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[Abstract]

In this paper, we propose a GPU-based method for real-time processing of dynamic re-meshing

required for tearing cloth. Thin shell materials are used in various fields such

as physics-based

simulation/animation, games, and virtual reality. Tearing the fabric requires dynamically updating the

geometry and connectivity, making the process complex and computationally intensive. This process

needs to be fast, especially when dealing with interactive content. Most methods perform re-meshing

through low-resolution simulations to maintain real-time, or rely on an already segmented pattern, which

is not considered dynamic re-meshing, and the quality of the torn pattern is low. In this paper, we

propose a new GPU-optimized dynamic re-meshing algorithm that enables real-time processing of

high-resolution fabric tears. The method proposed in this paper can be used for virtual surgical

simulation and physics-based modeling in games and virtual environments that require real-time, as it

allows dynamic re-meshing rather than pre-split meshes.

» Key words: Thin-shell, Cloth simulation, Dynamic remeshing, Tearing simulation, Real-time
2 o

2 E=RoAE GPUZIRES R 27Hs Ae o 8% 54 AvdE AARIeE A + e
WS ARbet) gk A AEe = 7Nk AlEel A/ Yol A, AlY), THEEA T thds &
ofell M &gE AUtk XS A AL e A 25 FA0RE s oF 57wkl
AR HAo] Hyeta Age] Ak 53] QB YHE ZHEE 4T foldAe o] 34
o] W= Fefulojof gt o] WM E HAAREE FAE] Sl A AlEdeld
S B3 AES FAsAY olv] wEE dHE IdE o] &3ty wiell 54 AHdolgta 1
7] ojgd 9w, Aojx sjele] EFdo] vt} B =FoAE GPUdl HAstE A AW daels
= MEA AXFTFoEN s 23t Rl AATIeE AHEd ¢ YA ok 2 =EolA
Aorshs WS AR 27 w4 FE7b obd A Ao Thssty] Wil TV FEAlE
glojdoju, AAIZES 878 Al 2 7PN =8 70 REEE 3 o d&d 5 ok

> ZH0f: gre 4

=

2 AE201d, 4 A, 7| AlEeold, HAZt

* First Author: Jong-Hyun Kim, Corresponding Author: Jong-Hyun Kim

*Jong-Hyun Kim (jonghyunkim®@inha.ac.kr), College of Software and Convergence (Dept. of Design Technology),

Inha University
* Received: 2023. 10. 16, Revised: 2023. 11. 21, Accepted: 2023. 11. 30.
Copyright © 2023 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



90 Journal of The Korea Society of Computer and Information

I. Introduction et alo] Ao = RRMAREHS ol&sto] Rdut 2

ol d82 A
PIoIME 29 A7) et HC2 i guy7-9]. 1 o]sE WO ANxISo] A FgA
Bef ooldES] A9 ARdA R RS 25t [1011], 2] 9P A[12.13], 55 A2l[11,14,15], 2740

aglon], of o4 siAsk=tl Qlold =2 71N Alg 29113.16.17.18], £7t9] B] 8AH[14.19-21], 97F ©
ellold 7ol FEEL ATHL2L T SN R AlE ga[02.23] = corst 2oioA 27t AlBajoldo] 2A

dolde 7 WA ARHe, x4 AAL ofydold, 3 S o AUt AL A UL tjREo] 97t EX
WA S YN BN FEE TIAL WA A o gasien) agsoper $23e) Mol Agelolie
S S0 A el e W1 =RTL TS gumoz s Aopy aiol Zeel gl Ay
o el AgElolol ROVE S BASIE o) 55 sz ojzalAol ol A Bar o
o ofLH3-5]. 22 7|8t Algelold Rofolq K7t g : S
2 o] 85}A] YTAE MARE M7t ofitt (Fig. 2 &
- o . = S 5 T 2N =) g. |
gt A7e 52 A4F|ele o e TAEE 27 ‘ _
). olefgt 2L AolAl o] 4] s olgt o
o] gxodo] e WA k. YNHQl BEe g7ke
Eap] G2o] ARG MR, Hojxle ul4le] Eo]
£ ARle] gre A2 BASP] ool g70) ANme T T RS T S
Jlefst Sure BT 4 glcki) o B & A T
5, 7EeAe AT 4 o) BB Rt AEE &
7 Aol Moz RE BET 4 ook Jeiu 23] o
sloto 2 LS| o} 2ol iz £7o] Wolx|: @
Aok, Hojxl 978 Sofuh Waol 2t 2o o
AEQL ejRimte] aatgoz QF Ui a4zt BEE
£ Z0lc} (Fig. 1 &%), oj2iat §2ke Ay gt ofy —
2}, dske 7jgto g 2Xxloj= 97t Alggo|Mo e HF Fig. 2. Tearing simulation of cloth according to
o mjAI}, a pre—split mesh shape.
: %0 B S92 BAsb] 95l 54 22 olue
=~ DA < A8 ol §t AL Qlct. Zeng et al-2 WeAlY %
F 3 o 2 FPAPP7] Yol AAY U] YR 7ES APl
b ’% i [24]. 53], FTO] A ApoloflA] WAISHE opale] £ S
d
-t WE1 Qlk Breen et al& MuAMd S UERE YAt
7|3t GRS Atgste] SEfolm K2o) A DS AR
ig. 1. i . _ -
Fig Real example of tearing cloth o] MINCH25]. Kaldor ef al-S LJEO] A} arxo =3
2 ERoie oo g A ABoldy ag ¥ T M= XT AEHOM JTuS AWIH(26]
Moz AMHAS 3l7] 9Jst GPUZUF YnalEe Aot 24 AlEdoldY geiS ohE 7IME2 WA Ao
ROl SlAE $709) JIsIER 2 geptopd A= WA RS WE v WA BH. Baraffe)
79) Yejol A Mol 4 Qw2 wAlE wpojy Ay Witkin® X A[EH1HY BRAS Ko Addo
8 7]uto] AUAlS galalsicl B =Do] xQ 7|&A 7] st K] 5HHS% AMAIBICH12]. ol&2 & AR 7HA
sloje magE 20 W7 Algelolde MARly  (Time-stepls AEE W Bsle 4] 2UEYS 7]
A2lg 2 9z GpUo| Alskdol gnalse asjstc.  oF1 S GAl AR IES AViH. Rde aAR
A2 EAR0] 2 Y2kee] WEg Jjvee 97to) YR
12 AAtgich Choitt Kot QPdlo] T Z4Igt Jaxtg

6;::5 o

Ut A2Eg ARkl 5847 B

II. Related Work ° e e ol ==
¥ 2o 9700 mold /g A%e o] 5HE £

2] 7]ut Algefoldat o ool 71 T

5
2OpoflA] JLES] TAlS whol2 FA|o]t}. Terzopoulos

&
el
L
rlo
il



Dynamic Remeshing for Real-Time Representation of Thin-Shell Tearing Simulations on the GPU 91

Table 1. List of symbols used in the paper.

Name Description
C’Z(CutEdge) Edges created by truncated borders
C'p(CutPoint) Point where the CutEdges intersect
Shape information that is cropped
C’,,;"f()(CutInfo) ggrr:pzatgeznan:a::gli:;:e and Edge in
parallel.
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III. The Proposed Scheme

3.1. Truncated Information of Elements
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Fig. 3. G, of primitives (E : edge, N: node).
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Fig. 4. Generate new nodes at node.
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Fig. 5. Generate new nodes at edge.
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Fig. 6. Generate new nodes at face.
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Fig. 7. Case of splitting edges and nodes :
the edge has one neighbor triangle,

(a) when
(b) when the
node is not completely surrounded by faces.
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Fig. 8. Stores the number of new elements to be
created from existing elements. Then, the index to
be created from the element is obtained through
the interval sum algorithm. Map new data to the
corresponding index in each element.

3.3. Generate New Faces
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Fig. 9. When a face has a CutPoint.
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Fig. 11. Edge—edge : single CutPoint.
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IV. Experiment and Results
3.4. Face and Node Information
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Fig. 16. A scene where the fabric is cut in six directions :
(a) low resolution, (b) medium resolution, (c) : high resolution.
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Fig. 17. Real-time cloth cutting scene.
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Fig. 18. Real-time cloth tearing.
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Fig. 19. Real-time cloth tearing by heat diffusion.
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Table 2. Performance.

Computation time
Fi Number Our Our Previ
9. of face method method m:tth?S]
(GPU) (CPU)
16a | 2,822 43 ms 3.1s 30 s
16b | 9,022 9.1 ms 94 s 92 s
16c | 38,298 9.1 ms 175 s 164 s
17 | 38,298 10.1 ms 238 s 220 s
18a | 2,822 43 ms 43 s 39 s
18b | 9,022 9.1 ms 119 s 113 s
19a | 2,822 43 ms 34 s 3.1s
19b | 9,022 9.1 ms 103 s 10.1 s
V. Conclusion
2 ERoME 2210 WY AlBo|e agxoR
Ae]sl7] Alg R0}, o] GPUR 78 & Qe M=2&
229 ag AR 71E0] WHES §X Ao
Ae]st7] Yol AW EZ|e} A4 JEE UHO|E sk

WAlo] 28 A, ol GPUO I Fn2lES sy
=204 A3t wo] Agolr}. o
1

mlo]A JE7} O*EﬂOlEﬂﬂ |

ox
i

el 7|
SR Wy
AR, AL, s A %ow g 0151

Do clolel BIx] 48T 4 98 A et

REFERENCES

[1] Meseure, Philippe, Jérome Davanne, Laurent Hilde, Julien Lenoir,

Laure France, Frédéric Triquet, and Christophe Chaillou. "A
dedicated to
simulation." In Surgery Simulation and Soft Tissue Modeling:

physically-based virtual ~environment surgical
International Symposium, IS4TM 2003 Juan-Les-Pins, France,
2003, Proceedings, pp. 38-47. DOIL: 10.1007/3-540-45015-7_4
Keckeisen, Michael, Stanislav L. Stoev, Matthias Feurer, and
Wolfgang Strafler. "Interactive cloth simulation in virtual
environments." In IEEE Virtual Reality, pp. 71-78. IEEE, 2003.
DOL 10.1109/VR.2003.1191123

Tan, Qingyang, Zherong Pan, Lin Gao, and Dinesh Manocha.

—
[}
—

—
(O8]
=

"Realtime simulation of thin-shell deformable materials using
CNN-based mesh embedding." IEEE Robotics and Automation

Letters 5, No. 2, 2020, pp. 2325-2332. DOI: 10.48550/arXiv.
1909.12354

[4] Metaaphanon, Napaporn, Yosuke Bando, Bing=Yu Chen, and
Tomoyuki Nishita. "Simulation of tearing cloth with frayed
edges." In Computer Graphics Forum, vol. 28, no. 7, pp.
1837-1844. Oxford, UK: Blackwell Publishing Ltd, 2009. DOL:
10.1111/.1467-8659.2009.01561 .x

[5] Souza, Marco Santos, Aldo Wangenheim, and Eros Comunello.
"Fast simulation of cloth tearing." SBC Journal on Interactive
Systems 5, No. 1, 2014, pp. 44-48. DOI: 10.5753/jis.2014.642

[6] Guo, Qi, Xuchen Han, Chuyuan Fu, Theodore Gast, Rasmus
Tamstorf, and Joseph Teran. "A material point method for thin
shells with frictional contact." ACM Transactions on Graphics
(TOG) 37, No. 4, 2018, pp. 1-15. DOL 10.1145/3197517.3201346

[7] Terzopoulos, Demetri, John Platt, Alan Barr, and Kurt Fleischer.
"Elastically deformable models." In Proceedings of the 14th annual
conference on Computer graphics and interactive techniques, pp.
205-214. 1987. DOL: 10.1145/37402.37427

[8] Terzopoulos, Demetri, and Kurt Fleischer. "Modeling inelastic
deformation: viscolelasticity, plasticity, fracture." In Proceedings
of the 15th annual conference on Computer graphics and
interactive techniques, pp. 269-278. 1988. DOL: 10.1145/378456.
378522

[9] Terzopoulos, Demetri, and Kurt Fleischer. "Deformable models."
The visual computer 4, No. 6, 1988, pp. 306-331. DOL: 10.1007/
BF01908877

[10] Volino, Pascal,

Thalmann. "Versatile and efficient techniques for simulating

Martin Courchesne, and Nadia Magnenat

cloth and other deformable objects." In Proceedings of the 22nd
annual conference on Computer graphics and interactive
techniques, pp. 137-144. 1995. DOIL: 10.1145/218380.218432

[11] Volino, Pascal, and N. Magnenat Thalmann. "Implementing fast
cloth simulation with collision response." In Proceedings
Computer Graphics International 2000, pp. 257-266. IEEE, 2000.
DOI: 10.1109/CGI.2000.852341

[12] Baraff, David, and Andrew Witkin. "Large steps in cloth
simulation." In Proceedings of the 25th annual conference on
Computer graphics and interactive techniques, pp. 43-54. 1998.
DOL: 10.1145/280814.280821

[13] Choi, Kwang-Jin, and Hyeong-Seok Ko. "Stable but responsive
cloth." In ACM SIGGRAPH 2005 Courses, pp. 1-es. 2005. DOL:
10.1145/566654.566624

[14] Bridson, Robert, Ronald Fedkiw, and John Anderson. "Robust
treatment of collisions, contact and friction for cloth animation."
In Proceedings of the 29th annual conference on Computer
graphics and interactive techniques, pp. 594-603. 2002. DOI:
10.1145/566654.566623

[15] Baraft, David, Andrew Witkin, and Michael Kass. "Untangling
cloth." ACM Transactions on Graphics (TOG) 22, No. 3 2003,



96  Journal of The Korea Society of Computer and Information

pp. 862-870. DOL: 10.1145/1201775.882357

[16] Grinspun, Eitan, Anil N. Hirani, Mathieu Desbrun, and Peter
Schréder. "Discrete shells." In Proceedings of the 2003 ACM
SIGGRAPH/Eurographics symposium on Computer animation,
pp. 62-67. 2003.

[17] Bridson, Robert, Sebastian Marino, and Ronald Fedkiw.
"Simulation of clothing with folds and wrinkles." In ACM
SIGGRAPH 2005 Courses, pp. 3-es. 2005.

[18] Zhou, Chuan, Xiaogang Jin, and Charlie CL Wang. "Shear
buckling and dynamic bending in cloth simulation." Computer
Animation and Virtual Worlds 19, No. 374, 2008, pp. 493-503.
DOI: 10.1002/cav.253

[19] Provot, Xavier. "Deformation constraints in a mass-spring model
to describe rigid cloth behaviour." In Graphics interface, pp.
147-147. Canadian Information Processing Society, 1995.

[20] Miiller, Matthias, Bruno Heidelberger, Marcus Hennix, and John
Ratcliff.
Communication and Image Representation 18, No. 2, 2007, pp.
109-118. DOL: 10.1016/j.jvcir.2007.01.005

[21] Goldenthal, Rony, David Harmon, Raanan Fattal, Michel Bercovier,
and Eitan Grinspun. "Efficient simulation of inextensible cloth."
In ACM SIGGRAPH 2007 papers, pp. 49-es. 2007. DOL: 10.1145/
1276377.1276438

[22] Carignan, Michel, Ying Yang, Nadia Magnenat Thalmann, and

"Position based dynamics." Journal of Visual

Daniel Thalmann. "Dressing animated synthetic actors with
complex deformable clothes." ACM Siggraph Computer Graphics
26, No. 2, 1992, pp. 99-104. DOIL: 10.1145/142920.134017

[23] Volino, Pascal, N. Magnenat Thalmann, Shen Jianhua, and Daniel
Thalmann. "An evolving system for simulating clothes on virtual
actors." IEEE Computer Graphics and Applications 16, No. 5,
1996, pp. 42-51. DOIL: 10.1109/38.536274

[24] Zeng, X. S., V. B. C. Tan, and V. P. W. Shim. "Modelling inter~
yarn friction in woven fabric armour." International Journal for
Numerical Methods in Engineering 66, No. 8, 2006, pp.
1309-1330. DOL: 10.1002/nme.1596

[25] Breen, David E., Donald H. House, and Michael J. Wozny.
"Predicting the drape of woven cloth using interacting particles."
In Proceedings of the 21st annual conference on Computer
graphics and interactive techniques, pp. 365-372. 1994. DOIL
10.1145/192161.192259

[26] Kaldor, Jonathan M., Doug L. James, and Steve Marschner.
"Simulating knitted cloth at the yarn level." In ACM SIGGRAPH
2008 papers, pp. 1-9. 2008. DOIL: 10.1145/1399504.1360664

[27] Terzopoulos, Demetri, and Kurt Fleischer. "Modeling inelastic
deformation: viscolelasticity, plasticity, fracture." In Proceedings
of the 15th annual conference on Computer graphics and
interactive techniques, pp. 269-278. 1988. DOIL: 10.1145/378456.
378522

[28] O'brien, James F., and Jessica K. Hodgins. "Graphical modeling

and animation of brittle fracture." In Proceedings of the 26th
annual conference on Computer graphics and interactive
techniques, pp. 137-146. 1999. DOIL: 10.1145/311535.311550

[29] O'brien, James F., Adam W. Bargteil, and Jessica K. Hodgins.
"Graphical modeling and animation of ductile fracture." In
Proceedings of the 29th annual conference on Computer graphics
and interactive techniques, pp. 291-294. 2002. DOI: 10.1145/
566654.566579

[30] Smith, Jeffrey, Andrew Witkin, and David Baraff. "Fast and
controllable simulation of the shattering of brittle objects." In
Computer Graphics Forum, Vol. 20, No. 2, pp. 81-91. Oxford,
UK and Boston, USA: Blackwell Publishers Ltd, 2001. DOI:
10.1111/1467-8659.00480

[31] Norton, Alan, Greg Turk, Bob Bacon, John Gerth, and Paula
Sweeney. "Animation of fracture by physical modeling." The
visual computer 7 (1991): 210-219. DOI: 10.1007/BF01900837

[32] Hirota, Koichi, Yasuyuki Tanoue, and Toyohisa Kaneko.
"Generation of crack patterns with a physical model." The visual
computer 3, No. 14, 1998, pp. 126-137. DOI: 10.1007/s0037
10050128

[33] Wang, Huamin. "A chebyshev semi-iterative approach for
accelerating projective and position-based dynamics." ACM
Transactions on Graphics (TOG) 34, No. 6, 2015, pp. 1-9. DOL
10.1145/2816795.2818063

Authors

Jong-Hyun Kim received the B.A. degree in
the Department of Digital Contents at Sejong
University in 2008. He received M.S. and

\ Ph.D. degrees in the Department of Computer
?. Science and Engineering at Korea University,

in 2010 and 2016. Prof. Kim is an Associate Professor in

the College of Software and Convergence (Dept. of Design
Technology) in Inha University. His current research interests

include fluid animation and virtual reality.



