
 

 
 

Design Concept 
 
 
 

 
 
 
 
 

“When art is a form of behaviour, software 
predominates over hardware in the creative 
sphere. Process replaces product in importance, 
just as system supersedes structure.” 
(Roy Ascott, 1968) 

 
 



 

 

 
They argued that mathematical physics obliterated knowledge of nature's 
heterogeneous richness as it ignored first-hand experience of natural 
process in favor of mathematical calculation. 
{Roberts, 2004 #3} 

 
 

i-500 conceptual basis 
 
This document outlines the Design Concept for the i-500 and describes the work in progress to 
establish an interactive entity that inhabits the Minerals and Chemistry Precinct. The i-500 will be 
evolutionary in form and content, it will be responsive to the activities and occupants of the new 
structures, and generative in form. 
 
The i-500 explores the potential generated through the translation of the dynamic data from physical 
and social interactions within the building into a volatile and evolving interactive art work. The phrases 
below express some of the key sentiments being explored through the artworks development, these in 
turn reflect the process that will be encountered within the building. 
  

• PROCESS - Process-based / Evolutionary / Responsive / Interactive: An audio/visual work 
that permeates and echo’s through the fabric of the building. 
 
• COMPOSITE - The building is a composite of research processes – multilayered & 
multidimensional. 
 
• ORGANIC - The building breathes with the research environments enveloped in a lung-like 
apparatus. 
  
• ALCHEMICAL - transformative processes – the buildings QUEST to explore the unknown. 
 
• SCALE - the visual and acoustic language of scale will be a key element of the work.  
  
• SYMBIOTIC - relationship between the building and inhabitants. Users continue building 
through a process of distillation.  
 
• METAPHORICAL - Creating visual metaphors to comprehend otherwise mathematically 
dense/rich research environments, articulating research methods and processes. 

 
 
These issues will be made manifest through the technical systems described in this document. The 
current focus of the project team is to identify key technical components to enable the art work. This is 
to ensure that the art works requirements can be built into the architects plans with minimum impact 
on the build and as smooth an installation as possible.  
 
It should be noted that, although the projection, sound and computer systems are an extremely 
important (and expensive) component of the i-500, they are really only the peripheral mechanisms 
used to make the art work accessible to its audience. The work itself will exist independent of the 
technologies used to make it seen and heard. As an evolving, dynamic and interactive software and 
network the project team anticipate the i-500 generating subtle and emotive experiences that 
transcend the pragmatic considerations of this document. 



 
 
 

     
 
 
 

i-500 context 
 

Visual representations do things: they can sit quietly and be observed; they may aid in the 
performance of some activity, let's say, in science; they may act as repositories for previously 
compiled information; they may, through the format of their presentation, guide users or 
readers toward new ideas, or new practices. In science, and in chemistry particularly, visual 
representations are vital components of the material culture of practice.  
{Cohen, 2004 #2} 
 
 

Taking a simple narrative of the litmus test as a basis for the interactive visualisation of research data. 
The artwork will be a real-time visualisation of the function within building 500. The artworks potential 
is to represent the visualisation of quantitative scientific research as part of the architectural 
environment. The visual and auditory function of the artwork reveals to the scientists a qualitative 
experience of their research. The enriching experience can be gained over time through cumulative 
exposure to the artwork in the central foyer and the echo stations. The work also has the potential to 
filter through individual computer screensavers creating an audiovisual reverberation of the work that 
can spread between buildings. (The work will respect all privacy considerations regarding the 
collection, storage and presentation of all data and dutifully comply with all relevant University and 
Government policies in this regard).  
 
Data information gathered from the BMS, the NRI super computer and other accessible sources will 
be translated and transposed through customised forms of pattern recognition software to become the 
substance that generates the real-time artwork. The artwork allows for human interaction that explores 
a sense of scale encouraging the user to reconsider their perceptions.  
 
 

i-500 physical work  
 
Making visible the invisible… 
 
The conceptual underpinning of the presentation of the artwork centres on the revelation of the 
dynamic generative data rich research environment that would otherwise be invisible.  With this 
approach we aim to convey the sense that the artwork is physically revealed by peeling back the skin 
of the architectural surfaces giving the feeling that the artwork is an integral part of the building which 
in its own distinct way describes the buildings purpose by reflecting its research activity. The visual 
dynamics of the artwork will be to turn a set of data into visual insight. It aims to give the data a 
meaningful representation by exploiting the powerful discerning capabilities of the human eye. The 
data is displayed as 2D or 3D images using techniques such as colorization, 3D imaging, animation 
and spatial annotation to create an understanding from multi-variable data.   



 
 

 
 

 
 
 
 
 

 

 
 



 

i-500 system description overview  
 
CORE 
The CORE processes and manipulates the dynamic data generated by interactions with the ECHO 
Nodes, the screensavers and mobile phones etc, as well as information provided by the Building 
Energy Management System, network hubs and the NRI’s Super Computer. This is essentially single 
server networked to the ECHO Nodes etc, or possibly a cluster of small computers with specific 
functions (sound, visualization, etc) that are networked together. These will need to be housed in a 
small but accessible location (possibly the standard server room). Physical access should be minimal 
as the server(s) will be controlled through network remote access. The CORE will generate the visual 
material for the ECHO Nodes and the Hub Ceiling Projection System, as well as provide the majority 
of the audio for the Hub Sound System. 
The CORE will be comprised of a networked cluster of individual computer systems that will host the 
Arch-OS system devoted to gathering, processing and visualising data from the building as a whole to 
become a generative interactive network through its visual and audio output systems within the 
building.  The CORE will be situated in a secure environment in Server Room COM 08C Level One. 
(See appendix i-500 System. version 1.) 
 

i-500 visual display systems 
 
HUB CEILING PROJECTION SYSTEM 
 
The Hub Ceiling Projection System will be comprised of a single HD digital video projector.  This 
projector will output an image approximately 5.7m x 3.2m upon the Hub’s ceiling.  Visual signal will 
travel to the three projectors via Optical cable with integrated HDMI input and output converters at 
either end.  The projector will be securely mounted adjacent to but protruding from the bulkhead of the 
Level 3 walkway.  It will be accessible from the Level 2 walkway below.  The projector will transmit the 
images via an angled mirror, projecting upon and being contained within, the recessed projection 
surface running north to south across the Hub’s Ceiling.  CAT6e cable will be run from the CORE to 
each projector for remote control as well as SDI/HD-SDI coaxial cable for future High Definition digital 
transmission capability. The projector location will require 2 x 10A 240V AC outlets.  
(See appendix i-500 System. version 1.) 
 
ECHO NODES 
 
The Echo Nodes will be comprised of 15 discrete LCD screens with integrated stereo sound.  They will 
be installed remote from the Hub but critically positioned throughout the building to directly face the 
virtual centrepoint of the Hub.  The Echo Nodes will be located on all 4 floors with the majority installed 
in publicly accessible areas.  Each will be secured via a pivoting mount that will be securely fixed 
within a niche built out to allow flush fitting or tilt in any direction.  Visual display will be transmitted 
from the Core to each ECHO Node via CAT 6e cable fitted either end with VGA transmitters and 
receivers.  Audio output will be transmitted via Balanced audio cable from the CORE to each ECHO 
Node’s integrated speaker system.  SDI/HD-SDI coaxial cable will be run from the CORE to each 
ECHO Node for future High Definition digital transmission capability.  Each node location will require 2 
x 10A 240V AC outlets. 
(See appendix i-500 System. version 1.) 
 
SCREEN SAVERS 
 
The visual content will be available for users to download to their personal computer’s or PDA’s. This 
will enable the work to further ‘infest’ or infiltrate the fabric of the building and peripheral vision of its 
inhabitants. Such systems will encourage individuals to engage with the work through casual 
interactions and reinforcing the sense of an evolving dialogue without creating the feeling that the work 
is an imposition on their daily lives.  
 



i-500 audio output systems 
 
HUB SOUND SYSTEM 
 
The Hub Sound System will be comprised of 16 full-range drivers actively coupled to its own discrete 
amplifier integrated to form an Active Speaker Module (ASM) mounted upon an aluminium plate.  
These ASM’s will be mounted discretely within the depth of the channels formed between the steel 
sheet strips flanking the rectangular tube mullions in the framework for the eastern glass wall.  They 
will be evenly distributed across all three floors within the Hub and critically positioned to allow for 
generation of three dimensional sound field that washes sound upwards from the floor on Level 1 right 
up to the Ceiling Projection above Level 3.  Audio signal will be transmitted from the CORE directly to 
each of the Active Speaker Modules via 110 Ohm shielded balanced audio terminating in 3pin XLR 
sockets.  CAT6e cable will be run from the CORE to each full range driver for remote control as well 
as SDI/HD-SDI coaxial cable for future digital transmission capability. Each ASM location will require 2 
x 10A 240V AC outlets. 
(See appendix i-500 System. version 1.) 
 
ECHO NODES 
 
The Echo Nodes will each have integrated stereo audio output as described above. Stereo audio 
signal will be transmitted from the CORE to each of the ECHO NODES via 110 Ohm shielded 
balanced audio cable with a balanced to unbalanced audio converter at the end of the cable run just 
prior to the ECHO NODE’s audio input.  Final input will be via an analogue interconnect cable (RCA-
RCA). 
(See appendix i-500 System. version 1.) 
 
BUDGET OPTIONS 
 
Listed below are costings for Option 1 and 2. At the time of preparing the budget we have presented a 
single projector option [1] but believe at the time of install the costs of the two projector option [2] will 
have significantly reduced to allows this to be produced. To these ends we have made embedded the 
two options within the architectural plans 
 
 
 

i-500 website 
 

http://www.i-500.org 
 
The i-500 website is not part of the public art contractual proposals budget as has been established to 
support the development and dissemination of the artwork. The website will evolve to reflect the 
creation process, but at this stage of the i-500’s emergence the site will cover the consultancy phase 
of the project. Latter iterations will reflect the i-500’s conceptual evolution and physical manifestation. 
The site has been established to share the production process involved in the creation of the i-500. 
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Option1 configuration of projections. Study of four stills from an experimental animated section. 

 

Nano image of skin cell on gold.   AFM image demonstrating a topography . The data can be 
displayed as 2D or 3D images 



 

 

Option 2 configuration of projections. Study of four stills from an experimental animated section. 

 

Nano image of skin cell on gold.   AFM image demonstrating a topography . The data can be 
displayed as 2D or 3D images 



The Echo Nodes 

 

 

Brackets for echo nodes 

 

Cross section plan for echo nodes positioned on three levels adjacent to the stairs.  

(total of 15 echo node in building) 

 

 
 

Enlargement of screen for echo node. 



 

 

 

 

Projector housing profile and position for the ceiling projection. 
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Appendix i-500 System. Version 1. 
 
 
 
 
 

"I intend to incorporate with one department of my labours a complete 
reduction to a system, of the principles and methods of 'discovery'" 

(Ada Lovelace, 1844) 
 
 
 
 
Introduction: 
 
The i-500 system feeds off the activities of the research community, the social flow of the occupants of 
the building and its technological infrastructure of the Curtin University Minerals and Chemistry 
Precinct. The i-500 converts these processes, through a range of ‘transducers’, into a raw data form 
that can then be processed by the systems Core. The Core consists of a central server and a number 
of smaller networked computers that handle the collection and distribution of data and media to and 
from the echo nodes and projection system. A major consideration of the i-500 is, of course, the media 
forms that are output to the projection systems and audio system located in the main atria. 
 
‘i-500 System. Version 1’ is a document that will evolve as the various software and hardware 
components are validated through the development process. It is intended to provide a brief technical 
outline but also to place the technological development within the broader i-500 project conceptual 
narrative. 
 



There are essentially three main processes in the i-500: 
 
1: Input: Data is collected through a variety of techniques, discussed below, and fed to the core 
processor. This data is collected from activities within the building through a process of sampling of 
information (such as the NRI super computer, network activity and BEMS (Building Energy 
Management Systems) and the vision system or through direct interaction from the occupants, such 
as SMS, email/http or spoken word. 
 
INPUT: bluetooth input, MMS input, email input, FTP input, blog input, screensaver input, audio input 
(listens), vision system, BEMS 
 

 
Figure 1: Input. 



2: Core: The Core processes and manipulates the dynamic data generated by the input systems. The 
Core computer systems incorporate a range of applications that deconstruct the data into forms that 
are considered for output. The i-500 makes ‘decisions’ about the nature of the media, its formatting 
and which output systems to send it to (echo node, web or projector). It is at this stage that 
‘behaviours’ will emerge over the passage of time. These behaviours will create the perception in the 
buildings inhabitants that the i-500 has a ‘personality’ and is trying to enter into a dialogue. 
 
The project team will be continually developing these behaviours and the nature of this dialogue 
through a process of prototyping. The nature of these behaviours is discussed below. 
 
CORE: image processor, txt processor, authoring tool/engine, file processor (strips out & merges), 
website/txt processor (samples & mixes), screensaver functionality (interaction), audio processor 
(learning/mimick), Voice/Language, motion detection, object / cplour recognition action recognition 
 

 
Figure 2: Core. 



 
 
3: Output: Media formatted by the system will be output to the echo nodes, the audio system and the 
projection system as well as to the i-500 website. These outputs will be the main aesthetic experience 
of the i-500 for the occupants of the building. However, the system will also provide occupants with 
secondary aesthetic experiences by encouraging them to enter into a dialogue at the input stage, 
through the MMS and similar direct posting opportunities. 
 
OUTPUT: emails, screensaver, podcasts, phones, speaker system, screens, Skin Lights. 
 
 

 
Figure 3: Output. 



i-500 System. 
 

 
 
 
 

Figure 4: 



Process: 
Data is collected from the buildings environment, this may be through any of the Input systems. This 
data is stored in the Core in a mySQL database. When required the data is translated into XML which 
can be recombined with other data for output through any of the output systems. The images 
generated by the i-500 team (figure 5) illustrate a particular output through the projection system. This 
is an evolving image that, at this resolution, manifests itself as a litmus or lichen like substance.  
 

 
 

Figure 5: 
 
Outputs through the projection and echo nodes may reflect the ‘intelligent’ activity of the i-500. These 
are discussed in the ‘Behaviours’ section below. These behaviours will become increasingly manifest 
as more and more data and interactions happen with the i-500. They emerge from processes that go 
on in the Core as the system tries to make some sense of the input it is receiving. The system should 
evolve over time to allow more and more complex interactions and output. 
 
 
Particles: 
 
Within the developing narrative of the i-500, the various data components are referred to as ‘particles’. 
Each particle has a discreet identity within the Core database and can be recombined and 
manipulated collectively or individually as required. 
 
The Core obtains live data from the i-500 infrastructure through a collection of modular ‘Input Particles’ 
that format and store data in the Central Database. A second set of ‘Output Particles’ are used to 
publish the gathered data in various standardised forms. Human Readable, XML and RAW Output 
Particles will be available, but other formats can be easily generated. 
 
• Input Particles: Data Particle, Vision Particle, Audio Particle, MMS Particle. 
 
• Output Particles: Human Readable Format Particle, XML Format Particle, RAW Data Particle. 
 
 



Resolutions: 
 
The litmus image shown in figure 5 is a representation of the activity of the various particles at a 
particular resolution. The images projected and visible on the echo nodes will appear at various 
resolutions, drifting between very clear images and sounds at a micro resolution to more dense and 
slow moving images at a macro resolution (as in the litmus image).  
 
However, the nature of the images being displayed will create a continuous feedback loop between 
resolutions that, for example, have the aesthetic appearance of a Scanning Electron Microscope 
image to images of nano particles that appear to be landscapes. Viewing the particles at various 
resolutions gives great flexibility for rendering complex data as simple forms. Allowing the system to 
be both contemplative and illustrative. 
 
 
Processing: 
 
Current thinking is that the Core will use the linux operating system (ideally redhat distributions and 
fedora), with perl,  php, mysql. The purpose of the core is to acquire data from the disparate input 
systems and translate the data gathered into a common format. All data is stored in the mysql 
database and acquired eg:  
 
• Vision system: 4 perl daemons run continuously and poll the vision system's data servers for motion 
data every 5 seconds. this data is then inserted into mysql by the daemons.  
 
• BEMS: the bms data is inserted directly into the mysql server by martin's machines over the cybrid 
network.  
 
• Network: network traffic data is acquired via a program called rtg. the routers are polled via the smtp 
protocol every 5 minutes and the data inserted into mysql. the database is cleared every 24 hours to 
stop the database growing too large.  
 
• Website: website statistics are stored directly in mysql via an apache module called mod_log_sql. 
select traffic data is archived and deleted every month to stop the database growing too large.  
 
In order to read the data from the database and translate it into different formats, each input system 
uses a specific php 'particle' which is called by the different format pages: html_data.php, 
xml_data.php and raw data.php. once the particles have translated the data it is written out using one 
of the three writeout scripts: html_writeout.php, xml_writeout.php and raw_writeout.php. this modular 
approach makes it easy to add more input systems (by creating a new particle) or more output formats 
(by writing a new writeout script).  
 
The core is designed to run with very little upkeep, all status e-mail can be forwarded to any university 
address and should be monitored for security breaches as with any web server. hard disk usage and 
general system status can also be monitored via these e-mails. 
 
Output to the echo nodes and projection system will be handled by either/and/or Open GL or Flash. 
The mixing and compositing of the images generated by the Core will be continuously developed of 
the period before the installation and will continue as the i-500 acclimatises to its evolution within the 
building. 
 
 



Behaviours: 
 
The i-500 will begin to develop ‘behaviours’. Initially these will be simple rule based responses to the 
information about the outside world gathered from the kinds of input collected from the environment 
(social and physical). Slowly the system will start to display characteristics that could be mistaken for 
intelligence. Various rule based algorithms will feed a simple a neural net which will slowly learn abut 
the kinds of inputs, through a analytical processes and temporal cycles. For instance it may: 
 
• slowly learn about the cycles within the building through the increased activity of occupants during 
the day. 
 
• try and make sense of the various patterns of people moving across the atria. 
 
• learn that the day is hotter than the night (even though it will not know either of these 
nomenclatures). 
 
• start to identify individual occupants through their MMS messages, emails or shape. 
 
• try and make sense of text, even though it has no understanding of the English language. 
 
• etc 
 
In terms of an emergent personality, it will be playful ad interactive in its engagement with the 
buildings occupants. 
 
 
Inputs: 
 
At this stage the project team will be focusing on four main inputs: 
 
• MMS 
• Vision  
• Audio  
• Data 
 
As the project develops additional systems may be added, as indicated in the systems diagram. 
 
MMS Particles: 
 
[Multimedia Message Service] allows mobile phone users to text messages to an i-500 installation. 
Multimedia Messaging Service (MMS) allows mobile phone users to send and receive multimedia 
content that includes text, images, audio, video clips and graphics.  The system allows the buildings 
occupants to MMS images and text directly to a server to be published into the i-500. This will either 
be achieved through an MMS Gateway, or more likely through a physical phone/pc interface within the 
Core. The system will also allow the installation to receive images by Bluetooth. Test messages are 
also decoded by the i-500 MMS tool into generative sound system. This dynamically and 
collaboratively composed audio is played through the i-500 Audio tool into the public spaces of the 
host architecture. 
 
 
Vision Particles: 
 
The i-500 vision tool monitors the flow of people through the building, and provides a stream of visual 
data to the Core. In the i-500 vision system, the composite video signals of the cameras are pre-
amplified, then sent to a PCs in the i-500 Core. The PC acquires live images with a frame grabber 
card and processes them using a dedicated motion detection and tracking software. Motion 
information is stored every 40 ms as a data matrix using a double buffer scheme. A web server runs 
on each PC enabling the user application to access the most up-to-date data in the form of a binary 
stream produced by a server-side CGI program. 
The data is formatted as XML and can be sampled as follows: 
 
Source ID: vis_lobby_c Source Description: camera in lobby of c block Value Type: list Value: [42, 46, 
52, 44, 48, 36, 50, 44, 50, 27, 25, 25, 4... Last Recorded: 19:57:42 20/02/200418:12:29 22/02/2004 
/xml_description.php?source=vis_lobby_c  vis_lobby_c  19:57:42 20/02/2004  [42, 46, 52, 44, 48, 36, 



50, 44, 50, 27, 25, 25, 46, 48, 34, 58, 54, 42, 42, 30, 71, 46, 42, 50, 38, 52, 69, 56, 58, 69, 50, 60, 44, 
25, 25, 61, 48, 52, 34, 30, 25, 25, 32, 61, 44, 36, 30, 25, 25, 25, 58, 30, 25, 25, 36, 25, 42, 48, 48, 38, 
54, 46, 44, 25, 25, 58, 61, 30, 29, 40, 50, 25, 30, 46, 42, 46, 34, 29, 63, 50, 30, 25, 25, 44, 29, 25, 67, 
56, 44, 58, 54, 46, 29, 27, 30, 27, 34, 25, 25, 25, 25, 25, 25, 29, 54, 34, 25, 25, 25, 25, 25, 25, 73, 30, 
25, 36, 30, 58, 61, 65, 46, 50, 27, 25, 25, 25, 32, 25, 25, 25, 25, 25, 25, 30, 36, 60, 25, 25, 25, 25, 25, 
25, 25, 25, 30, 27, 52, 61, 54, 40, 56, 67, 58, 58, 29, 36, 56, 46, 27, 25, 27, 54, 25, 29, 50, 34, 25, 25, 
25, 25, 25, 34, 25, 25, 38, 44, 
i-500 input: 
 
 
Audio Particles: 
 
i-500 audio tool consists of an integrated recording, processing and playback system, which allows an 
evolving library of sounds, generative audio and live recordings to be played through a multi-speaker 
system. The multi-speaker system provides a unique 3 dimensional matrix within the buildings which 
allows audio to be positioned at specific locations and paned around the atria space. 
 
i-500 audio will be controlled by the Core processing system (sounds tracking the flow of people 
captured on the i-500 vision system for instance), by the inhabitants of the building or through the 
internet to allow users to remotely orchestrate sounds within the space. 
 
 
Data Particles: 
 
CML: Most of the inputs to the i-500 are converted to a base data state in an mySQL database or 
written straight to log files. This raw data is translated to XML when needed by the various output 
systems. As such it is compatible with the CML feed from the NRI super computer. 
 
BEMS: Building Energy Management System [BEMS]: The i-500 BMS tool measures the 
environmental changes within a building. It is essentially a large database of energy usage and 
environmental control. i-500 interrogates sensors of a standard industrial BEMS system. The intention 
is to integrate as much information as possible from existing management systems in Curtin 
University. It is understood that the new building has a limited infrastructure but further work will be 
done to ensure that some data can be gathered from the facilities being onsite.  
 
The i-500 BEMS tool accesses sensor readings of the host Building Management System in near real 
time using the MODUS protocol through an RS-232 serial link. The host BEMS acts as a slave and the 
i-500 BEMS as the Master. To provide open connectivity, the i-500 BEMS Master incorporates an 
OPC server thus allowing multiple OPC clients to access sensor readings. OPC is Object Linking and 
Embedding (OLE) for process control, based upon the Distributed Object Model (DCOM), it is an 
industry standard approach to sharing information between systems. By adopting the OPC framework 
within the i-500 BEMS tool, greater communication flexibility between potentially disparate systems is 
achieved. Currently the Arch-OS BEMS is provided with a custom built OPC slave running locally and 
exporting data to an external database.  
 
i-500 can select subsets of both digital and analogue sensors for real-time data monitoring. The data 
can be stored on the PC running the Modbus master for on-demand acquisition or exported directly to 
the users application in ODBC format. In both cases this is achieved via TCP/IP connections to the 
users application. 
 
Network Particles: i-500 Network tool monitors and harnesses the flow of data within the buildings 
computer networks, providing a rich source for audio-visual simulations. The network tool monitors 
TCP/IP network traffic without interfering with the speed of the network or transgressing data 
protection legislation. Quantity and speed of traffic can be monitored as well as direct interactions with 
the other components of the i-500 system through the i-500 server. SNMP (Simple Network 
Management Protocol) Data for multiple ports on multiple routers collected at variable rates and 
translated into standardised formats. 
 
 
 


