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[Abstract]

In this paper, we propose a quadtree-based optimization technique that enables fast
Super-resolution(SR) computation by efficiently classifying and dividing physics-based simulation data
required to calculate SR. The proposed method reduces the time required for quadtree computation by
downscaling the smoke simulation data used as input data. By binarizing the density of the smoke in
this process, a quadtree is constructed while mitigating the problem of numerical loss of density in the
downscaling process. The data used for training is the COCO 2017 Dataset, and the artificial neural
network uses a VGGI19-based network. In order to prevent data loss when passing through the
convolutional layer, similar to the residual method, the output value of the previous layer is added and
learned. In the case of smoke, the proposed method achieved a speed improvement of about 15 to 18

times compared to the previous approach.

» Key words: Quadtree, Binarization, Downscaling, Convolutional neural network, Super-resolution,
Fluid simulations
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I. Introduction
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Fig. 1. Comparison with regular grid and

quadtree structures.
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Fig. 2. Numerical loss of density in downscaling stage
(a : 23 frame, b : 78 frame).
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II. Preliminaries
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III. The Proposed Scheme
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1. Classification of patch data from smoke
density
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(a) Original smoke data

(b) Binarization of smoke data

Fig. 3. Comparison with original and binarization of
smoke data.
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2. Binarization and downscaling simulation
space of smoke

# =oAL Q7] ALgEolNe) Tt x A2 Shd g
7o 37101 AU pRZ ARQSYCE QA AQ AIZMS &
o]7] ¢J5l ElojElS YESHE WOIN T AL hen

ALY & A, olF 3719 0.25802 dole} 3712 &

Witk oAU & o) a4 mEo) UE 37

2 Autstel A= dojels YO0, F 3wl cie

ALPS A8

(b) Binarization and downscaling

(a) Only binarization

Fig. 4. Visualization of data changes due to
iterative binarization and downscaling.

A A8loA+= 0, 0.01, 0.1, 0.05 59] thfst o
olg sk A@FOu, o] FoH 71 F tole]
2 HolFt 0,052 AR Astlt £ wiAy
A ) ASIoA 02 120|513k QU 47) e
Yo PR AN cherAY sl e o,
0.25, 0.5, 0.75, 19] Zroz2gt o]2ojx Qlon, Qo=
WARES 0.52 A1gste] AHgaloic. webd ojzlake §
3 clolEle] 242 AL, CheAALHS 55 o
olE9] 3712 Fo AAS ThE PAAZY] th2o] A=
E2] it £59] AR} 7h5aoick Fig. 4% 0|33}

ARk
OFAL
o

rulo rulo

Eiﬁ

oF A Y2 Agst Auto|ot. theAA|dst 2
Alggold 3310 EojFole 246kl U= &4 ¢l
APl FHIE 0= FAIIH (Fig. 4b9] AM2 A
o[u]x] H=R). Fig. db= AU HolHE H&
7] glojefe] 37| = stjjgt Aifoln, ot S |=
A9E 7] Y=o] YEE 1hE FXIsIT

o]Flgte} thE AU S &l Y5 HolHE HEE
2] Ut wco] F7]o] 9| FIeith UWH w0 37
S 16x16 27|12 A%s7] tieol 3§19 452 A
HolH & 7|E02 S o 16719 ot AdE
tlo]&l7} 512x512 71F). AdH = E5F o|&stof 4
FA 7lNte 2 HEELS Hshof &7] o] 41
£ Ue EX| 575 mefste], Aol Ag3ixol o
Azt v\ ws] FDQF ED2 E23t}

E
o rr

0 o

ol
=

(olaﬂ

_'_4

3. Quadtree construction with bottom-up style
for merging
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Fig. 5. Visualization of quadtree structure.

4. Super-resolution stage
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IV. Results
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Fig. 7. Rising smoke scene with our method
(inset image : input data).
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quad tree (1024x1024)

(b) Upscaled smoke data with our method
(1024x1024)

Fig. 8. Turbulent smoke scene with our method
(inset image : input data).

(a) Upscaled smoke data with only classic
quad tree (1024x1024)

(b) Upscaled smoke data with our method
(1024x1024)

Fig. 9. Randomly generated smoke scene with our method
(inset image : input data).
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V. Conclusions
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