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Abstract—This work presents the design and implementation
of a large curved display system in a virtual reality (VR)
environment that supports visualization of 2D datasets (e.g.,
images, buttons and text). By using this system, users are allowed
to interact with data in front of a wide field of view and gain
a high level of perceived immersion. We exhibit two use cases
of this system, including (1) a virtual image wall as the display
component of a 3D user interface, and (2) an inventory interface
for a VR-based educational game. The use cases demonstrate
capability and flexibility of curved displays in supporting varied
purposes of data interaction within virtual environments.

Index Terms—virtual reality, curved display, visualization,
human-computer interaction

I. INTRODUCTION

Virtual reality (VR) with a head mounted display (HMD)
is a computed simulated environment and has been adopted
widely to visualize 3D objects. It allows users to control the
camera view with natural head and hand movements, and gives
the users an immersive experience of interaction. However,
there are not sufficient studies in the literature that discusses
the VR’s capability of presenting 2D datasets such as image
collections, buttons, and text, which are important media for
the storage and dissemination of information.

In real-world situations, data can be presented within large
physical display systems, from which users can gain an
immersive experience [8]. The physical setting of such a large
display system usually requires users to move their bodies in
front of the system in order to get closer to particular data
items that they want to interact with. When wearing an HMD,
a user’s view of environment is blocked. For safety reasons,
users usually prefer stationary interactions while using a VR
application. For example, a user may choose to stand at the
center point of the virtual space to view a scatter plot. We
investigate the possibility to create a curved display in VR.
This approach provides a wide field of view and supports a
high level of perceived immersion that is similar to the user’s
experience when using a real-world curved display. In our
daily life, we use curved TVs [7], curved display gaming
machines [2], and curved display walls [10]. Also, IMAX
movie theaters are often featured with curved screens. We
believe that curved display systems can be mimicked in VR
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and can support users to have a natural way of interaction with
data.

In this paper, we propose design criteria for a large curved
display system in VR. We describe the implementation of the
system and two use cases of the system, including (1) a virtual
image wall as the display component of a 3D user interface,
and (2) an inventory interface for a VR-based educational
game.

The rest of the paper is organized as follows. Section II
presents the related work. Section III presents our design cri-
teria. Section IV describes the implementation of our system.
Section V describes two use cases. Section VI concludes the
work and proposes future work.

II. RELATED WORK

This section reviews previous work related to the develop-
ment of 2D interfaces in VR, large display systems, and curved
display systems. S. M, Slobounov et al. [9] performed an EEG
study about the modulation of cortical activity in 2D versus
3D. Based on their experimental results, they concluded that
a fully immersive 3D environment requires allocation of more
brain and sensory resources for cognitive/motor control than
a 2D environment, and they argued that 3D VR tasks could
enhance the performance of many applications. B. Ens et al.
[1] presented a framework to tie variations of 2D information
space together. Their framework was used to organize multiple
surfaces into a curved formation, but individual surfaces were
still flat.

Ed Lantaz [5] reviewed the large display development in
digital cinemas. He argued that the large display is able to
provide the immersive view and will be the future of displays.
K. Reda et al. [6] reviewed the approaches that used hybrid-
reality environments for visualizing large and heterogeneous
data. They argued that a hybrid-reality environment blurs
the boundary between traditional virtual environments and
tiled display walls. A. Febretti et al. [3] presented a soft-
ware framework of hybrid reality environments for large-scale
visualization. They showed applications supported by their
framework.

Jon Shaw [8] gave a review of the history of dome theaters.
He argued that because dome screens can provide larger field-
of-view images and increase the subjective feeling in expanse,

2019 IEEE Games, Entertainment, Media Conference (GEM)

978-1-7281-2404-9/19/$31.00 ©2019 IEEE

Jeff Hansberger
Cao, Lizhou, Chao Peng, and Jeffery T. Hansberger. "A Large Curved Display System in Virtual Reality for Immersive Data Interaction." Proceedings of the 2019 IEEE Games, Entertainment, Media Conference. Ed. GEM'19. New Haven, CT: IEEE, 2019. Web.
�



naturalness, depth, and powerfulness, they are more closely to
our natural neural responses, and makes makes the experience
feel more “real”. S. Grogorick et al. [4] presented the design
and implementation of a real-time stereo dome projection
system. The work showed that large curved display systems
could give users immersive experiences in real world.

From these previous work, a conclusion is that a real-world
curved display system can support a high level of perceived
immersion. We believe this kind of system can be a good way
for users to interact with data in VR with an HMD.

III. DESIGN CRITERIA

Our system needs to satisfy user demands in immersion,
interactivity, extendibility, and easy-to-use. We discuss our
design criteria for those demands in the following subsections.

A. Immersion
The system should use the advantages of VR technologies to

allow users gain a high level of perceived immersion, which
will improve user engagement. Similar to the large display
systems in the real world, we believe that a simulation of a
large screen in VR could satisfy this criterion. We designed
our system with a wide field of view. Since we want users
to interact with data by standing at a center point, the field
of the view needs to be adjustable. The perception should be
non-distorted from the far edge of the display.

B. Interactivity
The system should allow a range of user interactions that

range from selection to the manipulation of data items. The
system should provide users with operations that support data
interaction, such as pointing to the screen, clicking on and
moving data items, zooming in and out the view of the screen,
and panning around on the screen.

C. Extendibility
Extendibility refers to the capability of adding display pan-

els to form a larger system for more complicated operations.
Multiple display panels can be added and organized for the
appropriate layout. Individual panels may be adjustable in size,
position, and orientation. Also, the panels should be able to
communicate to each other so data items can be shared among
them.

D. Easy-to-use
The system needs to be user-friendly and modularized so

that it can be easily reconfigured for different applications and
data types. In our design, the system can be broken down
to a back-end module and a front-end module. The back-
end module handles the data structure and the organization
of the dataset in the same way as traditional 2D interfaces.
The front-end module is used to give visual representations
desired by users, as well as handling input commands for data
interaction. Users interact with the font-end module and the
input commands eventually trigger the structure-related in the
back-end module. The results made in the back-end module
will be sent back to update visual representations in font-end
module.

Fig. 1. The articulation of the canvas and curved screen within our system
architecture. The orthographic camera captures the content on the canvas,
which is then rendered onto the render texture. After that, the render texture
is mapped onto the curved screen.

IV. IMPLEMENTATION

We have implemented our system using the Unity3D game
engine and programmed functional features using C# scripting
language. In this section, we explain the architecture of our
system and the detail of the implementation.

A. Architecture

The architecture of our system includes three parts: a canvas
used to organize the data, a curved screen to visually represent
the data, and a virtual handheld object (VHO) used as a
navigation aid or an instructional tablet. This architecture is
designed with the inspiration from the setting of curved TVs
in everyday life. In our system, the canvas is same as a
broadcasting studio that provides contents. The curved screen
can be considered as a curved TV. A VHO can be used as a
remote control.

The canvas is the base space of the curved display system.
It is a flat rectangular window that all data elements will be
inside. An orthographic camera is placed in front of the canvas
with the view size bound to the window size of the canvas.
During the run-time of the system, the game engine renders the
camera’s view onto a texture, which is called render texture.
In order to maintain a high level of visual quality for the
rendered canvas, we set the resolution of the render texture
based on the size of the curved display (the curved screen).
The render texture will be assigned to the polygonal mesh of
the curved display using the surface’s UV texture coordinates,
which define the region on the surface the texture maps to.
Fig. 1 illustrates how the canvas is used to create the curved
screen through a render texture.

The curved screen is created from a polygonal plane, first
by bending the plane along the width direction and then by
bending it along the height direction. We propose two bending
practices: static bending and dynamic bending. In the practice
of static bending, the plane is bent at the initialization of the
system, where a new mesh deformed from the plane is created
and used as a curved screen during the entire run-time. The
advantage of using the static bending is that the system does



not compute angular values for bending or deform the mesh at
run-time. However, it cannot be modified at runtime to adapt
to the changes of the user’s viewing demands. In the practice
of dynamic bending, the plane is bended during the run-time.
We employed Mega-Fiers to bend the planar mesh, which is
a third-party plugin from Unity asset store. The advantage of
using dynamic bending is that users can modify the bending
angle for their specific viewing experience during the system
run-time. For example, the size or relative position of the
curved screen in the virtual environment may be changed in
accordance to characteristics of data types or display layouts.
In such a case, the dynamic bending allows users to change
the bending angle and achieve adaptive visualization.

A VHO is provided as an opinion as an aid in our system
with two types of uses. First, a VHO may consist of concise
auxiliary information that users may check frequently, such
as descriptions of a mission target or the background story
of a game. Second, a VHO may be used as an optional
remote control. Users can use the VHO to quickly access to
an interested region on the curved screen.

B. Supportive Functions for Interaction

To support the user’s interaction with the curved display
system, the fundamental function needed is the backward
bending from the intersection point where the user points on
the curved screen to the corresponding position on the canvas.
To do this, our approach first finds the intersected position
between the ray-cast of input device and the surface of curved
screen. Then, our approach inverses the process of bending
twice in the opposite direction of the bending, along the y-
axis first and then along the x-axis. After that, we can obtain
the corresponding intersection point on the canvas. Using this
point and taking the resolution of the render texture into
account, we are able to project the ray-cast into the view
volume of the orthographic camera to detect if the ray-cast
intersects with any data item.

We created five operations for users to interact with the
curved display system as listed below.

• Pointing. Users can point to the curved screen in order
to select or highlight data items.

• Clicking. Users are allowed to click buttons on the input
device. While a data item is selected, this operation
will trigger the clicking callback function to produce the
desired outcome of data manipulation.

• Zooming. Users can use the input device to zoom in and
out of the curved view. We implemented two types of
zooming: jump zooming and continuous zooming. The
jump zoom will move the user to a farther or closer
position to view the selected data item or a region of
the screen. The continuous zoom moves the user towards
the selected data item or a region of the screen. The
zooming speed is dynamically modified based on the
distance between the user and the data item panel. When
the users are far from the panel, the zooming will be
faster while zooming will be slower if the user is close
to the object.

• Spinning. Users can spin the screen to move displayed
data items out of one side of the screen and roll other
data items into the view from the other side of the screen.

• Taking-out. Users can hold a data item, and take it out of
the screen and put it in the virtual environment. When
the taking-out operation is executed, a 3D object that
links with the data item is created at the intersection point
between the current ray-cast and the surface of the curved
screen.

V. USE CASES

We applied our curved display system in two use cases: a
virtual image wall for a 3D user interface, and an inventory
interface for a VR-based educational game. We describe the
details of the use cases in this section.

A. Virtual Image Wall

The virtual image wall allows users to interact with thou-
sands of images within the curved display system. As shown in
Fig. 2, the image wall is a combination of six curved screens.
The first screen is the main work space that represents images
in a map view. Other screens are separate panels which either
show additional information of the images or are used for
image categorization. The user can take a selected image out
of the screen and bin it into the left or right panels.

Since the images are placed on the map with respect to the
geographic locations, The VHO of this image wall system is
represented as a hand-size 3D globe. Users can hold the 3D
globe to observe in free camera views to quickly navigate a
geographic location that contains the set of interested images.
Rotating the 3D globe will operates the main curved screen
of the system simultaneously.

B. Inventory Interface

We developed a lunar roving adventure game using VR
technologies. The goal of this game is to encourage players to
learn the historical Moon exploration missions. In one of the
playing phases, the player is required to add specific scientific
equipment onto the lunar rover by choosing from a full list
of twenty items. The items include wheels, communication
equipment with the control center, and measuring equipment
for scientific research. Each item is associated with a detailed
description. The player is expected to read the descriptions and
decide which items should be added onto the rover in order
to accomplish a given mission.

The game uses the curved display system as shown in Fig. 3.
The player can operate on the curved screen like pointing,
clicking, and spinning to look and investigate each item. To
add an item on the rover, the player can take the item out of
the curved screen and drop it onto the rover.

The VHO for this game is a panel as shown on the left
bottom corner in Fig. 3. It displays the description of the
current mission and the rover’s assembling progress. The
player needs to check the information on the VHO to find out
the status of the play. On the VHO, there are also a help button
and a submission button. The player can use the help button
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Fig. 2. (a) shows the architecture of Image Wall. Six curved display systems together compose the whole system: 1)main screen 2)top bar 3)left bar 4) legend
bar 5) time-line plane 6) bottom bar. (b) shows a screen shot of the run-time phase. (c) is the global object as the in-hand tablet.

Fig. 3. the screen shot of Luna Rover game’s preparing phase.

to obtain additional hints of the play, and use the submission
button to turn in the finished rover.

From these two use cases, we found that our large curved
display system could be an efficient way for data interaction.
Users will be engaged while working with the curved display
system. The curved display system could be a convenient
media to effectively visualize intensive 2D information in VR
applications.

VI. CONCLUSION AND FUTURE WORK

In this work, we designed and implemented a large curved
display system in VR for immersive data interaction. We
demonstrated the use of this system in two cases. We believe
that this system can be an efficient way for data visualization
and interaction. Developers can apply traditional 2D interface
design and translate it into our large curved display system to
get effective results in virtual reality environment.

In the future, we plan to perform a comprehensive evalu-
ation to compare our system with a flat display system. We
will improve this system by integrating it with more input
modalities such as eye-gaze, voice controls, and gesture-based
inputs.
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