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ABSTRACT
We introduce the concept of the infinite canvas as a metaphor for
the immersive visual exploration of very large image datasets us-
ing a natural walking interface. The interface allows the user to
move along the display surface and to be continuously exposed to
new data, essentially exploring the horizontal axis of an arbitrarily
long canvas. Our system provides a spiral navigation interface that
shows a compressed immersive overview of the data and facilitates
the rapid and fluid transition to distant points within the infinite
canvas. We demonstrate the implementation of the infinite canvas
in the world’s first 1.5 billion pixel tiled immersive display.

1 INTRODUCTION
Immersion is a significant factor in virtual environments and it has
been shown to positively affect various tasks such as visual search-
ing [9]. The growth of data sizes in both science and industry gen-
erally outpaces advancements in display technology, as well as our
ability to explore the data efficiently. We present the infinite canvas
technique for managing the visualization of very large 2D datasets
in immersive displays. Our method is not limited to any single dis-
play type and can be used with Head-Mounted Displays, CAVEs,
as well as large tiled displays with immersive layouts. The goal is
to provide the user with a very natural navigation interface based
on simply walking within the display, thereby improving the im-
mersion in the data.
We demonstrate the infinite canvas in the world’s first 1.5 bil-

lion pixel tiled immersive display. Our system relies on the optical
tracking of the user within the confines of the display. As the user
walks along the display wall or turns in place, we manipulate the
visual data outside of the field of view in order to simulate a single
continuous surface that is many times larger than the actual display
surface. In effect, the immersive visualization facility becomes a
moving window into an infinite canvas. Since walking can be tir-
ing, our technique includes a visual summarization of the infinite
canvas in a navigation spiral. The user can move vertically through
the spiral and thereby jump between points on the canvas by using
any 3d navigation device, such as a gamepad or a wand.

2 RELATED WORK

Locomotion is one of the quintessential aspects of interaction with
an immersive visualization [2] and a vast number of modalities
exist for manipulating the position of a viewpoint within the vir-
tual space. Natural walking has been shown to provide a greater
sense of presence, contrary to techniques that do not utilize natu-
ral movements [12]. The primary difficulty associated with walk-
ing as a locomotion metaphor within an immersive visual environ-
ment is mapping the physical space to a much larger virtual space.
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Many techniques such as omnidirectional treadmills, when com-
bined with tracking systems [7] and the popular walking-in-place
modality [10], increase immersion but do not provide the feeling of
physical displacement that one expects when walking.
A promising solution to this challenge is the redirection family of

techniques, which manipulate the user’s trajectory within the virtual
environment, making it dissimilar to the physical path the user is
traversing. Techniques such as Redirected Free Exploration with
Distractors [8] combine subtle and overt reorientation of the user
in order to maintain the position within the physical constraints of
the tracked space. Methods that manipulate translation augment the
user’s movement towards the direction of intended travel [6]. Other
techniques such as ArchExplore [3] integrate multiple redirection
paradigms.
Our infinite canvas is inspired by the redirection techniques. Un-

der the conventional formulation for redirection, a large 3D virtual
scene is mapped to a smaller physical workspace. In our method,
a large, and theoretically unbounded, virtual canvas is mapped to a
physical viewport into that canvas created by a fully-enclosed dis-
play. Similar to other redirection methods, this viewport is manip-
ulated to mitigate the effect of the user approaching the physical
boundary, which in our case corresponds to performing a full trip
around the walls of the facility and ending back at the starting point.
This manipulation occurs continuously in a manner invisible to the
observer. Thus, under the Suma et al. taxonomy [11], our technique
can be categorized as continuous subtle repositioning.

3 THE INFINITE CANVAS
We introduce the concept of visualizing an arbitrarily long strip of
high resolution data, hence the term infinite canvas, onto a fully
enclosed immersive display together with a very natural navigation
interface. In particular, the enclosed nature of the display allows us
to define a closed curvilinear virtual surface that fully immerses the
user in the data. Sections of the original strip are then mapped to
the virtual surface and the entire strip can be visualized based on
the input from the user. The main navigation tool is simply walking
along the display surface and we have developed a technique that
dynamically changes the mapping based on the tracked position and
orientation. Therefore, a user walking along the edge of the display
perceives a single continuous surface even as multiple revolutions
are made within the physical space in both directions, essentially
exploring an infinite horizontal canvas. In the following, we present
the basic formulation of our technique, as well as an extension for
accelerated navigation of very large datasets with a spiral visual
interface.

3.1 Basic Formulation
In our technique, 2D data is rendered under perspective projection
onto a 3D surface that matches the topology of the display surfaces.
The most intuitive canvas shape for creating the infinite canvas is
the cylinder and it is in fact our choice when the display device does
not possess fixed screens (e.g., HMDs), or when the screens are
approximately square (e.g., fully-enclosed, 5 or 6-sided CAVEs).
The fixed curvature of the cylinder allows for certain operations on
the canvas, such as rotation of the geometry, without destroying the
illusion of smoothness. However, the cylinder is not appropriate
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Figure 1: The full dataset (center strip) is three times longer than the surface of the immersive display. As the user rotates clockwise, different
segments of the data are revealed. The angle of relative rotation is indicated next to the human figure and the cumulative angle of rotation is
shown at the bottom left of each subfigure. The discontinuity where the canvas wraps over is always kept behind the user, which provides the
perception of one long continuous surface. The numbers on the screens in each subfigure correspond to the numbers on the original strip of
data.

for displays with varying aspect ratios as that leads to significant
loss of visual information for the screens with lower aspect ratios
under perspective projection. Instead, we procedurally generate a
canvas whose horizontal profile is a rectangle with rounded edges.
We use the following parametric specification for the curve with
θ ∈ [0,2π):

x(θ) = a · |cosθ | 2n sign(cosθ)
y(θ) = b · |sinθ | 2n sign(sinθ) (1)

where for example, a= 1.6 and b= 1.0 are used to create a virtual
canvas for a display facility with a 16 : 10 floor aspect ratio. The
corner curvature is determined by n and it is application-specific.
However, we have determined experimentally that n = 4 is suffi-
cient so that the illusion of a smooth continuous surface is achieved
under perspective projection with minimal loss of visual informa-
tion at the corners of the physical display.
We have developed a natural navigation interface where the user

interacts with the visualization by walking and turning inside the
enclosed physical space of the display. We obtain both the position
p and the orientation d from a tracking system and the yaw angle is
integrated to obtain the unbounded cumulative angle of rotation σ
with respect to a reference orientation vector. The vector p+d is
then intersected with the geometry of the virtual surface to obtain
the point pback on the canvas that is directly behind the user and
corresponds to the cumulative angle σstart , where:

σstart = 2π
⌊ σ
2π

⌋
− arctan

(
pbackx − px
pbacky − py

)
(2)

Then, the data in the region defined on the horizontal axis by a ·
[σstart/2π,σstart/2π +1) is mapped to the geometry of the canvas
starting and ending at pback in the clockwise direction. The scaling
factor a is the ratio between the circumference of the horizontal
profile described in Eq. 1 and the width of the virtual canvas. For

example, the canvas illustrated in Fig. 1 is three times longer than
the immersive display and therefore setting a= 1/3 normalizes the
coordinates that are used to fetch data from the data storage.
Our navigation interface supports the following fundamental op-

erations: (1) Walking along the display, (2) Turning in place, and
(3)Walking across the facility. As the user walks along the display,
the point pback continually moves based on the tracking data, which
allows for the exploration of the horizontal axis of the infinite can-
vas. We map clockwise motion in the physical space to essentially
going forward along the data and counterclockwise motion to going
backwards. The same effect can be achieved for a stationary user,
who can rotate their head clockwise or counterclockwise in order to
quickly examine large sections of the infinite canvas without hav-
ing to walk a long distance. Finally, the user can combine these
interactions to skip between sections of the canvas by rotating and
walking across the floor to the point on the canvas that they wish to
examine.
Fig. 1 illustrates the infinite canvas effect through four snapshots

during the rotation of the user. For simplicity, the example consid-
ers only the case of rotation, however, the same principles apply
when translation is used as well. In the initial state (top-left), the
immersive display shows the full red section from the data (seg-
ments 0 to 15). As the user rotates clockwise to 135◦, the wrap-
around point pback moves so that we bring into view the continuous
collection of segments 16 through 21. As the user continues the
rotation, more of the second section of the data, labeled in green,
is shown. Finally, as the cumulative angle of rotation increases be-
yond 360◦, we start to display segments from the last data section,
labeled in blue. The user can go back through the data by then ro-
tating in the counterclockwise direction. The illusion of a single
continuous surface is achieved by never displaying the discontinu-
ity at pback in the field of vision of the observer.

3.2 Spiral Navigation
Based on the definition in Sec. 3.1, our system can handle virtual
canvases of arbitrary sizes. One of the challenges is that as the
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Figure 2: The spiral navigation interface provides a quick overview of the entire dataset that the user can explore by moving inside the
immersive display. A red flashing highlight is used to indicate the exact position in the full data.

data sizes increase, the use of body motion for navigation in a large
physical space becomes impractical. We solve this by providing
the user with an overview of the entire virtual canvas in a spiral
interface that is shown on the immersive display, can be triggered at
any time, and it has a clear mapping with the original visualization.
Once the spiral interface is triggered, our system provides a

smooth transition between the infinite canvas and the spiral visual-
ization. This aspect is critical as it allows the user to easily identify
the cycle of the spiral to which the current canvas is mapped. The
animation is performed in two distinct steps. During the first phase,
we smoothly scale down the canvas vertically based on how many
cycle we want to visualize while the horizontal mapping is kept
consistent. At the same time, we apply an angle-dependent vertical
offset

yo f f set = a · θ
2π

(3)

where a is the height of each strip in the spiral and θ is the absolute
angle of the image element with respect to a reference angle. The
end result is that the original canvas is mapped to a single cycle on
the spiral. In the second step, we fade in the full visualization of the
spiral. Whenever the spiral is shown, a blinking circular highlight
indicates the current position within the space of the canvas. As
the user rotates, the highlight follows the view direction. When
the spiral is turned off, the animation is run in reverse - the spiral
visualization fades to black except for the currently selected cycle,
which is then smoothly expanded to the original visualization. This
principle is illustrated in Fig. 2. The left-hand side shows the user
exploring the center of the data. The spiral on the right shows the
complete dataset, which the user can explore by moving within the
immersive display.
One challenge with this approach is that as the data size in-

creases, the scaling required to fit the entire data becomes too large,
thereby reducing the quality of the overview. In our experiments,
we found that for image data, we can show at most three cycles of
the spiral at the same time. For data in which the aspect ratio does
not change the comprehension of the structure (e.g., graph or con-
nectivity information), the limit is application-specific and may be
higher. In the case of large data, we provide a secondary and more
traditional interface for exploring the spiral using a gamepad or any
similar input device to move in 3D space.

3.3 Implementation Details
We have created a custom visualization framework that supports a
variety of immersive displays, including CAVEs and large enclosed
tiled walls. The software is based on the NVIDIA SceniX graphics
library and OpenGL with our own extensions for distributed render-
ing, tiled displays, tracker and navigation interfaces, and gigapixel

rendering. In order to support large GPU cluster, we chose to dis-
tribute only the user input and the changes to the scene graph. Our
approach is conceptually similar to the one used in CGLX [5], how-
ever we perform the data distribution at the application level and not
at the OpenGL library level.
We have implemented all the concepts presented in Sec. 3 en-

tirely on the GPU with vertex and pixel shaders in the GLSL
language and a minimal interface to the underlying visualization
framework. In particular, we create the canvas geometry based on
Eq. 1 and manipulate its texture coordinates in the shaders during
rendering to achieve the infinite canvas and the navigation spiral
effects. The resulting system is largely independent from the un-
derlying visualization framework, which simplifies the integration
with other systems. The original U texture coordinate range [0,1]
is mapped to a · [σstart/2π,σstart/2π +1), where σstart is computed
as described in Sec. 3.1. The navigation spiral is implemented in a
similar fashion. We compute Eq. 3 in the pixel shader and then
compute the correct texture coordinates for each pixel so that we
sample the entire data and show the result in a spiral. If we need to
stretch the canvas vertically in order to accommodate large datasets,
the change to the canvas geometry is made in the vertex shader dur-
ing rendering.

4 RESULTS
We have implemented our infinite canvas technique on the Real-
ity Deck, which is a large fully-enclosed visualization facility com-
posed of 416 high-resolution tiled LCD monitors in a 4-wall ar-
rangement, a GPU cluster with 18 nodes, and an optical tracking
system with 24 IR cameras. The door to the facility is a 3×5 seg-
ment of the wall and it is visually indistinguishable from the re-
mainder of the tiled display. The display is the first in the world to
offers an aggregate resolution in excess of 1.5 billion pixels and it
is particularly suitable for the visualization of high resolution sci-
entific data. The general layout of the facility is illustrated in Fig. 3.
We evaluate the concepts described in Sec. 3 with a 6 gigapixel

infrared portrait of the inner Milky Way galaxy from the NASA’s
Spitzer Space Telescope (see Fig. 4), which combines observations
of the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire
(GLIMPSE) and MIPSGAL projects [1, 4]. Compared to the com-
putational cost of the gigapixel renderer, both the infinite canvas and
the navigation spiral have a negligible impact on the system per-
formance. The second dataset is a collection of more than 10,000
paintings from the 18th century up to modern times (see Fig. 5).
The canvas for this dataset is massive and spans an area that is an
order of magnitude larger than the area of the immersive display.
We performed a small and informal study of the usability of our

system. For both datasets, the users were free to walk inside the fa-
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Figure 3: Our facility uses 416 LCD panels to achieve resolution in
excess of 1.5 billion pixels in an immersive 4-wall layout.

Figure 4: Immersive exploration of the Milky Way with the infi-
nite canvas (left portion of the display) and the navigation spiral
(right), where three of the seven spiral cycles are visible at once.
The user can use a gamepad to move vertically though the spiral
and to quickly select a section of the infinite canvas.

cility and to trigger the navigation spiral at will. We were interested
in how natural the user interface felt and the results were gener-
ally positive - our users never saw the image discontinuity at point
pback, were often not aware that they had walked a complete circle
around the facility and liked the simplicity of the interaction. The
spiral navigation was also useful when searching for a specific fea-
ture in the data. In the future, we plan to conduct a more thorough
usability study of the infinite canvas and quantify the advantages in
navigation tasks against both smaller and non-immersive displays.

5 CONCLUSION
We have presented a novel infinite canvas visualization technique
that allows the user to explore very large continuous 2D datasets
using a set of natural navigation interfaces. Our technique uses
tracking data in an immersive display to modify the visual data out-
side of the user’s field of vision during movement, in effect simu-
lating an infinitely long display. We demonstrated our technique in
the world’s first 1.5 billion pixel immersive tiled wall display.
One limitation of our spiral navigation technique is that the as-

pect ratio of the data is not preserved since we map the entire view
of the immersive display to a single cycle in the spiral. This may
negatively affect the user’s performance in tasks that involve recog-
nizing structures in image data. In the future, we plan to implement
content-aware rescaling as well as data summarization in order to
construct a more efficient canvas overview. We also plan to conduct
a more comprehensive user study of both the infinite canvas and the
usability aspects of large-scale, immersive and high resolution dis-
plays. This is particularly important as building such installations
is becoming easier and cheaper due to advances in systems, GPUs
and display technologies.

Figure 5: Our art gallery dataset contains more than 10,000 painting
approximately sorted by date and displayed on the infinite canvas.
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