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Simulation
- =2
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An Anonymous Fabric  Estimated In-house Simulator )} As Close As Possible
Bending
Parameters

Question:
How to estimate bending parameters
to achieve the most realistic behavior?

Real Behavior
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[2] Miguel, et al. “Data-Driven Estimation of Cloth Simulation Models.” Computer Graphic Forum (Eurographics) 2012
[3] Yang, et al. “Learning-Based Cloth Material Recovery from Video.” ICCV 2017
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Cantilever Tester!?

[1]: ASTM. 2018. ASTM D1388: Standard Test Method for Stiffness of Fabrics. (July 2018).
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Cantilever Tester? Curly Effect in Cantilever Tester

[1]: ASTM. 2018. ASTM D1388: Standard Test Method for Stiffness of Fabrics. (July 2018).
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| 1 Ex) = 20(x) 2
‘ Dihedral Angle-based Model VN eHy + H)

| . _ Ex) — 1% — x5l = 7
Diagonal Spring bending Model2 E(x) =/ e(Hy + H,)

3y

“1,1. | Quadratic Bending Model3 Ewx) = (Hy+ H))e 1Kl

[1] Bridson et al, “Simulation of Clothing with Folds and Wrinkles.” SCA 2003
[2] Bouaziz et al, “Projective Dynamics: Fusing Constraint Projections for Fast Simulation.” SIGGRAPH 2014
[3] Bergou, et al. “A Quadratic Bending Model for Inextensible Surfaces.” SGP 2006
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Bending Parameters

Bending Rigidity: The material property which associate torque and curvature.

: Parameters used in simulator for bending effect.

|
l
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Bending Parameters

Estimate , Which are applicable in the simulator directly.
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Cloth simulator

Paramcters Paramctcrs

Azure Kinect depth camera
\

Depth i 1magcs
Trfmmg

» Cloth simulator
ll -

Depth images [nferencing Parameters CPP
=

_—Fabric specimen

Cylinder

— “\¥ Rotary tzble
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Methods

The details of our work.
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Nonlinearity & anistropicity
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Bending Energy:

Bending Force:

0

E@©) = J ©(k($), e)d¢
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fi=—V,E=—(ax + pic?)e V,;0(x)
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0
Bending Energy: E@©) =[ t(k(&), e)dé

0

Bending Force:  f =—V.E = — (ax + e V.0(x)

1 2sin@ 20

K

R \/H(% + H? — 2HyH cos(x — 0) Ho + H,
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107 r « ARCSim?
* Our model
10" F « Discrete shell?
— Master curve

10° t

Master Curve Validation3 1t
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Dimensionless parameter (1)
[1] Narain, et al, “Adaptive Anisotropic Remeshing for Cloth Simulation.” SIGGRAPH Asia 2012
[2] Grinspun, et al, “Discrete shells.“ SCA 2003
[3] Romero, et al, “Physical Validation of Simulators in Computer Graphics: A New Framework Dedicated to
Slender Elastic Structures and Frictional Contact” SIGGRAPH 2021
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Three Directions Bending Parameter Vector
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d 2 )
k(o) — cos’p| |cos®g, sin*@,| [Kkeo
(@) = sin2 2 ) |4
7 COS“ ¢ sIn“ g,

Given a Fabric is Current Bending Direction Curvature-based Bending Stiffness
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(a) Crid-structured mesh with edge-based (b) Unstructured mesh with edge-based (c) Grid structured mesh with curvalure (d) Unstructured mesh with curvature
anisolropic bending stiflfness anisolropic bending sliffness based anisotropic bending stiffness based anisotropic bending stiffness

Mesh-Independent Simulation in Strong Anisotropic Case
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Z
Zero
X
a'y i
“ | Negative
0 200 400
Vertex index on mesh boundary
Correlation Analysis indicates stretch
parameters affect little on Cusick Drape
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Dataset
Training  Number of RMSE RMSE
Name , . - .
time (hrs)  variables  (training) (validation)
VGG16 100.8 105M 0.153 0.122
. . AlexNet 12.4 46M 0.252 0.224
. . ResNet-18 12.7 13M 0.147 0.127
Loss E EfficientNet BO |  27.0 4M 0.187 0.142
- 1 g ju— 1
Function : I :

Ground truth g
Prediction p;
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Azure Kinect depth camera
|

Cantilever Tester: 10min per
Fabric, Cost > S500.

Fabric specimen

Cylinder ]
Our Drape Tester: 3min per

Fabric, Cost < S30.

&

- y
- Cx Rotary table
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Drape pose Reconstructed Mesh Simulator Simulation result
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® Reconstruction
" By a cantilever tester

Reconstructed Mesh ® By our system

Compare

Simulation Result
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Fabric Cantilever Classification GMM VAE
index | nonlinear dihedral | [Yang et al. 2017] | nonlinear dihedral | linear quadratic linear dihedral  nonlinear dihedral (ours)
#1 1.3 (8.0%) 1.8 (12.7%) 1.2 (8.0%) 1.3 (7.0%) 1.6 (7.6%) 1.3 (5.6%)
#5 1.9 (14.6%) 4.6 (8.8%) 1.9 (6.6%) 1.7 (5.8%) 1.4 (5.2%) 0.9 (3.3%)
#7 2.5 (14.5%) 2.7 (18.0%) 2.7 (13.7%) 1.9 (7.5%) 1.7 (12.0%) 1.7 (4.4%)
#9 1.4 (4.9%) 3.5 (8.9%) 1.1(1.5%) 1.1 (1.1%) 0.8 (1.3%) 1.0 (1.2%)
#11 1.3 (11.0%) 1.6 (18.6%) 1.2 (14.3%) 1.6 (6.6%) 1.1 (6.5%) 1.0 (7.4%)
#12 2.6 (6.6%) 4.3 (6.6%) 2.3 (7.5%) 1.7 (6.8%) 1.1 (6.1%) 0.7 (5.9%)
#24 1.4 (6.9%) 2.9 (14.2%) 0.9 (5.5%) 0.9 (5.8%) 1.1 (6.6%) 0.7 (3.5%)
#27 2.8 (5.7%) 2.9 (10.6%) 1.9 (4.7%) 1.9 (3.1%) 2.0 (2.6%) 1.7 (2.7%)
#28 3.2 (6.8%) 3.3 (8.9%) 2.5 (6.9%) 2.7 (3.9%) 2.2 (3.5%) 2.6 (3.3%)
#29 2.8 (6.4%) 4.7 (7.2%) 2.3 (4.1%) 2.1 (3.3%) 2.5 (3.4%) 2.0 (2.8%)

&0

metricl: mean vertex displacement (in mm) between the reconstructed and simulated shape

metric2: mean of the relative mean curvature difference (in parentheses)
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(g) Simulation (cantilever) (h) Photograph (i) Simulation (ours)

More Test Cases in Our Appendix.
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We justify the effective use of deep neural networks in the development of a novel bending
stiffness parameter estimation system.

1. Hysteresis effect
2. A unified test for both stretch and bending parameters
3. The test pipeline can be automated and improve further more
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