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Quality Improvement Methods for Creating High-quality XR Content in Real
Time on Small-scale, General-purpose LED Screen-based XR Systems
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Abstract

When creating XR content based on small-scale general-purpose LED screens that are often used indoors and outdoors, the quality
of the XR content can be significantly reduced due to various reasons such as the quality of the LED itself, such as LED device
characteristics, manufacturing date, and type. In addition, when extending the LED exterior to AR graphics, the boundary between
the LED exterior and the extended AR is highly heterogeneous. In order to reduce this heterogeneity, it is very expensive to
physically increase the size of the LED screen, and when the light is turned on near the LED, the heterogeneity of the LED
boundary is further exacerbated when the light is reflected on the small LED, which requires another time-consuming and expensive
correction in post-production. In this paper, we propose a method to improve the quality of real-time XR content through light
linkage, image-based alpha blending masking, and AR object placement to reduce such boundary heterogeneity in real-time XR
production. We show that even small, low-quality general-purpose LED screens can improve the quality of real-time XR content.
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E 1. XR Z2 S8 F= X H 2|E, =N, dE2de HSESS

Table 1. Devices and Elements Affecting XR Quality Description, Problem, Resolution, and Improvement Goals

post-processing (future work)

Devices & - Improvement
ElementsTechnology Description Problem Improvement method Goals
LED Wall/Floor Panel element_cor?trol (brightness, color) Color issues AR synthesis in awkward places o

Screen error via video processor
Video Frame drop due to performance Delays, . . .
processor . synchronization Modernizing device performance
. differences .
device issues
Trackin: Delays,
. 9 The exact camera tracking synchronization Apply commercial solutions
Devices i
issues
Synchron|2|n.g.3|gnals betweer? devices DMX Console
Synchronizing Broadcast Signals o Need to develop control module
Sync/ . A Synchronization ) S
) . Synchronized control between lighting to synchronize graphics lighting o]
Timecode devices Issues Between . N
(DMX console) controls and Unreal - with room lighting
; Devices
Lights
. Unreal-based AR compositing/level
) . Design . . A
Unreal real-time ray-traced rendering, . . design, graphical lighting
. . L . . -~ high-quality S .
Rendering Engine requiring high-quality photorealistic levels with synchronization with real-world o]
graphic design lighting,
Unreal
and control module development
. Difficult to manually adjust many lights, .LED scregn Developing a control module to
DMX/Lighting o . . light reflection, ) B .
) lighting changes require precise L synchronize graphics lighting with o]
Devices . synchronization .
frame-by-frame synchronization . room lighting
issues
Boundary
Boundary Natural blending between LED screens heterogeneity Blending Ma.sk Cor.nposmng,
Heterogeneit and extended AR between LED Graphic Design, ©
9 Y and extended and AR Applications
AR
Tracking/
I Location/Lands data/Color/Delay Registration/Col . .
[19]
Calibration Calibration or Matching Apply commercial solutions
Issues
Moire LED Element Size Arrangement in LED pattern izzgaiizfexgr
Camera Affects Pattern Recognition problem '

T8 1. XR M Al D24 £ gl 915 SR 2= ¥E9l 39, LED

(a) Daytime scene, before lighting integration

(b) Night scene, before lighting integration

ZY B ZHEA of

o o T

Fig. 1. Example of LED light reflection issues in XR production when lighting settings are not synchronized with graphic lighting
brightness, (a) daytime and (b) nighttime before lighting integration
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If using GOB type LEDs,
the thickness is increased
by at least about 2 mm

(a) GOB Type Molding Impact

v =

A

T2 2. S2HQl ME LED 2321 ARE A ZHIE,
Mz 2= LED &4

(c) Poor LED panel calibration

(a) GOB Ef2

LED RGE Amay

(b) LED Device Characteristics Impact

(d) LED Characteristics with Different Manufacturing Dates

=9S¢, (b) LEDAM £ B, (o) LED 22Y =, (d) MEHE

Fig. 2. Problems with using physical universal LED screens, (a) GOB time molding impact, (b) LED device characteristics impact,
(c) LED panel mis-calibration, (d) LED characteristics with different manufacturing dates
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XR composite result
before lighting integration
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XR synthesis result
after lighting integration
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Fig. 3. Conceptual before-and-after illustration of anticipated lighting-connected XR

content enhancements
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Designing Real-World Lighting

ArtNet

DmMx512

Midi Time Code

Screen-based XR Systems)

Designing Virtual Lighting
Play Control

- RenderStream(IF)
Frame

Frame
Midi Time Code

Synchronize

T2 4. ZHEAR/ZHZS/C|ATI0|=/AH2(Y J2ig] &R 7+ QlE{m|0|A2} DIC|of EFLA=S} Zajjel Z7|3 HEE
Fig. 4. Conceptual illustration of the interface between lighting devices/Lighting Console/Display/
Unreal Graphics devices and synchronizing frames with MediaTimecode
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(Real-time compositing results in XR content)

DMX 512 T

l:|'i| 4] ﬁ [ll]_ MIDI TE
Lighting Front
control
system O: - . Side
o A M O I
I-;“-‘un RenderStrea ]] . Floor =
Optical camera AR/VR Media Immersive LED
tracking devices high-speed compositing graphics displays
rendering display devices
machine

e —1

Basic XR System Cenfiguration

T2l 5. ZHAS XR AILH 7Y

Additional Systems for Liahting Synchronized XR System

Fig. 5. Lighting Synchronization XR System Configuration

H 2. XR Configure system devices
Table 2. XR Configure system devices

Item name

Model Name

General-purpose LED screens

Nation Star SMD, 1.875mm (wall)

Case 1 : 3 Wall and 1 Floor

(Low : 3.84m, Height: 2.4m, Depth: 2.88)
Case 2 : 1 Wall and 1 Floor

(Low : 6.72m, Height: 2.88, Depth: 2.88)
Nation Star GOB, 2.5mm (floor)

Camera Sony F55
Lens Fujinon 1:1.8/4.5~59mm Wide-angle zoom lens
Camera Tracker RedSpy
AR/VR High-Speed Rendering Machine Disguise RX2

Media Compositing & Display devices

Disguise Gx2c

Video Processor

Nova Star H9

Supplemental lighting

Aputure Nova P300c, Mini DIA 7, Moving Light etc

Lighting Console

DMX Controller

K}
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T2 6. FHOIE XR ABEH 75 22

Fig. 6. Setting up the Lighting Synchronization XR Experiment

O3 7. 0pA23 AR AedS 9o 75E LED 238

Fig. 7. LED screen built for masking and AR synthesis experiments
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Unreal Level Sequences

Frame

Unreal
Frame Control
By Blueprints

Disguise

T2l 8. 2| CjAvio|x FR|ZE Z S5 2ETNY
Fig. 8. Developing a frame synchronization module between Unreal and Disguise devices

20 9. DMX 718 MZE = CiAfel 2t $IZ(IF), THAS S d2|d BHX(QEZR)

Fig. 9. DMX-based realistic lighting design workspace (left), Unreal content for experimenting with lighting integration (right)
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< A TAE AREAT tegration

Fig. 10. Developed experimental XR content for lighting change in-
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For floors LED Area

Extended AR Area

For floors
LED Area

Extended AR Area

T8 1. 7FAIeHER Tlkiel 0kAZl OjDIXIS of(HIElRS)

Screen-based XR Systems)

Extended AR Area

LED Area

For Sides

Extended AR Area

For Sides

LED Area

Fig. 11. Example masking images based on Gaussian Blur (for bottom/side)
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After Realtime Compositing of LED and AR Asset (Car)

Before Realtime Compositing of LED and AR Asset (Car)
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(b) After applying the Lighting Synchronization module
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Fig. 13. Improved XR content results (a) before and (b) after synchronizing real and virtual lighting (from day to night)
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