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Abstract
We have constructed a gigapixel resolution display that
offers a full 360◦ horizontal field-of-view. This system,
called the Reality Deck, is the world’s most expansive
large-format display and it is the largest resolution display
ever built. It utilizes 416 LCD panels at 2560× 1440

resolution each, for a combined resolution of more than
1.5 gigapixels. In this paper, we present some of the
design decisions and engineering challenges behind the
creation of this large-scale visualization facility.
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Introduction
From the very early large-format displays [1] to modern
systems that span hundreds of megapixels [2], the
evolution of Powerwall-like designs has been towards
higher resolutions and larger screen real-estate. Such a
trajectory makes sense if one considers the large body of
research illustrating the positive effects of increasing these
two parameters in the data exploration process [3][4].
Additional impetus comes from the need to visualize
ever-growing datasets on these large-format displays, with



gigapixel resolution data becoming commonplace.

Large-format displays have mostly grown along a single
two-dimensional plane. The 300 megapixel Stallion
display [2] extends for approx. 36′ horizontally. While
display pixel densities have increased tremendously over
the past few years in the mobile space, commercially
available desktop class displays have been relatively
consistent in their resolution versus diagonal ratios. As a
result, if one wanted to create a true gigapixel resolution
display and maintain the planar form-factor, the resulting
system could exceed 90′ − 100′ along its horizontal
dimension. Such a system would be unwieldy to construct
and probably difficult to use from an ergonomic
standpoint.

Figure 1: Synthetic view of the
Reality Deck facility, illustrating
the 360

◦ horizontal field-of-view
and the enclosed 33

′
× 19

′

workspace. Human models are
to-scale.

In 2009 we started designing the Reality Deck, a true
gigapixel resolution display, a synthetic view of which is
visible in Figure 1. Immediately, it became apparent that
a planar design would not be realistic. We instead opted
for an enclosed design, which allowed us to fit our system
within the confines of the available lab space. More
importantly, this design offers a full 360◦ horizontal
field-of-view. This feature further enables physical
navigation within a visualization , by permitting a user to
turn her head, in order to explore different parts of the
data. Additionally, the immersive nature of the Reality
Deck allows users to take ”shortcuts” through the
visualization space, rapidly traversing distances that could
be tiresome in a planar system.

The final Reality Deck design necessitated more than 416

high resolution LCD panels. They are arranged in an
enclosed 4-wall immersive configuration. The Reality Deck
is driven by an 18 node visualization cluster, situated in
an adjacent machine room, with each node providing
visuals for up to 24 displays. The facility provides a

33′ × 19′ workspace, to our knowledge the largest of any
visualization system in the world. The aim of this paper is
to share some of our experiences behind designing and
constructing this facility within the confines of a
substantial but not unlimited budget of up to $1, 000, 000.
A panoramic view of the Reality Deck, demonstrating the
360◦ horizontal field-of-view can be seen in Figure 2.

Selecting the Display System
The display subsystem choice is probably the first that
designers of large-format displays face. While projectors
can offer a seamless image surface, their resolution/cost
ratio is low, their upkeep cost is high and they require
calibration (either automatic or manual). While the first
large-format display systems utilized projectors, current
designs are overwhelmingly based on LCD displays since
their economics make much more sense. Some
large-format displays [5] utilize ultra-thin bezel monitors.
However, those products are targeted at the promotional
industry and tend to offer low resolutions at high
diagonals. With the Reality Deck being a facility targeted
at the visualization of gigapixel-scale data, we felt that
such products were unsuitable. Thus, we turned our
attention to high resolution desktop displays.

We evaluated several different monitors with a variety of
diagonals, bezel dimensions and resolutions. We looked
for good color and brightness consistency at oblique
viewing angles and an aggregate resolution of more than 1
gigapixel. Early on, we included a number of active
stereoscopic monitors in our testing but rejected them due
to subpar vertical viewing angles. After some culling, our
selection eventually boiled down to:

• Samsung MD230 - 23” - 1920× 1080

• Samsung S27A850D - 27” - 2560× 1440

• HP ZR30W - 30” - 2560× 1600



Figure 2: Stitched panoramic view of the interior of the Reality Deck showcasing the full 360◦ horizontal field-of-view (the variance in
brightness is a side-effect of the automated panorama composition). This photograph was captured prior to the installation of the
motion capture system. Since then, we have also installed matte black ESD carpet on the floor to muffle reflections from the imagery
on the screens.

We also looked into customizations that could be
performed on these commercial products in order to
reduce the bezel dimensions. Given the spatial constraints
of the room that would host the Reality Deck, the
Samsung MD230 offered the lowest aggregate bezel
surface and provided a resolution of 1.3 gigapixels for 640
screens. A modified Samsung S27A850D (with the plastic
bezel removed) offered a resolution of 1.5 gigapixels, while
the bezel surface would be approximately 23% higher.
The HP ZR30W could provide us with a 1.3 gigapixel
resolution for 336 monitors but had a number of issues
such as its CCFL backlight (which produced significant
amounts of heat) and its weight.

The choice between the 23” or 27” Samsung was
effectively one between ”more but smaller bezels” or ”less
but wider bezels”. We conducted a small user study in
our 5-wall Immersive Cabin [7] where we created ”virtual”
large-format displays, based on each candidate monitor,
within a 3D environment. The study indicated that users
preferred the less frequent but wider bezel gaps of the 27”

monitor. Additionally, the 27” monitor would require a

significantly smaller visualization cluster. Since the
economics of this monitor were superior to the 23”

alternative and it allowed us to exceed 1.5 gigapixels in
resolution, it was selected as the building block for the
Reality Deck.

Monitor Testing, Customization

and Mounting
The Reality Deck is comprised of 4 tiled display lattices
arranged in a rectangle. The workspace defined by the 4

walls is approximately 33′ × 19′. The front and back walls
are 16 monitors long while the side walls are 10 monitors
long. All walls are 8 screens tall. These dimensions stem
from the size of the chosen 27” monitor, the size of the
room hosting the facility and the need to accommodate
for enough space behind the walls for maintenance and
ADA compliance.

In total, the facility is comprised of 416 LCDs. We actually
procured extra displays to be used as replacements, raising
the number to about 440. Each monitor was unpacked
and tested for brightness consistency and other potential



defects. Even though the monitors were from the same
batch, we still noticed significant variation in the
brightness consistency among our displays. Approximately
22% of the procured monitors had to be replaced by the
manufacturer, mainly due to this inconsistency.

Figure 3: From top to bottom:
The Samsung S27A850D fully
assembled. The monitor with its
backing plate removed and the
electronics exposed. The monitor
with our custom mounting
bracket installed and the
PCB/PSU mounted. The front of
the monitor post-customization.

We customized the monitors extensively in order to reduce
their bezel width. We started by removing the plastic
frame that encompasses the monitor. This frame served
as the support structure for the monitor’s PSU and
electronics and also provided the device’s VESA mounting
points. We fabricated an aluminum mounting bracket that
is attached directly to the LCD panel using
industrial-strength double-sided tape. This bracket also
serves as a mounting point for the monitor’s PCB and
power supply. Initially, we considered removing the front
face of the panel’s aluminum bezel and powder coating it
black. However, we opted out of this approach for fear of
damaging the panel. Instead, we masked the bezels with
matte photographic tape, which provided us with the
equivalent effect of hiding the silver color at a fraction of
the cost. The different steps of the customization process
can be seen in Figure 3. A pleasant effect of this process
is that all electronics, including the indicator LEDs and
OSD controls are rerouted to the rear of the monitor.
Effectively, each display tile becomes a black frame,
without any visual distractions and the total bezel surface
is reduced by about 45%. The material cost of this
process was about $40 per monitor.

The Reality Deck’s mounting framework is constructed
out of 80/20 modular aluminum. The monitors are
attached to pairs of pillars using L-brackets. The
mounting process was conducted row-by-row. Using a
laser level, we ensured that each row was properly aligned
throughout the periphery of the facility. The end result is

a visually consistent alignment through the entire system
(the presence of bezels helps here as it can mask small
visual discontinuities in the visuals across display tiles).
The design is modular and individual monitors can be
easily replaced in a few minutes. Additionally, the
aluminum frame offers convenient points for the
attachment of power distribution units, tracking system
cameras and speakers. The parts of the frame that extend
from the edges of the monitors to the floor and ceiling are
covered with black felt trim.

Visualization Cluster Design
Some large-format displays [2] utilize dual GPUs in each
cluster node, with each GPU connected to 1 or 2
monitors. Such a configuration would result in a massive
visualization cluster (100 to 200 nodes), given the 416

monitors of the Reality Deck. Instead, we opted for a very
high display / node ratio. Every render node of the
Reality Deck is configured with 4 AMD FirePro V9800
GPUs. Each GPU is capable of driving up to 6 displays,
connected over mini DisplayPort, for a total of 24 displays
per node. Additionally, we utilize AMD’s Eyefinity feature
that allows the abstraction of multiple displays into a
single logical framebuffer. This driver-level feature can
also provide ”within node” bezel compensation for the
visuals and potentially improve rendering performance as
a 6 monitor area can be covered by a single application
instance as opposed to running 6 separate instances.

Each node also contains dual 6-core Intel Xeon CPUs and
48 GBs of RAM. The nodes are interconnected over both
Infiniband and Gigabit Ethernet. Overall, the cluster
contains 18 nodes, each of which drives 24 displays
simultaneously, except the two ”corner” nodes, each of
which is connected to only 16 displays. An identical node
is kept in reserve, ready to be hot-swapped in case one of



the primary nodes malfunctions.

Overall, this approach to the visualization cluster has
proven advantageous in a number of ways. It requires a
small amount of space (two racks, situated in a machine
room adjacent to the Reality Deck) and also cuts down on
required cabling. Additionally, it reduces the cost of the
networking infrastructure due to permitting the
procurement of fewer network interfaces and simpler
routing equipment.

The cluster is coordinated by a head node computer of
similar specifications to the rendering nodes. This
machine serves also as the server for the Reality Deck’s
sound system (comprised of 24 speakers and 4

sub-woofers) as well as the 24 camera tracking system.
Finally, we have installed a Microsoft Pixelsense system in
the center of the Reality Deck’s workspace. It is used to
remotely administer the cluster and also serves as an
interaction surface with the visualization (similar to the
Responsive Workbench concept [6]).

Display Connectivity and Configuration
As we mentioned earlier, the visualization cluster is
located in a machine room, adjacent to the Reality Deck’s
space. Since any cabling needed to be run in channels
along the walls of the Reality Deck’s room, the total
length of a single display cable can be as much as 100′. A
number of vendors produce passive DisplayPort extender
cables of varying lengths. These cables resulted in a very
unstable connection between the monitors and the GPU.
This materialized in a number of ways, such as the
operating system failing to detect displays or clamping the
maximum available resolution lower than what the
monitor supports.

Utilizing active fiber-optic extender cables greatly

improved the robustness of the system. However, these
cables are significantly more expensive than their passive
counterparts and their acquisition cost, especially for
expansive large-format displays, can pose a budgetary
concern. We have also encountered a small issue where
the GPU-monitor handshake process may not be
successful on the first attempt. Restarting the relevant
node resolves this but it can occasionally result in the
need to reconfigure AMD’s Eyefinity feature. We have
developed a set of tools, based on AMD’s driver-level
software development kit that allow us to remotely
perform this process, without using the driver control
panel.

Conclusions
One would assume that, nearly 20 years after the original
PowerWall, the construction of a large-format display
would be somewhat of a standardized process. Indeed,
several vendors provide ”turn-key” tiled-display wall
solutions. This experience however comes with an
attached price premium and these systems do not push
the state-of-the-art. The unprecedented scale of the
Reality Deck and the financial realities of a
government-funded instrumentation project led to us
adopting the ”do-it-yourself” approach described in this
paper, and learning a number of important lessons.

The first lesson would be the effectiveness of commercial
hardware, customized with some fabrication and elbow
grease. Our monitor design, based on a consumer
product, was significantly cheaper than solutions by digital
signage / monitor vendors that offer display design and
manufacturing services. Frankly, had we opted to use an
outside vendor for the construction of custom monitors,
the Reality Deck would not have achieved its current scale.



Secondly, builders should not assume that commercial, off
the shelf, hardware always works as intended, particularly
when pushed to the limit. We mentioned earlier the issues
we encountered with passive DisplayPort extender cables.
By assuming that these products ”just worked” with our
cluster/monitor configuration, we encountered an
unpleasant surprise relatively late in our construction
process and had to reevaluate our design. On a similar
note, consistency in performance is not a necessary
condition for mass-produced hardware. Out of the
approximately 440 monitors we ordered from our vendor,
roughly 100 had to be exchanged due to brightness
inconsistencies and other issues. Having an special
arrangement with your hardware vendors beforehand is
very helpful in these sort of situations (as such issues may
not be grounds for replacement under a standard
manufacturer’s warranty).

Finally, we would strongly urge future builders of
large-format displays to prototype as much and as
accurately as possible. The basic building block of such a
system is a single node of the rendering cluster, along all
connected displays. We suggest that prototyping be
carried out using the exact PC, display and connectivity
configuration that would be used in the final system.
Quite frequently, this process can be carried out for free
(if we ignore labor costs), as vendors are usually happy to
provide evaluation units for their hardware, especially if
they are trying to secure a large purchase. Through this
approach, builders can eliminate most hardware related
issues that may otherwise come up later in the
construction process (in our case, the irregular
performance of passive DisplayPort extenders that we

described earlier). Such a prototype can also serve as a
testbed for ensuring software compatibility with the final
system.
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