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ABSTRACT

This paper surveys past performances in which the author
collaborated with several other dancers, musicians, and media
artists to present synchronized co-located performances at two
or more sites. This work grew out of the author's participation
in the landmark computer music ensemble, “The HUB”. Each of
the various performances was made possible by an evolving
array of video conferencing hardware and software. These will
be discussed. The problems and interesting side effects
presented by latency and dropouts are a unique part of this
performance practice. Leveraging the concepts of shared space,
video and audio feedback generate evolving forms created by
the combinations of the space, the sounds and the movements
of the participants. The ubiquity of broadband Internet
connections and the integration and constant improvement of
video conferencing software in modern operating systems
makes this unique mode of performance an essential area of
research and development in new media performance.
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Introduction
What happens to the concept of performance when it becomes
instantaneous and distributed? There is no “now” in this new
context. There is a shared delay. The degradation of signals
between spaces and the dimensional flattening created by
video and audio compression does not deter the imagination
of the participants. The mind-opening spectacle of real time
being distorted in time and space is an especially rich new
contribution to the types of performance possible.

Antiphony is defined as: “Music exploiting directional and
canonic opposition of widely spaced choirs or groups of
instruments to create perspectives in sound.”1 It has always
been a part of the vocabulary of musical performance. Perhaps
the iconic St. Mark’s in Venice in the early sixteenth century i s
emblematic of the introduction of these factors into the
western musical canon. The center of Venetian music was St.
Mark's cathedral itself. Built in the manner of eastern basilicas,
it had 2 choir lofts with 2 organs that came to define Venetian
music.
Through the mass media we have experienced a new
“antiphony”. Broadcast television has given us a familiarity
with the idea of instantaneous communication from multiple
locations.  The crackling delayed lunar voice of Neil

Armstrong’s, “That's one small step for [a] man, one giant leap
for mankind.”2 comes to mind as an extreme example of this.
The crackling distortion of this message enhanced our belief
in its reality.

2. Computer Network Music
From the mid 1970’s until the present there has been an
ongoing area of music research and performance that involves
the use of the network and software programs to create a
dynamic new music based on a web of messages passed
between networks of various type.3 The author’s participation
in the computer network performance ensemble the HUB was a
factor in thinking through the future of the use of the network
as a component in new formal organization for music
performance.4 Relative to the focus of this paper is the
realization that the most interesting work done in this context
was in the local network pieces. The geographically separated
pieces done near the end of the 1990’s seemed not to
contribute to the richness of the ideas and seemed like more of
a gimmick that didn’t add to the advancement of the art.

3. Videoconferencing breakthroughs enable a
new style of working
In the time frame of the last five years the technology has
finally offered this ability to “broadcast” bidirectional video
and audio using the Internet as the transport layer. What before
was only available to major networks or over local cable
access, was now possible by anyone with Internet access of
sufficient bandwidth and means to sufficiently compress the
video and analog signals for transmission as data packets.
These capabilities were associated with videoconferencing and
intended for users to use the net as a video telephone primarily
for distance meetings for the enterprise sector.

In the last 5 years there has been some major advances in both
bandwidth of the network infrastructure and the signal
compression capabilities of desktop computers. The initial
work could only be done in the context of a university
networks and using very expensive hardware video and audio
compression codecs. Today we are running rehearsals from
home with our own personal computers and software codecs
that are integrated into the operating system. We are often
connected over WIFI and certainly can use the available
bandwidth of residential DSL or Cable for the Internet
transport layer.
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From the outset with our initial work there are specific
technical questions regarding the relationship of the remote
dancers to the impenetrable wall of the video projection and
the effect of delay on the rhythmic structure of music in each
space. In the construction of all these pieces we have had to
deal with the inherent latency of the use of long distance
Internet use. As a normal user of the Internet, we have never
had a guarantee of “QOS” or quality of service and therefore
were constantly faced with latencies and dropouts that became
characteristic of this sort of performance. It has been gratifying
to witness a steady improvement in the signal quality and
shortening delays that in performance can be very problematic.

Anyone interest in pursuing this form of performance may
think that using the streaming server technology would be a
good alternative, however there are some unforeseen problems.
“Live” streaming provide by Windows Media, Icecast, Real
Networks, Darwin Streaming server, and Quicktime Streaming
Server all substantially buffer the signal before they stream it.
Often these buffers are a minute or longer. The very least I have
been able to achieve is a seven second delay. While it i s
interesting to shift what is perceived as “now”, between both
sites by 14 seconds, in the performance of music it becomes
practically unusable in a multi site interactive context. The
technology is evolving rapidly and this problem could
become a part of the legacy, but as of this writing it remains a
factor and makes this streaming server technology unusable.

The most interesting aspect of this work is that it points to a
new form of performance that was not present in the purely
electronic work of the computer music network. The use of
audio and the close integration of movement and music at
remote sites create a sense of shared place that was never part
of the earlier computer music network work.

4. A short historical record of performances
using video conferencing technology

4.1 "incubator:how2gather" at HyperWerk in Basel,
Switzerland and CSUHayward, USA with William Thibault,
Scot Gresham-Lancaster, Iren Schwatz, Kathryn Gresham-
Lancaster, Sam Ashley (June 2000)5

This piece used a unique combination of hardware and

software to optimize for the latency still present in the network
at that time. We used Linux based machines running VIC and
RAT6 for the videoconferencing channels, but during the
performance only the audio from California was sent to
Switzerland. We used the OSC7 protocol and Max otudp
external developed by Matt Wright at CNMAT in Berkeley to
communicate midi from William Thibault’s video motion
detection software “Grabbo”8. This software is based on
pattern matching of a histogram of the polar extraction of
vectors created by a given video frame. Features include,

1.) MIDI output to internal synth or MIDI port
2.) Image Matching: displays the closest match, and

outputs its index.
3.) Interpolation: keyframe images are associated with

3D positions, and incoming video images compared
to  keyframes to compute interpolated 3D positions.

4.) Real-time computer vision
The advantage of using Thibault’s software was that, unlike
most video to mid conversion software that was “zone” based
this software mapped to midi to the specific image on the frame
which could be matched to the dancers position. This gave the
cancer a motion vocabulary that could drive the musical
structures in a level of abstraction that was directly tied to the
dancers gesture vocabulary. We also introduced text fragments
into the performance that were modified by a combination of
the accumulation of the dancer’s repetitions, and the average
“ping” delays we were experiencing over the network.

4.2 "Calpurnia's Dream Obscured by Movement", was a part
of Cultivating Communities: Dance in the Digital Age
Internet2's Fall Member Meeting at the USC's Bing Theatre -
CSUHayward (Oct. 2002)9

Scot Gresham-Lancaster, Composer, Performer, and Instrument
Design

William Thibault, Multimedia Program Designer

 Thomas Hird, Stage Setting and Direction

 Kristen Peralta, Dancer (remote, Hayward)

Wilson Engel, Dancer (on-stage, Bing)

Calpurnia's dream from Shakespeare's Julius Caesar was the
inspiration for this dance, video, and MIDI performance. The
metrics generated by a 3D analysis of the video frames were
translated to MIDI parameters. These MIDI control streams
were then used as control elements for the audio that was
streamed back to both performance sites. The audio elements
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included the use of “pure data”10 spectral-resynthesis
vocoding of a reading of Calpurnia's dream, modulated in the
frequency and magnitude domains by the motions of the
dancers. The control streams were also used to drive melodic
contours.

To analyze the video, each frame was first processed to extract
edge information. The frequency of occurrence of each edge
orientation was then collected into a histogram. Each bin of
the histogram was then interpreted as a component of a high-
dimensional feature vector. A set of frames was selected as
keyframes, and each keyframe was associated with a point in
3D. For each new video frame, the Euclidean distances between
the feature vector of the current frame and the feature vectors of
the keyframes were computed. A 3D position wais then
interpolated between the 3D positions associated with the
keyframes, by weighting each keyframe by its feature vector's
distance from the current frame's feature vector.

 The metrics generated by this 3D analysis of the video frames
were translated to MIDI parameters. These MIDI control
streams were then used as control elements for the audio that
was streamed back to both performance sites. The audio
elements included spectral-resynthesis vocoding of a reading
of Calpurnia's dream, modulated in the frequency and
magnitude domains by the motions of the dancers. The control
streams were also used to drive melodic contours.

Technology used was a 10 Mbps MPEG-2 video stream using
VBrick 6200 series MPEG-2 Encoder/Decoder. Pattern
recognition of vector based histogram from real-time video
keyframes used for direct control of sound synthesis on a
Cabybara 320 running a KYMA smalltalk implementation.

Another interesting aspect of this performance was the use of a
shadow puppet screen at UCSC which acted as a metaphor
harking back to the some of the historical theatrical roots
implicit in this new form of performance that is so dependent
on impenetrable screen that are projections of far way
locations.

The technical problem with this performance had to do with
the interaction with the much larger technical administration
of the multi site dance event that this was a part of. When
planning this performance we had made the decision to not
send a technical representative to the USC site. This was not
only for budgetary reasons, but also for aesthetic reasons. If i t
is necessary to send someone from each remote site to each
other site the advantage and unique strength of this
performance practice is to a certain extent lost. Other
participants thought this was a bad notion and sent teams of
technical people to the remote site. There is a good chance that
they would have been there anyway for the conference, but
never the less it lead to the unfortunate outcome of being
largely ignored by particularly the audio engineer at the USC
event. For this reason at the Bing Theater during the
performance only one of the 2-channel feed was played in the
hall. From our return feed we knew this was the case, but
because we did not have an advocate representative there, the
problem was never addressed despite repeated attempts to do
so. This was an example of how truly virtual the other end of
this sort of arrangement actually is.

This points up the need to create a relationship, early in the
process, that includes an open and proactive dialog between
the network administrators at all the sites and the individuals
running the video and audio codec for the performance.
Meetings are fine, but what actually makes this work out is to

establish a personal link between the main players in the
networking of a given venue. This committed involvement i s
crucial to making certain that the performance will actually be
possible.

4.3 "New Journey for Four," at CSUH and the iEAR Studios at
Rensselaer Polytechnic Institute in Troy, with Pauline
Oliveros, June Watanabe, Scot Gresham-Lancaster, Jay Rizzetto
(Oct. 2002)11

This was a much more straightforward use of
videoconferencing software, video cameras and large format
projection. In this case Pauline Oliveros primarily soloed on
accordion to June Watanabe’s choreography. They were
accompanied by live trumpet and electronics. The simplicity
and grace of this performance made clear that this was not just
a gimmick, but a very viable new form of complex antiphony.
The advantage of being able to continue collaborations over
great distances became most clearly apparent with this
performance.

The most interesting technical problem to arise in the context
of this piece was that the “last mile” problem made it so we
almost couldn’t do the performance. The “last mile” problem is
so named, because you can have the fastest connection
available and if there is one 10 Mb router or switch in the last
ten feet of the signal chain your data throughput will be 10
Mb. In this case, an anonymous system administrator at RPI,
upstream from our onsite network expert, had set a switch to
throttle traffic coming from the OC3 connection that was
linked to the Internet2 backbone all the way to the studio at
CSUHayward. This had the effect of completely throttling all
our interactivity.

Using iperf and traceroute on a Linux machine we were able to
create logs that showed the exact ip address of the router
causing the problem. Only after we presented these logs to the
uninvolved system operator were we able to proceed. This cost
us an entire rehearsal cycle. I would advice anyone attempting
to do a piece of this nature, to run these sort of checks with the
Information Technology specialists at all ends of the
performance venues before going into rehearsal. Otherwise
non-technical participants have nothing to work with.

4.4 "Peerings" Rensselaer Polytechnic Institute in Troy, NY
and Mills College in Oakland,CA (April 2003)12
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A collaborative Internet2 performance between vocalists,
musicians, dancers, designers, and audience members
exploring the mediated space of live Internet performance.
Performers from Rensselaer Polytechnic Institute in Troy, NY
and Mills College in Oakland, CA will perform in a common
visual and acoustic space by virtue of the high-speed Internet,
the Synthetic Space Environment (a research project of
Rensselaer Polytechnic Institute), and the interdisciplinary
Center for Immersive Technology (iCIM) at California State
University, Hayward.

There was a great variety of technology that was used in this
performance. Since it was a collaboration between architectural
design students, dancers, and musicians, each piece focused on
different aspect of technology. The first piece was simply two
singers in shrouds singing with each other with the image of
the remote singer’s shroud projected the other’s shroud. This
created a recursion between the two video images that was
augmented by the latency of the signal. The singers
themselves had to also deal with a latency that was sometimes
in excess of 1 second. The next piece was a computer network
music style network piece, like “the HUB” where two
performers shared parameters between a common Supercollider
3 patch13.  The usual obscurity that accompanies the
inscrutable nature of watching individuals play music on a
laptop computer remained with the added baffling factor that
they were a continent apart. Finally two dance troops
interacted in a virtual space defined with 3d software to create
a shared virtual space.

This is the first time where we were dealing with the scale of
the dancers in the respective sites when the video images were
mapped onto each other. This problem of scale is an
interesting one that is a complex relationship between the
distance of the camera from the screen, the focal length and
zoom of the cameras lens as well as the size and zoom of the
projection from the other space. Additionally, the scale of each
respective participant changes relative to the distance from the
screen and/or the camera lens. Since these performances were
made in spaces that were not dedicated to the work, it was often
difficult to set up the respective focal lengths to accommodate
these scaling problems. As a result, there was always an
amusing moment at the end of the performance when the bows
were being taken that the performers from one site were
proportionally larger than the other site. This is a real attribute
of this style of work that many choreographers have taken
advantage of during this performance and since.

4.5 "AB_TIME I" Montevideo Center in Marseilles and the
iCIM at CSUHayward (Oct. 2003)

Marseilles: Jean Marc Montera Musician, Michele Ricozzi
Dancer, Choreographer, Inés Hernandez Dancer, Patrick
Laffont - Video artist
Hayward: Scot Gresham-Lancaster, Musician – Video, Kristen
Peralta, Dancer.
This was the first time that we used the iChat AV software that
is now integrated into the Mac OS X operating system. We had
tried NetMeeting on Windows and RAT and VIC on Linux, but
these were not satisfactory solutions for reliable 2-way
connection. We were surprised to find that the performance of
the iChat software was far superior to the multi thousand-dollar
encoding boxes we had used previously. Additionally, it was
much easier to configure. This is a factor that made it possible
to collaborate directly with artists that might not necessarily
have the networking knowledge needed to function in this
environment.
In this piece dancers were dealing directly with the
phenomenon of the video projector and its relationship with
the video camera at the other site. By shooting the projected
screen of the remote site and sending it a feedback loop i s
created that is made up of the elements of the other screen and
the legacy delay of the previous screen as it is sent back from
the remote video camera. What happens is a phenomenon that
is like video feedback but has the interesting attribute of each
layer being first the remote space and then the delayed image
of the current space, etc. The delay is created by the inherent
latency of the network. This creates an impenetrable membrane
that is a record of the reaction of the dancers on the remote site,
as well as a record of the local site. Since the software
automatically flips the horizontal axis of the video image,
movements left to right are translated to right to left on their
return to the site. Also, the faulty regeneration of the image via
projector to video camera link, created a layer-by-layer
ghosting of the past. Add to that, the network artifacts and
visual flaws of the process and you get a new performance
environment that reflects the interaction of the movement,
while augmenting it in a way that is a direct artifact of the
process used. Video artist Patrick Laffont deserves credit for
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having this insight. Like most elegant ideas, it is obvious and
straightforward once you know about it.

Similarly the musicians used the delay between sites as an
element in the performance. This has been a “problem” in other
performances. The existence of this delay will always be a
factor. At the very least there will be the light speed delay
between two perfect network connections plus whatever time i t
takes the various routers and switches to transfer the data
packets from site to site. Another interesting factor is that this
delay is not like a typical digital delay that musicians are used
to. For example, let us say there is a delay of 800 ms. That
means at 75 bpm the note will be arriving at the remote site a
quarter note later. This means even with out a normal reaction
time the soonest a return note will come back to the original
site is 1600 ms or 2 beats later at the given tempo. Also, the
sonic material that accompanies that beat will be one beat late.
These factors must be accounted for when trying to coordinate
live playing in rhythm in this context.

One way to look at it is in terms of the speed of sound to
distance. Just for convenience lets say that the network delay
is 1000 ms or 1 sec then the effective distance between the
players is 340.29 meters, at least at sea level. This i s
approximately like playing 3 professional size soccer fields
away from each other. There is a constant shifting of this
network lag, and so these timings and the perceived distances
implied will shift as well. Given this, one can understand why
engineers have put these tremendous buffers on the playback
of “live” streams. However, in this performance, we decided to
look at this as a “feature” not a “bug” and organized the
structure of the music around the shifting delay. This enabled
interesting shifts of rhythmic texture as the separated “now” of
the two spaces was trying to be reconciled throughout the
performance. Hence the name AB_TIME, ironically
commenting on the lack of a real “absolute” time in this
context, and sounding just a little like an exercise program.

Another interesting aspect of this performance was the use of
the built in echo canceling as an acoustic artifact. In the same
way that we necessarily used the various “glitches” of the
imperfect video, the constant injection of the reversed phase
signal at the delay time works imperfectly to squelch the
acoustic feedback introduced by the latency. Those
imperfections were used at times in the piece in an exaggerated
manner, to add a residual “timbre” that was irreproducible
outside of this specific context.

4.6 "AB_TIME II"

SKALEN collective in Marseilles, iEAR studio RPI and Mills
College Dance Dept. (Jan. 2005)

Marseilles: Jean Marc Montera Musician, Michele Ricozzi
Dancer, Choreographer, Inés Hernandez Dancer, Fabien
Almakiewicz Dancer, José Maria Alves Dancer, Choreographer,
Inés Hernandez Dancer, Patrick Laffont - Video artist
Rensselaer Polytechnical College, Troy, NY: Pauline Oliveros
Musician, Tomi Hahn dance and music,  and associates

Mills College in Oakland, CA: Scot Gresham-Lancaster:
(Music & Video),Holly Furgason (Dance)

This most recent performance was possibly the most ambitious
yet. In this case, opposing screens were setup and each of the
remote sites had a view of the third remote site, but shot
through the intermediary site. Therefore, a given location saw a
projected shot of remote space #1, with a projection on the
wall of remote space #2. The trick being that the shot of remote
space two would have a projection of the host space, in the
background with the network delayed image of the remote
space 1 and two in it, etc. We also, began doing more with
zooming and changing the framing of the video shot so the
scaling issues became very pronounced throughout the piece.
In both AB_TIME 1 and II there was a focus in the form on
singling out combinations of performers from the various
sites for duos and trios between sites. This enabled musicians
to play for remote dance groupings and to interact with the
other musicians, at the other sites, in varying combinations.

One of the interesting discoveries of this performance regarded
the need to improve the schema for audio monitoring between
sites. As in any live performance, monitoring of the other
musicians is critical. Also, like in many other situations, there
is a cultural bias towards the visual and therefore the audio
aspect of all the videoconferencing software we have tried i s
insufficient. In the next performance we are planning to try in-
ear monitors to avoid the feedback problems that we have been
struggling with throughout. Much more work needs to be done
to improve the problems of audio quality associated with
using conventional videoconferencing software.

5. Future Research

The principle line of research now is to work towards creating a
better codec for real time streaming. The audio quality of
streaming servers such as icecast, QSS, and Darwin Streaming
server is more than sufficient for our needs. Since these
programs have such large buffers, even in “real” time
streaming they are unusable for actual interactive live
performance between shared sites. The plan is to take a closer
look at the Darwin streaming server source code and see if
something can be done to shorten this latency. This will
necessarily introduce problems of feedback since the time
delay phase reversal integration that is in many of the audio
channel codecs for video conferencing will not be present. To
that end the prototype is being built in max/msp14 using the
oggcast~15 external. This prototyping environment will allow
for spectral remapping of the incoming audio to compensate
for the delay artifacts. Also, the ogg vorbis open source
standard that oggcast~ uses has capabilities to support up to
128 channels. This makes it very attractive for the creation of a
much needed monitor and technical infrastructure back



-6-

channel audio needed to coordinate the various performing
groups in a live context.

This is an ongoing process, that is tracking the new resources
as they become available. It is clear in working in this context
that much more research and types of work need to be
explored. These pieces have always been done in the context of
an ad-hoc assembly of rehearsal and planning that very rarely
had complete institutional support at all sites. In a more stable
context between cooperating institutions much of the
questions about the use of scaling and delay, as well as
technical issues regarding the multicasting of the various
streams involved in such a performance, could be more
thoroughly addressed.

Also, accompanying this work is some ongoing work in
collaboration with Obscura Digital LLC16 to integrate
surround video in the context of live multi-site performance.
Obscura Digital is doing pioneering work in “developing
high-impact immersive content and providing the systems to
display it.” The integration of a surround audio and video
presence of multiple sites being shared across the Internet is a
vision of a future performance that is a rich and expandable
way for global performances to take place.

Finally is the need to integrate the use of software instruments
that a shared between the spaces. With the proliferation of OSC
in many music applications, it has become much easier for
composer/instrument designers can create whole orchestras of
software instruments that have shared and reciprocal controls
between performance sites. The HUB’s reunion concert at the
Dutch Electronic Arts Festival 2004 included the performance
of several pieces in which remote participants contributed over
video/audio channels as well as with OSC commands that
played local instruments. This portends the integration of
these two performance modes into a seamless whole.  

1. Conclusion

From the author’s experience, one thing is certain; this is not
just a single performance piece, but also a Meta configuration
that could even become a future traditional form of
performance practice. It is rich in artistic potential as well as
technical challenge. It offers the participants and users a
unique opportunity to explore the concept of virtual shared
space and leverages the difference between the physical body
and the projected image in a unique way. Musically it offers a
new challenge to musicians to conceive of a music that i s
relativistic in nature. Where the absolute now is not shared by
the musicians and where the “one” of any bar of music is not
something that exists at the same time in any of the shared
spaces. As the tools for creating new transformations of video
and audio become available, the potential for collaborators to
work in an extended way across space and, in a limited sense,
across time is very promising.
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