

samples and the corresponding real tested material properties
B3 VR B R YRR AL LA R R 5 LR B R A I DR L BE A = PR AR B9 & R AR

22 JLAARER

DA ST AN BE S S R AW TR (R S JEE A PR AN S X 3 AN ARk LA e 1 1 B R R B AT 4
R R f) R I U R AR TR 1 (0 R A LA R AR B 20 JL AT BEAR (R R At b 5 — b g
5 S WSV TR P P PR AR T AR — A7 T 1o Ak i 10 B A TR AT L T DA RGE A R 4 S I AR R i
T TR o 5 3 2 i S A, e B JUART Ak B e 3 ) ) AR R TR TR AR SR = A T A AR,
KA =MW M=V.EF)ER, 0,V WIS 4R E N8 F =M 8,81 H 3 ATy

© HEBEERAET hipd/ www, jos. org. cn



1792 Journal of Software #AF3# Vol.26, No.7, July 2015

G RT3 5, oy B 3 T -5 23 H R AT 8 A G A 24 3R i L 00
2.2.1 TR ELR
LU 5T SRR 1R AT B 5 5 I (R T A5 A7 B A O, T A I 1 2 kA R T g I A R B W e = 9 THD
AT S AR A TR S AR R AR AR T S TR E bR A% T 501465 R M2 1A — A R IBe 1)
2, R AE RS 2 Ik HH EC S SUMRE AR BT B A (0 B2 s k. el b, T DUAS 3038 1 IR R AR = I 2
Ep(VseeesVyolisent,) = 20 [V =1, | 4)
E—IRE R LY T AT A TS vi(xivizi)si=1,. .. on BEHEIE T BHARMAS T AL t(xpiz),i=1,....n, W0 B 4(a) it
R EATIZ T IR 22 43 ) LLJE i R R A 3 TE 75 3.
SR, AT T A7 B B I, 3R A (2R TR AR (B 4(a) [T 7m) A FF & SV BRI A AR TE S50R.

vi
\ Vi v 5

WA,

4vl ‘\ J Vi

‘ v e

HR = A i FER= AT ,
v, v,

(a) B JEMES TR0 & R I (b) oA 1510 K e i

\Z

W= A
Ve
D Vi

(c) 5 k-5 — THT A i

Fig.4 Geometrically based deformation includes vertex position, edge, and dihedral energy w.r.t.
cloth geometric properties including recovery, stretching, and bending
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Fig.5 Simulation results with the fitted parameters optimized from Table 3 to model 15 kinds of cloth deformation

behaviors with different materials
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Fig.6 Simulation behaviors with different resolution and triangulation input meshes
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Fig.7 Comparison between real photographs and simulation results with the fitted parameters

and different patterns of control vertices and target positions
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Fig.8 Similarity between simulated results by fitted parameters and real photographs for each cloth material
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Fig.9 Comparison for simulation result between other minimization method"'*! and ours
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Table 3  Statistics of the input meshes and algorithmic running time for each experimental example
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Table 4 Comparison between our geometric measurement and other main measurement methods to simulate cloth
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Fig.10 Shirts made of different cloth materials show wrinkles when worn by the same human model
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