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Abstract

Nakhwa-nori, a traditional Korean fireworks display with001
over 500 years of history, faces preservation challenges due002
to safety risks from large crowds and limited accessibility.003
This digital reconstruction aims to preserve cultural iden-004
tity and ensure that this unique ritual is not lost or misrep-005
resented. This paper proposes a real-time 3D reconstruc-006
tion system for traditional fireworks using Unreal Engine.007
The dual-layer particle system simulates large-scale en-008
vironmental effects and individual ember trajectories with009
physics-based wind simulation. The prototype was built us-010
ing key Unreal Engine features such as Nanite virtualized011
geometry, Lumen global illumination for night lighting, and012
GPU-accelerated Niagara particle systems. Spline-based013
rope systems and fire-on-water effects are planned for fu-014
ture implementation. Performance evaluation on consumer015
hardware demonstrated the potential to reproduce key vi-016
sual elements such as particle density, lighting conditions,017
and spatial relationships. This study suggests practical ap-018
plications of real-time rendering technologies for cultural019
heritage documentation and indicates that the approach020
could be extended to other traditions requiring complex021
particle effects.022

1. Introduction023

1.1. Physical limitations of the festival itself - the024
need for preservation025

Nakhwa-nori is a unique form of traditional Korean fire-026
works display in which bamboo sticks filled with oak char-027
coal powder are ignited, creating a spectacular display of028
fireworks that rains down on the night sky and water. It029
is practiced in various parts of the country, including Mu-030
jinjeong Nakhwa-nori in Haman, Gyeongnam, Anseong031
Nakhwa-nori in Anseong, Muju, Jeollabuk-do, and Hae-032
chon Nakhwa-nori in Yeoju, Gyeonggi-do. While reflecting033
the characteristics of each region, fireworks displays have a034
folkloric and ritualistic character, warding off disease and035

evil spirits, praying for a good harvest and the well-being 036
of the village, and affirming community cohesion [1] [2]. 037
In this paper, the terms ’Nakhwa-nori’, ’Julbul-nori’, and 038
’Nakhwa-yu’ are collectively referred to as ’Nakhwa-nori’ 039
for simplicity, unless otherwise specified. 040

Unlike regular fireworks, Nakhwa-nori fireworks con- 041
tinue to burn for about two hours. The harmonious and 042
spectacular sounds have drawn increased public interest in 043
the event [3]. This renewed attention is reflected in BTS 044
RM’s solo song ”Wild Flower” music video (2022) [4], the 045
TV show ”1 Night 2 Days”, and the drama ”Bloody Heart”, 046
and has been widely publicized on social media [5]. 047

In 2023, the Haman Nakhwa Festival attracted approxi- 048
mately 60,000 visitors nationwide in a single day, which is 049
nearly equal to the entire local population. This caused se- 050
vere traffic congestion and temporary network outages in 051
Haman-gun. In 2024, the event introduced a full online 052
reservation system and accepted only about 7-8,000 visi- 053
tors, but the second reservation was sold out in less than a 054
minute, and the number of people who could participate in 055
the 2025 event was reduced to 6,500, down from the previ- 056
ous year [6]. 057

Sejong City hosted the ”1st Nakhwa Traditional Culture 058
Festival” in October 2016 [7], and since then, it has become 059
a representative local festival with more than 100,000 vis- 060
itors on the day of the festival [8]. However, because tens 061
of thousands of people gather every year, there have been 062
incidents of visitors being injured by fireworks due to in- 063
sufficient safety fencing at the festival site [9]. As such, 064
the festival is held only in certain seasons and locations ev- 065
ery year, limiting viewing opportunities, consuming consid- 066
erable time, manpower, and resources for site preparation, 067
and recently, it has become popular through the spread of 068
SNS and media, attracting excessive crowds and raising the 069
risk of safety accidents and environmental damage. In par- 070
ticular, as most of the festival venues are located in small 071
towns, geographical mobility and timing constraints for vis- 072
itors are a real barrier to the enjoyment of intangible cultural 073
heritage. The lack of alternative means of experience in the 074
event of an event being canceled due to bad weather or acci- 075
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dents is also a major constraint. Therefore, immersive dig-076
ital experiences can be proposed as an alternative to physi-077
cal venues, allowing the general public to enjoy traditional078
play safely and efficiently. This traditional culture, with its079
spectacular visuals and cultural significance, has the poten-080
tial to be digitally recorded and preserved through careful081
archiving and subsequently made accessible not only to the082
general public but also to the world at large. This research083
aims to systematically digitize and provide an immersive084
experience of Nakhwa painting using Unreal Engine.085

1.2. The need to protect cultural identity086

The preservation of Nakhwa-nori faces critical documenta-087
tion challenges. According to testimony from Ryu Han-088
cheol, secretary-general of the Andong Hahoe Village089
Preservation Society, the restoration process was a series090
of trial and error: ”There are no records of how to make091
the sticks or how to string them... After experimenting for092
about two years, I found the current recipe by making 50 of093
them and hanging them.”094

This lack of systematic documentation makes it difficult095
to pass on traditional culture. Dengok-ri Nakhwa-nori was096
selected as one of the Cultural Heritage Administration’s097
’Future Intangible Cultural Heritage Discovery and Nurtur-098
ing Projects’ in 2022, and was re-selected in 2024 [10].099
However, Nakhwa-nori has not yet been designated as a na-100
tional intangible cultural property, and systematic preserva-101
tion policies are still at an early stage [11].102

Moreover, the recent popularity of Korean fireworks has103
led to cultural appropriation concerns. Similar displays,104
known as ’falling flowers’, have emerged in some regions of105
China [12]. Some Chinese netizens have claimed that Ko-106
rean fireworks originated from their country’s Tacheolhwa107
(), but Tacheolhwa is a ritualistic act of throwing iron water108
to create sparks [13], while Korean fireworks uses bamboo109
firework sticks to drop embers over water, fundamentally110
different in both ritual context and physical method. This111
confusion of cultural archetypes is more easily distorted112
in the absence of digital preservation and documentation.113
Therefore, XR-based immersive digital documentation can114
provide objective evidence of cultural identity and origins115
beyond mere tourism commoditization.116

1.3. Research Objectives117

Against this background, this research proposes a system-118
atic digital archiving model that aims to (1) address the119
physical limitations of on-site operations, (2) expand cul-120
tural enjoyment without spatial and temporal constraints,121
and (3) respond to issues of copying and distortion by recre-122
ating the shared symbols and landscape elements of the123
Nakhwa-nori fireworks festivals held in Haman, Yeosu, and124
Andong, Korea, within a real-time 3D-based XR environ-125
ment. This study is a novel attempt in digital cultural her-126

itage research that seeks to preserve traditional festivals and 127
extend them into the modern era, contributing to the sus- 128
tainability of local festivals and the protection of cultural 129
sovereignty in the future. 130

Utilizing Unreal Engine 5’s Nanite mesh processing 131
(ultra-high resolution mesh processing), Lumen global illu- 132
mination (real-time global illumination), and Niagara GPU 133
particle system (GPU-accelerated large-scale particle pro- 134
cessing), this research proposes a methodology to digitally 135
realize the visual and spatial elements of the festival with 136
precision, and provide an immersive experience similar to 137
the actual festival in an XR environment. 138

The specific objectives of this research are as follows 139

First, by scientifically analyzing and systematically dig- 140
itizing and recording the core elements of the fireworks dis- 141
play, such as the process of making firework batons, igni- 142
tion rituals, firework falling patterns, spatial arrangement, 143
and acoustic environment, a digital cultural heritage preser- 144
vation model that can experience the essence of the tradition 145
in a three-dimensional space is established. 146

Second, XR technology fundamentally solves the fire 147
hazards of real fireworks, the possibility of safety accidents 148
due to the concentration of large crowds, the risk of event 149
cancellation due to weather conditions, and geographical 150
accessibility limitations, and presents a new cultural access 151
model that allows anyone in the world to enjoy traditional 152
culture safely and conveniently anytime, anywhere. 153

Third, by implementing a VR program that allows users 154
to observe festivals from various perspectives and learn the 155
historical background and cultural meanings, we aim to im- 156
prove the understanding of traditional culture and promote 157
the global spread of Korean culture. 158

Fourth, we propose a hybrid operation method of real 159
and virtual festivals using digital twin technology to man- 160
age the number of visitors at the on-site festival at an appro- 161
priate level while providing an expanded festival experience 162
that allows visitors from all over the world to participate si- 163
multaneously, contributing to local tourism resource utiliza- 164
tion and cultural industry development. 165

Technically, we develop an integrated technical frame- 166
work that includes high-resolution processing of complex 167
traditional architecture and terrain using Nanite, gravity, 168
wind, and collision-based naturalistic simulation of thou- 169
sands of embers using Niagara GPU particles, realistic 170
lighting of the night sky and surrounding landscape using 171
Lumen Global Illumination, and realistic firework reflec- 172
tions on the pond surface using Unreal Engine’s native Wa- 173
ter Material and Reflection Capture. 174

Ultimately, this research presents a new paradigm for 175
sustainable preservation and creative succession of intangi- 176
ble cultural heritage through harmonious fusion with mod- 177
ern technology without distorting the essence of tradition, 178
and aims to develop it into a universal methodology that 179
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can be applied not only to the Nakhwa Festival but also to180
other traditional festivals and digitization of intangible cul-181
tural assets, thus contributing to the global spread of Korean182
cultural heritage and its transmission to the next generation.183

2. Related Research184

In recent years, attempts to digitally preserve and share tra-185
ditional cultural heritage have been made both at home and186
abroad. In particular, XR (extended reality) technology is187
becoming a new methodology for preservation and educa-188
tion that overcomes physical constraints by making cultural189
heritage that is only accessible in the real world virtually190
accessible anytime and anywhere.191

For example, the Cultural Heritage Administration192
of Korea has released high-resolution 3D scans of the193
Nakseonjae of Changdeokgung Palace in XR, allowing any-194
one to explore the palace’s interior remotely. This increased195
accessibility without damaging cultural assets and allowed196
domestic and international visitors who are unable to visit197
the actual site to gain a deeper understanding of traditional198
architecture and spatial organization. This is evaluated as199
an example of the possibility of sustainable recording and200
transmission of cultural heritage by expanding viewing that201
was limited to physical space digitally [14].202

There is also active research on preserving and experi-203
encing intangible cultural elements such as traditional per-204
formances and intangible culture with XR. Ahn, Hyungki,205
and Park, Jong-eun (2024) reinterpreted traditional pansori206
as an immersive digital exhibition by fusing holograms and207
XR technology to create an immersive digital exhibition of208
traditional Korean music. This study also has technologi-209
cal and cultural similarities in that it attempts to expand the210
intangible festival, Nakhwa-nori, into a digital heritage be-211
yond the accessibility and preservation limitations of phys-212
ical performances by realizing it in XR. [15].213

XR-based digital cultural heritage such as this is of-214
ten created with real-time game engines such as Unity or215
Unreal. Unreal Engine in particular is increasingly being216
adopted by traditional art and heritage sectors due to its217
strengths in high-resolution real-time rendering, physically-218
based lighting and particle effects, and large-scale data pro-219
cessing. The Cleveland Museum of Art in the US used220
Unreal Engine 5 to recreate a traditional Korean painting,221
Chilbo Sando, as an immersive digital exhibit. Nanite and222
Lumen were used to bring the textures of the real painting223
to life, and the Niagara particle system was used to add fog224
and light effects to maximize immersion [16].225

Cho, Kim, and Jeong (2014) also experimented with226
real-time recreation of a traditional fireworks display us-227
ing GPU engine-based particle simulation, showing that the228
physical interaction of a myriad of particles and light can229
be effectively realized in virtual space. This has direct tech-230
nical implications for the digitization of traditional festivals231

where fireworks, smoke, and water reflections are important 232
[17]. 233

In conclusion, existing research suggests that digital cul- 234
tural heritage preservation and XR experience design are 235
evolving from mere documentation to a means of immer- 236
sive learning and global dissemination. In this context, this 237
study aims to experiment with new possibilities at the in- 238
tersection of technology and cultural preservation by realiz- 239
ing the unique Korean fireworks tradition of Nakhwanol in 240
Unreal-based XR. 241

3. Research methodology 242

3.1. Technical approach 243

3.1.1. Technical rationale for choosing Unreal Engine 244

Nakhwa is a highly ’dynamic, natural, and spatial’ tradi- 245
tional experience, with thousands of fireworks falling si- 246
multaneously, changing their motion in real-time with wind, 247
weather, and gravity, and a complex interplay of light and 248
particles, including spark reflections, waves, and smoke. 249
The nighttime nature of the festival requires the inclusion 250
of light and shadow, sparks, moonlight, and water reflec- 251
tions, all of which are impossible to represent with static 252
modeling and require real-time simulation and VFX. 253

Unreal Engine is optimized for real-time, high-quality 254
physically-based simulation, with support for real-time ray 255
tracing, Lumen global illumination, Niagara VFX, and 256
more. The GPU-based particle system can handle hun- 257
dreds of thousands of particles simultaneously with phys- 258
ical rules, with strong representation of natural phenom- 259
ena such as water, smoke, flames, and fog, and real-time 260
light reflection and refraction are calculated physically. It 261
has the advantage of natively rendering higher quality than 262
Unity to reproduce the unique ”light and water interaction” 263
of Nakhwa play with high quality. 264

Detailed technical features 265

The Niagara GPU particle system is capable of handling 266
hundreds of thousands of sparks from thousands of fire rods 267
in the Haman fireworks display in real time, managing the 268
physical trajectory and life cycle of each particle individu- 269
ally [18][19]]. 270

Lumen global illumination enables the instantaneous re- 271
flection of the fireworks onto the surrounding environment 272
and pond water surface, providing dynamic lighting effects 273
not possible with traditional baked lighting. 274

Nanite mesh processing technology is a distance-based 275
LOD system that optimizes GPU computation by outputting 276
less detail for distant objects and a denser mesh for closer 277
objects, enabling a high-quality representation of the silent 278
gazebo and surrounding terrain [20]. 279

Combining Planar Reflection and Screen Space Reflec- 280
tion to realistically reproduce real-time flame reflections on 281

3



ICCV
#*****

ICCV
#*****

ICCV 2025 Submission #*****. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

the surface of the water, fully representing the ”fire on wa-282
ter” visual appeal that is at the core of fireworks [21][22].283

XR optimization and performance284
When it comes to balancing performance and detail in285

immersive XR (especially VR), Unreal Engine offers the286
latest optimization technologies like Nanite, LOD systems,287
and level streaming to run at 60-90 FPS real-time even with288
large particles + dynamic lighting + high-resolution tex-289
tures.290

Built-in VR Templates with Variable Rate Shading to291
run on major XR devices like Meta Quest 3 and HoloLens292
2. Even with complex natural effects, it maintains a stable293
immersive experience on VR HMDs and MR devices, en-294
abling you to deliver the ”sense of space in the night sky”295
of Falling Flower Play in VR.296

Development Efficiency297
With a vast asset marketplace and Blueprint visual script-298

ing, traditional Korean architectural elements and complex299
particle logic can be implemented without coding, signif-300
icantly increasing development productivity. This compre-301
hensive combination of features simultaneously fulfills both302
’rendering quality’ and ’development efficiency’ compared303
to other engines such as Unity, proving to be the optimal304
platform to most effectively realize the dynamic, natural,305
and spatial characteristics of Nakhwa-nori.306

3.2. Research Methodology and Implementation307
Process308

3.2.1. Reference data collection and environmental anal-309
ysis310

Instead of directly photographing the festival site, we uti-311
lized recently released high-resolution video and photo-312
graphic footage of the festival to analyze ember size, burn313
rate, and pond and pavilion placement. Instead of field314
sounds, we selected fireworks, water sounds, and night315
sounds from free and commercial sound libraries to use as316
background sounds. We also consulted existing academic317
literature and local festival archives to understand the place-318
ment of the fireworks, the order of ignition, and incorporate319
them into the simulation design.320

3.2.2. Building a 3D environment based on existing assets321

To ensure both development efficiency and cultural accu-322
racy, we built the Nakhwa play environment based on ex-323
isting assets from the Traditional Korean Architecture Map324
project. The lighting system included in the existing asset325
was completely removed, and a new lighting environment326
was created to match the unique nighttime festival atmo-327
sphere of Nakhwa-nori. We utilized the Sky Light system328
provided in the asset, but adjusted the placement and inten-329
sity values of the lights to suit the scene to simulate moon-330
light and soft ambient light. In addition, Directional Light331
was placed to represent the main source of moonlight, and332

Spot Light was installed at the pavilion and key viewing 333
points to create localized lighting effects and atmosphere 334
[23]. 335

To represent the pond, which is the centerpiece of the 336
play, we utilized Unreal Engine’s Water Material to create 337
a realistic water surface. The Material Editor was used to 338
adjust the water’s transparency, reflectivity, and refraction 339
to achieve the right water properties for a nighttime envi- 340
ronment, and to create the visual effect of the fireworks re- 341
flecting off the water’s surface. Real-time reflections were 342
minimized and handled with Reflection Capture in Unreal’s 343
native Water Plane instead of the more advanced Planar Re- 344
flection. 345

3.2.3. Modeling the baton and implementing a spline- 346
based string system 347

The core element of the event, the bamboo stick, was mod- 348
eled separately and imported into Unreal Engine. The sticks 349
were designed to realistically recreate the traditional bam- 350
boo structure and hanji packaging of charcoal powder, with 351
individual Material Instances for each stick to represent vi- 352
sual changes as the stick burns. The strings connecting 353
the firecrackers were implemented using Unreal Engine’s 354
Spline system to physically simulate the natural sagging of 355
the strings and the slight swaying in the wind that can be 356
found in real firecrackers. The Spline Mesh Component 357
was used to dynamically adjust the length and shape of the 358
ropes, allowing for precise control of the position of the ba- 359
ton in each section [24][25]. 360

3.2.4. Designing a Dual-Structure Niagara Particle Sys- 361
tem 362

Two different Niagara particle systems were designed to ac- 363
curately reproduce the visual characteristics of fireworks. 364
The first is a whole-environment diffuse particle system 365
(HangingParticulates), which is responsible for the fine fire 366
particles and smoke effects that spread throughout the festi- 367
val site. The system uses an Emitter State set to ”Self Infi- 368
nite” to ensure continuous particle generation, and the Wind 369
Force and Aerodynamic Drag modules to create a natural 370
diffusion effect under the influence of the wind. The Shape 371
Location was set to Box or Plane to ensure that the parti- 372
cles are evenly distributed over a large space, and the Scale 373
Sprite Size and Scale Color modules were used to represent 374
the size change with distance and the color change with the 375
degree of burning. 376

The second is a particle system attached to the individ- 377
ual fireworks, which is responsible for the sparks and falling 378
embers directly from each firework. This system was indi- 379
vidually attached to the position of each firework and set 380
up to generate particles only at that point. The Particle 381
State module was utilized to precisely control the life cy- 382
cle of the flame, and the Solve Forces and Velocity mod- 383
ules were used to physically calculate the gravity and initial 384

4



ICCV
#*****

ICCV
#*****

ICCV 2025 Submission #*****. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

eruption velocity to achieve realistic ember trajectories. In385
the Initialize Particles step, the initial velocity and direc-386
tion of each particle was randomized to replicate the irregu-387
lar and natural flame patterns found in real-world fireworks388
displays. Light color changes, afterglow effects, etc. were389
handled simply using Unreal’s default material parameters.390

3.2.5. Implementing XR integration and user interaction391

We used the Unreal VR Template to enable only the de-392
fault VR perspective and teleportation movement. We used393
the VR Template’s default movement system to allow users394
to teleport between two or three viewing points, such as395
around the gazebo or by the pond, and minimally utilized396
Level Blueprints to control key logic. We also implemented397
a simple explanatory overlay (on/off button) with UMG398
widgets to display the cultural meaning of the fireworks399
or pop-up local information. Instead of complex spatial400
sounds, we utilized Unreal Engine’s native Attenuation fea-401
ture to naturally attenuate fire and water sounds based on402
location.403

4. Results404

This research utilized Unreal Engine 5’s Nanite mesh pro-405
cessing, Lumen global illumination, and Niagara GPU par-406
ticle system to create a demonstration-quality digital model407
of the visuals and spatiality of a typical fireworks display.408
Nanite is processed with a distance-based level of detail409
(LOD) that allows viewers to see the detailed textures of the410
gazebo and fireworks as they get closer, while Lumen and411
the Reflection system provide a more realistic representa-412
tion of flame reflections on the water and night sky glow.413
Niagara particles were used to recreate key effects such as414
the falling of embers and wind-gravity reactions with sim-415
ple particle simulations.416

4.1. Visual Results417

The Unreal default Water Material and Reflection Capture418
were used to create reflections of the flames on the surface419
of the pond, and the two Niagara particle systems were used420
to realistically reproduce the effects of fine particles diffus-421
ing through the environment and individual flames from the422
falling embers. Public 3D assets from the National Heritage423
Agency’s National Heritage Digital Service and Good SKY424
assets were utilized to compose the background (gazebo,425
trees, night sky) to create a harmonious sense of space be-426
tween the fireworks and the water and night sky [26].427

428

4.2. Limitations and Future Research Plans429

The significance of this prototype is that, based on high-430
resolution publicly available video and photo data and pre-431
vious research, we confirmed that it is possible to create ba-432
sic digital records and visual reconstructions of actual fes-433

(a) Asset placement of natural land-
scapes, structures, and ships.

(b) Setting up poles and strings for
the fireworks display

(c) Setting up fireworks rods (d) Fireworks display after ignition

Figure 1. Overall caption for all four images

tivals without actually photographing or measuring them. 434
“However, at this stage the experience is limited to basic 435
viewing on a PC screen or desktop VR, and full-scale XR 436
interaction, user navigation, and detailed audio adjustments 437
remain as tasks for future implementation.” 438

The prototype of this research utilizes Unreal Engine’s 439
particle simulation, physics-based rendering, and spatial 440
acoustics features to create an initial virtual representation 441
of the Nakhwa playground, and plans to expand the VR ex- 442
perience beyond simple visualization to include educational 443
elements. We will also distribute the VR build for free 444
so that anyone can safely experience traditional fireworks 445
without time and space constraints, and verify the immer- 446
sion, satisfaction, and learning effects through user evalua- 447
tions.Through this, we propose the possibility of safely and 448
sustainably enjoying traditional festivals that are difficult to 449
view on-site due to physical and environmental constraints, 450
and plan to expand the scope of research to other Korean 451
intangible cultural heritage, starting with the Nakhwa-nori. 452
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