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Progress of cloth simulation modeling

Jin Yanxia, Zhang Jinrui, Jia Yao, Ma Bo
School of Big Data, North University of China, Taiyuan 030051, China

Abstract: The study of cloth modeling methods has a long history. Cloth simulation has always been a popular and difficult
research topic in computer animation. Improving the quality of computer animation and user experience is of great signifi-
cance. Cloth is a classic flexible material object, which can be seen almost everywhere in people’ s daily life. The clothing
animation of realistic virtual characters can bring a strong sense of visual reality to the virtual characters and can enhance
the user experience. It has very broad application prospects in animation production, game entertainment, film and televi-
sion, and other fields. In addition, this technology can also be applied to the clothing industry, where virtual clothing can
be used to design and display clothing more intuitively. In recent years, with the continuous emergence of applications
involving virtual reality and human-computer interaction, especially the emergence of network virtual environments with high
interactive characteristics, people’ s demand for high-quality real-time virtual character clothing animation has increased.
Efficiently and realistically simulating the movement of cloth (e. g , flags, clothing, tablecloths) on a computer has
become a very challenging subject. Cloth animation is an important branch in the field of computer animation, belonging to
the category of soft body fabric material deformation animation. In cloth simulation modeling, the accuracy of cloth simula-

tion and the speed of cloth simulation often restrict each other. At present, some traditional cloth simulation methods can
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only take into account one of the two, and it is difficult to achieve a balance. Therefore, researchers have found a method
that can balance the simulation accuracy and simulation speed to a certain degree. It is the focus of research in cloth simu-
lation technology. When performing simulation modeling for flexible fabrics, constructing an appropriate and accurate mod-
eling method has become the key to cloth simulation technology. After years of development of cloth simulation research,
there are currently three mainstream cloth modeling methods : geometric modeling-based methods, physics-based modeling
methods, and hybrid-based modeling methods. Hybrid-based modeling methods are a combination between geometry-based
methods and physics-based methods. They require more calculation time compared with geometric modeling methods and
have a lower accuracy compared with physics-based methods. In cloth simulation research, the main problem at present is
how to meet the increasing real-time requirements on the basis of ensuring the cloth simulation effect. In response to this
problem, researchers have made contributions in different ways, including the continuous development of numerical integra-
tion, from explicit Euler integration, implicit Euler integration to fourth-order Runge-Kutta and Verlet integration. The
development of numerical integration has reduced the numerical calculation time in cloth simulation to a certain extent. In
recent years, algorithms combined with machine learning have emerged in various fields. In computer animation, especially
in the field of cloth simulation, researchers have begun to use the idea of machine learning to optimize cloth modeling. The
commonly used methods of machine learning are convolutional neural network, recurrent neural network, back propagation
(BP) neural network, and random forest. This study reviews the related work of cloth simulation modeling methods and
summarizes the research and development of methods in China and abroad. According to the improvement of the cloth inte-
gration method, the improvement of the multi-resolution grid, and the use of machine learning methods, the development of
the cloth simulation method is briefly described. According to the characteristics of the integral method and the multi-reso-
lution grid method and the characteristics of the application of machine learning methods in cloth simulation, several major
types of improved methods are summarized and prospected accordingly. Researchers have some considerations whether to
improve the simulation speed or to ensure the speed to improve the simulation accuracy. Because of their different research
entry points for the improvement of cloth modeling methods, their research purposes are also different. This article selects
several algorithms to make a corresponding comparison and provides some suggestions for learners to learn from.

Key words: virtual simulation; cloth simulation; integration method; multi-resolution grid; machine learning; progress
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((a) original cloth; (b) process of cloth layering simulation; (c¢) final result of simulation)
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Z W H% (full multigrid , FMG ) HEZR TE B0 PR
SR E - AR R — b A PR A T
I D 5 2 A DX ) 3 R AR

Ak A B AR I A T S R, T AT R R
I I (R I W, o] S AN 8 1 1 1L T BB 25 52
e ARk A 0 LSRR G B 7 5 N (2019Db) #%
T 17 M BRLFHEE 7% (quantum particle swarm
optimization, QPSO) 5| A EAL LI 72 3 o by HFE 51
X AR T AT R 15t AN [R] A AR ] IR A
TRUTE S E AR g, BT A S8 AR i kL ¥ k]
(e =0 AR RN LBt B A B G OB S AW 2t ) =g A
e R A i 18 DX R S A e 2R At Y X SR S
Haxsef g Al XA AR 1 AR ALY
WRYCE, W, S AR 2 23 SBT3 A e 5
R KR~ 80 )2 b B BUE AR B Ae 1 A kkiz
SO TR T

Lee 55 A (2019) 2 i —Fh AU BRHEALL 5 0K
TREE N 25 X 2% ( deep neural networks, DNN) #H4%5 &
AT RS T v o Se A e L B A [ 4 R A
BPEACEARATRL, H T RO AR AT IS R 5 H
P ARLE U iz 31y, R AT L) 78 43 OR B8 5 H s Aok
BRI ARALL ) i LA, SR AR B R TR o 22 1 2%
KA RHEOR 3 5 25 H AR EHR LA RS, 4n
K 4 Bk, %7715 Hahn %5 A (2014) B9 725 (8] 07
AR AL AR EE JFA R T A A ]

Hnfioet

TREERZE M2 418

Bl 4 A ENE F T R (Lee %F,2019)
Fig.4 Miniature cloth reduction process( Lee et al. , 2019)

whadik

Shin il Lee (2020 ) 25 JLAA] 43 H1 5 (isogeomet-
ric analysis, IGA ) #EATH" ) , R A 43 AR 347470k}
B, i HAE S5 [ g i B e SO

oife AR A B B HH 2R (non-uniform rational
B-spline, NURBS) 3 R H 45—~ e &k, 365 1GA
HE4R P ) Kirchhoff-Love JC 3 5 VS I i1 oR 41— 2 fif
FH 38 3 4 v A 1) A 1T 5 BB 2R AT B 2 1 A e
BADl . SEHe R B B 7 2 285 1) R b (0 1 B
H B2, o AT DA SE IR A fik 4 A1 R R R 132 30
XF 203 BRI RS T AL, AR RO R
WAL, 253 HER RS SRR 1 AT DA 804
EIFEA A B R FR . X 224 BE R T 1Y
oA FEZ I3 W2 - R ey B HR b AT RS 20 46 A1 0
T B bRt £ B 2 AT R AR 4B AR R O3, R B4R
AT By 5 SE 0 B /N Rl B 2 TRD 0 Ak o0 A7
DAL, " R B R AR AR J5 5 ) 32 28 AR AT,
B T Bl 31 I B e 28 5 i — 130 2 ] Y ¢
R, AT A B B v 2% AN B BRI i B, X
PARR T 2 B K e A8 ol 2356 , T R Al FH A 4
AR B8, AR GEUE R BT REFIHL A% 27 > Bk
HRRT LA T b BRI X T 22 53 F0 3R W A% 5 Bk 1
MO [ T2, i LN ARV HEEAH
AR o3 R #R AT LS A

2 AREBERZE

R B ARTES A T —E kR, B A
TR A ek 3t 1 4 A L R ST ) SR R AT
T BT, X BUERR Y 7 ik B G R 22 5 HER
K& A A H A =2 A UL i B E R 51
SRR D R AT BUE AR TR TR
W AT M B IS 5 Il R R R ] 2 = A
L A AR s D N S B BT

AT, R i AR U0 A A 3 T 4R T 4R v
BHURS BE A BB IR 2 (04 ik e it i 1)
AL H BRI T 8, AR Sk
UKL T B A AR AR ) A B 7 7% (Liu 45,2013) |
FETBOE R 0 A B A8 )5 7 ( Bouaziz 58,2014 ) |
5T ADMM 3k (9 @45 7 15 ( Narain 55,2016) | fil
A BEVLARAR(RF) Sk 09 A 55 2k (T 45,
2019a) .DRAPE % ¥ (Guan %5,2012) #il FMG B ¥
(Wang 5% ,2018 ) %5 [A] —PF R bR E 09 J7 75 47 % L,
ZERMNR 1 PN, WETENE, R RN ER
DB B A RCR (AR AR I AT REAN ],
TR SH X —FER,
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Table 1 Comparison of performance among different algorithms

ER7S BEALL B /A ARUE IR BEALL R/ ms
BT HABFR (Lin 25 ,2013) 6 561 10 50
T3 (Bouaziz %5 ,2014) 7 161 10 31.7
ADMM ( Narain 2§ ,2016) 1251 20 30
RF(HifEEE % ,2019a) 5000 - 27.8
DRAPE( Guan % ,2012) 86 063 - 122
FMG( Wang % ,2018) 50 000 - 2542

B -7 R BT BAR AL,

FE T YA AR 0 A BB R AR gE i B o
RICRL R Ak Ry B i fe /B ), 5 46 T B3t
SR T A R B R SR kAR 10 Wk, B AL
6 561 AN BIIFE] K 50 ms 3 BE T 5258 2 19 Aok
B IE AR A T IR R B SN 12 5
TN E Ml e 2 R 22 5 TH AR ) B A R
Th AR 10 W, BEHEL 7 161 A 5 A B B R] Ry
31.7 ms, (HE QR BN I Ak DL & #5248 3 2 T
ADMM B33 9 AR 7 VR A SR AR 20 RIS LT,
B 1 251 AN T 2 30 ms; Bl A BEHLZR ARG 25110
ARMIT BT A5 5 000 AN A5 A EHE] A 27. 8 ms,,
AR LR I BIE S5 ka6 )5, Wtk
TARM B (AL 2 2 A T KR 2 2
PN PR T S B AN BRI B R 2 R LT
MELLRAE #; DRAPE B3k #5140 86 063 4™ it 44, 11
BF] R 122 ms; FMG S84 50 000 T s K295
B 42 ms,

H I, AL > Sk & R VAR, 7 A7 b7 B4
C TR i I BIL A% 27 1 S E A % e i BB B 43
B, 0P HUS TR . RIHALES ) k2] A
iz s SRR AR Z M0 56 &, AT IR G AR (147
AS TR AR IO Bsf 260 A 6k 40 408 A0 R B8 AT X A A D) A
PEATARRE (G 204k sk Ak A B #E — 2 R RE Lt T
AR S H 5 T A3 3 R X R A R 4, 2 AR T A
Rlohm ) B E, ik, A5 Bk & E
T S5HLE2E S LS A X R A A R E
T K R
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