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Abstract

Bringing together a group of musicians and a conductor for a musi-
cal rehearsal requires advance planning and an important budget in
order to cover travel and subsidiary costs. We have developed an
ATM based telepresence environment allowing small groups of mu-
sicians that are located in different sites to rehearse as if they were
present in the same room and have organized a first distributed mu-
sical rehearsal trial. The trial allowed us to test and evaluate the sys-
tem, according to a methodology we developed and to draw first
conclusions regarding its performance and usability.
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Abstract
Bringing together a group of musicians and a conductor for a musical rehearsal requires advance
planning and an important budget in order to cover travel and subsidiary costs. We have developed an
ATM based telepresence environment allowing small groups of musicians that are located in different
sites to rehearse as if they were present in the same room and have organized a first distributed musical
rehearsal trial. The trial allowed us to test and evaluate the system, according to a methodology we
developed and to draw first conclusions regarding its performance and usability.

1 Introduction One of the goals of th@istributed Video Production
(DVP)[1] project is to evaluate state of the art communi-

The rapid advances in telecommunication technologiegtion and telepresence equipment for innovative distrib-
and the wide availability of communication networkgted applications. Towards this goal a telepresence envi-
have allowed the introduction during the last few yearsgfment for the support ddistributed Rehearsal has
several services and applications for remote human c8fen developed [2]. The aim of the distributed rehearsal
tact and communication. Services like tele-presence, ted@plication is to allow the organization of rehearsals (the-
conferencing and video-phone as well as access to médfiical, musical etc.) without requiring the participants
um bandwidth communication networks (ISDN) are no{@ctors, musicians, conductors etc.) to be physically in the
available not only to large industrial companies, but al§gme room, eliminating thus the need to travel from one
for private home usage. The ultimate goal of these sengtly to another for participating in the rehearsal. From the
es and applications is to allow people that are situatedifferent types of rehearsals we choose Nhesical Re-
remote sites to talk, work and interaxg if they were hearsalas a pilot application. The reason is that the audio
physically present in the same rooBuring the last de- and video requirements for a musical rehearsal are much
cade applications achieving partially this goal were rgigher than other types of rehearsals and we are thus able
stricted to a very small numbersygecialusers, using pri- to test the distributed rehearsal environment imoast

vate communication networks and expensive technolog@sesituation and study the present technology limits of
cal infrastructure (in the order of millions ECUs). It iéelepresence applications.

only during the last couple of years with the introduction Our work in the development of the distributed musi-
of high bandwidth terrestrial public networks like ATME! rehearsal environment follows two major paths.The
and the appearance in the market of moderately pridégt is thetechnical pathand the second is theetistic
communication and telepresence equipment that telepfeth In the technical path all the issues related to the de-

ence services are becoming available to a larger publi¥elopment of the environment, like the measurement and
reduction of the encoding and transmission delays, the

measurement and improvement of the sound and video
This work was supported by the Commission of quality, the establishment of the communication lines etc.

the European Union in the frame of the ACTS  are studied and different techniques are tested. The artis-
project DVP (AC 089) and by the Swiss Federal tjc path on the other hand concentrates in the organization
Government with the OFES grant No. 95.0493  4nq evaluation of the musical rehearsals, and namely in




the selection of the musical pieces, the organization of tWéM packetization does not exceed 2 frames (80 ms). Of
orchestra and most importantly the development ofcaurse someone may claim that the use of analogue video
methodology for the objective measurement of the qualitia analogue lines does not have this limitation. However
of the distributed rehearsal environment. analogue video requires higher bandwidth communica-
In this paper we give an overview of telepresence dion lines (at least 60 Mbps), it can only be used in a one-
vironment we have developed and present our first restittsone connection, and it cannot be easily processed for
from the distributed rehearsal trial organized in Noverdigital effects (like virtual studio technics, 3D rendering,
ber 15th 1996, where the GRAME-EOC music ensembéc. [4]). For the transmission of the encoded video and
performed a whole day distributed rehearsal between thelio we used a 24 Mbps ATM line connection between
University of Geneva and GMD, the German Nation#he University of Geneva and the GMD headquatrters.
Research Center for Information Technology, located The accurate reproduction of the 3D sound space re-
outside Bonn. quires, naturally, an accurate capture of the sound. Differ-
ent technologies are available for this: multiple micro-
phones connected to a matrix, spacializers, dummy head
etc. In the musical rehearsal trial we experimented with

. : . ... multiple microphones and a dummy head, for capturing
The technical requirements for organizing a dlstrlbut%ie sound at the orchestra site. The dummy head was

rehearsal are bas_ically these of a telepresence ses%%ed approximately where the conductor's head would
Tha_t means the _eX|stence of (at Iea_st) avideo W"’_‘" [31 WBQ if he was physically present in the rehearsal. The dual
mm_mql dlmen5|on§ 2)(3 meters with good qual_lty V'd_er%icrophone was placed next to the video wall. For both
prol_ectlon, and a hi-fi audio system. The goal is to INGstems a matrix was used for the correct three dimen-
i th H ¢ qucti distrib Ynal reproduction of the sound [5]. For the reproduction
in the same room. However for conducting a distri UGS tested both a non-intrusive and an intrusive system.
musical rehearsal these requirements are not enough.Namely the conductor was listening to the sound from

Conducting an orchestr.a is done using body IaIrc'!)'ud speakers (non-intrusive system) and using a head-set
guage. The conductor coordinates the musicians with gﬁﬁfrusive system)

tures, eye contact, body expressions etc. As a result the re-

quirements of the telepresence environment for a distrib-

uted rehearsal are much higher than normal situatiogds. The Distributed Rehearsal Trial

The video quality should be high enough to allow musi-

cians to correctly see and interpret the conductor’s signale piece retained for the distributed musical rehearsal

and be able to see even where the conductor is watchtrigl, “Dérive’, was composed in 1984 by Pierre Boulez

The conductor on the other hand should be able to idenfiy six instruments: piano, vibraphone, violin, cello, flute

correctly the position of each musician, as if they weamd clarinet. For the trial the six musicians were installed

physically in the same room. This requires both a highCUI - Geneva and the conductor was in GMD - Bonn.

quality video and an accurate 3D restitution of the sourithe total duration of the rehearsal was 6 hours and it was

In addition the delay from the moment the conductorganized into four phases.

gives a signal until the moment he perceives the responseThe first phase consisted of the tuning of the equip-

of the musicians to his signal should be comparable to thent and positioning the dummy head and the dual mi-

delay of a normal rehearsal. This means that the detagphone, for the correct capture and reproduction of the

must be less than 100 ms, which is roughly the equivalémtee dimensional sound space.

of a distance of 30 meters between the conductor and theThe second phase was dedicated in the quantitative

musicians. quality control of the installation, which we describe in
The most important technical issues to face in a disore detail in the next section.

tributed rehearsal system are how to minimize the total The third phase was the main part of the trial where

transmission delay and how to accurately reproduce the orchestra rehearsed the retained musical piece. It was

image and the sound space. The element contributing ¢dhganized into two sessions: in the first session the sound

most in the transmission delay is the digital encoding whs reproduced at the conductors site using loud-speakers

the video. State of the art MPEG encoders require at lgalsced in well defined positions for the correct reproduc-

500ms for the encoding, which is problematic even ftion of the sound space, while in the second session the

teleconferencing applications. It was for this reason tithtmmy head was used and the conductor used a head set

we choose MJPEG encoding where the encoding dodlistening to the orchestra.

2 Technical Infrastructure



The trial was completed with a set of interviews taken Category | Errors | Detected %
by the test evaluator from all the musicians and the con-
ductor. This allowed the participants to state their person- Tone 8 4 50%
al opinion and feeling of the experiment and obtain sub- | Rhythm S 0 0%
jective measurements of the quality of the trial. Harmory 6 1 17%
Nuances 3 2 67%
4 Evaluation Methodology & Results Table1 Errors per catgory
A very important issue for the distributed rehearsal sys-| Instrument | Errors | Detected %
tem is the measurement of its quality and in consequenceyipraphone | 5 2 40%
the limits of its usability. The quality of the system can be o
measured subjectively and objectively. Although subjec- Flut(_a 1 0 0%
tive measurements are very important for the users of the Clarinet 6 3 50%
system, we needed objective measurements in order tpPiano 4 1 25%
evaluate different options and technology choices. For| viglin 2 1 50%
this reason we d(_aveloped within the project a methodo!o— Cello 4 0 0%
gy for the objective measurement of the system quality
[6]. The methodology is based on the fact that in a musical Table2 Errors per instrument
rehearsal the conductor must control, identify and possi= _ —
bly modify notes that are coming wrong in the musiciang’ Negative Positive
scores. Adjustment accaling to my | Modest annoyancegard-
During the second phase of the trial specific scorgacoustic image ing what | was epecting
were given to the musicians and the conductor. ThRefine the acoustic iga It seems to work
scores given to the musicians contained various errpfgefusal of visual adjustment, The axchange of nice wols
(like time errors, pitch errors, dynamic errors etc.) whemad imae is inevitable
compared to the score given to the conductor. The errpygid not feel the absorption | Modest video delaynodest
ranged from very easy to detect, to very difficult onesof enegy that I give annoyance
The conductor was then asked to detect the errors in gk imege We found the good tone
mUSi(?ians S_C()re_s' By reproducihg the same testin a | Cfsljefusal to azate a visual We advanced in the inter-
situation with different but equivalent test scores, and,mmunication pretation of the piece
comparing the errors found in the distributed rehear:,%rking space not so com-
and in the local rehearsal we will be able to establish @ i-pe
concrete measurement of the system quality. For exa pd')U on working space
for a specific set of score¥dria Rouge)Table 1 gives P _ gsp
the distribution of the errors detected per category and TANYs'S of sound soces
ble 2 the errors detected per instrument. Table 3 Negative and positie points of the distrilted
In order to have more complete results the musicians situation for the conductor

and conductor were interviewed independently after theb. . lusi be d based th
trial. A detailed analysis of the interviews, and the inteps /eCVE conclusions can be drawn based on the com-
ents of the musicians and conductor. First of all it is in-

actions and discussions between the conductor and m%l—

cians during the trial, was also performed by a psychofﬁ—resung to notice that when the musicians first came in

gist. This allow us to take into account the change in 6[ e studio in order to try the distributed rehearsal system,

havior of the participants and the different ways they atrﬁeey hao_l reser\_/atl_ons and doubts both for the prmmpl_e : of
nducting a distributed rehearsal and for the capabilities

adapting to different problems and differences betwe%?wthe technoloav. However after the first trial was com-
the local and the distributed situation. For example Tal:(ﬂF 9y-

3 gives some of the negative and positive points extrac eﬁted th?y we(;e (E[gnV|nc§dtf!Lsttog the;]prlnm:ale ?;ld use—d
from the conductor's interview. ulness of conducting a distributed rehearsal and secon

At the time of the writing of this paper we had not yeqn the capabilities of the technology. The musicians also

reproduced the local situation. As a result we can draw serV(_ad targong others tt.h.at tthhe conuzutﬁUf tﬂttef?tlton o
definite conclusions from the measurements obtained & 8trp]>rOJec € V('j.go vvtaslllrlngth ent1 an at | e.da ntgss
analyzed for the distributed situation. Nevertheless sofme '€ Screen did not allow then 1o accurately iden ity



where the conductor was pointing. Another interestimtyring these trial. Finally in addition to the trials, we will

observation was also that the musicians and the conductganize some public events for the presentation of the

preferred to have a smaller delay of the audio (20ms) thanhnology and the related issues. This will be done in re-

to synchronize it with the video which had a much longkation with our plans for the commercialization of the sys-

delay (80ms). tem and the possibility to install it in different music con-
servatories.

5 Futurework
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