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ABOUT THE PROJECT  
The International Space Time Concerto Competition (ISTCC) in 2012 at the Newcastle 
Conservatorium of Music gave us the opportunity to explore networked music performance (NMP) 
and its utilisation in the concerto form.1  

From a music performance perspective the challenges facing NMP involve: 

• Visual Communication (sight lines) 
• Sonic Communication (acoustics, latency, loops) 
• Types of musical interactions and textures 
• Integration of performing spaces 
 
We addressed these challenges from a historical perspective by re-examining the concerto form. 
 
THE CONCERTO AS A MODEL FOR SPACE AND TIME: A BRIEF OVERVIEW 
Space and time have always been key considerations in the creation and performance of 
concerti. To demonstrate this we will briefly discuss the presentation of works from the Baroque, 
Classical, Romantic and Modern eras. 

Space and Time in the Baroque Concerto: Contrasting Spaces – Single Time  
The baroque concerto form explored contrasting and simultaneous textures that are unified by a 
common pulse  and meter. The orchestra or accompanying ensemble did not interrupt or 
intervene but performed as an accompaniment with or parallel texture with the soloist or soloists. 
This aesthetic can be seen in many Baroque paintings such as Jan Vermeer’s View of Delft 
(1660-61) 

              

 View of Delft, Jan VerMeer (1660-61)  Equivalent split focus in a Baroque concert 

Here the focus is split between the dark clouds and the town below. We are aware of the 
interplay between these two spaces. Similarly in the Baroque concerto form, the audience is 
immersed aware of contrasting spaces which in many cases is visually achieved with the 
placement of the soloists and ensembles in different parts of the performance venue, usually the 
church. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  The	  Space	  Time	  Concerto	  Competition	  had	  two	  categories:	  historical	  and	  innovative.	  The	  historical	  category	  
allowed	  for	  any	  concerto	  written	  between	  1600	  to	  1990.	  	  The	  innovative	  category	  focussed	  on	  trends	  in	  music	  
making	  since	  1990	  including	  networked	  music	  performance.	  The	  concert	  based	  on	  NMP	  was	  presented	  on	  
Friday,	  30	  November	  and	  was	  an	  international	  live	  performance	  event.	  	  http://spacetimeconcerto.com/	  
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Space and Time in the Classical & Romantic Concerto: Single Hierarchical Space – 
Single Time The Classical concerto form placed the audience outside of the performance area. 
The audiences watched and listened to musicians in front of them.  The textures were partitioned 
and hierarchical in a similar way Jacques-Louis David’s painting of Napoleon. All participants 
conformed to the same pulse and meter. 

                                            

                             Napoleon.                                          Wanderer Above Sea of Fog,  
              Jacques-Louis David (1812)         Caspar Friedrich (1818)                         
                                                                             

 

Equivalent hierarchical focus in a Classical and Romantic concert 

 

Space and Time in the Early 20th Century Concerto: Contrasting Spaces - Multiple 
time  
The first half of the twentieth century threw perspective away and explored multiple points of 
reference and time. No single unified world view was endorsed. Time and space became 
separated. Participants often performed in independent time or with no commonly felt pulse.  
 

                                   
Composition VIII Wassily Kandinsky (1923)        Karlheinz Stockhausen Gruppen  1955-57 
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Multiple focus in a contemporary concert 

 
NETWORKED MUSIC PERFORMANCE 
The obvious extension of the above space and time paradigm is to separate space and time 
which is what is offered with the use of telematics. Ironically we have come full circle as the delay 
(latency) is similar to the delay one hears in a Baroque church where reverberation can be 
anything over 2 seconds. 
 
 
Network Music Performance: Multiple Contrasting Single Spaces and Multiple Time Zones 

 
 
The ISTCC posed a number of technical challenges that required either solutions or creative 
workarounds. The audio was a significant concern it being core to the effective performance of 
many of the events. These issues included audio quality, audio management/flow, and latency. 
Other issues such as network glitches were minimised by testing different paths at the same time 
as the event in the weeks prior to the competition. 
 
The fibre optic cables enabled packets of data to be sent around the world at the speed of light 
resulting with 5.0 to 5.5 microseconds of latency per km. A round-trip delay time for 1000 km is 
around 11 milliseconds.  Each path was unique due to the fibre optic cable network. For example, 
the time delay between Singapore and Newcastle is the longest as the data travels the United 
States.  The concert presented works featuring various combination of locations: Linz, Singapore, 
Beijing, Waikato, Newcastle.  Our international collaborators in the project were: 
 

• Deep Space, Ars Electronica, Austria 
• Bruckner University, Austria 
• Yong Siew Toh Conservatory of Music, Singapore 
• Central Conservatory of Music - Beijing, China 
• Waikato University - Hamilton, New Zealand2 

 
The concert consisted of a wide variety of works that explored telematic music in different ways. 
Three of the works were by the finalists, the others were showcase demonstrations of works that 
explored telematics. 3 This included a non telematic performance of Edvard Grieg’s  Piano 
concerto in A minor, Opus 16 (arranged for two pianos) to demonstrate the spatial aspects of the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  The	  key	  people	  from	  these	  	  collaborating	  institutions	  are	  listed	  at	  the	  end	  of	  this	  paper.	  
3	  	  The	  ISTCC	  website	  provides	  more	  information	  about	  the	  concert	  program,	  collaborators	  and	  finalists.	  
http://spacetimeconcerto.com/content/around-‐world-‐80-‐milliseconds	  
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concerto form between the soloist and orchestra. The work discussed in this paper is a NMP 
version of Giovanni Gabrielli’s In Eccleiis which was originally composed in 1596. In Eccleiis was 
written to explore contrasting spaces inside Saint Mark’s cathedral, Venice. It seemed 
appropriate to recreate this work with contrasting spaces globally where time and space were 
separated. Our NMP version used Linz (brass ensemble) and Newcastle (organ and voices). 

The event used a number of technologies working in parallel. They fell into the three broad 
categories of video, audio and communication. It employed a combination of open source 
technologies (such as JackTrip for low latency audio and OSC for music data transmission) 
as well as technologies that are commercially available (such as Polycom video 
conferencing). The various systems were run in parallel and provided a level of redundancy in 
case of system failure. 
 
The model used by the ISTCC provided the audience with the perception or little (or no) 
latency between the various performers. To enable the musicians to work together two levels 
of conductors were engaged. The first level of conductor (the “main” conductor) directed the 
performance via video conference. His video was streamed via video conferencing to the 
various locations and the latency was largely consistent at each location. The second level 
(the “sub” conductors) were located at each performance venue and observed the main 
conductor. While the main conductor provided overall direction including tempo and phrasing, 
the sub-conductors relayed that information and also incorporated additional information on 
blend and tone. It was important that the musicians did not view the prime conductor and 
were cueing to the prompt being relayed by the sub conductor. The audio for the sub-
conductors was provided by a low latency audio connection between the different 
performance venues. 
 

 
 

 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
When searching for appropriate technological solutions to support the event it was found that 
some commercial products worked quite seamlessly and were easy to use but they had the 
side effect of latency due to the hardware compression. The feasibility of open source 
software solutions was examined and while they often provided a better service they were not 
always reliable or user friendly. Once the hardware/software solution was established each 
location was set up to mirror the set up.  
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The technology did produce a significant amount of network traffic but the research networks 
used were capable of handling it. Internet2 was used as the backbone between each location 
via an IPv6 network. This was particularly important for connection of some of the other 
concert’s works to certain performance locations such as China. The majority of network data 
was processed by servers at the University of Newcastle. The video conference bridge was 
hosted by the Australian Academic and Research Network (AARNET) using servers in 
Sydney but switched remotely from Newcastle. There were different amounts of latency in the 
video and the audio but with certain amounts of compensation and the above mentioned 
conductor/sub-conductor performance model, we were able to give the perception of very low 
latency.  
 
Each location involved in the competition had some level of autonomy with regards to their 
audio capturing. For example, the audio from Linz (Austria) was mixed locally to produce a 
stereo mix which was streamed to Newcastle and blended with the audio from the other 
locations. This provided a level of control that prevented any significant problems such as 
feedback loops and also permitted the use of equalization/effects to improve the sonic 
qualities of the resultant sound. The master audio mix from Newcastle was used to 
accompany the video footage for the live web stream and produce a cohesive ensemble 
sound. 
 
COMMUNICATION: GLOBAL AND LOCAL ISSUES 
This ambitious, innovative and creative project completely performed via an IP network 
presented many issues that have been highlighted here. 
 
There has been much literature on communicating via video-conference including the 
positives and negatives this form of telecommunication can have on interaction and task 
orientated communication. Doherty, Sneddon et al., 1997 found that visual signals from video 
conferencing “did not facilitate listener understanding in the same way as visual signals in 
face-to-face interaction.4 Visual signals in [video conferencing] may indeed have positive 
effects on the communicative process, for example, in facilitating conversational flow, but 
they cannot (from the present results) function as face-to-face signals in substituting for the 
range of verbal expressions of information.”(Doherty-Sneddon et al., 1997) 
 
This lack of expression made it difficult to accurately facilitate listener understanding and 
ensure tasks and concepts were understood by all collaborators. With a layer of the personal 
removed, it was difficult to interpret the needs of others as one would do in a face-to-face 
conversation. Without eye contact it can be difficult to ensure everyone in the conference is 
interacting and engaging.  As individuals, we are socially conditioned to behave in face-to-
face conversation with colleagues, for example eye contact and body language to show that 
you understand a concept or are paying attention. This lack of listener understanding could 
also be attributed to individuals reactions to the screen and camera. When interacting with a 
camera and screen no such social conditioning exists. This can result in an individual acting 
as they would in private or forgetting they are on film.  
 
Due to the complexity of the tasks discussed during the project planning phase and rehearsal 
process there were many examples of mis-interpreted information and confusion. This lack of 
quality communication also made it difficult in relationship building between the international 
participants. This resulted in many meetings to communicate information that in face-to-face 
communication could be easily achieved  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Doherty-‐Sneddon,	  G.,	  Anderson,	  A.H.,	  O'Malley,	  C.,	  Langton,	  S.,	  Garrod,	  S.C.,	  and	  Bruce,	  V.	  (1997)	  Face-‐to-‐
face	  and	  video	  mediated	  communication:	  a	  comparison	  of	  dialogue	  structure	  and	  task	  
performance.	  Journal	  of	  Experimental	  Psychology:	  Applied,	  3	  (2).	  pp.	  105-‐125.	  ISSN	  1076-‐898X	  
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During the rehearsal phase these communication issues were exemplified with the increase 
of individuals involved. These included a conductor, musicians, technical engineers, 
management and stakeholders. The need for an overall producer was realized. This producer 
controlled the rehearsals via skype texting (and on some occasions mobile phone) with a 
representative in each location. This allowed the rehearsals to take place via video 
conferencing with musicians and all technical and management issues being controlled via 
Skype. Conversation is very hard to manage under these conditions leading to some 
individuals not being able to express their ideas and concerns or not being heard. The 
solution is to ensure that everyone aware of a communication protocol where no one can 
interrupt and communicates to the master controller (producer) who acts like a chair in a 
meeting. Patience was required at all locations due to the time taken to carry out relatively 
minor tasks or discussions. These multiple layers of communication increased the complexity 
of adequately communicating. 
 
Due to the extra time needed in developing a solid technical approach to realize the project 
goals, there was limited time for musicians to rehearse adequately and concentrate on a 
performance within the parameters of the timing and technology. This resulted in musicians’ 
concentrating on staying in time with other location instead of giving an expressive 
performance. 
 
Sound quality from other locations was another factor that caused issues. Foldback with 
audio from the other locations would increase the amount of echo in the overall audio mix, 
which resulted in difficulty for musicians to perform together across the network. It is 
recommended that headphones or ear monitoring should be used in future collaborations to 
ensure musicians receive accurate monitoring of audio to play along to. Audio glitches due to 
network issues also confused communication and performance quality. 
 
Camera angles, lighting and imaging were other considerations which needed to be 
addressed.  Visual communication and interaction are an important part of performance. 
Musicians had to rely on the audio and conductor to receive visual cues. In future 
performances it is recommended to experiment with visual monitoring or somehow 
incorporating this effect into the actual performance environment. 
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