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Introduction

With the development of broadband networking
technology, the focus in the new media and
performing arts community is shifting towards
distributed telepresence performance (also
known as telematic performance) — a scenario
where two or more groups of performers, located
in geographically distant sites, are able to
perform interactively for the audience located at
either site, or in an independent venue. For a
number of years, universities and research
centers in North America have been linked with
gigabit optical networks whose high bandwidth
makes such performances feasible. Yet, we are
not seeing many of such events available to the
wider audience. Part of the reason is that the
traditional performance venues, theaters and
music halls, are not linked to the high-bandwidth
research networks and therefore cannot
accommodate the high bandwidth requirement
associated with these events.

Compression, especially video compression,
appears to be the answer to some of these
challenges. However, careful examination of the
requirements of a telepresence performance
reveals that there is more to it than simply using
an off-the-shelf video codec. First, video coding
is found to be detrimental to interactive
communication since it introduces additional
delay and makes the resulting compressed bit
stream more sensitive to packet losses in the
network [1]. In fact, high-end videoconferencing
solutions try to stay away from video
compression in order to improve user experience
[2]. Commercial products, such as LifeSize, opt
for hardware compression which may be suitable
for corporate videoconferencing, but lacks the
flexibility and accessibility needed for artistic
performance.

In order to answer some of these challenges, we
have developed a real-time software-only video
codec for the most popular software environment
used by media artists — Max/MSP/Jitter [3]. The
codec is based on the well-known SPIHT
algorithm [4], and feeds the video stream directly
into the Max/MSP/Jitter environment, enabling
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easy on-stage video manipulation. Both the
codec and its software environment are briefly
described below.

Max/MSP/Jitter

Max/MSP/Jitter (or Max, for short) is a graphical
programming environment for multimedia [3],
widely used by media artists in new media
productions. This environment supports real-
time manipulation of video, 3-D graphics, audio,
and other data in a wunified processing
architecture, enabling seamless on-stage
performance. It is available on Mac OS and
Windows platforms.

In Max, programs (called “patches”) are created
by connecting objects which perform specific
functions. These objects can be written in C++,
Open GL, Java, or simply be composed of other
sub-patches. Data flow is controlled by the
chords connecting these objects. All data are
abstracted as multidimensional arrays (matrices).
Data exchange between objects is synchronized
by the internal clock which can be set at
millisecond precision. If a particular chord
carries a matrix or higher-dimensional array, it
will appear as thick and green, otherwise it will
be thin and black. Detailed information on Max
can be found at [3].

Scalable Video Codec for Max/MSP/Jitter

We have developed a scalable video codec for
Max based on SPIHT [4]. In the current version,
only intra-frame coding is supported. While this
means that compression efficiency is not as high
as it could be with inter-frame coding, the codec
has several advantages which are very important
in a live performance. First, its CPU usage is low,
allowing other video and audio manipulation
tasks to run on the same machine. Second, it
provides the level of robustness against dropped
frames which cannot easily be achieved with
inter-frame coding.

The codec has been used in #,, a telematic dance
performance premiered in Vancouver in July
2009. The trailer for the performance can be
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found at [5]. The performance involved live
video transmission between two sites in
downtown Vancouver via a conventional
residential Internet connection at roughly 500
kbps. In addition, live video from a moving car,
transmitted via a 3G mobile Internet connection
at roughly 100 kbps, was a part of the
performance. This appears to be one of the first
(if not the first) use of mobile wireless video in a
live telematic dance performance.

Figs. 1 and 2 below show simplified sending and
receiving Max patches, respectively, utilizing our
codec. In this example, the machine with IP
address 142.58.88.162 is sending live video to
another machine with IP address 199.60.10.135
on port 8000. The encoder appears as the object
mcl.jit.spihtaritenc in the sending patch (Fig.
1), while the decoder is mcl.jit.spihtaritdec in
the receiving patch (Fig. 2). Captured and
decoded frames are also shown for reference in
their respective patches.

ip ANY close L
L ametro 33} (GRS pack dim 320 240

} ljit.net.send @ip 199.60.10.135 @port 8000 | | jt.qt.grab 320 240

jit.spihtaritenc | |

- L
jit.concat @mode 1

route planecount type dim
caiad 1 1 char 9606 1

Figure 1: Max patch sending video to IP address
199.60.10.135

In addition to the simple live video unicast, the
codec has also been demonstrated in the live
scalable video multicast. In this scenario, live
video was encoded and sent to the transcoding
peer, whose task was to adjust the bitrate for
several heterogeneous receivers. The transcoding
was easy due to the progressive nature of SPIHT
bitstreams - it amounted to simply truncating the
bitstream of each frame to the points appropriate
for receivers’ bandwidths. Further illustration
and several demo clips about our collaborative
work on telepresence in the performing arts are
available at [6]. External codec objects for
Windows and Mac OS versions of Max, as well
as sample Max patches that show how to use
them, can be obtained from the authors.
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ip ANY
jit.net.recv @ip 142.58.88.162 @port 8000

print msg route connected

grint

j.i.l.splil. @splitpoint 2

p bitrate

bitrate $1 mcl.jit.spihtaritdec

=
p recvmatrixinfo

A 71

Figure 2: Max peitc.h receiving video from IP
address 142.58.88.162
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