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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)9t Algefoldat ojool 71 T

5
2OpolA 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.

Fig. 172 A5l 2 Fel/} ofd ALgAD} AAzIo e
2702 A2 9l AHolt). 0F9A EHIREES o

gsto] 22 2uPE2 olstn 9lon o] uet 54
Aoy L 23 Algelol AARieE MaHL 9l
2 & Boju 9tk

N— \
— n\ ‘
= o L\

Fig. 17. Real-time cloth cutting scene.
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Fig. 18. Real-time cloth tearing.

Fig. 19% Qo] laA] £t0] 2584 2 7
ZRAT Zajolct. oA RolE Aupt kA A 7]
SOl @ 2hito] Wolufo] Q7 gt olage] o] WAl
A9 AU 245 FEV} UeteS 2dy3. of
oM E QoA BolE 7 Zo| LE Auola] AN
o §719 M7 Algeoldo] B SR & =2

2oflA]
7o) mol A et AL theat 2t

Koo
=

(b) High resolution

(a) Low resolution

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
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