Sound Interface Design for Smart Table Computer Interaction
Karen Collins1 , Bill Kapralos2,3 , and Kamen Kanev4
1

2

Canadian Centre of Arts and Technology, University of Waterloo. Waterloo, Canada.
Faculty of Business and Information Technology, 3 Health Education Technology Research Unit,
University of Ontario Institute of Technology. Oshawa, Ontario, Canada.
4
Research Institute of Electronics, Shizuoka University. Hamamatsu, Japan.
e·mail: Karen Collins: collinsk@uwaterloo.ca, Bill Kapralos: bill.kapralos@uoit.ca
Kamen Kanev: kanev@rie.shizuoka.ac.jp

Abstract
Recently, “smart” table-top touchscreen computers, in which users position themselves around a
horizontal computer screen, have been introduced.
Although the use of touchscreen computers is still
not widespread, given the growing popularity of
multi-touch mobility devices (e.g., iPods, smartphones), the move to multi-user touchscreens and
a horizontal surface is a likely trajectory of the
technology. However, before table-top touchscreen computing becomes widely accepted, there
are many questions, particularly with respect to
sound production and reception, and multi-modal
interaction for these devices that need to be explored. In this paper we provide an overview of
a table-top touchscreen computer setup and describe a simple amplitude panning method for the
output of sound amongst four loudspeakers. The
paper begins with a background on sound interaction design.
Keywords: Smart table computer, table-top
computer, audio-video interaction, sound interaction design, human-computer interaction.
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Introduction

For many decades now, we have experienced our
audio-visual media on a vertical screen; our televisions, movie theaters, and computer screens have
all presented information vertically in front of us.
As such, sound (music, dialogue, and sound effects) for television, film, software, and games
has been designed accordingly, with the placement

of the speakers and the sound mixing all developed based on this format. Recently, smart tabletop touchscreen computers (also known as surface
computers, smart table computers, or smart tables), where users position themselves around a
horizontal computer screen in a manner similar to
sitting around a “traditional” table, have been introduced. Although smart tables have yet to be
primarily designed as consumer models, with the
growing popularity of multi-touch mobility devices
(e.g., iPods, smartphones), the move to multi-user
touch screens and a horizontal surface is a likely
trajectory of the technology. Moreover, these devices may well become a part of social entertainment, where families and friends can interact with
each other around a table-like surface. Before
smart tables become widely accepted, there are
many questions that need to be explored, particularly with respect to sound production and reception, and multi modal interaction, (e.g., the
interaction of sound and video cues).
No longer just one person in front of a screen,
these computers are designed as multi-user devices. However, this introduces several design issues, particularly with respect to the sound interface (i.e., input/output of sound), that must be
addressed. More specifically, where do we position the loudspeakers when there are two people
opposite each other playing a game (i.e., where is
the “front”)? How does our perception of sound
change when we are leaning over our computer
screen versus facing it? Where should we place the
loudspeakers? Where should we position sounds
in the mix, (and in which speaker) for best reception? In designing user interfaces for multi-user

applications on touch screens that rely on hand
gestures for more natural interaction, how should
the applications respond sonically to these interactions?
These questions are partly technical and partly
perceptual, crossing the disciplines of psychology,
interaction design, and areas of physics and computer science. While physics helps in positioning
of loudspeakers in a room (incorrect placement
can result in the reduction or altogether loss of
various frequency components), the use of those
loudspeakers (where we position the sounds and
why, as well as the types of sound we use), relies on human auditory perception and usability.
The development of audio positioning for a vertical screen has largely come from trial and error and conventionalization over decades of use.
While there are ample studies of room acoustics
and loudspeaker positioning, there are few formal
methods of research that focus specifically on how
the placement of sound in the mix impacts the listener, and there are no known studies of the perception of audio as we move to horizontal-based
viewing screens.
We have recently begun to investigate the problems/issues described above. The goal of this work
is to develop novel and innovative sound interaction techniques for smart table computers. In order to accomplish this, we will be drawing on the
very new field of sonic interaction design, which
studies the use of sound to convey information,
meaning, and aesthetic and emotional qualities in
an interactive context [RSB+ 08]. Sonic interaction design encompasses a range of technical and
theoretical topics and concepts, including sound
design, interaction design, the interactive arts, auditory display, psychology, usability, user experience, design, and perception. With few formal
methodologies in the field, we will draw from a
range of methods to explore our research questions
about sound on smart table computers.
The remainder of the paper is organized as follows. In Section 2, an overview of the importance
of sound in interactive displays/applications and
an introduction to sound interface/interaction design is provided. An overview of the proposed
table-top touchscreen computer setup (with an
emphasis on the sound interface) is provided in
Section 3. Finally, concluding remarks are provided in Section 4.
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Background

The sounds we hear provide us with detailed information about our surroundings and can assist
us in determining both the distance to, and direction of objects [War83]. This ability is extremely
beneficial for humans as well as other species and
in many situations, can be crucial for survival. It
has been shown that sounds can be superior to
visual stimuli for gaining attention [PNK76], and
certain sounds (e.g., a baby crying) immediately
activate mental images and schemata providing
an effective means of attention focus [BE71]. In
fact, sounds not only help to focus our attention,
but once the attention system is focused, sounds
can help maintain our attention on appropriate information while avoiding distractions, thus engaging our interest over time [BC01, TJ95]. Sounds
can also elaborate on visual information by providing us with information on invisible structure,
dynamic changes, and abstract concepts that may
not be expressed visually [BC01]. As in the real
world, sound plays a vital role in the communication of information in computer applications and
entertainment, such as office application software,
and video games. Surround sound in particular
helps to achieve the immersive, emotional impact
of new media. One recent study found that 40%
of users rated surround sound systems as “very
important” to video game play [Goo06].
In human-computer interfaces, sound can convey alarms, warnings, messages, and status information (such as an incoming email, an error, or a
critical battery alarm) [Bux90]. In interactive applications such as virtual environments and simulations, auditory cues can help a user to orient
themselves, add a better sense of presence or immersion, compensate for poor visual cues (graphics), and at the very least, add a pleasing quality to the simulation [AC97, SSC02]. Sound in
entertainment applications such as video games
has many important functions. More specifically,
it can help to communicate important information to the player (“quick!–take out your weapon,
there’s an enemy around the corner!”); it can serve
as a sound symbol or leitmotif; it can help to
situate the player in a specific location; it reduces learning curves and creates a sense of realism. Foley sound effects associated with particular visual imagery (such as footsteps, a door

opening, glass breaking, a ball bouncing, etc.) can
be added in the post-production of animations
[DKP01, OCE01], film and video games, leading
to a greater sense of presence, realism, and quality [DKP01]. Sound also plays an emotional role
that helps increase immersion, to emotionally invest them in a narrative. It is often said in the
entertainment industry that “sound is emotion”
and a visual display without a properly designed
audio component will be “emotionally flat”. Studies regarding the role of sound in media in the last
few decades have shown that the presence of sound
increases the emotional and physiological response
[SZ02].

ence leans heavily on ways of thinking about design that emerge from arts and humanities rather
than from sciences and engineering. . . If future interaction design is to take user experience seriously, it must look farther afield to the fields of
humanities and the arts to find a pragmatically
useful conception of experience” [WM74]. Indeed,
the study of human perception, communication
and interaction has a long history in the social sciences and humanities, and new methods emerging
in interaction design are drawn largely from social
science and humanities-based disciplines.
Sound interaction design encompasses a range
of technical and theoretical topics and concepts,
including interaction design, affect theory, sound
design, acoustics, and semiotics. It is our goal
to combine this very recent area of inquiry with
more traditional methods drawn from musicology
and music psychology to the use of sound on smart
table computers. Questions that we will explore
include: since we are used to interacting with media that is vertical and designed to be consumed
from a single angle (frontally), does this change in
angle alter the way that we perceive sounds, and,
if so, what are the ways that we might want to
alter the sound, or alter the sound mix to best use
sound in a smart table computer? Would applications built for smart tables benefit from more realistic interface sound effects? Or, instead, should
they remain in the stylized fashion currently used
in vertical-screen computers?

The study of sound’s role and how it interacts with the listener has been divided amongst
many different disciplines. Information retrieval
computer scientists have engaged in trying to
quantify perceptual aspects of sound in order to
be able to classify, search, and retrieve sounds
from databases and to automatically find dynamic
scenes in films [MDV01]. Music therapists have
searched for ways to alter mood using sound and
music (see [MKT09, PS74]), psychologists have
studied the roles that sound plays in influencing perception and cognition (see [BEJ06]), and
psychoacousticians have sought to understand the
physical aspects of sound perception (see [AR97]).
Marketing experts have studied the role sound
plays in altering our perception of products (see
[Bru90, YM04]) and semioticians have sought to
understand sound as a symbolic language (see
[TC03]). In just the past few years, an emerging
3 Proposed Method
field of study has been combining these disciplines
with interaction design, to study sound perception Figure 1 provides an overview of the smart table
in interactive media.
hardware setup. The system is intended to acInteraction design studies how people use ob- commodate multiple users (1-4) and consists of i)
jects and systems, usually in the context of a PQLabs smart table, ii) a video camera, iii) four
human-computer interaction. Interaction design- loudspeakers, and iv) four microphones. The (exers attempt to understand the usability of an ob- ternal) video camera is used specifically for object
ject/application (does it function the way it is sup- recognition (see Section 3.2).
posed to? How is it being used?) as well as user
experience (whether it is enjoyable, satisfying and
3.1 Audio System
motivating) [WM74]. This relatively new field has
evolved from computer science (and most notably, As shown in Figure 1 and as previously described,
human-computer interaction) but has recently rec- the system consists of four loudspeakers (each at
ognized the need for reception-based research with one of the four smart table corners) facing the
a humanities-based influence. Peter Wright and table computer surface (the additional option of
John McCarthy, for instance, note that “our ac- a centre channel and LFE will be explored at a
count of what it might mean to design for experi- later time). This setup is similar to a traditional

S1

S2

Figure 2: Virtual sound example.

Figure 1: Conceptual overview of the proposed
system.

3.2
quadraphonic surround sound system. However,
traditional quadraphonic stereo techniques are intended for one listener and therefore, not applicable in this work. We have begun experimenting
with a number of sound generation techniques and
have implemented a simple amplitude panning
method whereby the sound is output at each of the
four loudspeakers but the level of the sound output
at each loudspeaker is scaled by the distance between the corresponding loudspeaker and its distance to the virtual sound source given mathematically below
sv
sn =
,
(1)
rnv
where sn is the signal (sound) applied to the nth
loudspeaker, sv is the sound output from the virtual sound source, and rnv is the distance between
the nth loudspeaker and the virtual sound source.
Figure 2 illustrates the four speakers surrounding the simulated environments playing area. Included in the diagram are two markers denoting
the position of two virtual sound sources, s1 and
s2 . In this particular example, the level of the
sound corresponding to virtual source s1 will be
strongest from the upper left loudspeaker; the
loudspeaker closest to it. Similarly, the level of the
sound corresponding to virtual source s2 should be
greatest at the loudspeaker closest to it (the lower
right loudspeaker). This method is independent of
each of the user’s (listener’s) physical position; the
sounds are being simulated as coming from their
position on the table, and if the user were to move
farther away from the desk, the volume would naturally get quieter in relation to their distance away
from the table.

Vision System: Object Recognition

In the set-up described so far, sound sources
are associated with various virtual characters
and events, presented on the smart table. Virtual sound sources are then software-controlled to
match the activities of the characters in the virtual world as projected on the flat tabletop. Users
interact with the virtual world and characters
through the multi-touch smart table surface. In
this model, a flat tabletop surface is employed to
interact with an essentially three-dimensional virtual world. For proper accounting of the third dimension, additional interface components are obviously needed. This is a two-fold requirement.
Firstly, tracking of user movements around the
smart table is essential for the analysis of userreported sound experience. Real-time positions
and orientations of user heads can also provide
feedback when adjusting the sound field parameters during the experiment. Secondly, physical objects that have impact on the sound environment
should be registered with their three-dimensional
shapes, positions, and orientations. Besides the
loudspeakers, such objects, for example, may be
small partitions, dividing the space and providing
more privacy for the users. Interior objects that
may not be present in the experimental environment but need to be simulated for fidelity reasons
should also be accounted for. In summary, the
key role of the additional interface components is
to establish certain mapping of physical and virtual objects which will be employed in the sound
simulations and experimentation.
Interface components with desired characteristics and functionality often emerge in Tangi-

ble User Interface (TUI) and Augmented Reality (AR) research where appropriate tools and development environments are commonly available.
The ARToolKit, for example, is a computer visionbased augmented reality library that can be used
to recognize specific real-world objects [KB99].
Such objects are then substituted with appropriate virtual counterparts and a live, augmented reality video stream is generated in result. In this
work, we are primarily interested in the real-world
object recognition capabilities of the ARToolKit
which is based on special markers. To recognize
positions and orientations, and to track real-world
objects, one or more ARToolKit compatible markers need to be rigidly attached to each physical
object. This requirement poses certain problems
when non-rigid objects are considered. For human
bodies, in particular, a large number of markers
would be needed to track the body motions, along
with several cameras to compensate for the natural occlusion of the markers. However, here we
are only interested in tracking positions and orientations of user heads, which can be achieved with
a single marker per person. In practice, markers
are attached to special hats that users wear during
experiments.
Markers are also attached to the smart table,
the loudspeakers, and to other environmental objects. The smart table markers are used for determining the position and orientation of the global
scene view camera in respect to the tabletop surface. This essentially establishes a global coordinate system where all other objects are registered.
Positions and orientations of the four loudspeakers
in respect to the global view camera are also determined, based on the markers attached to them.
Loudspeaker coordinates are then converted to the
global coordinate system and used for sound field
calculations during the experiment. In this way,
moving the loudspeakers in respect to the smart
table can be immediately reflected into the corresponding sound calculations and compensated for,
as much as possible. This allows us to check different loudspeaker arrangements around the smart
table in real time and thus to compare user experiences in a reliable manner.
Objects from the physical world and their corresponding scaled models can be used as tangible
interface components during the experiment. The
virtual world and characters beneath the table-

top surface can, for example, be linked to physical objects placed onto the smart table. Technically, any object touching the smart table surface
leaves its footprint so its coordinates can be determined. The smart table functionality, however,
does not allow identification of such objects, which
creates certain difficulties when multiple physical
interface components are placed on the tabletop.
We address this problem by attaching ARToolKit
compatible markers to all physical objects on the
smart table and deriving their positions and orientations through the global view camera. The
smart table touch and position sensing functionality is still employed for invoking actions and for
increased precision calculations and error compensation. There are other technologies and SDK
environments for TUI and AR implementations
that suit the needs of our experimental environment. The Cluster Pattern Interface (CLUSPI)
[KK05, KK09b] co-invented by one of the authors, for example, supports direct point-and-click
functionality [KK06a], based on digital carpet encoding of physical surfaces. Employed CLUSPI
codes are practically invisible for naked human
eyes and thus allow preserving the natural appearance of the physical objects. This feature is quite
important in applications in education [KK09a],
in multimedia presentations [Kan08], and others
[KCM07, KK06b]. At this stage we conduct our
initial experiments by employing well visible and
sometimes obtrusive ARToolKit compatible markers but we expect to replace them with the invisible surface encoding supported by CLUSPI or
other methods.

4

Summary

Smart tables represent a further step towards
what is known as ubiquitous or pervasive computing - that is, in the very near future we will not
rely on a desktop model in which a single user employs a single desktop computer, but, rather, computers will be integrated into most aspects of our
lives. In addition, smart tables may also become
the family dining table. Given the potential significance and practicality, understanding the method
whereby we might best use these devices is critical.
Sound in particular is often overlooked in terms
of research, and yet is an important component
in the usability and enjoyment of new computer

devices. We will employ existing research methods and techniques for testing auditory perception
of sounds generated with vertical and mobile devices, while developing and exploring new methods to understand how the change from a vertical
to horizontal screen impacts the listener’s perception of auditory events.
Here we proposed the setup of a table-top touchscreen computer and described a simple amplitude
panning method to convey sound amongst the
four loudspeakers. Although simple, the method
is independent of user position and doesn’t require extensive computational resources. Future
work will explore further, more complex sound
output/interaction techniques and new methods
for testing sound perception by users, combining
elements from a broad range of disciplines. In examining the specific problems, this work will lead
to a significant broadening of our understanding
of sound interaction design, of multi-user interaction, of how users perceive sound on horizontal surface devices, of how to implement sound
for games on multi-touch computers, and about
methodologies we can use to test user preferences
of sound in computer applications. Since sonic interaction design is a very new and emerging field,
this research will make a significant contribution
towards methods and practice.
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