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[Abstract]

Simulating the cohesion and stiffness of wet hair or fur in physics-based simulations is one of the
most challenging problems. Wet hair or fur is characterized by bunching and stiffening at the ends, a
phenomenon that can be seen in wet animal fur or hair. In addition, when wet hair interacts with a solid,
adhesion occurs, but this problem becomes difficult to solve due to the different distribution and balance
of forces in curly hair. In traditional methods, wet hair is represented by hand or by using static
hairstyles to represent wet curls and hair. However, how to depict the details of wet curly hair has not
been actively researched. In this paper, we propose a new algorithm to efficiently model the curl
exaggeration, cohesion, adhesion, and stiffness of wet curly hair. The proposed method -efficiently

simulates cohesion and integrates stiffness constraints with curl dynamics to reliably control hair elasticity.
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I. Introduction
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(a) Dry curly ha1r

(b) Wet curly hair

Fig. 1. Real images of dry and wet curly hairs.
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II. Related Work

1. Hair Dynamics
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III. The Proposed Scheme

1. Curly Hair Dynamics
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Fig. 2. Curly hair simulations.

2. Exaggerated Curl Motion in Wet Hairs
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(c) Cohesion (rot.)

(a) Original hair (b) Cohesion

Fig. 7. Cohesion test in wet curly hairs with our
method (rot. : rotation).
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4. Stable Adhesion Force Between Wet Curly
Hairs and Obstacle
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5. Stiffness in Wet Curly Hairs
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IV. Experiment and Results

Table 1. Experimental environment
Device Specification
CPU Intel Core i7-7700K CPU
Graphic card Geforce GTX 1080Ti GPU
RAM 32GB RAM
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Fig. 8. Curl exaggeration in wet curly hairs with our method.
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Fig. 9. Adhesion force between wet curly hairs and obstacle.

V. Conclusion

© veiMe A2 St 2dE= 2 Y, &
At A, 223 e e E BAT 4 Qe
7Iie AN 7189 g2 ARE Ve o]
AW 2ol eue] FHoME kolx 22 =
IR SAIYo] BAHUA, 2 =wolld Ajtehs W
e AR Al A S-S o183t S0 719
b5 2GS ARz BAsh] Yt Ak Ea A S

gshZch e Bastn @A) JEe g2l
shg ulo g AAEIQ] TR Akl 0], 4|

oM &80l ofFrt e 1|7t Aol

[IA)

ofE Aol

A AYshE 571 ARdolut A1 22 ol wiAlE o] 2l
7] gizoll AFIARL sllojo] Aol shlols B
StA] X3ttt g% o2t 542 Lﬂiﬁ}oﬂl A A
#HS UL EAIZ A=leld, dgold =t oAt
&5t JE ®iatshs §o] }\]EE]O]/\:]OH thaiM = At

g 7ol

REFERENCES

[1] Rungjiratananon, Witawat, Yoshihiro Kanamori, and Tomoyuki
Nishita. "Wetting effects in hair simulation." In Computer
Graphics Forum, vol. 31, no. 7, pp. 1993-2002, 2012. DOI:10.
1111/5.1467-8659.2012.03191 x

[2] Lin, Wei-Chin. "Boundary handling and porous flow for fluid~hair
interactions." Computers & Graphics, vol. 52, pp. 33-42, 2015.
DOI: doi.org/10.1016/j.cag.2015.06.005

[3] Yuksel, Cem, Scott Schaefer, and John Keyser. "Hair meshes."
ACM Transactions on Graphics (TOG), vol. 28, no. 5, pp. 1-7,
2009. DOL: 10.1145/1618452.1618512

[4] Kim, Jong~Hyun, Wook Kim, Young Bin Kim, Jacho Im, Jung
Lee, and Sun~Jeong Kim. "Robust handling of clumping and
stiffness in wet hair animation." Computer Animation and Virtual
Worlds, vol. 28, no. 6, pp. €1796, 2017. DOIL: 10.1002/cav.1796

[5] Choe, Byoungwon, Min Gyu Choi, and Hyeong-Seok Ko.

"Simulating complex hair with robust collision handling." In

of the 2005 ACM SIGGRAPH/Eurographics
symposium on Computer animation, pp. 153-160, 2005. DOI:
10.1145/1073368.1073389

[6] Selle, Andrew, Michael Lentine, and Ronald Fedkiw. "A mass
spring model for hair simulation." ACM SIGGRAPH, pp. 1-11,
2008. DOI: 10.1145/1360612.1360663

[7] Miiller, Matthias, Tae-Yong Kim, and Nuttapong Chentanez. "Fast

Proceedings

Simulation of Inextensible Hair and Fur" Virtual Reality
Interactions and Physical Simulations vol. 12, pp. 39-44, 2012.
DOI: 10.2312/PE/vriphys/vriphys12/039-044

[8] Miiller, Matthias, Bruno Heidelberger, Marcus Hennix, and John
Ratcliff.
Communication and Image Representation, vol. 18, no. 2, pp.
109-118, 2007. DOI: 10.1016/.jvcir.2007.01.005

[9] Iben, Hayley, Mark Meyer, Lena Petrovic, Olivier Soares, John
Anderson, and Andrew Witkin. "Artistic simulation of curly hair."
In Proceedings of the 12th ACM SIGGRAPH/Eurographics
Symposium on Computer Animation, pp. 63-71. 2013. DOI:

"Position based dynamics." Journal of Visual



84 Journal of The Korea Society of Computer and Information

10.1145/2485895.2485913

[10] Lenaerts, Toon, Bart Adams, and Philip Dutré. "Porous flow in
particle-based fluid simulations." ACM Transactions on Graphics
(TOG) 27, no. 3, pp.1-8, 2008. DOL: 10.1145/1360612.1360648

[11] Lenaerts, Toon, and Philip Dutré. "Mixing fluids and granular
materials." In Computer Graphics Forum, vol. 28, no. 2, pp.
213-218, 2009. DOI: 10.1111/5.1467-8659.2009.01360.x

[12] Baek, Seungho, Kiwon Um, and JungHyun Han. "Muddy water
animation with different details." Computer Animation and
Virtual Worlds, vol. 26, no. 3-4, pp. 347-355, 2015. DOL: 10.
1002/cav.1646

[13] Chen, Yujun, Nadia Magnenat Thalmann, and Brian Foster Allen.
"Physical simulation of wet clothing for virtual humans." The
Visual Computer, vol. 28, pp. 765-774, 2012. DOI: 10.1007/s0
0371-012-0687-y

[14] Um, Kiwon, Tae"Yong Kim, Youngdon Kwon, and JungHyun
Han. "Porous deformable shell simulation with surface water flow
and saturation." Computer Animation and Virtual Worlds, vol.
24, no. pp. 247-254, 2013. DOIL: 10.1002/cav.1497

[15] Fei, Yun, Christopher Batty, Eitan Grinspun, and Changxi Zheng.
"A multi-scale model for simulating liquid-fabric interactions."
ACM Transactions on Graphics (TOG), vol. 37, no. 4, pp. 1-16,
2018. DOI: 10.1145/3197517.3201392

[16] Bridson, Robert, Sebastian Marino, and Ronald Fedkiw.

"Simulation of clothing with folds and wrinkles." In ACM
SIGGRAPH 2005 Courses, pp. 3, 2005.

[17] Kim, Jong-Hyun, and Jung Lee. "Efficient and Stable Generation
of High-Resolution Hair and Fur with ConvNet Using Adaptive
Strand Geometry Images." IEEE Access, Vol. 11, pp. 81101 -
81112, 2023. DOI: 10.1109/ACCESS.2023.3301133

[18] Hsu, Jerry, Tongtong Wang, Zherong Pan, Xifeng Gao, Cem
Yuksel, and Kui Wu. "Sag-Free Initialization for Strand-Based
Hybrid Hair Simulation." ACM Transactions on Graphics (TOG)
Vol. 42, No. 4, pp. 1-14, 2023. DOL 10.1145/3592143

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.



