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[Abstract]

In this paper, we present a particle-grid blending framework based on a geometric approach to efficiently
represent opaque ice spheres with air bubbles. The water temperature is diffused through the grid and the
air bubbles represented inside the ice through the particles. To solve the problem of previous methods that
generate noisy dissolved air fields, we use levelsets to lighten the algorithm, i.e., the number of active
particles and the initial amount of dissolved oxygen can be used to efficiently control the termination
conditions of heat diffusion. We also extend the previous dissolved air field method, which only computes
near air bubbles, to transparent regions to represent realistic ice spheres, and introduce a levelset-based
approach to accurately compute the orientation of particles. As a result, the method presented in this paper
is about three times faster than the existing methods and shows visually improved visualization of opaque

ice spheres, which can be used in the field of representing physical virtual ice forms.
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I. Introduction
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Fig. 1.
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II. Related Work

Real images of clear and cloudy ice.

=] 79k Algold ZopollA uAP7t =AU Fo] |
des g2 AlgRolds] ¢t 7les2 AJHidst

LS 7|gtog opofetAl wRlE o] th4-7]. Ui =
Ay 22 T RFEjogt 24l0] SHEA Q7] T2
WA Al BRlEE 2o JEiHeh oot FEY 712 E
gshe A2 6] AEA] X3 Kim et al.
3[8] DLA(Diffusion limited aggregation)[9], AFEjAr &

<8[10], 222 {A1 AleEllold[11]E Agst 23 ¢

Oﬂ Aele AE Algdold 2 4 Sl 28 78S
ARt i‘iq J2fut o] 7P o MY T AT 27
= %RV deo] 2EFHY 2R deer €1
2 S PlOHE oA ot o Aover 1
HH}E7ﬂ O*OE% =9 42 2 719

LEFOY FRA &

AMERRL BE9f A

tt. Hong et al2 A WRolA

AP Yt WA-A

BIEH14]. o] 7182 ARLE AR5t

2 AH83 }Oﬂl LH#@W i
A= 71=2E l%‘ o E1‘[15] SHA|RE o] 2

At s eol s F20] AeHT, 53] AR TY
RF 7|27 e dizo] Mgy F4Ho] EEFA B

2 Qo AP Qo kS of Y2 A3 °*01E

E rlo ne, é _1\'

Qgute mRFO0], A Yol Uehjs sz
do] gl UA=TE BHEIRSHCE 0]9f= R 2 Im et
al & AR YR BTl Aoy T AR E 1E
A dg JEE 28 4 v U2 Asi[2] ¥
g Qe 71EE vsH/ds ABds] Tzl a9
ARl SRS & BARC
Stefan Seipeldt Anders Niviors =595t d&S
RRsp] sl HAAE AFEHOu(l6], Ykt 2He
zalet AR7F AL o] £AS =olct BEIAXE o]
|

&3] mizol 2=U 38 &0 T2t AdEHE AlE
o] 7]8t alggo] opn, AnpA oz A& ol A ofA
R o 259 PEIE 7 RRAARE SAE
APE itk

Im et al& 239 e AUS B3] sl
7oK Crystallization)” o] 2 Alg2fo]d 72 Al
QRIEH17]. ol&2 29 =Folu ¥FE 7 1=

2 mash] gal YAk 71t 9

[m]

l‘l[‘



Efficient Opaque Ice Sphere Formation Using a Lightweight Geometric Approach 93

H Y ZYHIE AU o] WRioM = = dRt
A9 S22 ARl FAI-LA S-S ARSSIRAL =
o AANAR AP 12s] mizoll £H9S ™t S
2 430l A 59 FHE ZRFPIo0E o
7ol BojAlt= wAIPE et 2ol Kim et al2

[ISPH(Implicit incompressible SPH) 7]¥te] ®124 A&
ol 718 A¢tsto] o] ZAlE '&Xlow siAsH
[19]. o] 7IHolM= FAIQ A/du 2H A=, 29 o
o= YW ZRgtstal |71 HA 429 FE)
£ W=7] tieoll Im et al[2]E} PgR oz 3Tt

III. The Proposed Scheme

1. Rendering Processing for Opaque Ice
Formation
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Fig. 2. Algorithm overview of previous method[2].
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Table 1. List of terminology used in the paper.

Item Meaning
Dissolved oxygen The amount of oxygen dissolved in
water.
The value of dissolved oxygen
Dissolved air field | calculated from a regular grid
structure.

The field where the implicit function
was calculated on an arbitrary 3D
model. In this paper, we use this field
to calculate the amount of dissolved
oxygen and directional air bubbles.
Particles  categorized using a
threshold of temperature. This value
is used to design the simulation end

Level-set

Active particle

condition.

5719 fm= iRl meE GEtad] ojsh 2
of. ORI oM A2 712 R ERE 9AEY &
EAtao] g5 olgstol AR 7NN SES7IE S B
ettt 2= BE = GAPE 223 AAPH R AlERO]
A2 SeEH

(a) Real ice

(a) Previous method

Fig. 3. Im et al.'s technique causes unnatural rendering
artifacts when particles form a dissolved air field[2].
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Fig. 4. Heat diffusion on the particles. The particles were
colored from red(high) to blue(low) depending on the
temperature.
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Fig. 5. Controlling heat transfer in particles with -y.
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3. Phase Change to Ice State
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Fig. 6. Controlling phase change to ice particle with x.
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Fig. 7. Controlling dissolved air field in grid with €.

5. Generation of Directional Air Bubbles
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IV. Experiment and Results
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Fig. 10. Representing spherical ice using our method
(number of anisotropic/isotropic air bubbles : 2,028/2,655).
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