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Abstract—The UCSB Allosphere is a 3-story high spherical
space in which fully immersive environments can be experiered.
It allows for the exploration of large-scale data sets in an
environment that is at the same time multimodal, multimedia

multi-user, immersive, and interactive. The Allosphere isbeing

used for research into scienti ¢ visualization/auralizaion and

data exploration but also as a research environment for beha

ioral/cognitive scientists and artists.

The facility consists of a perforated aluminum sphere, ten
meters in diameter, suspended inside a near-anechoic cube.
The Allosphere is being equipped with high-resolution actie
stereo projectors, a complete 3D sound system with hundredsf
speakers and novel interfaces. Once fully equipped it will mable
seamless immersive projection and 3D audio.

In this paper we give an overview of the purpose of the instrurent
as well as the systems that are being put in place to equip

such a unique environment. We also review the rst results ad 4 1. \jrtal model of the Allosphere space in the California
experiences in developing and using the Allosphere in sewr

prototype projects. Nanosystems Institute building at UCSB. (The beach is gust t
your left.)

Index Terms—immersive environments, scienti c visualization,

stereographic displays, 3D Audio, human-computer interation,

spherical displays science, music, media, games, and cinema. Examples of such
applications will be given in section V.

The Allosphere is situated at one corner of the California
Nanosystems Institute building at the University of Califia
Santa Barbara (see virtual model in Figure 1), surroundeal by
The Allosphere is a novel environment that allows for symumber of associated labs for visual/audio computing, tioko
thesis, manipulation, and analysis of large-scale data sghd distributed systems, interactive visualization, darlod-
providing multi-user immersive interactive interfaces fe- eling, and media post-production.

search into scienti ¢ visualization, numerical simulatg) data

mining, visual/aural abstract data representations,egyst 1n€ building is the culmination of ve years of research,
integration and human perception. design and construction. The Allosphere space is a thoeg-st

high near-to-anechoic cubecontaining a spherical screen,
Our intent is for the space to enable research in which aeh meters in diameter (see Figure 2). The fully functional
and science contribute equally, and serves as an advansgldere environment is being designed by integrating skvera
research instrument in two overlapping senses. Scierly,ca visual, sonic, interactive, and immersive components. The
it is an instrument for gaining insight about environmentsi Allosphere is one of the largest immersive instruments in
which the body cannot venture: abstract, higher-dimerdionhe world, being able to accommodate up to 30 people on a
information spaces, the worlds of the very small or vergridge suspended in the middle of the instrument. Once fully
large, from nanotechnology to theoretical physics, fromv neequipped it will contain unique features such as true 3p 4
materials to new media. Artistically, the Allosphere is an

instrument for the creation and performance of new works andAn anechoic space is dened as that for which sound waves ate n

re ected in any of its surfaces, yielding a neutral or "dea&pace from an

expressive Instruments, and the development of new mo%@&JStic perspective. Although the allosphere is not faliechoic, we have

of immersion-based entertainment, fusing art, architegtumeasured RT60 times of 0.45 seconds or less across audibjeeficies.

I. INTRODUCTION



(a) Schematic view of the Allosphere highlighting all asibke areas(b) View of the Allosphere as seen from the entrance at thdgbrilevel
provided by our own simulation

Fig. 2: The Allosphere: schematic view and view provided by our amlation (for visibility purposes the screen segments
above the bridge have been omitted

The instrument is being equipped with 14 high-resolution
video projectors mounted below the bridge and around the
seam between the two hemispheres, projecting on the entire
inner surface. The loudspeaker array is suspended behénd th
aluminum screen, hung from the steel infrastructure inging
of varying density.

Il. BEYOND 3D IMMERSION

The Allosphere adds a new data point to the list of the
world's largest and potentially most precise immersive 3D
environments, such as the newly upgraded 24 projector C6
CAVE at the Virtual Reality Applications Center at lowa %tat
University, the Fakespace FLEXT installation at Los Alamos
National Laboratory, which is a 33 projector 5-wall CAVE
with 43M pixels in a 15x10x12ft room, the Samuel Oschin
Planetarium at the Grif th Observatory in Los Angeles with i
E&S Digistar 3 full dome laser projection system with claone
) ) _ 8kx8k = 64M pixel resolution in its 75 foot diameter dome,
Fig. 3: Horizontal sgcnon of the Allosphere. Note the NONhe Denver Museum of Nature & Science Gates Planetarium
parallel and acoustically treated surfaces surroundinge thdomez with approximately 10M pixels from 11 projectors,
sphere. Note also that the Allosphere is not a perfect sphefg the | ouisiana Immersive Technologies Enterprise cente
but rather two hemispheres separated by the bridge. with its 8.8M pixel 6-sided CAVE and smaller curved display
immersive theater and conference room.

With its unique spherical shape, its high sensory resatutio
steradians projection of visual and aural data, or sensm &nq its immersive multi-modal capabilities, the Allospher
camera tracking for interactivity. represents in many senses a step beyond already existing

virtual environments such as the Cave [1], even in their
The space consists of a 3-story empty cube that is treai@@re recent “fully immersive” reincarnations [2]. It enasl
with extensive sound absorption material (4-f00t Wedges @Bamless immersive projection, even in non-stereo-om'[d;gn
almost all inner surfaces) making it one of the largest tear- and room geometry does not distort the projected content.
anechoic chambers in the world. Standing inside this chami®&ereo-optic 3D viewingl/listening is possible for a large s
are two 5-meter-radius hemispheres constructed of peefbraof users, since the audio and stereovision "sweet spot”iarea

aluminum that are designed to be optically opaque (and ha¥ege but restricted to the bridge.
low optical scatter) and acoustically transparent. Figliie a

detailed drawing showing the Allosphere as seen from above2http://immww.dmns.org
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Fig. 4: The Allosphere Components and Sub-systems: Visual, AQdityol, Sensing

The main technical and functional innovations of the instru * The space was designed as an intrinsically multi-modal
ment when compared to existing immersive environments can interaction environment [6], including camera tracking
be summarized in the following: systems, audio recognition and sensor networks.

* |t is a spherical environment with a full gt steradians * Itis design_ed to be a pristine scienti ¢ instrume_znt— e.g.,
of stereo visual information. In this sense it resembles the containing cube is a large near-to-anechoic chamber
state-of-the-art visual systems such as the CyberDome and the details such as room modes or screen re ectivity
[3] but on a different magnitude scale. The Allosphere have been included in the building design discussions.

seamless surround-view design provides an extreme sepfPiough the space is not fully equipped at this point, weenhav

of immersion with little encumbrance and limited distorpeen experimenting and prototyping with different equipie

tions away from the center of projection or tracked use§ystem con gurations, and applications that present uifie

It is known that spherical immersive systems enhanggquirements Since this is a research instrument — rather

subjective feelings of immersion, naturalness, depth agghn a performance space — that has unique requirements and

“reality” (see [4], for instance). research questions, the system will be an evolving protyp
* |ts size makes it possible for a number of users to b@ather than a xed installation. We envision the instrumast

active in the environment at once (up to 30 people om open framework that is undergoing constant re nemertt wit

the bridge) and to effectively collaborate on an analysi®ajor releases signaling major increments in functiopalit

task. We have seen experimentally that 3D stereo is

perceived with quality throughout the bridge. Besides, . ) .

for appropriate content, there is no need for viewpoirt: A truly Multimedia/Multimodal System

adaptation, The diagram depicted in Figure 4 illustrates the main sub-
* It is fully multimedia as it combines state-of-the-artsystems and components in the Allosphere as well as their
techniques both on virtual audio and visual data spmteractions.

tialization. The spherical screen is placed in a carefull

designed near-to-anechoic chamber and is perforatedﬁ%e diagram is a simpli ed view of the integrated multi-

enable spatialized audio from a planned 425 (currentrlg}o_d"S‘Vrmad('j"’_l salstem .deS||gn Whlere (tjh_e mtergcuop Z':Oﬂg the

32) speaker system behind it. There is extensive e\ylarlohus mel la data (V'Sur?' aural, and mteractlve)hls BE.“ |

dence of how combined audio-visual information caﬂ':j_tg rlla 53|'_Stem arc |tbectrl11re adn even on the particular

help information understanding [5], though most existinlj'd!vidual applications to be hosted.

immersive environments focus on presenting visual datehe remainder of this document will describe each of those

components and subsystems as well as the way they interact
3In both cases, this is due to the separation of the users frerprojection and the basic guidelines upon which future design and imple-
screen so this is true as long as users located on one of teoétiak bridge

do not focus attention on the screen surface closest to tNete. that this is Mentation decisions will be taken. In particular, in Seasidl|

similar to thelmax effectwhere a large number of users can view good-quality
3D images as long as they are far enough from the screen. 4In section V we detail the current state of the system.



and IV we will give a more detailed overview of the visuapassing but also multichannel multimedia streaming. Tlie su
and audio subsystem#l{o.V and Allo.A), concentrating on ability of Gigabit Ethernet or Myrinet versus other propaiey
the generative aspect, especially on the graphics sideheln technologies is still under discussion. In our rst protpés
following paragraphs we will brie y outline the rest of theusing Chromium [9] to distribute rendering primitives, @it
components. Ethernet proved suf cient but our projections show thatthi

ical multi-modal Allosoh lication (h lad will become a bottleneck for the complete system, specially
A typical multi-modal Allosphere application (here callédo when using a distributed rendering solution is used to sirea

for short) will integrate services running on multiple loshn highly dynamic visual applications
the LAN that implement a distributed system composed of the '
following elements:

: : _ [1l. THE VISUAL SUB-SYSTEM
- input sensing (camera, sensor, microphone)

- gesture recognition/control mapping This s_ection address_es the visuql subsystem o_f the Allosphe
including the projection and the image generation and nende

- interface to a remote (scienti ¢, numerical, 5|mulat|oni,ng components.

data mining) application

- back-end processing (data/content accessing)

. . : o L . Projection
- output media mapping (visualization and/or soni cat|on§A )

- A/V rendering and projection management. The main requirements for the Allosphere visual sub-system
) ) are xed both by the building construction and constraints
The basic requirements above conrm the fact that off-themq the nal quality that is targeted. The sphere screen area
shelf computing and interface solutions are inadequate- Aljs 320.0 n? and its re ective gain, FOV averaged is 0.12. For
sphere applications not only require a server farm dedicatg good performance we need a minimum of 3 arc minutes of
to video and audio rendering/processing, but also a lownguylar resolution, although ideally 1 arc minute should be
latency interconnection fabric so that data can be prodesse targeted. In terms of light level we need 50 trolands altfioug

multiple computers (in a variety of topologies) in real timeat number can be limited to 30 when projecting active stere
an integration middleware, and an application server thizt |

users manipulate the system and their data in a exible aMith these requirements we have designed a projectionrayste
meaningful way. consisting of 14 3-chip DLP active stereo projectors that

are capable of a maximum 3000 lumens output and SXGA+
Input sensing is an important component of Allosphere apptesolution (1400x1050). The projectors are being installith
cation. Users can currently interact with the Allosphera vian effective projector overlap/blending loss coef cierfitlo?.
custom built devices, camera based infrared tracking, game . . .
controllers, and touch sensors on the rails of the bridge. TW the following paragraphs we will ouftllne the featuresttha
coupling of infrared tracking with control devices allowseus’ SUCh @ system will yield. The conclusions have been drawn
positions to be monitored as they traverse the bridge of ffem b_Oth simulations and on-site tests. For.the S'”?“'a“on
Sphere while simultaneously allowing them to manipulatg€€ Figure 5) we developed our own simulation environment
virtual objects in three dimensional space. We use the PHX"Y Oll\{er Kreylos VrU|_ VR Tc_)OIk't [10]. Th|s simulator
cision Position Tracker system from WorldViz to determinélIIOWS to interactively design projector location and cage

user position while Logitech game controllers and Wiimoté%1 the Al[os_phere fandh measure the effect of C’;he_ﬂﬁrmector
provide controls for user interaction. characteristics. As for the on-site tests we started witingles

active stereo projector (see Figure 6) and brought the Visua
In the nal design we plan on having a multimodal humansystem up to the 4 projectors con guration that is detailed
computer interaction (HCI) subsystem with the followingn section V. For these tests we have used a complete range
components: of projectors going from 2K to 10K lumens and including

. . _ accessories such as sh-eye lenses.
- real-time vision and camera tracking (related\tm.V.V)

1) Image BrightnessOne of the important design goals for
the Allosphere is to make it user-friendly and usable for
- a sensor network including different kind of regulaextended periods of time. Unacceptably low levels of bright
wireless sensors and input devices as well as othg#ss cause eye fatigue or severely restrict the type of sbnte
presence and activity detectors such as biosensors (telateat can be displayed. Without yet considering the stereo
to Allo.SN). requirement the projected system yields 42,000 lumens and a
screen luminance (full white) of 9.26 cd?mFor comparison,

The computation system will consist of a network of dISt_he luminance of a typical good quality multimedia Dome is

trlbuted_computauc_)nal nod_es. Communication between Pr commended between 0.686 and 5.145 &di]
cesses is accomplished using standards such as the Message-

Passing Interface (MPI) [7] and the Open Sound Contrélccording to our simulations and on-site tests, 42,000 hsne
(OSC [8]) protocol. The Allosphere networldl{o.NW) has of input ux produce very close to optimal results. Besides,

to host not only this kind of standard/low-bandwidth messagqugmenting the light ux above this level has several uneeki

- real-time audio capture and tracking (related\ttm.A.C)



Fig. 5: Different views from the interactive simulator we have d@ved for placing projectors and experimenting with
different coverage models. With this tool we can simulatiem@int projector models with different coverage and ekpent
with positioning and tiling.

Light losses from stereo projection are substantial. Thségte
requirement for stereo projection brightness level is 8atrds

at 50% RGB average. Stereo projection mode falls below
the theoretical eyestrain threshold with our projected 42K
lumens total projector ux. Nevertheless our eld studies
have indicated that this level of brightness in stereo made i
still perceived as high quality and allows continuous wogki
times of beyond 60 minutes after some adaptation period.
As a matter of fact, the main cause of eyestrain in stereo
mode is active shuttering itself and this is not correlatéith w
luminance.

3) Contrast Ratio: Contrast loss due to diffused scattering
has represented a serious problem for the projection system
Fig. 6: Testing the Allosphere projection with a single 2»965‘99- Lowering t_he screen gain would reduce the seconc_iary
active stereo projector (with backlighting on to show the: _ect|0ns proportionally to the square (.)f the screen palnt
screen structure). gain and would translate t(_) a corresponding increase inémag
contrast. Nevertheless, this would have the unwanted teffec
of requiring more input light ux therefore increasing back
re ections (due to the screen perforation), heat, and noise
effects, namely cross-re ection and ghosting due to bacihe screen gain has been determined after several tests and
re ection. simulations, taking into account experiences in similarues
(mostly state-of-the-art planetariums such as the Hayden i
2) Stereoscopic DisplayThe performance of the AllosphereNew York or the Gates Planetarium in the Denver Museum of
in stereo mode depends on the choice of the stereo dispitural History).
technology. Nevertheless, passive polarization-basetiads
are ill-suited for the Allosphere due to the surround natifre The screen paint has FOV-averaged gain of 0.12 with a peak
the double concave screen and the non-polarization-ptiager value of 0.24, which will, according to the simulation, puog
material. maximum contrast ratio of about 20:1 for images with 50%



total light ux input. 120ms total system latency for interactive VR applications
Below this value, the lower the latency, the more accurate an
stress-free the interaction becomes. In general, a tosiéisy
delay of 50ms is considered to be state-of-the-art.

4) Screen ResolutionThe resulting visual resolution for the
Allosphere is a function of the total number of pixels avaléa
and the projector overlap factor, which is calculated to be 1
The spatial acuity of 20/20 eyesight is 1IMAR or 30 line pairgeSIdeS’ in order to deliver icker-free active stereo anie
? .~ tate of at least 100 Hz must guaranteed.
per degreg Nevertheless resolutions down to 3 arc minutes
are reported as high quality unless a better reference point
is available. As explained in [11] by taking the center of th

(hemi)sphere as a common view point we can infer the number
of pixels for a given resolution independently of the screige  The following paragraphs describe the image generation sub
or diameter. A limit 3 arc minute resolution requires 20 il system which includes the computers and the software that
pixel spread over a full sphere. The projected con guratiofenerates video signals which then are transported by the
with 14 projectors has 19.2 Mpixels which corresponds to thgterconnect subsystem to the video projectors. In order to
desired resolution. meet our requirements we needed an image generation system

5) Image Warping and BlendingThe Allosphere projection capable of producing 20 million pixels, through 14 channels

system requires image warping and blending to create tha® lsdystf(?m should support resolutions ”of atf Ieastl x|\</GA+,
illusion of a seamless image from multiple projectors. Twe t should offer active stereo support as well as framelock capa

places where image warping and blending may be performkéigties for synchronizing all channels.

are the graphic cards on the image generation system ang-gim these requirements we have designed a rendering clus-
the video projectors. ter made up of 7 HP-9400 workstations, each of which is

Most modern simulation-oriented video projectors suppoffuiPPed with an NVDIA FX-5500 and a G-sync card for

some form of warping and blending. This approach is vefjAme-locking.

convenient, often resulting in the best image quality, drid i As far as the software component is concerned, in order to gen
typically combined with color correction and whatever otheerate large multi-tile immersive displays different teithues
processing the projector has to do for its internal purpo&es and tools are possible (see [13]). Nevertheless the Allesph

negative side-effect of this technique is the fact that ttogeg-  poses some unique problems that are still matter of research
tor has to buffer an entire frame before being able to procaegsmely:

it. Another downside is that projector-based warping/tieg . .

are encoded into proprietary software that is hard to access” '€S are irregularly shaped and curved

and extend. * The projection screen is a full continuogsiasi-spherg
which adds a wrap-around problem.

* Because the Allosphere is strictly speaking not a perfect
sphere, but rather two hemispheres separated by the

Image Generation and Rendering

In the case of computer-side warping/blending graphical re
dering hardware performs frame warping and edge blending
after the frame buffer is rendered. This consumes additiona ] ] ' i
resources that may otherwise be used to render polygons. For Pridge, warping solutions such as the one presented in
this same reason specialized hardware is usually preferred [12] are not directly applicable.

But such hardware is costly and proprietary, and calibnatio * Projection should allow for active stereo to work reason-
procedures become more complex. The benet of computer- ably well in most eld of view for an arbitrary viewer

side warping is the reduced latency because the video poojec  * As exibility is one of the key design parameters of

does not need to buffer an entire frame before displaying the instrument, time to adapt a legacy application to the
it. Nevertheless, although some LCD projectors are able to  Allosphere should be minimized

display images with latencies as low as 3ms DLP projectors
require a frame buffer no matter what due to the nature of the
DLP technology.

A middleware layer should be offered to allow for
display of content of any OpenGL application, even when
source code access is not granted.

In the Allosphere we have decided to start-off with a praject Some of these requirements are still to be accomplished

side warping/blending solution that is readily availablela Iand are in fact being addressed by our current research and

solves many but not all of the Allosphere requirements. (ﬂ]evelopment. Nevertheless, our rst experiments and tesul

paraI_IeI we are working in extending and adapt_mg emstmgomt out that a two-way approach is recommended:
solutions such as [12] to the case of a full spherical surfac

6) Latency and Frame RateAll latencies oceurring. from af For those applications in whicho source is availabler in
) Y ’ 9 which viewpoint information is not “relevantfor rendering a

ter the start of rendering to the image appearing on the ls‘:regonvincing 3D immersive scene (most scienti ¢ visualipati

FEUStt be f:(zjr?sniere?h "t1 thel AIIos?he_(rje s¥fstetm desl;gn. T Sckages that render abstract data) we are using a distlibut
lterafure indicates that unpleasant side-efiects appoave rendering solution based on Chromium [9]. In this case a

5This is the average spatial acuity in “regular’ conditions spatial single master runs the appllcgtlon and performs elarly we
resolution is a function of both contrast ratio and pupiksiz stages, of oading the rendering of the speci c viewpoints t



appropriate slaves. This is the solution that is being used fmeans that we can dissipate and absorb energy we introduce
the NanoCAD application (see section V). into the sphere, and the mirrored-microphone measurements

In those applications for whicépurce code is availablend re- con rm that the sphere itself is quite acoustically inert.

quire of completeviewpoint-dependent renderira; approach
based on distributing the whole application is used. In¢hse ) _
the master manages the application state and processes fisepPatial Sound Processing

input from the interface. Rendering is performed compjetel ) ] )
on the slaves, which receive information of the applicatiohhere are three techniques for spatial sound reproductied u

state and have knowledge of their particular viewpoint adB Current state-of-the-art systems: (1) vector-base tnajg

rendering tile. This is a similar approach to that used by VR2Nning (VBAP) [18] , (2) the ambisonic representation and
libraries such as Syzygy [14] or VRJuggler [15]. This is ie thProcessing [19], and (3) wave eld synthesis (WFS) [20],]}21

solution used in the AlloBrain project (see section V). Each of these spatialization techniques provides a difteset
of advantages and presents unique scalability and contplexi

Other intermediate solutions distributing 3D objects gsinchallenges when scaling up to a large number of speakers or
either Open Scene Graph or OpenSG are also possible gpal sources.

are currently being explored .
VBAP [18] is a signal processing technique by which a sound

source can be located in the space by setting the balance of

IV. THE AUDIO SUB-SYSTEM the audio signal sent to each of several speakers, which are
) ) ) ) assumed to be equidistant from the listener. The techréque’
One of the unique features in the Allosphere is that it offe{R i grawbacks are that it does not include a model of a
a symmetrical "multimedia” immersive space; 3D immersiofjrect distance cue, and that it does not support sound esurc

is not only offered through its visual but also its aurghsjge the loudspeaker sphere. Members of our researchp grou
capabilities. The design and development of the audio S‘D&Wim_plemented a system in which the user can move and direct

and hardware subsystems for the Allosphere has been a mtiaymper of independent sound sources using a data glove
year project in itself. input device, and play back sound les or streaming sound

Our goal for the Allosphere is to build an immersive integfacsources through VBAP, using a variable number and layout of
that provides “sense-limited” resolution in both the auditpudspeakers specied in a con guration le [22].

and visual domains. This means that the spatial resolutig\tpn
for the audio output must allow us to place virtual soun%

sources at. arbitre}ry points in Space with convincing S.ﬁimedecoding them using the ambisonic transform, a multi-ckann
of the spatial audio cues used in psychoacoustical lodaiiza representation of spatial sound elds based upon spherical

Compleme_ntary to this, the system must allow us o smulqﬁ rmonics. One of the main advantages of this technique is
the acousics of mea_sured or SImUI_atEd spaces with a htﬂ t it scales very well for large number of moving sources.

degree of accuracy (high spatial delity). However, and just like with VBAP, sound source positions

In order to provide for “ear-limited” dynamic, frequency)ch inside the loudspeaker ring cannot be recreated directly. A

spatial extent and resolution, we require the system to ke awith VBAP, graduate researchers from our group have imple-
to reproduce in excess of 100 dB sound pressure level ngagnted higher- (up to 11th-) order ambisonic processing and
the center of the sphere, to have acceptable low- and higlecoding in C++ [24] and also in the Max/MSP framework

frequency extension (-3 dB points below 40 Hz and aboy25]. In order to adapt Ambisonics to a navigable environmen

18 kHz), and to provide spatial resolution on the order of Quch as the Allosphere we implemented multiple distance cue
degrees in the horizontal plane, and 10 degrees in elevdion (which are not inherently modeled in ambisonics) and a sourc

provide high- delity playback we require an effective sajn radiation pattern simulation.

to-noise ratio that exceeds 80 dB, with a useful dynamicean
of more than 90 dB.

bisonics [23] is a technique to synthesize a spatial seund
Id by encoding sound sources and their geometry and

ginally, wave eld synthesis (WFS) recreates wave frontthwi
large arrays of loudspeakers by building on the Huygens
To be useful for data sonication [16] and as a musiprinciple of superposition. Although this powerful techneé
performance space, the decay time (the “T60 time”) of ttean produce very detailed sound elds, including for sosrce
Allosphere must be less than 0.75 seconds from 100 Hz to ib8ide of the speaker ring, in its current implementatidras
kHz. This is primarily an architectural feature related e t two practical drawbacks: First, it generally requires lofé
properties of the aluminum screen and the sound absorboamputation that limits its usefulness in virtual envircemts
treatment in the anechoic chamber. We have carried out amldere real-time response is needed; and second, it does not
published detailed measurements of the nished Allosphenatively allow for speaker con gurations in more than 2
space, its treatment, and the projection screen's acalistidimensions. Members of our team have developed a different
properties [17]. We used a variety of synthetic and explsivnethod in which WFS lters are calculated in real time per
sources, and careful multi-microphone placement to amicerteach sample with a small computational overhead [26]. In
the effects of having the aluminum sphere in our anechaicder to obtain hi- delity hi-performance 3D effects, wenca
chamber. The space's wide-band T60 time of 0.45 seconztambine wave eld synthesis in the horizontal plane with any



other technique for the vertical plane using the frameworkentioned above and two subwoofers under the bridge. Those
presented below. speakers are connected to the computer via Firewire audio
The Allosphere supports the use of any of these techniques :ﬁ'lterfaces that sup_port 16 channels. The.eventual aud_pmbut
sound spatialization or even a combination of them. In otder Rrdware wil cor_15|st of several synchronized qutput sm_eg
support this, we have developed a generic softwaré framewservers oha S.WltChed r_1etvvork,_ egch supportmg multiple 64-
. o . annel FireWire or optical audio interfaces using the MADI
[27] in which different techniques and speaker layouts oan protocol to send audio to the distributed speaker banks
combined and interchanged with little effort. This framekvo '
is based on our own Metamodel for Multimedia Processing
Systems (4MS) [28] and was implemented on top of CREATE V. TESTBEDAPPLICATIONS
Signal Library (CSL) [29]. The framework offers different
interface layers with increasing level of complexity busal The Allosphere's function is the analysis, synthesis, mu
exibility. In its simplest interface the user is only respsible tion, and processing of complex multidimensional data in an
for determining the sound source position and providingteractive and immersive environment. Content and demand
the raw audio material; everything else (such as technigwéll drive the technological development just as it has env
and loudspeaker con guration) is determined automayicallits design and conception. For those reasons, speci ¢ @pli
However using other layers of interface the user can determtion areas are essential in the development of the instruasen
details such as the spatialization algorithm or the Iters. they de ne the functional framework in which the instrument

L i will be used.
Based on our testbed applications for the spatial sound pro-

cessing components, we were able to evaluate the scdfthe rst iteration over the prototype we have set up an
bility of our C++ implementations of the three canonicagnvironment consisting of the following elements:
spatialization technigues according toamultidimen_slihrmj * 4 active stereo projectors (Christie Digital Mirage
mogle! (number of sources, amount of source motion, source S+3K), 4000 ANSI lumens, DLP
radiation patterns, number of output channels, "room” and : i
reverberator model, and server and IO partitioning), atxara 2 rendering qul_<stat|on5 (HP 9400), AMD Opteron
terizing their performance in several relevant resource- me ~ 04@2.8Ghz, NVidia Quadro FX-5500
rics (CPU/FPU/GPU processing load, memory footprint and * 1 application manager + Audio Renderer (Mac Pro),
cacheing, 10 bandwidth, ease of partitioning and distidn)t Intel Xeon Quad Core @3Ghz
[30]. Each of the algorithms have different proles of load * 2 16-channel rewire audio cards.
conditions where they scale quite WeI_I, and (_jifferent break . 55 full-range speakers + 1 subwoofer
down modes where they require ever-increasing CPU power, . O _
RAM. or network bandwidth. * Precision Position Tracker system from WorldViz
* Logitech game controllers, Wiimotes, and several
custom-developed wireless interfaces for user interactio

B. Speaker System The research projects described below make use of this pro-

It has been a major project to derive the optimal speakté)ﬂﬁe §ysttem tott%St t_he fl’JAr;Ictl?rlzllty and pl))ro_v € tze Vﬁwd' d
placements and speaker density function [24]. The Ioud@pea0 € Instrument design. of them are being develope

count and con guration must support any of the above Iisté%y integrated teams of scientists, engineers and medstsarti
and they serve a double goal: on the one hand they allow

spatial audio techniques and this implies high speakerityens™ .~ " . . . .

Our driver placement design comprises 425-512 speang entist to perceive their data in pomp!etely dlﬁereqywa
arranged in several rings around the upper and lower herAl the other hand they offer media artists the possibility of
spheres, with accommodations at the “seams’ between verting abstract models and data sets into pieces of art.
desired ’equal and symmetrical spacing and the requirem a result they also offer the possipility of presentingchar
of the support structure. The loudspeakers are mounteddehi©'€"ce problems to the general public.

the screen. The AlloBrain is a project under the artistic direction of

We have projected densely packed circular rings of speall\é?rcos Novak, digital artist anttansarchitect The project

drivers running just above and below the equator (on therorc{gconStrUCtS an interactive 3D model of a human brain from

of 250 channels side-by-side), and 2 smaller and loweritjen macroscoplc.:, organic data sets that are in fact_ fMRI data
; . rom Novak's brain[31]. The current model contains several
rings concentrically above and below the equator. The me}m . ; .
- . . ayers of tissue blood ow, and we have created an interactiv
loudspeakers have limited low-frequency extension, in tr(]anvironment where twelve agents navigate the space and
range of (down to) 200-300 Hz. To project frequencies below ) 9 P

this, four large sub-woofer(s) are mounted on the undemﬁdegather information to deliver back to the researchers. The
the,bridge simulation contains several generative audio-visualesgst

These systems are stereo-optically displayed and cosdroll
At this moment, because of timing and construction cofpy two wireless (Bluetooth) input devices that feature cost
straints, we have installed a prototype system with only 3ectronics, integrating several MEM (Microelectrometha
full range speakers installed along the three differenggincal) sensor technologies.



In the quantum visualization and soni cation project lead
by composer and digital artist JoAnn Kuchera-Morin an
audio synthesis model of electronic measurements on a
guantum dot is proposed. The model is a literal interpre-
tation of experiments probing electron spins precessing in
the nanometer structures, undertaken by Physicist, Rafes
David Awschalom and his research group [34] in the Center
for Spintronics and Quantum ComputatioriThe physical
experiment from which the model is derived is a pump
probe measurement of coherent electron spin in a quantum
dot. The mathematical model of the experiment is mapped
directly using wavelength as the basis for transposingcapti
) ) . frequencies into the audio domain. The frequency of electro
Fig. 8 Renderl_ng of a 1M atoms silicon .nanostructure 0gpin precession is transposed from gigahertz to the audible
real-time on a single CPU/GPU as shown in the Allosphere ,qa and is thereby auralized for the 3 dimensional acusti
environment in the Allosphere. Visualizations are derived
directly and literally from the audio output and represdnte
The rst controller allows the user to navigate _the spacegsi with animations. Conceptually, this project follows in the
6 degrees of freedom. The second one (see Figure 10) cont@f§iution of sound generation from earlier developments in
twelve buttons that command the twelve agents. This samgsical instrumentation by the application of electroriakpp
controller also allows to move the ambient sounds spatialyy, 5coustic instruments to analog signal generation arithtlig

around the sphere. Its shape is based on the hyperdodeg@thesis, now to map the resonant qualities of a guantum
hecron, a 4-dimensional geometrical polytope, and the nglycture.

object represents its shadow projected into 3 dimensidns. |

was developed using procedural modeling techniques, and

constructed with a 3-D printer capable of building soli®n another project, also under the artistic direction offéso
objects. sor Kuchera-Morin, we are creating an interactive vis\aion

and multi-modal representation of unique atomic bonds for
Using these controls and the immersive qualities of the -All@jternative fuel sources. The project is a joint venturehwit
sphere associated neuroscientists have been able toreftp#ai Materials research Professor Christopher Van De Walle and
structure of the brain to a varied audience. Also this virtughe Solid State Lighting and Display Cerfteirhe goal is to
interactive prototype, which at the time of this writing iscreate a unique interactive artistic installation whiléedhg
our most mature project, illustrates some of the key issugsw insights into the unique bond formation. This highly
in the Allosphere such as multimedia/multimodal computinginusual multi-center hydrogen bond is formed when hydrogen
interactive immersive spaces and scienti ¢ data undedSta@n replaces oxygen using zinc as a source of conductivity[35].
through art. The Allobrain has been featured as an art qu}gmg this technique hydrogen may be used as an alternative
in several exhibition§. Also, Novak's work in the Allosphere fyel source, for instance in a real-world hydrogen car. The
has been featured in several arts and architecture foruzes (giece we have created allows scientists and casual usegs to
[32], for instance) and is already being studied by digital athrough the 2000 atom lattice. They can navigate through the
researchers [33]. Apart from these art forums the Alloblgis  soni cation of the atomic emission spectrums of oxygen and
been showcased in the Allosphere to general public rangipigc to the unique hydrogen bond, which has its awasical
from elementary students to researchers in theoreticai®hy voice All sonic information is derived from the transposition

In another project, we are developing an immersive al% the atomic emission spectrums to the audio domain. The

interactive software simulation of nano-scaled deviced awsual_lzatlon, which can _be Seen In gure 9, is the direct
structures, with atom-level visualization of those stmes 2PPINY of the mathematical calculations of the bond thhoug

implemented on the projection dome of the Allosphere (sg&e Schrodinger equation.

gure 8). We are implementing some of our scienti ¢ part-

ners algorithms and models such as molecular dynamics &t development of these test beds among others is geared
density functional theory on high-end GPU's, which allow fotowards the development of an open generic software infras-
enough speed-up to provide for real-time interaction wité t tructure capable of handling multi disciplinary applicats
simulation. with common goals, and it will facilitate the developmentof

. open ended general computational system for data generatio
For instance, it was featured at an early stage in the Artsbifidn of the i i i ;

2006 ACM Multimedia Conference; in the opening of the iWebtBspace mampUIatlon’ analySlS and representation.

Lab of the Department of Architecture at Delft Universityithwa live

and networked performance connecting both spaces; andeiresxthibition

"Speculative Data and the Creative Imaginary: Shared lath Visions

between Art and Technology” organized June 2007, in thedNatiAcademy

of Sciences Gallery, Washington DC, in the context of the Gtiativity and "http://www.csqc.ucsb.edu

Cognition Conference. 8http://ssldc.ucsb.edu/
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Fig. 7: Two screen captures of the AlloBrain interactive recreataf the human brain from fMRI data. In the rst one most
tissue layers are activated to allow for visualization oélistic facial expressions. In the second one outer layeesfaded

to allow for inner navigation into the brain.

Fig. 10: Users in the Allosphere. A group of visitors on the bridge anesearcher interacting with the Allobrain.

VI. CONCLUSIONS

Once fully equipped and operational, the Allosphere will be
one of the largest immersive instruments in existence. But
aside from its size, it also offers a number of features that
make it unique in many ways: fully immersive spherical
projection, multimodal interaction including 3D audio and
novel interfaces, and multi-user capabilities. Such festare
only possible because the instrument has been concegtaliz
and designed with all these requirements in mind.

We envision the Allosphere as an important instrument in

the future advance of elds such as nanotechnology or bio-
imaging and it will stress the importance of multimedia ie th
advance of science, engineering, and the arts. In the articl
we have shown some rst results in the form of projects of
most diverse requirements. These initial results feed ok
the prototyping process but already demonstrate the talidi

Fig. 9: Interactive visualization of atomic bonds for alternativedf our approach.

fuel sources as shown in the Allosphere

The prototype system that was designed and described on the
previous pages, gave us the opportunity to visually conegur
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one quarter of the sphere. We have been able to test lumipnaft® M. Cani and M. Slater, “Quadric transfer for immersivereed screen

colorization, pixel mapping, warping and blending; awrall
test a 32 channel 3D audio system, implementing seversd]
sound spatialization algorithms; as well as experimenh wit
wireless interactive control. Results from this research a
being scaled up to the rst complete 14-projector, 500-audi
channel, interactive system for true 3D immersion. 14

[15]
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