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Abstract

In this paper, we describe the process and method of converting tens of TB of time-varying AMR (adaptive mesh refinement)
volume data generated as a result of numerical model simulation into optimized data that can be used for various XR devices.
AMR volume data is a useful data format for complex modeling and simulation, and it can efficiently express materials such as
star clusters and gases that exist in the very wide outer space used in this study. we analyzes the metadata of AMR data, samples
it at low resolution, optimizes information in important areas, and converts it into a data set that can be used even on relatively

low performance XR devices. Finally, we introduces how the optimized data was utilized and visualized through the development
of immersive XR content using the data set.
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Table 1: Interstellar material data structure

variable name | data type | meaning
X, Y, Z double cell position
w double cell size
VX, VY, VZ float speed
density float cell density
pressure float thermal pressure
metal float cell metallicity
Temperature float temperature
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Table 2: Star cluster data structure

variable name \ data type \ meaning
X,,Z double position of particle
w float speed of particle
mass float mass of particle
id long particle’s unique id
dm long dark matter
star long a star particle
ap float particle formation time
zp float particle metallicity
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(a) VDB volume data 1 (b) VDB volume data 2

(c) Cross section visualization 1

(d) Cross section visualization 2

Figure 2: Interstellar material data visualization results
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(a) Star cluster 1

(b) Star cluster 2

Figure 3: Star cluster data visualization results
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Figure 4: File size and volume range of particle data
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Table 3: Extracted data structure

variable name \ data type meaning
frame int frame order
position float(x, y, z, w) position of particle
id int particle’s unique id
size float size of particle
color float(r, g, b) color of particle
alpha float transparency of particles
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Figure 6: Original star cluster data structure
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Figure 8: Octree space segmentation [8]
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Algorithm 1 Octree spatial subdivision algorithm

Require: P, < paticle datas, D <— max depth, T" < threshold
1: ford < 0to D do
2: Octree < P,

> input paticle datas in Octree

3 for all leaf node in Octree do

4 if n > T then © n is number of particles in leaf node
5: node split

6 end if

7 end for

8: end for
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Figure 9: Octree visualization
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Algorithm 2 Octree filtering algorithm
Require: D < max depth, T < threshold
1: for all leaf node in Octree do
2: if n > T then > n is number of particles in leaf node
Leave only 1 particle and remove the rest.
else if [ == D then
Removes 80% of particles
else if | == D-1 then
Removes 60% of particles
else if ¢ > 0.5 * T then
Removes 50% of particles
10: end if
11: end for
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Figure 10: Wide area filtering result
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Figure 11: Narrow area filtering result

4. THE|Z 7HA S}

fe2e Aoz skl gad AFE ol
(compute shadenZ F-gato] AjPalolch. AHE Holee
GPGPU(General-Purpose computing on GPU)E ©|-&3] H™
Aalg sgsts Holechadens 7] THE o8 717
vhe| 28 Wef Soht] AvbE o 2 B89 4 9ot [10). GPUR

- 110 -



el 2 e TS HolEAS YAFLY, 45 PFENT
(computebuffer)o] 7] THE|Z-0] Hlo]E] S ®elZT.

Table 4: Computebuffer structure
variable name | data type | meaning

X, Y, 2 float position
r,gb,a float color
size float star size
brightness float brightness
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Figure 12: Texture used by brightness level
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Algorithm 3 Star rendering function

Require: z,y, size, brightness
1. z,y < UV
1+ size/brightness
cv 4 (2 —05)2 4+ (y — 0.5)% + r?
: if v < 0 then
Rendering star
else
Rendering texture
end if

> x,y is UV coordinates
> 7 is a star radius

S N A R

Algorithm 4 Center shines brightlys function

Require: z,y, size, intensity, e, v
I x,y < UV
2. x4+ —xa°
3y — —y°
4: return (z + y + v) * intensity

> x,y is UV coordinates

(a) Final render result

ﬂﬂ

(b) Real star image (NASA)

Figure 13: Comparison of real star and rendering result

5. A Zd=A

2

AL

SW A% Flo|HE 7oz
o madg $94S At
AMgFITh T3 717}o] XR Tu}

;

Aol A 2 Z' =
el = A &gl 5
& 2T o] Abgste] vy

rr
0%

X
o
i

L g o

A
o),

o] 2xo B4 #45hEl XR G Po|5E Akl Aol Tlut
o 20 A5 M4 DA 22 S HAES steich. o] 27

wo, Ml
B[

Azpe 270 Wi B4
SEREISEASEER
ES AR T

o]_T:F_E xﬂz}g o] o Uﬂ
2ol upe ch2 ALg

o XR t]uto] ~E 3
2 A2l A A3,
£ AGHA ABE 5

U 9o Abgats ol

(e}

:‘.)g

b &
o = =
g oX
rl

oy

e
P
alis

a
T
-
_°,

,
[

iy
Mo

tlo i
E

ol
ok

- 111 -



51 SgadoF
S ALl A

(XR universe)[11]

6m, 0] 2.55mo] 2 H AT Ho 4K |l =g

A 302 st Ao FAHE AY B2l A FEHC
AR $5 BURE $F & 2619 49 2el0 A5 T
H57] 98] LHL Wb Al 98 AT gk B &
o o =z=

82 % 710l 23 A elE) WA o 9 S5 ool

35 A7t Zel =0t} QlER S} ol R ERE 135 & 579

95 99 A0 Eel glonl 5 Balo] Hhale o 62

Arolth. RE Aol B H AR 7|52 &4 719 _é—og o
WEE AZach AR 7]92 54 7ol = Aele o] &

AFeE, gyteat e H7F gutE A& sto] oL /\171-1,]._1:_ f

A

o

)

o
o 1
_E;

"= o] 7Msaith 18 14 ALSEA LS Tt
Sl F3E 44AY 95 97 TA2E AL

= HolEot

= 51
. et 289 2380 Hole T3 XR
Hupo] oA AAzte 2 dHste e 2 A0 HAasE
glo] sHAl Hrt. =t A3 Hold Fho|= e T A3
U= F2 et ARR S EE G, 2304 Eob ves
ute] 29| mtieel Zo] Mug Fde AT & Ae 7Iss
ZRIT} [12]. 237 §F83 T4 e 25 SAl] Ad e
=28 A AA 22 A B S AlS

o]l XR tjrto] A Huto] 0] shetE

O
=
o

52 =R IZE#(Road Trip) [13]

| @%ﬂi}ﬂ%@Eﬂ% AKISTI) 25 A2 7He
CAVE [14]°ﬂ A7 ZEl =0t CAVE:= 4K &
o5 FH el A5 Om, =]

o= SAkolth F7E= Ab
Eef7d Al2Flo] A= o]

1475]-0

ol ;9:
[‘li‘

a7 15 FH2g Sdolsta 9

=
S

CAVEY] Axd 2EEY &
32te] YAFof A EFt Ao 2 2|5 Ime] Atk

G W Hibe AEe s mm olet. Al A 45 A
A7) o) F st s7he] 3k AR A A 952 o5kl 5t

Lo Be BT 5 Yk $F W 24E EFste] 3772 Mol
275 2 ED ZeE = AL o6 A AAE AFE S/W
A% dlolel 2 95 41 271 9] W TeheC F94S BET XR
214 dlo]ElZ XR tjutol 0|4 el w22 ekl
ok ZEEYE 518 24G AT 2386 Sl
fl0] 9131 XR tutol 28 S} 253 ¢HE-S vlet i vl vie| Fo
Z7pelo] Lhebdth. 213 162 CAVE Sol A XR tlufo] 22 3
Zr& vlekRghe ) et shel 29 Ao AE Kol

(il

—_

Figure 16: Road Trip experience scene (AR)
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Table 5: XR device performance comparison

iPad Pro 12.9(4th) HoloLens 2
Processor | Apple A12Z Bionic Snapdragon 850
RAM 6GB 4GB
Resolution 2732%2048 2048 x 1080(per eye)
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Table 6: Number of particles used in AR
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Figure 17: FPS by number of filtering iterations(AR)
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Figure 20: Filtering test result(MR)
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