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VIRTUAL PRODUCTION

In Camera Visual Effects

Virtual backgrounds
Real Time Rendering

Camera Tracking

LED Screens




Quelle: https://www.unrealengine.com/de/explainers/virt




MOTIVATION

Lessons learned

2560px x 1600px
1.6:1
50 x 32 full squares

Asking “the right questions” when
planning an ICVFX Virtual Production

System

BS detector




LED-VP components
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UNREAL Render Node 3

In-Camera VFX Reference Diagram Render Node 1 Render Node 2

Sample Stage Layout for In-Camera Stage Operation

nDisplay
Render Node 1

-Qu.xdm/ P Out

-Quauro sync

()

LED Processor g—

LED Processor |_¢

nDisplay
Render Node 2

nDisplay
Render Node 3

Quadro / DP Out

[ Video Village ]<—>[Video Switcher]A—{m}
A | : Locki(sm'< ...................................... .

\4
Camera Tracking
Solver
AU ; PO PO RCER RCE T FORR ey
VR Scouting D e e, :
V‘h E : ; Distribution Amplifier
: T Disro wireless)
: Editor B : ;
. = . r
..................... . (Color Correct Primary Operator - TEd:zr: : Record Master Clock
/Compositor) : (Tech Artist) Genlock / Timecode
: E -A)A or 8M
A :
: 3S : : Perforce / Proxy
| Legend ‘ : AU A
@ s i : :

Computer / Multi-User

P Genlock Sync

R CERTTR P Network
<——) SDI-Video
S CLRTTH P Timecode

https://docs.unrealengine.com/4.26/en-US/WorkingWithMedia/InCameraVFX/InCameraVFXRecommendedHardware/
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VP OVERALL SYSTEM

Latency

Color depth
Linearity
Genlock [ Sync
Stability




ICVFEX MINDSET

25.00P 00:12:1

In Camera Compositing

= The virtual background displayed on the LED wall
is a data stream which the camera must capture

with as little loss in quality as possible.

The LED wall does not display an image, but a
data stream that is to be transmitted as

effectively as possible.

HFF VFX VP Workshop 2024




CBeatiF-Center @HFF

UNREAL Render Node 3

In-Camera VFX Reference Diagram Render Node 1 Render Node 2

Sample Stage Layout for In-Camera Stage Operation
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https://docs.unrealengine.com/4.26/en-US/WorkingWithMedia/InCameraVFX/InCameraVFXRecommendedHardware/



IMAGE TRANSMISSION

Moire

Nonlinearity

= Banding

= Color and contrast distortions
Temporal artifacts

Reflections / light spill
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IMAGE TRANSMISSION

Banding




IMAGE TRANSMISSION
Banding
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Dithering




Nonlinearity IMAGE TRANSMISSION

Temporal artifacts




Nonlinearity IMAGE TRANSMISSION

Temporal artifacts
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Nonlinearity IMAGE TRANSMISSION

Temporal artifacts
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LED WALL PARAMETERS

Gamut
Bit depth

Contrast range
Maximum brightness
Temporal behavior

= Refresh rate

= Scanlines [ Multiplexing




LED WALL PARAMETERS

Farbtiefe

0.5 0.6 0.7

Brompton Technology — Dynamic Calibration - 2024 https://www.computerbase.de/forum/threads/8-bit-oder-10-bit-einstellen.2039968/




LED WALL PARAMETERS

Contrastrange
Maximum brightness




LED WALL PARAMETERS

Temporal behavior

PWM changes the perceived luminance of the display

+— Display light emission === Perceived luminance

25% duty cycle 50% duty cycle 75% duty cycle 100% duty cycle

i e i "~ (No PWM)
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https://corp.dxomark.com/flicker-the-display-afflictiono-draft/




LED WALL PARAMETERS

Temporal behavior

R
IR e o L B
1/64 brightness
Sub-image(Scramble)

1Tl
\
Scramble B Scr-alm?l;);o
Time=1/3840s ime=1/ 3

=4 55 - R 1-L I -

]

https://www.youtube.com/watch?v=5pxxDEs8IMw




LED WALL PARAMETERS

Temporal behavior

https://corp.dxomark.com/flicker-the-display-afflictiono-draft/




LED WALL PARAMETERS

Temporal behavior

https://corp.dxomark.com/flicker-the-display-afflictiono-draft/




LED WALL PARAMETERS

Temporal behavior

https://corp.dxomark.com/flicker-the-display-afflictiono-draft/




LED WALL PARAMETERS

Rolling shutter Global shutter

https://www.baumer.com/de/en/service-support/function-principle/function-principle-and-applications-of-rolling-shutter-cmos-cameras/a/CMOS-rolling-shutter-cameras




LED WALL PARAMETERS

Temporal artifacts




LED WALL PARAMETERS




LED WALL PARAMETERS

exposure 4

time

exposure 3

X
<
S
N
>

exposure 2 /

Rolling Shutter

frame D

S
‘1 Wne Yt

exposure 1

Camera
&
ALEXA Mini LF, §\
ALEXA Mini, N
S
and AMIRA
frame B frame C
ARRI White Paper - 2021-07 MRPS Genlock syncshift

frame A

LED Wall




LED WALL PARAMETERS




LED WALL PARAMETERS




LED WALL PARAMETERS




LED WALL PARAMETERS




LED WALL PARAMETERS

LED processor options

Reflection behavior [ light spill sensitivity

Pixel pitch

Pixel size

Color channels RGB, RGBW or similar




PARAMETER LED-WAND

Reflection behavior
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LED WALL PARAMETERS

2.3 mm 1.5 mm
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LED WALL PARAMETERS
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= Color arrangement of pixels

Robustness [ mechanics

Thermal properties

Panel maintenance
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Color configuration

of the pixels
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LED WALL PARAMETERS

Robustness / mechanics

HFF 8x5

2560px x 1600px
1.6:1
50 x 32 full squares
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LED WALL PARAMETERS
Repairability
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LED WALL PARAMETERS

Thermal properties
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LED WALL PARAMETERS

Thermal properties
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- - LED PROCESSOR

Driving the LED wall

= Processor communicates with a proprietary
protocol to the receiver card of the LED

panels
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DISTRIBUTING THE SIGNAL




LED PROCESSOR

Driving the LED wall

Color (gamut) processing

Panel calibration
Linearity

temporal behavior
= PWM

= Refresh rate




LED PROCESSOR

Calibration example

RGB COLOUR BALANCEWITHOUT PURETONE

120%

100% o

Output 80%+

Colour
Balance go

40% 4

20% 4

0% T T T q T r T q T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Input Greyscale

WITHOUT
PURETONE

WITH
PURETONE

Brompton Technology — Feature Spotlight — Puretone — 2024




LED PROCESSOR

Driving the LED wall

Dark image components

Temporal behavior -> PWM

Q Temporal multiplexing

Gostframe, frame remapping
Usability GUI [ UI

Frame rate

Brompton Technology — Feature Spotlight - Dark Magic & Studio Mode - 2024




Dark LED-PROZESSOR

imqge components

Typical 5000 Nits LED screen at 100 Nits brightness

Normal (No Dark Magic or Studio Mode)
Banding clearly visible at the low end of the gradiant

Dark Magic (only)
Banding eliminated. Some slight ‘sparkle’

Studio Mode (only)
Banding less pronounced, but still visible

Studio Mode and Dark Magic
Banding eliminated. Sparkle greatly reduced.

Brompton Technology — Feature Spotlight - Dark Magic & Studio Mode - 2024




LED PROCESSOR

temporal artifacts

+— Display light emission =—s==Perceived luminance

S 25% duty cycle ~  50% duty cycle _ = 75%duty cycle _  100% duty cycle _
f i i "~ (No PWM)

80 ¢ . ° ° .

70 -
60
50

40

30 -
20

Luminance (Cd/m?)

10
0 =

Time (ms)




Side screens

ARRI Studio London

In-vision wall:
30mxbm

Side sections:
3mx42m

We had money
for 10 m2

YOU CAN’T ALWAYS GET
WHAT YOU WANT

https://www.arricom/en/solutions/virtual-production/arri-stage-london
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PREVIZ AS A PLANNING TOOL




Ea N B E SIZE AND FLEXIBILITY

Frequent modification
= Robustness of the system

= Easy to move (e.g. trolley)

or fixed installation possible?

Quelle: Videofonika



N s.rotter@hff-muc.de N m. schulz@hff muc.de




Relative value

THE LIMITATIONS OF RGB LEDS

LED VOLUME PANELS

/ 6333K CCT

ARRI ORBITER

/ 6328K CCT

N

540 580
Wavelength[nm]

https://theasc.com/articles/color-fidelity-in-led-volumes




THE LIMITATIONS OF RGB LEDS

LED Wall LED Wall Orbiter LED Wall

- D N a °
N ( (
'i ! .
| 4

https://theasc.com/articles/color-fidelity-in-led-volumes




RGBW / RGBCA PANEL

RGBW [ RGBCA

- Wesentlich gunstiger - GroRere Pixel-Pitches

(off camera, fur Reflexionen)
- Viele Anbieter

- Processing anspruchsvoller
- Bekanntes Processing




Sony Crystal LED Verona

Crystal LED VERONA

for Virtual Production




Brompton Tessera Manual

BROMPTON
TECHNOLOGY.

USER MANUAL TESSERA PROCESSING

Tessera Version 3.5




DISTRIBUTING THE SIGNAL
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