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Executive Overview

Title: Augmented Groove: Collaborative Jamming in Augmented Reality

Abstract:

The Augmented Groove is a musical interface that explores use of augmented reality,
three-dimensional (3D) interfaces and physical, tangible interaction for conducting mul-
timedia musical performance. In the Augmented Groove visitors can play music together,
with or without use of traditional musical instruments, simply by picking and manipulat-
ing physical cards on a table. The physical motions of the cards are mapped to changes in
musical elements such as timbre, pitch, rhythm, reverb and others. At the same time, us-
ers wearing a lightweight head-mounted display (HMD) can see 3D virtual images at-
tached to the cards whose shapes, color and dynamics reflect aspects of the music con-
trolled by the visitors. Because in augmented reality environments visitors can see physi-
cal world, virtual objects and each other, several visitors can easily join around the mix-
ing table and “jam” together, passing musical sequences to each other in the same manner
in which we would pass everyday objects. The music in a sense becomes a physical, tan-
gible object, something we can touch and see as part of our physical environment.

Musical control in the Augmented Groove is deliberately imprecise: the performer ma-
nipulates short musical sequences, or phrases, rather then individual notes. The resulting
musical performance is a “computer-supported improvisation” in which the user ar-
ranges, mixes and modifies pre-composed musical phrases on a structural level.
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Level of Innovation

With every leap of technology musicians and
engineers have created new ways to produce
and play music. The work on electronic music
started with the invention of the Musical Tele-
graph in 1876, which can be considered the
first true electronic instrument [9] This started
a long engineering quest culminating in today’s
sophisticated samplers and synthesizers. The
interface for making music, however, has not
changed much since those days — most of them
are still using keyboards, often with familiar
layout from the acoustic pianos.

Innovating Musical interfaces

Elisha Gray's Musical Telegraph
of 1876

Propelled by the development of MIDI standards in early eighties, as well as emergence
of new and increasingly inexpensive interface technologies there has recently been sig-
nificant growth of innovations in musical interfaces. While some of the new musical in-
terfaces borrow from traditional ways to control music, such as controlling music rhythm
by tracking conductor’s baton waved by the user, (e.g. [10]), others completely depart
from traditional tried and true approaches searching for new methods of artistic expres-
sion. In the Dance Space, for example, a video camera captures the dancer’s movements,



mapping them so that dancer’s head, hands and feet control various musical instruments
[12]. MIT Media Lab’s Brain Opera and Sensor Chair [9] use the interface based on the
electric field sensing techniques, where the musicians as well as novice user can produce
and control music simply by moving their hands in space. In Brush de Samba [8] a per-
former controls the music by drawing a picture on the drawing pad, the music is gener-
ated basing on the pen data. Virtual Reality as musical interface has been investigated, for
example by Gerard Kim and others [7]: in Musical Motion system, the immersed user
controls the individual notes by tapping on an “air piano” with the hand instrumented by
the data glove while the other hand controls the general tempo through squeezing ges-
tures. There were also many attempts to combine computer-generated visualization of
music with interactive musical performance, e.g. MusiKalscope and lamascope by Sid-
ney Fels and others [5, 6].

Certainly, with most of these interfaces it is impossible to play music with the level of
precision allowed by traditional instruments. They, however, are not designed to be as
precise. The focus here is on “computer-supported improvisation” [5], providing freedom
of creative artistic expression regardless of the user’s musical skills and experiences. By
interpreting user motions captured using variety of interface technologies and applying
carefully designed sonic mappings, these novel musical interfaces allow for complicated
and very enjoyable musical performances [9]. Emergence of new interface technologies
invariably opens new, fascinating ways to make and play music.

Augmented Groove: An Augmented Reality Musical Interface

The Augmented Groove is a musical interface that employs augmented reality and a
three-dimensional tangible interface metaphor to allow several people to jam, conducting
multimedia musical performances together. It differs from the existing musical interfaces
in several important aspects:

o Augmented Groove is an augmented reality musical interface. Augmented reality
(AR), i.e. overlaying of 3D virtual objects on the real world, allows us to integrate
computer-generated imagery into surrounding physical reality [4]. Unlike VR envi-
ronments that replace the physical world, in AR environments virtual objects are
mixed with physical objects to become in a sense, an equal part of the world. In the
Augmented Groove, performers interact and control music by manipulating musical
sequences that are represented visually as 3D virtual objects. Changes in music re-
sult in visual changes of the appearance of virtual objects, i.e. their color, shape and
animation. Furthermore, in the AR environment, the performer, while interacting
with virtual musical objects, has also full access to the conventional musical equip-
ment, such as keyboards and synthesizers, and at the same time can easily collabo-
rate with other musicians. Technological details are described in the next section.

o Augmented Groove is a physical, tangible musical interface. In the Augmented
Groove the performer plays music by physically manipulating simple physical cards
with fiducial markers attached to them. Individual musical sequences and corre-
sponding visual representations are assigned to each card. As the user manipulates
cards, the computer vision tracking software maps card movements into changes in
corresponding musical parameters, such as pitch, distortion, amplitude, filter cut-off
frequency, filter resonance, delay mix and others. Since the system can track and



recognize several cards at the same time, performers can manipulate several musi-
cal elements simultaneously. The physical, tangible nature of the Augmented
Groove makes it easy and intuitive to use: all the user needs to do is to pick up and
move the cards.

o Augmented Groove is an interface for mixing electronic music. Most of the novel
musical interfaces usually allow either global control of global musical parameters,
such as tempo of the whole composition, which makes them unexpressive, or con-
trol of individual note progression, which makes them difficult to use. The Aug-
mented Groove takes quite different approach to music composition and perform-
ance, which more closely resembles the performance of a DJ rather than a conven-
tional musician. In Augmented Groove, the musical performance is composed from
a collection of short looped musical sequences, or phrases. Several performers can
interactively add, mix and deform these musical sequences by manipulating physi-
cal cards. Each musical phrase is carefully composed to fit others, furthermore
cards movements would affect different musical phrases differently: a composer
writing music for the Augmented Groove chooses sonic deformations and distor-
tions individually for each musical phrase to ensure a high quality of musical per-
formance. The Augmented Groove, therefore, is an interface that allows the per-
formance of quite complex modern electronic music, such as techno, and yet retains
a significant level of user control.

o Augmented Groove is a collaborative musical environment. Making and playing
music has been an ultimate collaborative activity for thousands of years. Yet, the
collaborative aspect is often missed in musical interface work. The Augmented
Groove is designed to allow several people to join and jam together, combining
their efforts in producing enjoyable musical performance.

Augmented Reality Technology

This section describes AR technology used in the Aug-

. HMD and attached camera
mented Groove. The performer wears a pair of Olympus allows to see both real and
Eye-Trek FMD-100 head mounted display (HMD) with a Vit S
small color CCD camera attached. The Olympus HMD is
lightweight, high-resolution, full color display that is worn
just like a pair of normal glasses. The camera output is
connected to an SGI O2 workstation, where it is processed
using computer vision tracking and registration techniques
[2], the 3D virtual images are rendered in each video
frame and, finally, sent back to the HMD. Hence, when
the user wears the glasses he or she can see both the real
world and 3D virtual objects at the interactive frame rate
(15-20 frames/second).

The AR environment includes a number of marked physi-

cal cards with square tracking patterns and identifying symbols in the middle of the pat-
terns. The position and orientation of 3D virtual objects are defined using these markers:
When the user looks at the card, computer vision techniques identify specific markers,
calculate head position and orientation relative to the marks, and display 3D virtual im-

A virtual object registered
on the card



Symbol identifies
marks

A card with marker
used for tracking

ages so that they appear precisely registered with the
physical objects. The camera worn by the user de-
fines, however, only local tracking information, rela-
tive to the user’s viewpoint: if, for example, the user
does not look at the card the system could not know
the position of the card in space. Hence, in Aug-
mented Groove we define an absolute tracking space
by using a fixed overhead camera to resolve ambi-
guities and improve quality of tracking.

In Augmented Groove each card has a musical se-
quence assigned to it, changes in the card’s position
and orientation are mapped into MIDI commands
that are sent to a professional sampler and synthe-
sizer through cascaded MIDI merging boxes. The

MIDI commands control which musical sequences are played by the samplers and syn-
thesizer at any given time as well as how they are played, e.g. which filters are applied.

Since all users share the same database of cards, sounds and virtual objects, they all see
the same virtual objects attached to the markers and therefore can easily collaborate in
producing musical performance. The user can pick up a card, show it to the other partici-
pants, pass or request musical sequences in the same manner that we request physical ob-
jects in normal face-to-face communication. The collaborating users can use a full range
of verbal and non-verbal cues during the interaction, which greatly enhances communica-
tion between participants. The details of the tracking techniques are briefly outlined in the
figure below, for more details see [2].

The core of AR technology used in the Augmented Groove has been developed in the
Shared Space project that we demonstrated at SIGGRAPH 1999 [3]. In the Augmented
Groove we expand and improve the AR technology developed for Shared Space and in-
vestigate it in a new different application: from interacting with visual information to in-

teracting with music.
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Interactive Experience

The Augmented Groove environment
includes a large round table with a
rack of LP records, i.e. round black
paper disks, in the middle. Each disk
has a unique pattern in the place of a
record label that is used for tracking.
When visitors approach the table they
will be given one of the two video
see-through head-mounted displays.
When the user picks a record from the
table the corresponding sound piece
will come up from the four speakers
located above the table.

An artist’s sketch of the
Augmented Groove interface
The visitors can control music by ma-
nipulating physical cards and for each
musical phrase a unique highly styl-
ized animations will be displayed on
top of the record, which animation
reflect changes of the music. The vir-
tual objects and their animations will
be highly stylized and entertaining:
for example a large stylized CG lips
will represent vocal, drums will rep-
resent percussion etc. A number of - e
musical compositions, mostly modern - _, 7
electronic music, will be composed " An artist’s sketch of a 3D model

for Augmented Groove by project and animation for Augmented Groove
members and collaborating experi-

mental musicians in Japan. Each
composition will consist of a number musical sequences attached to the different records,
so if the user opens all cards a complete composition will be played.

A member of the project will be facilitating the demo at all times guiding visitors through
the experience and encouraging them to play music together. The table will also be
equipped with additional MIDI keyboard that can be used by facilitator to join partici-
pants in musical performance, which be used by one of the visitors.

The experience of the users will be projected on the large screen behind the users as well
as two monitors on both sides of the booth to involve spectators into the demonstration.
The projector on the back wall will project video mixed with computer graphics to create
interesting and entertaining video show. It is anticipated that two users at a time will be
able to experience the Augmented Groove and they will spend no more than 5 minutes in
the head mounted displays. This should enable a throughput of 30-40 people per hour
through the demonstration, not including spectators.



Appearance
Figures below show a proposed booth layout for the Augmented Groove demonstration.

The table with a record rack and HMDs in the middle will dominate the space in the cen-
ter of the booth. To either side and behind the table will be decorative props, which recre-
ate an atmosphere of musical studio with wires, billboards, photographs and musical in-
struments, hanging from the wall. Stage lights above the exhibition will add to the atmos-
phere of the performance as well as control adequate lighting for exhibition. Above the
table 4 speakers will provide sound and a projector will hang above the table and display
on the back wall. Two large flat screen panels will be hanged on two sides of the booth
with view from both participants, allowing the spectators to be part of the exhibition.
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Top and front views sketches of the proposed booth
layout (on the left and right respectively)
History

The Augmented Groove is a musical interface and interactive installation developed in
collaboration between MIC Labs International and HIT Lab, University of Washington. It
has been developed under the auspices of the Shared Space project, designed to explore
various aspects of collaborative augmented reality and was initiated by Mark Billinghurst
at the HITL, University of Washington in 1996. The arrival of Dr. Kato in 1998 lead the
way for the development of the very accurate vision based registration techniques dem-
onstrated in the current Augmented Groove application. In 1999 the Shared Space was
joined by Ivan Poupyrev, from ATR MIC Labs, who also briefly worked in the Shared
Space project in 1996 before starting his Ph.D. on 3D user interfaces. Since then a num-
ber successful demonstration systems and interactive installations have been developed
and demonstrated to the public. This includes most recently a collaborative AR game
shown at SIGGRAPH 99 (http://www.hitl.washington.edu/share) and Imagina 2000



(http://www.imagina.fr). Rodney Berry, a music artist from ATR, joined the project in
late 1999 in exploring yet another, musical application of the Shared Space augmented
reality technology.

Impact

Network enabled wearable computers will be used in the future as a communications de-
vice to enable people to collaborate anywhere and at any time, [11]. The development of
augmented reality devices will also result in convenient, lightweight and inexpensive in-
formation displays that provide information anywhere and anytime. Furthermore, the en-
vironment in which we are living will become increasingly “smart”; equipped with sen-
sors and wireless networks allowing a wearable computing system to understand and in-
terpret our actions and our relations to our surrounding environments.

In this setting we will be able to develop unique interfaces that allowing us to manipulate
information, music, sounds and images, not through keyboards, dials and handlers, but
through virtual, augmented reality interfaces, by manipulating physical objects, cards,
and etc instead of mouse and keyboards. In case of musical production, for example, mu-
sicians will be able to move sound samples from the synthesizer or sound sampler simply
by taking a card and bringing it next to the marker on the sound sampler and making a
simple gesture. The card can be then faxed or e-mailed to another musician. The compo-
sition and mixture of sounds can be done by moving physical cards on the table and each
of the sounds will be seen and visible at the same time. Resulting music can be moved
back to the recording equipment in the same way — by moving the physical cards next to
the digital recording facilities.

The augmented reality technology used and developed by the Augmented Groove project
explores a new dimension of collaborative digital music creation and production, helping
the people who make the music come together and work on it. These scenarios show how
the prototype Augmented Groove interface could be used to develop compelling applica-
tions in the future. Such applications will change the way that people collaborate, work
and play in the future.

Technical

Equipment

Hardware:
4 SGI 02 computers
2 Olympus or Sony head mounted displays
3 miniature color cameras on the glasses
1 camera on top of the table
1 projector
1 projection screen
1 Yamaha 5000 sampler
2 MIDI mixing boxes
1 sound mixer
1 MIDI keyboards



1 audio amplifier

4 loud speakers

4 stage projectors

5 desktop lamps

Assorted power, networking and video cables
Round table

We currently have 3 SGI O2 computers and will be looking toward commercial dona-
tions to provide the remaining systems.

Software
Custom applications

Physical

The exhibit will require a minimum of a 12 foot by 12 foot space, preferably on a corner
location so bystanders can watch from two sides. A larger 15 foot by 15 foot booth would
allow for a more spacious layout. Figures 4 and 5 show the proposed layout of our hard-
ware and physical props.

Each of the O2s will require power and at least 10 mb/s ethernet connectivity. We will
also require additional power outlets for the head worn cameras, desktop lamps, projec-
tor, and audio equipment.

There will be as little outside noise generated as possible and in order to have good qual-
ity computer vision based tracking, our work requires controlled lighting conditions.

Given the small amount of physical equipment, it is anticipated that our demonstration
will be able to be set up and pulled down within 4-5 hours.

Network

The project will require a 10 mb/s network between the four machines used for
graphics rendering. Each of our SGI O2 machines will have 128 mb of ram and will be
running the IRIX 6.5 operating system. One of the O2 machines will support our server
needs. The application and networking software will be custom developed software.
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