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ABSTRACT In creating such a fictional world, our work builds on skeiinal

Although we can sens& R P H RW@ddlfzations with our ears, ~design insight of what Ben Schneidermagrmed *GLUHFW
nose, anchaptic sensespeectis invisible to us without the help ~ Manipulationinterfaces W KD W  LSpstéiAdddk-Dast wten

of technical aids.In this paper, we presenhree interactive they eliminate layers of functional or spatial indirectiandthus
artworks whichexplore the question 3L1 ZH FRXOG VHH 'RE%O Redegipf gontrol and displag].[ Borrowing a stution
ZKDW PLJKW LTe @rRvBrkew® jrésehre concerned from the graphic language of comic stripsr projects attempt to
with theaesthetic implicationsf meking the human voice visihle ~ d0_this, in the realm ofnteractive speech visualization, by
and were createdith a particulaemphasion interaction design shifting the_apparen_d|splayp05|_t|0nof such visualizations to the
that supporthe perception of tight spattemporalrelationships ~ Samephysical location as their source of contrahe mouth.
betweensound image and the bodyWe coin theterm in-situ Although our techniques were developed for interactive artworks,
speech visualizationo descrile a variety ofaugmentedeality our s_oIL_Jtlons for the coincident an_a_IyS|s and d_lspl_qy of speech are
techniquesby which graphic representations of speech can be N principle adaptable to more traditional or scienfifisblems.

made to appearcoincident with their apparent point of

origination. 2. BACKGROUND
At the heart obur investigatiorinto artistic speech visualization
Keywords is ourinterest inphonesthesiaor phonetic symbolism. According

to this idea, the sounds of words tend to reflect, to some extent,
associated connotations from other perceptual domains such as
shape or texture. A classiillustration of the phonesthetic
SULQFLSOH FDQ EH IRXQG LQ :ROIJDQJ
psychology experimerit] from 1927, in which he asked subjects,

Art, interactive installation, waliovisual performangespeech
visualization speechanalysis,augmented realityhead tracking
computer visionphonesthesiaoundimage relationships.

1. INTRODUCTION which of the figures below represents the somraduma and
The topic of speech visualization has generally been treated as a@hich one represents the soutaket®  Nearly all viewes
issue that arises in the scientific diSCiplineS of phonohlgy respond with the same ans\ﬁauggesting rich research
psychoaoustics or more recently, computational audition. opportunities for both cognitive psychology and artmaking.

Practitioners in those fields have developed or refined a range ofAlthough K| K Oditithot break down his results intbe kinds of
widely adopted and useful visualization techniques, including quantitative perceptual mappings that coulcphmitably used in
waveformgraphs spectraland formantplots, autocorrelograms,  a generative graphics algorithm, his experiment suggests that
cochlear ancpharyngeotracheal diagranetc., which help solve  high-frequency spectral content could be a good staptint for

the problems those practitioners encourites important for us the creation of Smsthetic mappings between Shape and sound.
to state at the outset, therefore, tihat projects we describe here |n point of fact, s work forms an important underpinnirigr

diverge considerablyfrom such solutions, insofar as our speech many of the mappings we implemented.
visualizations are (A) explicitly noatilitarian and (B) designed

solely to establish a perceptually and aesthetically plausible,

interactive fictionaliniversein which speech is somehow visible.

JLIXUH . RRDpHdoegtHesia experiment [4].



Several artists have explored the aesthetic possibilities of generation of graphic representations in -tieaé¢ (that is,
animatedvisualizationsof speechOne important examplef this produced at very ndgrthe same instant as the uttergnead

is the Oscainominated short lfin Reci Reci RecfWords Words additionally, L Q 3W B D Blh-sif:UWhat is, displayed so as to
Word9 by the Czech animatoMichaela 3DYOiWRMNi > appear to emerge from the mouth of their associated speaker. In
3 DY O iWwtighiful handdrawn animationthe conversations of  order to achievesuchin-situ speech visualizationsie employed
FDIp B8danudpresented as various kinds of abstract shapetechnologies ranging from stereographic 3Dgoggles with

and symbols that emerge from their risu These symbols are  electromagnetic position sensorsp computetvision-based
QRW RQO\ VIQFKURQRXV ZLWK WKH FK DiddRirgMhtiphfectios systdis. VRXQGV EXW LQ
WKHLU IRUPV DQG FRORUV UHYHDO VRPHWKLQJ DERXW WKH FKDUDFWHUVY
inner states as wel.*UDG\ .OHLQYVAfleQabBI® WLRQ

accomplishes a similar result with more typpipia means3]. 3.1 Installation One: Hidden Worlds

We began our artistic investigation into speech visualization in
thesummerof 2002, wien we were invited by the Ars Electronica
Museumin Linz, Austriato develop arnteractive installatioron

the theme of augmentegkality. The result wasThe Hidden
Worlds of Noise and Voigcer simplyHidden Worldswhich was
installed at the museum ftite 20022003 season.

311 2YHUYLHZ RI 3+LGGHQ :RUOGV’
Hidden Worldsis an interactive audiovisual installation, or,
alternatively, an augmentedality spechvisualization system
Participants inHidden World are able to see each other§

voices, which aranade visible in the form of animated graphic
figurations that appear to emerge from the particigimtauths

while they speak.

In the installation, visitors wear special $kmugh data glasses,

which register and superimpostereoscopi@D graphics ito the

real world. When one of the users speaks or sings, colorful
JLIXUH 3DYOiWR Reffi\ReD ReclBD WL R Q  abstract forms appeéhrough the gogglesp emerge from his or

her mouth. The graphics representing these utterances assume a

variety of shapes andbehaviors that are tightly coupled tive
In the realm of interactive art and performarhe,Japanese artist  unique qualities of the vocali§tvolume, pitch and timbre.

Toshio Iwai is well known for a long career of inventive and-high ) o o )

quality audiovisual worksin 1997, Iwai produakthe masterful Hidden Worldspermits up to six visitors to participate in the
audiovisual performancélusic Plays Images X Images Play consensual hallucination, enabling a wide range of engaging
Music in collaboration with the composer Ryuichi Sakamoto, audiovisual and conversational play. For those who are not
which explorel a wide variety of possible relationships between €duippedwith the dateglasses, a projection at the center of the
physical soundactiors and their virtual graphic repreentations ~ installation makes visible the "shadows” of the virtual spoken
[2]. For this work, Iwai devised a performance system in which a forms.

projection screen, arranged immediate proximity to a grand

piano, displayedreattime animated graphics that appeared to

emerge from the piano whenever one of its keys was sounde

Iwai has since developed a new performa8Sée, of Ligh{2003)

which employs a similarreattime audiovisual cdocation

between projected computer graphics and a Sho (traditional

Japanese flute) performed by a leading Japanese flalitist [

Although Iwai has published few details of this new work, its

mechanism may in principle be quite similar to that used in our

own performanceylessa di Voce.

3. INTERACTIVE ARTWORKS

In the summers of 2002 and 2003 we developed three interactive
artworks (two installéns and a performance) which deaith

the artistic possibilitiesof speech visualization. Although these
artworks use many different graphical techniques to represent
speech visuallythey are motivated by a common goal of making
these visual represetitns seem, perceptually speaking, to be as

tightly coupled as possible to the speech sounds with which they Figure 3. Modified Sony 1-Glassesn Hidden Worlds
are associated. To achieve this, all of the artworks involve the '



Figure 4. Installation views of Hidden Worlds



. , postagestamp sized hole positioned 10cm in fronoo&$§ face.
3.1.2 Implementation 6 *+LGGHQ :RUOGV gy hURMHFWLQJ WKH Y theWXa3D forMsoBtGR ZV -~ R |
The Hidden Worlds installation offers an in-situ speech EURDG FHQWUDO WDEOH HDFK YLVLWRUTV
visualization through the use afigmented realittechnology,  considerably: thel-Glasses provided a detailed and colorful
defined byLev Manovich asthe ‘verlaying ofdynamic and  foveal view, while the projection around and beneath the goggle
context VSHFLILF LQIRUPDWLRQ RYHB. WKH \dw¥ %fdidddebhidaudr infermadhHadout the location and
movements of surrounding sougdstures. Theable projection
hasthe additionalbenefit of providing an enticing partial view for
museum visitors whbavenot yet participated in the installation.

To accomplish this, we udeadsets consisy of a homebrewed
combination of an Ascensidrock of Birds6-degreeof-freedom
position tracker; Sony-Glasseswhich had been modified (with
additional viewholes andccustom halfsilvered optics) to be semi
transparent, and a miniature AKG vocal microphone mounted
within the bridge of the Sony glasses. With appropriate coordinate3.2 Installation Two: RE:MARK

offsets, this cotination of technologies allowss to surmise the A smadler installation entitledRE:MARK was produced as a
ORFDWLRQ DQG RULHQWDWLR@ roltieX U crhpahidMiredeltd/th¥ larherSiRierWibMdsproject. Designed
The viewpoint estimateare used to provide our visitors with  for only two participants,RE:MARK like Hidden Worlds
SHUVRQDOL]JHG JHRPHWULFDOO\ 3FRU WhdeWls arY ihtdrdctiveR/sulliizédibn Bikit® Ugdi@ech. Unlike
synthetic world, while the mouth position estimagesused as Hidden Worlds which primarily attends to the noiselike aspects
the origination points for the localized 3D speech visualizations. of vocal soundsRE:MARK shifts this inquiry towards the more

Visitor utterancesure segmented, analyzedd then represented symbolic domain of the spoken and written word.

graphicallyas noodleO L Nddnd J H V W X\g ehypldya variety ;

of speech analyses to parameterize the shapes of the- soun#-.2.1 2YHUYLHZ R1 35( 0$5.

gestures but the most perceptually salient of these are durationIn RE:MARK, sounds spoken into a pair of microphones are

(mamped to the visual length ofoundgestures and volume analyzed and clas#fl by a phoneme recognition system. When a

(mapped to changes in the soudtHVW XUHV T GLDPHVhooeme :iK egognized with sufficient confidence, the written

soundgesture is created, it initially emerges from the location of name of the phoneme (for exampdé, eg ah, etc.) is projected

LWV V SHDN kher§after? Rovavet, gradually submits to on the installatio§ display. If the use§ sound is not recognized

the infuence of a flocking simulatiof2], which directs it to swim by the syster§ classifier, then an abstract shape is generated

DURXQG WKH YThe [cheriRdte df its Robkihy behavior  insteadaccording to parameters derived frime timbral(spectral

is influenced by ther aspects dfs associated utteran¢guch as and formant)characteristics of the vocalizatioAmong other

pitch and spectral centroid) mappings, sounds with highequency spectral centroids are
represented witpointier, more irregulaforms.

Figure 5. A view photographed through a Hidden Worlds
eyepiece. At upper right, the undersideof D VIQWKHWLF 3V RQu@G Installation view of RE:MARK { &¢reen, showing a
JHVWXUH” VXSHULPSRVHG LQWR WKH VF EbQbinatDwef ®rualkang gbahivthapesietderging from the
3VKDGRZ" Rl WKH VRXQG JHVWXUH FDVW RQ WKHWKDERHE R\ WKH SDUWLFLSDQWTIV KH
overhead video projector; at upper left, the child (elbows on

table) who created the sound gesture. As the visitor speaks, the corresponding written phonemes and

abstract forms are rendered as silhouefidese graphics are

One of thennovations of thédidden Worldssystemis the use of animated such that they appé&aemerge from the shadow ogth

a video projector to augment the narrow visual field of the speakef head as determined by eomputesvision systemThe
YLVLWRUVYT VWHUHRJUDSKLF JRJJOH GresuisiopleyfuiictionHn whitlpthersRGIM$EPBULF OLIJKW ™ R
grade (i.e. nomilitary) 3D goggles, theSony I-Glassessuffer WKH YLGHR SURMHFWRU PDNHV WKH VKDGR
from an extremely small (18egree) field of viewpsingsuch a The installatiory visitors become actors in a shadow |a/aof

viewport is roughly analogous to inspecting the world through a reactive cartoon language



322 ,PSOHPHQWDWLRQ RI 35( 0%$5.°
RE:MARK employs an elementaryphoneme classifierwhich
works by comparing the Mélrequency Cepstral Coefficients
0)&& RI WKH XVHUTV thdRd-fio® aset 6fpie O ZL WK
stored phoneme models, anéesting the best match according to
a leastsquares difference. As such, the system is able agmexe
about a hallozen vocal sounds wit approximately 90%
reliability across @roadrange of speakers.

The speech analgsisystem works in tandem wittn a&qually

simple computetvision system, which estimates the location of a

XVHUYV PRXWK E\ VHOHFWLQJ D SRLQW VRPHZKHUH DERYH WKH FHQWURLG
Rl WKH XVHUTV WKUHWV¢R @ Qubk6 spédk® KR XHW W H

graphical visualization elements, consisting of alphabeti¢ t

fragments (when a phoneme is recognized) and timbrally

parameterized abstract polygons (when no sound is recognized)

are birthed by the vocal analyzer and placed at the presumed

mouth position. Figure 8. 33LWFKSDLQW " M&s¥  Fldn Riictithe
$ EOXUUHG YHUVLRQ RI WKH X\uked, by V Lper o fn&rbipaiWIihed by niadal&tilny\tHe iBi€HoBLREIr voice.
the graphics animatiorsystem, as a gradientfield for the )
application offorces to the frefloating graphical element3hese In summer 2003, we sougtd take our coreideas about speech

forces propetthe visualizations away from (the shadow of) the visualizationto a neWIeveI’of sophistication by developing a |
VSHDNHUJV KHDG WKXV PDNLQJThisJRRﬁSPRRtJH;%WzRQl%%PMBW(/'—RQ IRU XV.IOUE\ D GXH

implementatioralsopermitsthe speakean additionainteraction foremostchallege in doing spasartistengineerswould be to
in which it becomes possible toropel the graphicsacross the createinteractive systemsthat couldbe deeply instrumental for
screen with the shadow ohe$ body these vocalists, antbmmensurately expressiviéne result of our

effort wasMessa di Vogea concert performance in which the
speech, shouts and songs produdad two vocalists are
augmented in redilme by custom interactive visualization
software. Created in collaboration witloan La Barbarand Jaap
Blonk2 two singer/composeksiown for their experimental vocal
technique$ the performance touches on themes atfstract
communication, synaesthetic relationships, cartoon language, and
writing and scoring systems, within the context of a sophisticated
and playfulaudiovisual narrative.

Figure 7. Installation view of RE:MARK.

RE:MARKwas quicklyexecutedduring thesametime periodthat

we were completinghe much moréogistically complexHidden

Worlds installation.Plans to replac®E:MARKY Yather modest
phoneme recognitiomlgorithm with a more robustommercial

solution among other developmengse underway.

3.3 Performance: Messa di Voce

Our installationstﬂidden WorldsanldRE:MARK.were designed for Figure 9. 3,QVHFW~ D Wiessavdi R/GeeiR Which a
easy apprehension by a lay audience. .In this regard they appeart 4 U IRUPHU ftavis ¥Fecel ByXet Wgeech and song.

work extremely well, and seem especially popular with museum

visitors under 10 years old (and other visitors who are not too shyThe coremechanisnmof Messa di Vocés similar to that of the
to bark or oink). In the course of develup these installations, RE:MARKinstallation, incorporating an integration rafattime
however, we realized that our software, with furtfefinement computer vision and speech analysis algorithmsMessa di

had the potential to support even more nuanced interactions. ~ Vocg a combination of computevision techniques is used, not
only to track the locations of the performéiseads but to
estimate the orientations and positions of their bodies asTwell



analysiscomputer alseaptureghe audio signals coming from the TheMessa di Voceoncert makes usd a wide range afiifferent

performersf microphones,and extract features such as pitch, graphic visualizations, including particle systems, elasgiing

spectral content, and autocorrelation daia. response, the meshes, fluid simulations, cloud simulaBprtc Several of our

computer displays various kinds of visualizations on a projection techniques were adapted or implemented directly from reeently
screerimmediatelybehind the performers; these visualizationsare SXEOLVKHG FRPSXWHU JUDSKLFV DUWLFOH)
synthesized in ways which eartightly coupled to the sounds NQRZQ 36 WD E OH 9 OrXduGcdricedtDisesadhriques

spoken and sung by the performers. Owing tohtsedtracking andideas take shape in a series of twelve brief vignettes which
system these visualizations can be projected such that they appeaexplore different symbolic, tactile and audiovisual aspects of
to emerge directly from the performénsouths. phonesthetic relationships. The entessa di Vocgerformance

generally runs 30 to 40 minutes in length.

More information aboutthese projectscan be found at:
http://www.tmema.org/messa
http://www.flong.com/remark
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Figure 12,13 ORUH LPDJHVSY\RBRORD WkeksEaML\REEIRhe upper image, Jaap emits a
stream of bubbles by making a special cheek-flapping sound. As his sounds grow more vigorous, his bubbles
fill up the screen. But the resulting cloud of jostling sound-bubbles is unstable. Turning to admire his work,
his cloud bursts 2 raining bubbles that "'release™ his cheeky sounds when they fall onto him or crash to the

ground below. In the lower image, he struggles to contain the noisy torrent, but, failing this, storms off in distress.



