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Preface

Overview

The International Workshop on Haptic and Audio Interaction Design was or-
ganized as part of the EPSRC-funded MultiVis project. The main focus of the
workshop was to investigate how the modalities of sound and haptics (touch)
could be used together in interaction, and what novel interfaces could be pro-
vided when they are used in conjunction. What are the relative advantages of
each of the modalities when used alone and together? Are there reasons why
haptic-based information is more useful in certain situations than equivalent au-
dio information? How can different modalities be used together to create com-
pelling and useful interaction with computer-based systems? We posed these
questions to researchers around the world, asking them to submit novel work
which sought to discover answers. Thirty papers were submitted of which 15
were accepted. Each paper was peer reviewed at least twice using an esteemed
set of leading international figures from both academia and industry, to whom
we are grateful for the quality of their reviews, time, patience and responding
within our tight schedule.

The papers presented at the workshop come from a wide variety of disciplines
ranging from psychology to art, showcasing how haptics and sound can improve
user interaction with computers; challenging us to move beyond simple mouse
and keyboard metaphors to produce interfaces for devices and applications that
allow for the full range of human interactivity. Below the papers are categorized
and summarized based on their application and focus.

Visual Impairment

Much of the benefit of haptic and audio interaction is in situations where users
may be unable to use a visual display. In such situations the haptic and au-
dio modalities must shoulder responsibility that would otherwise be undertaken
by the visual sense; requiring that the bandwidth of this modality is used effi-
ciently. Magnusson et al. investigate how sound can be used in haptic navigation
tasks to improve target location in non-visual environments. McAllister et al.
consider how sound and haptics can be combined to improve access to image-
based graphs. Both Winberg and Sallnés et al. show how sound and haptics
can create rich environments that allow for collaboration between sighted and
visually impaired people. Rassmus-Grohn et al. investigate how haptics can be
used to support non-visual drawing activities amongst visually impaired chil-
dren. These papers show us how much, when used together, the haptic and
audio modalities can overcome the loss of vision creating rich and engaging user
experiences.



VI Preface

Research Approaches

An additional approach in considering how to use haptic and audio interaction
effectively is from the more theoretical perspective, with existing design ap-
proaches being adapted to fit with new modalities. Murphy et al. consider how
semiotics can be applied to the design of non-speech audio to make the resulting
audio cues more easily learnable and understandable by the users. Coleman et
al. discuss how the existing approaches of ethnography can be adapted to in-
vestigate new areas where sound can be used. O’Sullivan and Chang propose a
new descriptive language for vibration that should allow for more effective use.
Vickers argues that by considering the relationship between haptics and sound
in musical terms, we can create more effective and richer interactions.

Psychophysics

Whilst applications showing how to improve haptic and audio interaction design
are of vital importance, it is also important to consider how audio and haptic
stimuli interact at a more basic level to provide clues as to where future effort
should be focused, as well as where it should not! Avanzini and Crossato investi-
gate the contribution of audio and haptics on the perception of contact stiffness.
Tikka and Laitinen uncover design principles to successfully use vibration in
conjunction with touch screen technology.

Mobile Applications

As with visual impairment, mobile devices restrict the user’s ability to interact
with a visual display. Crossan and Murray-Smith investigate how haptic input
can overcome the problems of selection in mobile environments. Using gesture-
based interaction their system allows selection of songs by rhythmic tapping.
Vanacken et al. identify how sound and haptics can improve selection in virtual
environments.

Art and Leisure

Whilst many of the interactions discussed by authors involve measured perfor-
mance improvements and “work” style applications, there has been some con-
sideration as to how effective haptic and audio interaction design can make more
engaging or entertaining experiences for the user. Martens and Walker investi-
gate how low-frequency vibrations delivered both through sound and directly via
a haptic “platform” can improve the sensation of presence and realism within a
movie. Barras discusses how the use of haptic and audio interaction can create
an engaging interactive experience to communicate historical stories. Barras de-
scribes the development of a haptic and audio-based interactive art exhibit that
describes the imminent extinction of the great apes.



Preface VII
Through the work contained in these papers we can begin to see the potential
of using complementary haptic and audio modalities in interaction design, as well

as the initial results that show us how to do so effectively.

August 2006 David McGookin and Stephen Brewster
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Perception of Audio-Generated and Custom
Motion Programs in Multimedia Display of
Action-Oriented DVD Films

Kent Walker and William L. Martens

Sound Recording Area, Department of Theory, Schulich School of Music,
McGill University, 555 Rue Sherbrooke Ouest, Montréal, QC, H3A 1E9, Canada
kent.walker@mail.mcgill.ca
http://www.music.mcgill.ca/ kentw/

Abstract. This paper addresses a practical problem associated with
multimedia display systems which utilize motion-platforms or chairs.
Given audio-visual content for which motion data is not available, motion
may be automatically generated from multichannel audio, usually from
a Low-Frequency Effects channel (LFE) such as that distributed on Dig-
ital Versatile Discs (DVDs). Alternatively, custom motion programs may
be created to accompany multimedia content. This paper presents the
results of a study designed to test the sense of realism, sense of presence,
and global preference for multimedia playback in these two distinct cases
of platform accompaniment: motion which has been generated automat-
ically from audio, and motion which has been designed expressly for the
purpose of stimulating appropriate haptic and vestibular sensations.

1 Introduction

1.1 Research Context and Research Questions

Since the advent of the Digital Versatile Disc (DVD), affordable advances in
multimedia display technology have evolved which offer consumers opportunities
for enhanced experience in the form of devices capable of haptic stimulation and
motion accompaniment (whole-body vibration). These devices are many and fall
into several categories but generally may be described as platforms and chairs
which are capable of moving and shaking observers. Given the variety of devices
available and the absence of standardized practice, multimedia content providers
such as Hollywood film houses have yet to supply this niche market with motion
programs for home entertainment use.

As a result developers of haptic technology are faced with the question of how
to generate motion programs for their customers. Two main options exist: the
first is to generate motion programs automatically using existing content; the
second is for hardware manufacturers to employ programmers to create custom-
coded motion from scratch for content from media houses. Depending on the pro-
gram material or the multimedia scene presented to the observer, either method
of generating whole-body vibration may be sufficient in terms of enhancing an

D. McGookin and S. Brewster (Eds.): HAID 2006, LNCS 4129, pp. 1-11, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 K. Walker and W.L. Martens

observer’s experience. For example, previous investigations by the authors [15]
and others [3] have indicated that for music-only material, generation of whole-
body vibration using existing audio signals is sufficient for the enhancement of
experience provided that the systems are properly coordinated. In other words,
for music programs separate vibration recordings or custom motion programs
are generally not required. However, in the case of more action-oriented pro-
gram material this may not be the case. Though there is a significant body of
research on how to create motion-cues for users of flight simulation technology
via vestibular stimulation [18], there has been relatively little work done on the
most effective integration of motion platforms into home entertainment oriented
audiovisual content display. Different multimedia scenes may require different
kinds of motion programs in order to create within observers the greatest sus-
pension of disbelief.

The experiments described herein investigated multimedia display of com-
mercially available DVD film titles. Motion data generated from audio Low Fre-
quency Effects channels (the .1 channel on a 5.1 channel disc) was compared
to motion generated specifically for individual DVD titles by a human designer.
Experiments were designed to determine if existing information present in LFE
channels is sufficient for the enhancement of presence and realism, if observers
prefer custom-coded motion when watching DVD titles, and if the extra costs
involved in the creation of custom motion programs is perceptually justifiable.
The tested hypothesis was: for action-oriented DVD titles is custom-coded mo-
tion more likely to be preferred over audio-generated motion, and is this prefer-
ence linked to an observers sense of presence and sense of realism for a displayed
multimedia scene?

Before further explaining the experiments conducted, background on the tech-
nology for motion-based display and human sensitivity to vibration is presented.

1.2 Enhancing Presence in Multimedia Display

In recent research and development of advanced multimedia display technology,
great emphasis has been placed upon multichannel sound and the enhanced con-
sumer experience associated with coordinated display of visuals and spatial audio
content. The potential for user immersion in the presented virtual world is one
benefit of such multimedia display which is most properly called television-type
telesensation [13]. Compared to more conventional media, such immersive audio-
visual content produces a higher proportion of user responses indicating higher
sense of presence or “sense of being transported to the electronically-mediated
space” [7]; consumers can forget that the virtual world presented to their eyes
and ears is an electronic reproduction, and imagine instead that they are ex-
periencing the virtual world first hand. However, this suspension of disbelief is
weakened considerably by one factor that has often been ignored in the devel-
opment of advanced multimedia displays: observers visiting these virtual worlds
are not disembodied minds. Regardless of where observers’ eyes and ears take
them, their bodies most often stay put in the physical display space. On the other
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hand, if simulation includes touch and motion sensations which are consistent
with what is seen and heard, a heightened sense of presence is to be expected.
There has been a small but growing interest in providing a means for creating
such high-quality multimodal experiences for consumers in home theater and
computer gaming applications, typically in the form of moving seats or motion
platforms. Such multimodal content has the potential to not only enhance experi-
ence, but to spawn new markets for both entertainment and electronics corpora-
tions in a commercial age fraught with the terror of economic uncertainly, caused
largely by the real threat of entertainment piracy. To date, the film industry’s
reaction to piracy has mostly been the so-called high-definition technological rev-
olution of home-theater, resulting most recently in an emerging format war be-
tween High-Definition Digital Versatile Disc (HD-DVD) and Blu-Ray Disc (BD).
Nevertheless, experts in these new formats question the ability of these systems
to offer extra value over what’s currently available to consumers via existing
popular DVD standards, as many consumers have lesser quality sound repro-
duction systems and televisions that will benefit perhaps only marginally from
these higher-definition media [12]. However, if DVD houses embrace and pro-
mote haptic and motion transducer technology together with their new formats,
they may have a greater degree of success with the high-definition revolution:
the addition of a mode of display is more immediately gratifying to consumers
than just-noticeable differences in display quality for audio and video alone.

1.3 Haptics and Motion Sensation

Haptic comes from the Greek hapt esthai which may be literally translated as
feel sense [1]. Haptic sensation can result from many forms of stimulation, rang-
ing from local vibrations on the skin to whole-body movement, and relies on a
variety of sense organs and receptors from multiple sensory systems. Cutaneous
sensory organs such as Meissner’s Corpuscles (used for the sensation of vibra-
tion below approximately 40 Hz), Pacinian Corpuscles (used above 40Hz), and
Merkel Discs (used for the sensation of pressure on the skin) [4]. The haptic
senses also include the organs of human kinesthesia such as muscles, tendons,
and joints (used for the sensation of movement below 30Hz), although such
vibration-related stimulation is distinguished from the stimuli for the vestibular
organs of the inner-ear, namely the semi-circular canals (used for detection of
angular acceleration of the head), and the otoliths (used for detection of lin-
ear acceleration). It is important to note that there is a great deal of overlap
in our sensory systems with regards to vibration, as our hearing sensitivity ex-
tends down to approximately 20 Hz, while our vibration sensitivity grows with
frequency to peak at approximately 250-300 Hz; therefore, low-frequency sound
sources are often both heard and felt.

1.4 Motion Degrees of Freedom (DOF)

In control of motion platforms, it is necessary to distinguish how freely the
platform may be made to move through space. Complete freedom of motion in
space admits Six Degrees of Freedom (6DOF), which include the possibility of
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three directions of displacement and three angular gyrations. The terms that
are used in the technical literature to describe an object or observer’s motion
through space are not in such popular use, and so these terms are related to more
common language in this section. To begin with, there are three terms that are
used to describe the rotation of an observer whose spatial position does not
change: yaw, roll, and pitch. If a person who is standing upright rotates to the
left or right about the vertical axis through their body, this rotation is termed
yaw. If an airplane were to dive forward, the rotation about the left/right axis
would be termed pitch, and if the airplane were to tilt to one side, the rotation
about the front/rear axis would be termed roll (not to be confused with the
acrobatic maneuver termed a barrel roll in which an airplane not only rotates
along its longitudinal axis, but also follows a trajectory along the surface of a
cylinder or barrel). The remaining set of three terms is used to describe the
spatial translation of an observer whose orientation in space does not change.
These three translational motion terms, describing movement leftward, forward,
or upward, are respectively: sway, surge, and heave.

2 Methods

2.1 The Loudspeaker Array

The current study used a calibrated multichannel stereophonic sound system
compliant with ITU standards [6] yet with full range capabilities at all standard
angles (in degrees relative to the median plane the angles were -110, -30, 0, 30,
and 110). Five low-frequency drivers (ranging from 35Hz to 300 Hz) and five
higher-frequency drivers (ranging from 300 Hz to well over 20,000 Hz). The low-
frequency drivers were Mini-Mammoth subwoofers manufactured by Quebec-
based D-BOX Technology, which were placed at standard locations for the 5 main
speakers in surround sound reproduction. The higher-frequency drivers were
dipole radiating, full range transducers featuring the Planar Focus Technology
of Level 9 Sound Designs of British Columbia. These speakers were placed at
the same azimuth angles as the 5 low-frequency drivers, but in a ring positioned
15 degrees above the observer’s ear level. All listening tests were conducted in a
treated room [11].

2.2 The Visual Display

A Panasonic model TH-50PHD6UY HDTV 50-inch plasma display with a reso-
lution of 1366 x 768 and contrast ratio of 3000:1 was used to display the video
portion of all DVD titles. A Pioneer model DV 563A DVD player was also used.
Titles were of the widescreen variety and observers sat at a distance of 2 meters
from the screen.

2.3 The Motion Platform

The research presented here used a commercially available motion platform, the
Odyssée system from the Quebec based company D-BOX Technology [9]. This



