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Abstract

We evaluate four LED panels from three vendors for use in Virtual Production using experimen-
tal conditions. Tests were designed to assess Moire and scan-line artefacts, light reflectivity and
grazing angle. We discuss LED manufacturing processes and the implications of these on visual
artefacts, power consumption and colour fidelity, and conclude with results and recommendations
for LED vendors, practitioners and procurement teams in Virtual Production.

1 Introduction

Virtual Production defines a set of production practices where practitioners work in and interact with
virtual environments and technologies [8]. It reduces the need to move crews and equipment to
location and enables remote working in (Virtual Reality, dramatically reducing CVD-19 risks, the
environmental footprint, production costs and upends the traditional production process. The global
VP market size is expected to reach £2.2b by 2026, rising at a rate of 14.3% per year [5]. It has
been described [2] as "one of the greatest technical advances of recent years and holds the key to
improving sustainability in the creative industries.”

Panel Ruby 2.3 Black Onyx RM2.3 PL2.5
2
Vendor ROE ROE AOTO Absen
Pitch (mm) 2.3 2.84 2.3 2.5
Configuration 4-in-1 SMD 4-in-1 IMD SMD 4-in-1
(common (common (common (common cathode)
cathode) anode) anode)
Scan Rate 1/8 1/11 1/6 1/8
Max Brightness (nits) 1500 1800 1800 1500
Resolution (pixels) 216x216 176x176 216x216 200x200
Weight (kg) 8.16 9.4 8.4 8.6
Power Consumption 720/360 640/320 640/210 656/220
W/m? (Max/Average)
Viewing Angle (V/H) 140°/140° 140°/140° | 160°+ 10°/ 160°/140°
160°+ 10°
Refresh Rate 3840 Hz 1920 Hz 7980 Hz 7680 Hz

Table 1: Comparison of selected panel specifications as provided by the vendors. In all cases this is
for a single 500mm? panel.

While Virtual Reality, real-time rendering and motion capture technologies have been used pre-
viously on productions such as Lion King [17], it was not until The Mandalorian [6] that the loop
between the real and the virtual was effectively "closed” by installing a LED wall on set. A photo—real
virtual environment is rendered in real-time on a curved LED wall from the perspective of the cam-
era. Performers that are filmed in front of the wall are illuminated implicitly by it, significantly reducing
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post—production costs — at least half of the shots on the Mandalorian where considered “final pixel”
quality, requiring no significant post—production [8].

The LED panels used in production were originally designed to be viewed by the human eye, not a
camera sensor, leading to multiple challenges which affect filming practices on the virtual production
set (see Section 2). As LED panel vendors adapt to this emerging market, it is becoming more
important to design benchmarking practices to independently evaluate suitability of panels for use in
Virtual Production.

This paper documents the experimental configuration and findings of a series of tests under-
taken at Bournemouth University from 25 October to 3 November 2021. Four 1m? panels from three
different vendors were installed for this purpose. We conclude with observations relating to the man-
ufacturing process and how this may influence procurement decisions. The four panels tested were
the ROE Ruby 2.3, ROE Black Onyx 2, AOTO RM2.3 and the Absen PL2.5.
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Figure 1: LED Pixel layout on the different panels. The topology of these LED layouts greatly influ-
ences the contrast ratio a panel can achieve. Images not to scale.

2 Experimental Design

The problems that arise when using LED walls in Virtual Production are well understood and are
described in various sources including Kadner [8]:

(@) (b)

Figure 2: Moire artefacts can be reproduced using standard production software. A filmed image (a)
is compared with a synthetic LED panel geometry, created in SideFX Houdini and rendered using
Mantra, a Physically Based Renderer (b). While the artefacts cannot be exactly reproduced, it is
possible to evaluate experimentally when they would be likely to arise. Full footage from (a) can be
viewed here: https://youtu._be/vhF_nwlvEMs.


https://youtu.be/vhF_nwIvEMs

. Moire artefacts: LED panels were designed for the human eye for outdoor and indoor displays.

Using a camera sensor (laid out in a grid) to film an LED wall (also laid out in a grid) leads to
predictable artefacts in footage that form in distracting, curved lines in the footage. These are
easily detectable when filming close to the screen when it is nearly or entirely in focus (see, for
example, Figure 2).

. Scanline artefacts: While an LED wall refresh rate is typically very high, the LED wall refreshes

in scan lines of a number of pixels determined by the density of the driver chips. A typical scan
rate is 1/8, meaning that there is a driver chip for each of 8 pixels on the LED wall. If the camera
shutter speed is not synchronised with the display, or moving quickly while filming the wall, the
resulting image may have noticeable banding artefacts.

. Light reflectivity: LED panels are excellent for providing soft environmental lighting in Virtual

Production, but ineffective at providing hard / spot lighting. A common problem arises when the
wall appears washed out due to the interaction between studio lighting and the LED panels.

. Reverberation: Enclosing performers in a circle of flat LED panels results in significant audio

reverberation. This can be mitigated to an extent through facility design, but LED panels do not
currently factor in reverberation reduction as a design constraint to our knowledge. We were
unfortunately not able to conduct experiments on audio reverberation during this test due to the
small screen samples used.

. Grazing angle: When filming LED panels the best performance is achieved when positioning

the camera perpendicular to the screen. Colour reproduction deteriorates as the camera is
rotated to be aligned with the wall. LED panels provide viewing angle measurements to support
planning (see Table 1).

. Power consumption: Sustainability is emerging as a key advantage of Virtual Production,
with significant reductions reported in travel and transportation. External pressures to further
reduce the carbon footprint are inevitable. Measured, rather than advertised, power draw under
a typical experimental use case for Virtual Production to benchmark this property would have
been a useful inclusion, but unfortunately these were not included in our experiments. We do
however discuss these implications in Section 3.

Figure 3: The studio configuration for the wall experiments. In (a) and (b) The full setup is visible,
including the workstation, colour correct station, Brompton controllers, panels and camera, which is
cabled to the Blackburst emitter. An inclinometer was used to ensure camera orientation was correct

(0).

Unless otherwise stated, all tests were performed with the following default configuration:

» A Panasonic Varicam LT camera shooting in raw UHD (4k). Camera white balance is set to

3200K and shot in Rec 709.

+ All footage has the Panasonic Nicest Rec 709 Cube LUT applied.





https://youtu.be/hreAZ0R_s9U
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