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Abstract

Recently, the GPU computing method has been utilized to improve the performance of the physics simulation field. In particular, in the case
of a deformed object simulation requiring a large amount of computation, a GPU-based parallel processing algorithm is required to guarantee
real-time performance. We have studied the parallel structure design method to improve the performance of the mass spring simulation
method which is one of the methods of implementing the deformation object simulation. We used OpenGL's GLSL, a graphics library that
allows direct access to the GPU, and implemented the GPGPU environment using an independent pipeline, the compute shader. In order to
verify the effectiveness of the parallel structure design method, the mass - spring system was implemented based on CPU and GPU.
Experimental results show that the proposed method improves computation speed by about 6,000% compared to the CPU Environment. It is
expected that the lightweight simulation technology can be effectively applied to the augmented reality and the virtual reality field by using
the design method proposed later in this research.
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Figure 1: Computing Power Comparison
between CPU and GPU [1]
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UBO(Uniform Buffer Object), VAO(Vertex Array
Object) thAl sloltjol Agek w3 A< SSBO(Shader
Storage Buffer Object)7} AHFA 71tk SSBOE= GPU
°] V-RAM (Video RAM)o| wie} 7pidog wREE
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Figure 2: Mass Spring System Structure
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Table 1: SSBO Mapping result
d e " d] o] § g} ¢ Hy o &
A Z(Mass) float mass -
#] %] (Position) vector3 pos SSBO Pos
4 % (Velocity) vector3 vel SSBO Vel
3] (Force) vector3 force SSBO Force
AXEY
dl o] o] - Y Hy o &
A4 w=1 int index1
A2 == int index?2
AA %7] 4do] | float RestLength | SSBO Spring
3 A float Ks
9 AT float Kd
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Figure 3: SSBO Structure
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‘ Spring Force Compute Shader ‘ Rendering ‘

l

Force Summation Compute Shader
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‘ Node Update Compute Shader

Figure 5: Compute Shader Flow
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PositionDirection
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Table 2: Spring Force Calculate Algorithm
Input Node(Pos, Vel), Spring
Qutpt Node(Force)
) BEGIN
for 1=0, I<SpringCount, I++
5 Nodel = Node[Spring[I].index1]
Node2 = Node[Spring[I].index2]
3 len = sqrt(PDirx"2 + PDir.y™2 + PDir.z"2)
A Stiffness = Ks * (len - RestLength)
Danping = Dot(VDir, Pdir) / len * Kd
5 SpringForce = Stiffness + Damping
SpringForce *= PDir / len
Nodel.AddForce(SpringForce)
6 Node2.AddForce(-SpringForce)
END
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Figure 6: Output SSBO Structure and

Dst Calculation Equation
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Table 3: Spring Force Calculate Compute Shader

Input SSBO Pos, Vel, Spring

Qutpt  SSBO Force

BEGIN
1 ID =
Nodel

gl_GloballnvocationID.x
= Spring[ID].index1
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Node2 = Spring[ID].index2
DstIndex1 = Node2 * MaxInputl + Nodel
DstIndex?2 = Nodel * MaxInputl + Node2

2 len = sqrt(PDirx™2 + PDir.y™2 + PDir.z™2)

Stiffness = Ks * (len - RestLength)
Darmping = Dot(VDir, Pdir) / len * Kd

SpringForce = Stiffness + Damping
SpringForce *= PDir / len

Force[DstIndex1] = SpringForce
5 Force[DstIndex2] = -SpringForce
END
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veltemp += acc * timestep

postemp += veltemp * timestep

Pos[ID] = postemp
3 VellID] = veltemp
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Table 6: Development Environment

| )
CPU Intel 17 7700 3.60GHz : 8 Core
= I 8] 3L IHAS ol5L = =
= A% 228 9SSR FleIHE e GPU Nvidia GeForce GTX 1080Ti
Table 4: Spring Force Summation Compute Shader RAM 32GB
V-RAM 11GB
Input SSBO Force Library OpenGL GLSL 4.3
Outpt  vec3 ForceSum IDE Visual Studio 2013 Ultimate

BEGIN
for 1=0, I<NodeCount, I++

! ForceSum += Forcell]
END
WEA g A Adhe v 2hEd o5 dAsHA|
th WH tE 2o & EE HeolHE itz A7)
A= RHEES ARgo] EVFOStER fJ9t B2 FRE
2~z JS Ak ForceSumeleh= dhuke] w3 o] A%
sttt o] AR A4k TS HAFE AoltE &

3 gt d2 F9 the =E0 XS ARt

Table 5: Node Position Update Compute Shader

Input SSBO Pos, SSBO Vel, vec3 ForceSum

Ouput SSBO Pos, SSBO Vel

BEGIN
ID = gl_GloballnvocationlD.x

1
vec3 veltemp = VellID]
vec3 postemp = Pos[ID]
2 acc = gravity + ForceSum/mass

Agrze) N~Hg 53 3D BF QHAEES

on, HYPS A2)st7] Hsf Tetgene o83 =4 W
£  Tetrahedral +2=2 WHFPslo] AL 2
of A" 3x 7o AHe o :eE Zon,
Wireframe dH @] 2= ®o] 173} Ltk

Table 7: 3D Object Information

Number of Node 733
Number of Spring 23,004
Number of Face 7,926

Figure 7: 3D Sphere
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Table 8 Snapshots of Simulation(Before, In, After Collision State)

Before Collision

In Collision

After Collision
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Table 9: Calculation Cost Comparison CPU and GPU

(¢9]: msec)
lst 2nd 31‘(‘1 4th 5th
CPU 796 816 798 810 733
GPU 12 15 13 13 12
Improv
ement 6,033%  5340%  6,038%  6,131%  6,008%
Ratio
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Table 9°]A]
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2] (4) <}

7N A& (Improvement Ratio)&

Improvement Ratio = (CPUcost — GPUcost) | GPUcost*100 - - (4)

CPU &AM+ 1719 HPEAE A EH | MAs=t] B+
790ms7F 4ALF oy, GPUSAAE FHF 13ms7t 4
859tk °F 6,000% ©]de] Axt £= JfAlo] o]FofF
o, shte] EAIE AlEdHClA & uwiHoh o i W
FEAE AlEH A = A, ol Ho] s Fist
At} CPU oA+ o 37171419 M3 =AE A&
o] f 30fpsE AFT 5 AT GPURAANA =
tf 1007H7kA18] HPEAE AlEH)HAME 30fps o=

Aed 5 Ak

5. A&

B Ao E WPEA AlEdH A s3] A% W
T Pl ARany A2"S ke r ¥y P27 B
2] AEdolA Aol nXe JFd sl wmatch 2
Fouw Ax"E A W F MRS ARSSHA




B3 BE 2= FA A4S HAT 5 Yr An
Ak wpao e TASI GPGPU B3-S T4e] S
E A

/\

P
37 ET/} GPU Ao oF 6,000%
2 gasigon, Be 4o WYL
0] 8% Jrisee dasg
: = Ags B A
dold AAEE TR ol OpenGLE 48T 4
SYT EABAA 5l v BL £ A2 o

4 e s wel ﬂw ARz A B A9e
sasglo, 5 A4 2 0, A9z 9% v2 o
=

=
B ATe «AgsLe A7 A9 2 AFATAD
o] F &7} 91 7] Z A ¥ AFY (NRF-2017R1D1A1B03035718)
o Ago] g3t} sAE ALY

References

[1] Martin Heller, “What is CUDA? Parallel programming for
GPUs”, Infoworld, 2018.

[2] Goldenthal, Harmon, Fattal, Bercovier, Grinspun, “Efficient
simulation of inextensible cloth,” ACM Transactions on
Graphics (TOG), vol. 26, no. 3, pp. 49, 2007.

[3] Nedel, Thalmann, “Real time muscle deformations using
mass-spring systems,” In Proc of Computer Graphics
International(IEEE), pp. 156-165, 1998.

[4] V. Baudet M. Beuve F. Jaillet B. Shariat F. Zara
"Integrating Tensile Parameters in Hexahedral Mass-Spring
System for Simulation" In Proc of 29th Int'l Conference
Computer Graphics Visualization and Computer Vision
(WSCG '09) pp. 145-152, 2009.

[5] Rahul Narain, Armin Samii, James F.O’brien, “Adaptive
Anisotropic Remeshing for Cloth Simulation,” ACM
transactions on graphics (TOG), vol. 31, no. 6, 2012.

[6] Oshita M., Makinouchi A., “Real-time cloth simulation
with sparse particles and curved faces,” In Proc. of The
Fourteenth Conference on Computer Animation of
Computer Animation (IEEE), pp. 220-227, 2001.

-62 -

[71 M. Hong, JH. Jeon, H.S. Yum, S.H. Lee, “Plausible
mass-spring system using parallel computing on mobile
devices,” Human-centric Computing and Information
Sciences, vol. 6, no. 1, pp. 2016.

[8] Yang, Chao-Tung, Chih-Lin Huang, and Cheng-Fang Lin.
"Hybrid CUDA, OpenMP, and MPI parallel programming
on multicore GPU
Communications vol. 182, no. 1, pp. 266-269, 2011.

[9] Ni, Tianyun. "Direct Compute: Bring GPU computing to

clusters."  Computer  Physics

the mainstream." GPU Technology Conference, pp.23,

2009.
[10] Stone, John E., David Gohara, and Guochun Shi.
"OpenCL: A  parallel programming standard for

heterogeneous computing systems." Computing in science
& engineering, vol. 12, no. 3, pp.66, 2010.

[11] Shreiner, Dave, et al. “OpenGL programming guide: The
Official guide to version 4.3.

Addison-Wesley, 2013.

[12] Wang, Huamin, and Yin Yang. "Descent methods for

learning  OpenGL”,

elastic body simulation on the GPU.", ACM Transactions
on Graphics (TOG), vol. 35, no. 6, 2016.

[13] Wang, Zhendong, et al. "Parallel Multigrid for Nonlinear
Cloth Simulation.", Computer Graphics Forum, vol. 37.
no. 7, pp.131-141, 2018.

[14] Sung, Nak-Jun, et al. "Simulation of Deformable Objects
using GLSL 4.3.",
Information Systems, vol. 11, no. 8, 2017.

[15] Kim, M., Sung, N. J., Kim, S. J., Choi, Y. J., & Hong,

M. “Parallel cloth simulation with effective collision

KSII Transactions on Internet &

detection for interactive AR application”, Multimedia Tools
and Applications, vol. 78, no. 4, pp. 4851-4868, 2019.

[16] Hong, M., Choi, Y. H., Sung, N. J,, & Choi, Y. J,
“Design and Implementation of Cloth Simulation Using
GLSL 4.3”, Advanced Science Letters, vol. 23, no. 10,
pp-10384-10389, 2017.

[17] H. Si, “TetGen, a Delaunay-based quality tetrahedral
mesh generator”, ACM Transactions on Mathematical
Software (TOMS), vol. 41, no. 2, 2015.



(™ XA 0 )

4z

5}
* 2016~2018 = Fehstu H7E 53} A}

£ 2018~ @A) A TSI 7 E 83} A
L IR0} WA g eold, WA,

7P, S

¢ https://orcid.org/0000—0003-3514-7152

* 1989 o] 3}oltl] & 2} AALEk 3} (0] BHAL
1991 o] 3ot M AHAALEF T} (0] BHA AL
* 2005 o] 3toith 718 3 8 3} (¥ 8HAD
« 19919 () FAFE 7EdtA F99
+ 1994 (F)EAHOE V& dTAa FUA
* 2005 A& 4 1o gk

AFHS SN =8 2us

20109~ A Agvjtjojtf gt gty
Frulg o] ey Fa s

20159 ~3 7] Agv|tjojtf gt gty
Aty d i e

FAFoRAFE 1A, AFE WA, HC,
F7EA

* https://orcid.org/0000—0001-7520—-097X

e rlo

:].L
:].L

4
+ 19959 =H g stu ikt (AL
+ 20014 University of Colorado at
Boulder (#8414}
* 20054 University of Colorado at
Denver (0] 8-kA})
2006 ~ A =R S
AFHLZEY AT 4
o PRk AFHIYY X,
tholue Al &l o] A, who] @ QI g A
A
¢ https://orcid.org/0000—0001-9963-5521

- 63 -



