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Procedural 3D Transformation of Decorative 2D Iconography:
A Color-Segmentation-Based Implementation of a VR Sand Mandala
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Abstract

This study proposes a color-segmentation-based procedural pipeline for transforming a decorative 2D mandala image into a 3D
object-based virtual environment, as a preliminary implementation for the VR extension of the Medicine Buddha NanoMandala
project. The pipeline uses the color information of an input mandala image to automatically place rock-like 3D objects that
visually function as sand-particle units. Placement candidates are extracted through raycasting, while collision points with the
mandala mesh are excluded as wall regions and white background areas are skipped using an RGB threshold. Through this
process, both the color regions and empty spaces of the original image are reflected in the 3D layout. The implementation shows
that color information can function not only as a surface attribute but also as a control variable connecting prefab selection, object
placement, background exclusion, and post-processing. Comparisons of scale and maximum object count further indicate that
balancing pattern legibility, particle-like texture, and execution feasibility is critical for implementing a VR sand mandala.

Keyword : Virtual Reality, Procedural Generation, Color Segmentation, 3D Object Placement, Sand Mandala

Copyright © 2026 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



o]}a}g_ g 191: AA1A

2D Z/4¢] 3D HAA W3k A2) 18 7 VR 2 vkt +d 589

(Sanghoon Lee et al.: Procedural 3D Transformation of Decorative 2D Iconography: A Color-Segmentation-Based Implementation of a VR Sand

(e}

1. 25 g & =H AP

Oxg Zel= A2 $H70) 4] 2D ©|rA|E 3D 372
AgslE A2 A, AP =, 7HE A, vltoejo}

E Al Aol A3 224 oleh 53] A @
Ao AR} oA E Bed vhehut Zle] ohel,
ou)A7t AT B1 FOR FoI7hT 1 URE )53}
At B3 5 glojof @k, ol 2D o|F|AE 3D Wk
SIS RER By DS A4 0, 2 o
527} 7} & 3D 31
2l
g,

T
o2 v M opy -
S o oy
> .= N )
vi 4 M 3 of L FIO
S.Dp oX, i = o
B X offt S
N 2
B ‘13: o
LY
Y
l-f>~
E
fol
K%
o
o
i
ot
ofo

oo b X9 =y
k3
)
%
3o
(o
=
o~

=
=
B =82 Medicine Buddha NanoMandala =22 E 9]
VR HH A&s 93 A8 78 dFE 2tk
Medicine Buddha NanoMandala= UCLA Art|Sci Center,
UCLA CNSI 917}, ZY4tehl GMA d7-4o] d¥ste=

d&-338F §5 ZZAEZ DSLR A, 2HEH LAY

olmAl, 24 AW oJvA|, FARAER A o|w]A|
ME B 2AL oA S A6t Aeta AF
37 942 el a%H Ao PAs:

a7 —
22 gl a8y 7)E Z2HEY o ARE

ru
I Mg ofd

KN
=

flo b

°|

=)

a) YUy Fd A 8H(Chung-Ang University)
¥ Corresponding Author : $Hd<¢](Sanglim Han)
E-mail: sanglimhan@cau.ac.kr
ORCID: https://orcid.org/0009-0008-5134-5275
HE AT HEIEHREANR 2 AREN7| DY) A e
o) AT AAZ FYH 01 (RS-2024-00418847), 20261 % 1. °T L
NEEWAS] A2 AHSRISEAE ) AL ol 4348 Aelsja
A A YA ARISE) S AF4YTh (2026-RISE-01-024-06).
- Manuscript received May 26, 2026; Revised July 6, 2026; Accepted July
7, 2026.

Mandala)

Ask @ 1] Nz A IFH ] Ak ol olv]
A Auge) Aol 2yHol 2

Az} 224 Tzl 9R 7]
g QA 5 glol F714 Aol YA

NS
N

FEI
)
& &
e
.
B
o
=

>
o i

N
> Y

N
- I
D)
Jo
il
Ho d
Moo
)
1o
>,
rx,
o
il
o
off
ol
ol
N

e
4,&
3
e
o
o
s
jincs
__)&/
3
i
jincs
oy
o
o
o,
>
Y
¥

I
ojth. AFY 7 AN
U A F2E TPelel A &
HER Tso] 9A drh whebA
E° VR &%= 98, 2D vreEh =
Hke] 7p3E o 2 WMslshe A4 gpo
wreebel 2 ZAA 2D B i
A A 7, o=A Fo] At 59
S 7Rt o8 @ =4S 3D §70AM AR o
QNS YAstet L} LHAES FA9 2 v Aok
AR 2= AR A AME fAe] oYtk 55

)
LSO
i)
Lo
=
Jz
i
o,

Y
2 flo ok 3o

r
12
i3
o0 ¥
[kl
My 2 ot

e

>,

b

n
2 oo |m
(w5

[o3
(K o
(98)
o
o to
)

ro

2}

o

-

S

> E

on
Hr 4
oE o N

ol

bl E‘
Ze) faers A G2 A0 A4S s 2Ue
weh 245m A8 B 94 3

S PP e o8 VR
AN AR G 82AE Y PN} £4
WA PATORE FR5A QT A GIrit B3

= LEAEZS wjR|s)of a1, FAlol| B A oF st= w7
o3t 2l AAE FAS ok dik. ole @ 4S54
4oz Y A% A A A, A4 0)S, 3A 54,
o) % :ILQCH ;q]x]- u]}lo]

7Ax o

Ly
VR &70lME o8 &A17F B T2tk duts

Q12D olmAU Gl = &2 e] Al- o] A H o] A
gk VR A= AL} A koA o] E5l7, EA
YAE 7Pkeloll A #Zsie, ojujA| o] Re] ofyE} ¥
M F2E A3 webM Y trdEE VRE Tds)
7] SlsiME A om| 8] AR FAHE ofvel, A 2
A e, 2 T, A 27 Al ALEelok @
o £ B2 7o QEAES Abdohs WA e ARt
o NAH BAE S ¢ AL FA AU FEe
T7HZ 9ok 18 BR VR R vEe) oA E
A A Bmet AAL A Thede A 248 = 8l



590 WEEe3=EA A3l A4E, 20263 72 (JBE Vol.31, No.4, July 2026)

AR}A Az wa o] Qs
Ae)4jel A Fustel, 2D Freket of

UAE YO ol A4 78 YHE J|WeR 3D 2 H
AEZ 25 WA sl JJr |ZeRels Fadth & =2
A A Tt 19 Aoy A £40] ozl 3D
T LEAES wjA] of R} wjA] Jos AAst=
T 7R AHEY FAHC R d ghe} ofu]
A& 7I¥ke = 3D Rheet WAl 45k, Unity $H7l
A raycastE Sl ¥l FH AHS FZE3Th Raycast7}

!
wEel W% FERE AT AY AUS Mo 7
) ASI3L, W AE 53 %

A& Medicine Buddha NanoMandala-% VR Tﬂ%ﬂ 1] 25
3 712 7w olzl AX A 2D EAMS VR 3+ 9
3D QEAE 122 At 3t AAA A F vhHo g
' T2

> (R ol
o o rlz
JRLCA o
o
I
Frr
¥,
o S
o
i
ﬁ

s
=

S
>
oo
ol
ol
i
o2
£
oft
W
w)
o

2
o

Ao} AR A7 R BEBT. A3

lo
I
)
|m
rir
o
29
il’,
=
rd
o
~
ol
ob
ot
2
o
_>;
N
N
[e3
3
L

2 ¥
verebe] a7kt

A E@sE O AP B

=
flo md v ot |m

Mo

=]
=
=]

N

M
W ot
O =
ofd
[N
- X%
(o
u
Fd
1:1

o o O b orok
NFI-EOEFI-E_VEE,
o o 12
= A
Mo == g fo
o 4o T
N o 2
2oz
rlrfzmlm
N ﬁ_@é
= >~0_,>L
N 4
ot o= HoF
o A
3N
ox, mégr
41 Jo
BN hu
£
r, off
2 =
N
ot =
ox
to 1©
o, M
g =

o)

’ [
[ qu
fil

o
1o
=

?—21 HHEE 3D 7+ e} 2D Y&

Ho
Wtz
i
_L:
m
E‘E
F_&_Hl
o ;
ox
g
ki)
;9
~
A
=
;

(

o AL w1

u o
~ >
3

2L
;
ol
ol
rir
-
o
ok
i
o
> g
e
ﬂ
i
2
=
o
S
oo
@
~
r

o

= Wy
ox, M
j'L_L

ot

1=
=
o,
o2
12
o,

i

~
2y

lul

o
N
S
"
o

O A
fe i o o R
_0|L
£ e
S =
1o
i)

ol 1E

rg
ol
i 24
o L

O
-

°] %LXJW A2} =t Qhel A1,

7k &30l ofe} 3D ¥+ 7433

A Alo] MR 7158 F s

A AREA BT v

Fst AS7HA A= gAY, AAA o
o

A2 gpolzetel o] 7}

5

2

A}
|

u

—

>

g

o[r
tjo

[N

e

4

2

2

o

=
4

4

2
offt

o
T HJZ}%P_E e AR ol o 0

=,
4

oX T

N
-

ﬁ%ﬂzi G 99 WReE el B

Qe BT Y UL B AFA

ohlek ATE FH AFS Bl B 27 WEUA
4

o o>' rl

e

o
2
R
>4
dZi
o i
(g,
gﬂ
R A
ﬁ\iz
NS
WE
HU;L)‘;#
i_imow—‘lolr
ol[’iéulm
¥
=

iy
i ofl
)
o
b+
P

ox,

2,
T
PN'
2
o
-
2,
3o
)
2

$410] Acksle] $OT. ool AFES 2D Yol
3D 72 e U0l B & U WATAR, thRE
1

=
29} o] WA 7)5Heln 2

¢

F



OVRE 91 190 444 2D =49 3D WA Wek A4 78 S VR B9 weel 7 591
(Sanghoon Lee et al.: Procedural 3D Transformation of Decorative 2D Iconography: A Color-Segmentation-Based Implementation of a VR Sand
Mandala)

st s FAHLE Stk o] Ha) whaErel 22 g4 = 949 olmA 7IRke Wi 7]FEo R AFdith
A B 715A SR A4 8, o SiE, vk 2 =EodAe old g on|R] 7|9k viA] =& 2D v
4, T pxo] AlZE AM7E 9 FREHA ettt 2} =/F9] VR w3t A&ttt F olmx|e] Ay 7Y
£ =7o] T 2D W oW A& 71E Hak A4 2 QBAET wiRE JdE FEIE VFOE ALEH,
AT] URHA tidF o] dEnh whaeke] At & w73} AA g2 Mo A9 +2& T HelHth o
o 9 o] o, ¢ ddH AAE PR WA i nhaete] AAd it ofuet I FE7HA]
T4 AHo|th mElA 3D WM ST At HH = 3D #j Aol wkedslr] $lgk Alelth [E 1] 71 A4 A
AA AL AT ALEE = Zlo] o, QLEAET} A AZH B = LS vlag Aotk
ool WX =3l ofH o o] H]fAof d—ﬂ% Ak VR $H7ellA] olefgt AapA] wljx] whAl> A7 Al
710 & ARgE o of gtk o] HolA £ =F2 EAL A 7Fs s A Aok stk TP EA ERlEE A
B, A9 dde] Aary A g, A4 2D B A st 7|8 FRlZHEG ARSAEe] A o5 2 APl
& FEE 3D 37 WA R HEete wAC 2 HibetnE, Ao Al B S fAtHA R AT g
Fot 53] B =82 Medicine Buddha NanoMandala == Bore Aol S A7 Ag oA BE £
AEQ VR ¢ HAAMA 278 AL 210E Ao, SBAE 2 Ze F, #d draw callo] FH 5l
2D R vtge} o|nAE YA 3D LEAE pXE | FEE WA F don, mebr] g 74 dACA R 2
et golzele AES T Ab g A FE R 2, Ad Y vES 3 aEEe
Zlo] F8si
2. O|0|X| AHAF ME 7|H} HiX|2} VR A0 %| &5} B = B vhedEte] dAE A4S xdsh] 9
3l XS 3D LEAES ARGgth HAE QHAEE 4
olux] 714k 3D FAJeA P onA & ek Fx o] A B QA= BgAdo Ras] AByo|dsy] 99
nA7} ohiek 37 40l 1% HolEE $59 F Ak Ao) ohie), B waRel AR RHAT BALS
ofmA|e] A, Al meA ARE 54 GAS T VR F7lA AlzE o7 A da}r) 918 Aotk whEhA
U, ME T8 RS wA A, w7 J9E ALl 2= 7 Bxe 58 718 43 AlEd ol Ae] oy
dl AR Stk & E=RolA e AR 49k 2D v g, 49 whet olmx| o) A 3 A s A

g} oln) A9 A} JHE 7|RICE 3D LEAES 2 WA 3D QEAE 3o g g ukgle] Az 1%
AR, ol A AR A DR S5 AL sk o sl ol BYeld A guE QuAE
7t ohH 2}, raycastE Foll SRE FH XM HE w7 39 A9, T BHE AR A4 Ao 7|Fo

i
2

==

A

>

=

1. J|1E A Y EH2n B =29 Ao

=

Table 1. Comparison between conventional procedural generation approaches and the proposed approach

Category Conventional Procedural Generation Approaches The Proposed Approach

Primary Target Cities, Terrains, Buildings, Game Levels Decorative 2D Mandala Iconography

Generation Criteria Functional Spatial Rules, Structural Constraints, | Color Segmentation and Empty Spaces of Input

Parameters Image
Input Data Rule Sets, Terrain Data, Structural Parameters 2D Mandala Image and 3D Reference Mesh
Placement Method Centered on Functional Rules (Roads, Blocks, Automatic Placement Based on Raycast
Object Intervals, etc.) Candidates and Color Sampling
Exclusion Rules Collision, Boundary, and Density Limits Wall Collision Region Exclusion, White

Background Region Exclusion
VR Extension of Sand Mandala and Preservation
of Visual Structure

Objective Large-scale Virtual Environment Generation
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Boundary tracing

Triangulated mesh

A. Input 2D Mandala Image B. Boundary Tracing and Triangulation C. Extruded 3D Mandala Mesh
Original color regions used as placement cues Top-down wireframe view of segmented mesh regions Used for raycast-based placement and spatial filtering
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Fig. 2. Transformation process from a 2D mandala image to a 3D mesh
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Table 2. Raycast-based rules for extracting placement candidates

Step Criteria / Condition Action / Processing Objective
1 Raycast collides with the mandala mesh Exclude from placement Preserve pat‘ter:egl‘)iz:r;danes and wall

Raycast passes through the mesh and reaches

Maintain as a placement

2 the ground candidate Secure valid placement regions

3 Ground-sampled color value is RGB 0.9 or higher Exclude from placement Preserve the white background and
empty structures

4 Ground-sampled color value falls within a valid color Place 3D object Reconstruct the 3D layout based on

region

color segmentation
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Table 3. Key Control Parameters for Color-Segmentation-Based Object Placement

Parameter Value

Technical Role and Rationale for Placement

Spatial Exploration Control 100,000

Maximum number of raycast attempts for exploring valid placement regions

Density Limit Control 20,000~50,000

Maximum number of sand particle objects that can be placed in the final

scene

Vertical Offset 0.02f

Y-axis correction value to prevent geometric intersection and clipping with the

ground plane

Error Tolerance Limit 0.6

Maximum allowable distance for matching between the sampled pixel color

and reference color vectors

Exclusion Threshold > 0.9(RGB)

Threshold value to detect white empty space outside the mandala design and

block object generation
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