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Camera Calibration for LED Walls in Virtual
Production
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By following these guidelines, cinematographers and virtual production teams can
achieve high-quality results with minimal post-production correction, ensuring a
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seamless blend between practical and virtual elements.
2. LED Wall Preparation

Before adjusting camera settings, the LED wall must be properly set up and calibrated
to ensure consistent brightness, color accuracy, and refresh rate stability.

2.1 Ensure Uniform Calibration of LED Panels

Verify that all LED panels are correctly color-calibrated using a video processor

process@
e Check for
LED wall.

or fields on the

Brightness Recomme

e SDR workflows: Se
within the Rec.709 ca

e HDR workflows: Set LEE
standard (HDR10, Dolby
range.

e Verify uniformity using calib
accordingly.

e Check for moiré artifacts by adjusting pixel pitch and viewing angles during
camera tests.

aintain color accuracy

s, depending on the HDR
highlight detail and dynamic

d adjust gamma curves

2.2 LED Processor Color Space Settings

e The LED processor should match the color space of the displayed content and
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camera workflow.
m SDR (Rec.709): Set the LED processor to Rec.709 for accurate color
rendering.
m HDR (Rec.2020, PQ, HLG): Configure the LED processor accordingly to
prevent color shifts or gamma mismatches.
e Gamma Settings:
m  SDR workflows:Gamma 2.4
m HDR workflows:PQ (Perceptual Quantizer) or HLG (Hybrid Log-Gamma)
e Avoid color clipping by checking histogram data and ensuring proper mapping of
shadow and hi

e Usege nd camera.

e Use a 180-deg
e If artifacts persi
e Adjust scan mode

capturing fast motio

angles.
ent tearing effects when

3. Camera Calibration P

Proper camera calibration ensures that the camera captures the LED wall accurately,
avoiding color shifts, flickering, moiré patterns, or other artifacts. Calibration involves
white balance, color profiling, exposure settings, and real-time monitoring. The goal is
to match the camera's color response to the LED wall while ensuring correct exposure
and contrast.
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3.1 Set White Balance

White balance calibration is crucial in virtual production, as inconsistent white balance
can cause color shifts in skin tones and environment reflections.

3.1.1 Measuring LED Wall Color Temperature

e Disable Auto White Balance (AWB) to prevent fluctuations between different
shots.

e Useas

color

3.1.2 Fine-Tuning

e If necessary, fi
in front of the LE
e Adjust Tint (Mage correct for any
unwanted color cast
e |If working in HDR wor
space to prevent color
e Check for consistency be
tones to avoid unwanted co

ite card positioned

ce matches Rec.2020 color

ctical lighting, and talent skin

3.2 Use a Color Chart for Camer

Using a calibrated color chart helps verify and adjust the camera’s color response to
match industry standards.

3.2.1 Setting Up a Color Chart Test
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e Use a trusted reference chart (e.g., X-Rite ColorChecker Video, DSC Labs
ChromaDuMonde, or Calibrite ColorChecker) and place it in front of the LED wall.

e Ensure consistent, even lighting on the chart to prevent incorrect readings.

e Capture test footage at different exposure levels to test for color consistency
across the dynamic range.

3.2.2 Analyzing and Adjusting Color Response

e Import the test footage into DaVinci Resolve, Baselight, or a similar color
grading software.

values in the

manual adjustments
GB values.

Most cinema camera
to the color matrix, whi

3.3.1 Color Matrix Adjustm

e Modify RGB gain & offs ated or underrepresented
colors.

e Reduce color spikes cause
green emissions).

e Adjust the gamma curve and co onse to ensure smooth tonal
transitions between shadows, mid-tones, and highlights.

e Use a vector scope to verify color balance adjustments and check that skin

tones align with the skin tone line.

ral output (e.g., excessive red or

3.4 Monitor with Scopes
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Scopes are essential tools for ensuring accurate color representation, exposure levels,
and proper signal integrity when working with LED walls.

3.4.1 Vector scope

e Use a vector scope to analyze color balance and saturation.

e Ensure skin tones align with the skin tone line to maintain natural-looking talent
appearance.

e If colors are too saturated or desaturated, adjust camera color matrix, LUTs, or

analyzing co
3.4.3 False Color Moni

e Use false color moc
e Typical exposure leve
m Skin tones: 70-75
m Bright highlights: S
m Mid-tones: 45-55 IR
m Shadows: Ensure deta

ross the frame.

out crushed blacks

3.5 Apply Custom LUTs (Optional)

A Look-Up Table (LUT) helps transform the Log image into the correct viewing color
space for monitoring and grading.
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3.5.1 When to Use LUTs

e |If the camera color matrix does not provide enough control, use a custom LUT to
balance colors.
e Types of LUTs:
m For SDR workflows: Use a Rec.709 LUT to convert Log footage to a
standard viewing format.
m For HDR workflows: Use a Rec.2020 PQ or HLG LUT to maintain proper
HDR color grading.

)

33 to Rec.709,

for

in the monitoring

5sors allow LUTs to be
ariations.

like DaVinci Resolve, Base-

e management.

e In Post-Production: Ap
light, or Premiere Pro fo

3.6 Testing and Final Adjust

After calibration, test the camera setting
consistency and accuracy.

ple lighting conditions to confirm

3.6.1 Recording Test Footage

e Capture footage in varied lighting scenarios including:
m Daylight simulation on the LED wall.

Camera Calibration for LED Walls in Virtual

i Brian Macauto
Production




m Low-light conditions to test shadow reproduction.
m High-contrast scenes to examine dynamic range and highlight retention.
m Mixed practical and LED wall lighting to evaluate color consistency.

3.6.2 Analyzing Footage on a Calibrated Monitor

e Review test footage on a color-calibrated reference monitor (e.g., Flanders
Scientific, Sony BVM series).
e Verify:
m Accurate color reproduction across different lighting conditions.

° . : : s, rolling

e synchronization if
artifacts appea
e If using high-speé
rate synchronizatic

handle variable frame

ction teams can ensure
nimal post-production
hal production workflows

By following these detailed c2
precise color accuracy, seamle
adjustments, resulting in high-q

4. Exposure and Brightne

Achieving accurate exposure in virtual production is critical to ensuring that the LED
wall and camera work harmoniously. Proper calibration prevents overexposure,
underexposure, color shifts, and contrast mismatches between the real and virtual
elements.
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4.1 Setting the LED Wall Brightness

The LED wall brightness must be properly adjusted to maintain a realistic look while
preventing unwanted exposure issues in-camera.

4.1.1 Recommended Brightness Levels

e SDR workflows (Rec.709):
m Set LED brightness to 100-120 nits to ensure accurate color reproduction.
sensor.

e Use a spe CR-250) to

e Ensure brightness
discrepancies.

e |Ifthe LED wall istoo b

e If the LED wall is too di

e Consider dynamic brightné
conditions (e.g., day-to-nig

unnatural lighting

y appear underexposed.
flat and lack depth.
enes with variable lighting

4.2 Exposure Calibration

Proper exposure settings prevent highlight clipping and shadow crushing, ensuring a
smooth tonal response in both SDR and HDR workflows.

4.2.1 Exposure Guidelines for SDR and HDR
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e SDR workflows:
m Skin tones: 70-75 IRE
Bright highlights: 90-100 IRE
m  Mid-tones: 45-55 IRE
m Shadows: Ensure detail retention without crushed blacks.
e HDR workflows:
m  Mid-tones: Adjust to match Rec.2020 PQ or HLG gamma response.
m Brightest highlights: Keep under 1000 nits (or the maximum supported by
the LED wall and camera).
m Shadows: Ensure no excessive noise or detail loss.

4.3 Using

e Ensures no exce
4.3.2 Histogram

e Represents the distribut

e Prevents underexposure
too clipped).

e If shooting in Log format, exp
post-processing.

ed) or overexposure (highlights

ed histogram that expands during

4.3.3 False Color Monitoring

e Assigns specific colors to different brightness levels for quick exposure
evaluation.
e Typical color assignments:
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Green (Mid-tones, Proper Exposure): 45-55 IRE
Pink (Skin Tones): 70-75 IRE

Red (Overexposed Highlights): 90-100+ IRE
Blue (Underexposed Shadows): Below 10-20 IRE

4.4 Managing Contrast and Dynamic Range

Ensuring proper contrast and dynamic range prevents brightness mismatches between
practical and virtual elements.

4.4.1 Matching

foregrounc

4.4.2 Adjusting Came

e ISO Settings:
m Keep withint
loss of detail.
m For SDR: Lower IS
m  For HDR: Adjust ISO
e Aperture Control:
m  Wider apertures (e.g., f ate a shallow depth of field but can
make background blending e difficult.
m Smaller apertures (e.g., f/5.6 - f/8) improve focus depth but may
introduce diffraction.
e Shutter Speed and Motion Blur:
m Use a 180-degree shutter angle as a baseline for natural motion blur.
m [f artifacts like rolling shutter or LED flicker appear, adjust to 144° or 216°
shutter angle.

event excessive noise or

ghlight details.
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4.5 Preventing Exposure Mismatches

4.5.1 Matching Exposure Levels of Practical and LED Lighting

e Adjust practical light intensity to avoid overexposed talent relative to the
background.

e Use light meters to measure incident and reflected light levels on both the talent

and LED wall.

Ensure no excessive shadowing occurs when blocking LED light with foreground

4.6 Testing and
4.6.1 Capture Test Foo

e Record footage at di on a color-calibrated
monitor.
e Test in varied lighting ¢

lighting).

im interior, mixed-color

4.6.2 Verify with Post-Production T

e Import footage into grading software (DaVinci Resolve, Base-light, or Premiere
Pro) and check:
m Dynamic range retention (no clipped highlights or crushed blacks).
m  Smooth exposure roll-off in HDR workflows.
m Consistency between different scenes shot at different times.
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By following these detailed exposure and brightness calibration techniques, virtual
production teams can prevent common exposure pitfalls, ensure seamless blending
between real and virtual elements, and minimize post-production corrections.

5. Matching Studio Lighting to the LED Wall

Achieving a seamless integration between practical lighting and he all requires

careful calibr, tensity, or
spectral re
following Steps ensure a proper match between LED wall conten
5.1 Match LY
e Measuret ekonic C-7000)
in CCT Mod

e Adjust studio [

e For SDR workflc
space.

e For HDR workflows, '3 alance suited for HDR
Rec.2020 workflows.

e Use tunable LED lights
tuning the match.

e Verify consistency betwee ' tures by checking the spectral
distribution using a CRI and

or Rec.709 color

ustments for flexibility in fine-

5.2 Verify Spectral Consistency

e Some LED lights have a spiked spectral output that may not align with the LED
wall's color spectrum.

e Use a spectrometer’s CRI (Color Rendering Index) and Spectral Distribution
Mode to measure the spectrum of both the LED wall and studio lights.
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e Ensure high CRI (90+) and TLCI (Television Lighting Consistency Index) values
to avoid color shifts in-camera.

e Avoid lighting sources with excessive green or magenta spikes, as they can
cause imbalances when mixing LED and practical lights.

e Test lights at different dimming levels, as some LED fixtures shift color
temperature when dimmed.

5.3 Adjust Light Intensity for Seamless Integration

e Use false color monitoring to ensure proper exposure balance between

ins consistent across
different areas o

5.4 Use RGBW and Bi-

e RGBW LED fixtures allo
hues in the LED wall.

e Bi-color LED fixtures offer fl
different content displayed on

e Adjust saturation and hue settings in
unwanted color contamination.

e Test different gel filters or diffusion materials to soften and blend lighting with
the LED wall.

e Consider dynamic lighting control (DMX or wireless control) to adjust lighting in
real-time as the LED background changes.

an be used to match specific
ncing lighting temperature to

ights to match skin tones and reduce
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5.5 Shadow Direction and Depth Matching

e Ensure correct shadow directionality by positioning key lights in alignment with
the virtual lighting environment.

e If virtual lighting in the LED content moves dynamically, adjust practical lights
accordingly to maintain consistency.

e Soft shadows help blend the foreground and LED background, so diffusers or
soft-boxes should be used when necessary.

e Conduct real-time lighting adjustments during camera tests to refine integration

ical and

mperature of the
LED wall to avo
e Adjust practical
real-time changes @
e Confirm practical re
realistic reflections tha
e Use interactive lighting é
set, such as flickering fire

trolled systems for
y surfaces to create

ental elements in the virtual

5.7 Addressing Flicker and Col¢

e Some LED studio lights flicker at certain shutter speeds; test and adjust
accordingly.

e Use high-frequency LED lights to avoid flickering issues when dimming.

e Ensure all lighting operates at the correct refresh rate to sync with the LED wall
and camera settings.

e Test lights under different frame rates (24fps, 48fps, 60fps) to confirm stability
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and consistency.
e Monitor color shifts at different brightness levels, as some LED fixtures may
change color temperature as they are dimmed.

5.8 Testing and Final Adjustments

e Conduct a camera test to see how studio lighting and LED walls interact before
principal photography begins.

e Adjust color correction gels, diffusion filters, or bounce cards to refine lighting
balance.

e Review B¢

By carefully ad ~ tions can
achieve a more [ elements,
minimizing the neé

6. GPU and Videc

The GPU (Graphics Processing
ensuring that the LED wall displ
artifacts. A well-configured GPU e
proper frame synchronization betwé

tings play a crucial role in

§s accurately without unwanted
accurate color reproduction, and
and the LED wall.

6.1 Choosing the Right GPU for Virtual Production

e Use a high-performance GPU that supports real-time rendering and multi-
display outputs (e.g., NVIDIA RTX A6000, RTX 4090, or AMD Radeon Pro series).

e Ensure the GPU has enough VRAM (16GB or more) to handle high-resolution
environments.
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e Optimize settings to prioritize real-time performance rather than rendering for
post-production.

e For multiple display outputs, use professional-grade GPUs that support
genlock/frame lock synchronization.

6.2 Display Interface Selection

The choice of display interface affects color accuracy, latency, and refresh rate
consistency between the playback system and the LED wall.

e Use Disg lower latency.

degradatio .
e Enable HDR S t curate tone

6.3 Color Depth and E

To prevent banding artifacts n virtual production, proper

bit-depth settings must be co

e Use 10-bit or higher color d dnal transitions and HDR
workflows.

e Avoid 8-bit processing, as it may
high-dynamic-range content.

e Verify that the LED processor supports 10-bit+ input processing to fully utilize

the GPU's bit-depth output.

olor banding and posterization in

6.4 Frame Synchronization and Genlock
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For seamless motion and artifact-free visuals, frame synchronization between the
camera, LED wall, and GPU is essential.

e Enable genlock to synchronize the camera’s frame rate with the LED wall’s
refresh rate.

e If genlock is unavailable, use frame lock settings in the GPU driver to match the
camera’s frame rate.

e Configure G-SYNC (for NVIDIA GPUs) or FreeSync (for AMD GPUs) to reduce
screen tearing.

ag between

introducé

Enable lo

response.

e Set the GPU pa
fluctuations.

e UseNVENCorA
real-time workflows

vent clock speed

ated video playback in

e Load 3D LUTs (Look-Up Tak eline to ensure proper color space

e Use DaVinci Resolve, Base-ligf
production.

e Ensure the display output is correctly mapped to Rec.709 (SDR) or Rec.2020
(HDR) based on the workflow.

e Verify gamma settings to match the content format (e.g., Gamma 2.4 for SDR,
PQ for HDR10, or HLG for live HDR).

dox to apply LUTs dynamically during
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6.7 Avoiding GPU-Induced Artifacts

e Disable dynamic contrast, auto color adjustment, and motion smoothing in the
GPU settings to prevent inconsistencies.

e Avoid low-bandwidth connections that can introduce chroma subsampling,
reducing color accuracy.

e If using multi-GPU setups, configure them in NVLink (NVIDIA) or Crossfire
(AMD) to distribute processing load efficiently.

e Check for frame drops or stuttering by monitoring real-time rendering

If wireless
transmitters
e Monitor real-ti
camera feed mat
e Optimize the rende
instantaneous respo

ensuring a near-
and LED updates.

e synchronization, virtual
3, prevent latency and color
peline between the camera and

By properly configuring the GPE
production teams can maximize
issues, and maintain a smooth and
the LED wall.

7. Testing and Validation

Thorough testing and validation ensure that the LED wall, camera, and studio lighting
are properly calibrated before production begins. This step helps identify and resolve
color mismatches, exposure issues, motion artifacts, and flickering problems before
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they become major issues during filming.

7.1 Capture Test Footage in Various Conditions

Before principal photography, it is essential to record test footage under different
lighting, exposure, and movement scenarios to ensure consistent color, brightness,

and dynamic range performance.

7.1.1 Testing Under Different Lighting Conditions

e Static and slow pa Sharpness and correct
color balance.

e Fast camera moves - olling shutter effects, and
moiré artifacts.

e Depth of field shifts — Co ains natural-looking at different
focus distances.

e Handheld shooting — Check fogise ion integration between foreground

subjects and virtual backgrounds.

7.2 Analyze Footage on a Calibrated Monitor

After test footage is captured, review it on a properly calibrated reference monitor (e.g.,
Flanders Scientific, Sony BVM series) to validate:
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e Color accuracy across different lighting conditions — Ensure LED wall colors
remain consistent and natural.

e Contrast levels for both SDR and HDR workflows — Compare how the highlights
and shadows behave across different gamma curves.

e Skin tone consistency — Ensure talent’s skin tones appear natural and not
influenced by LED wall color shifts.

e Shadow behavior — Confirm shadows are correctly rendered, avoiding crushed
blacks or artificial-looking illumination.

e HDR vs. SDR comparisons — If working in HDR, ensure that highlights roll off
naturally and retain details without harsh clipping.

Scopes pr hting are

e Ensure brightnes
nits) values

7.3.2 Vector scope
e Verify that skin tones alig e in Rec.709 or Rec.2020 color
space.

e Check for oversaturated or u
adjustments.

olors that might need LED wall

7.3.3 False Color Monitoring

o Identify proper exposure levels for skin tones, highlights, and shadows.
e Compare readings against industry standards to validate lighting adjustments.
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7.4 Check Motion Artifacts and Sync Issues

Since the LED wall refresh rate and camera shutter speed must be in sync, various
motion tests must be conducted to detect:

¢ Rolling shutter effects — Adjust shutter speed or sync settings if artifacts appear.
e Genlock synchronization issues — Confirm the LED wall refresh rate and camera
shutter sync eliminate frame tearing.

LUTs (Look-Up C ied IN-CameragRsinei st-production to

e Confirm that the L e camera color space.
e Compare in-camera eV color grading results.
e Test different LUT va ows to avoid mismatched

e Compare test footage across d
in brightness, contrast, and saturation.

e Ensure all production devices (cameras, monitors, processors) are working in
the same color space (Rec.709, Rec.2020, DCI-P3).

itors to check for unexpected shifts

7.6 Perform High-Speed Capture Tests
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If the production requires slow-motion or high-speed capture, the LED wall must be
tested for:

e Frame synchronization issues — Verify that the LED wall can properly refresh at
higher camera frame rates (e.g., 120fps, 240fps).

e Flicker testing at different shutter speeds — Adjust shutter angles or LED refresh
rates to eliminate visible flicker.

e LED wall response time — Test if LED content updates smoothly when capturing
at high speeds.

Before pro o ( 7e settings.to.ensure calibration.accuracv.across the

Verify final co Or consistency.
e Ensure the LED ¥ he intended creative
look.

7.7.2 Capture Reference Fod

ction conditions.
o detect any changes in

e Record a reference test
e Use this as a benchmark t
calibration.

7.7.3 Sign Off on Calibration Settings

e Ensure all departments (DP, lighting team, VFX, and post-production) have
reviewed and approved the calibration settings.
e Lock in settings to prevent unexpected changes that could impact continuity.
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By following these detailed testing and validation steps, virtual production teams can
ensure accurate color calibration, smooth motion handling, and minimal post-
production corrections, resulting in high-quality and photo-realistic virtual productions.
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