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ABSTRACT A system for handriven audiovisual performance is the goal of
We report oriThe Manual Input Sessiqres series of audiovisual "€ research we present helore preciselywe report on the
vignettes which mbe the expressive possibilitiesf freeform design and development of easily learnablehlyi expressive
hand gesturesPerformed on ahybrid projection system which ~ Softwaremechanisms by which people can create and perform
combinesa traditional analog overhead projectamda digital PC both animated imagery and sound, simultaneously, irtinee)
video projector our visionrbased softwarénstrumentsgenerate ~ USing only their harglin anunencumberechanner.
dynamic sounds angraphicssolelyin response teheforms and Our criteria for success are similar to thoseused to develop

movementsof the silhouette contours of theXVHUV K DQGNviousmousedriven audiovisual performance systems, the
Interactions andwdiovisualmappingswhich make use oboth Audiovisual Environment Suifd], and our recentvoicedriven

positive (exterior) and negative (interior) contours are discussed. aydiovisuh performance systemRE:MARKandMessa di Voce
[5]. Thesecriteria include sucheemingly contradictorgoals as:
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x Simplicity /Difficulty WKH V\VWHPTV EDVLF
operationare easy todeduceand selfrevealing at the
same time, sophistited expressi@arepossible, and true
masteryrequires the investment of practice

1. INTRODUCTION

It is easyto understanthow the hand as oneof the most highly

articulated, neurologicallgensitive and proprioceptively adept

patts of the bodyhas come to haveuch aprimary role in both
musical communicatiortasour means fomperformingnearly all

x Repeatability/Inexhaustibility: the system re®nds
consistently to consistent inp@nd yetthe system never
responds exactly the same way twice, becatisis
sensitiveto miniscule differences in user performance

musical instrumentstandin live visual communication, through x Create, Manipulate, Destroy the system provides an
expressiveforms such as shadow plandsign languagetiands audiovisual material for which all three actions are
are qute simply very weHladapted to communicative expression possible.

in both the audible and visible domains.

SuUl

x Audiovisual Commensurabilty WKH V\VWHP{V VRQL

It is impossible to estimate when humans fastertained each
other with plays of hand shadawasr first used their hands to
bring forthsounds from anusical instrument. #dence certainly ~ In developing systems for hawdliven audiovisual performance,
points to the possibility that both activities have been a part ofWe have decided to use computer vision technigpesialized
human culture for many thousands of yeBrs.to the best of our for the detectionidentificationand aalysis of closed silhouetted
knowledge, we are unaware of any traditions or technologies incontours [2].Suchtechniques allow for thenfetteredextracton

visual dimensions amequally malleable

which the hands are uséal simultaneouslyperform both visual of gesturallysignificant GDWD DERXW WKH XVHU{TV KD

shadowplay andnstrumentamusicalsound. movements. As we shall see, our instruments use theseodata t
governthe synthesis dfothgraphics andound.

Permission to make digital or hard copies of all or part of this work for 2. BACKGROUND
personal or classroom use is granted without fee provided that copies are| ' thi ti id . 1 hich visi
not made or distributed for profit or commercial advaatagd that n this section we consider prioesearch(1) in which vision-

copies bear this notice and the full citation on the first page. To copy {racked hand contoursare used asa primary interface for
otherwise, or republish, to post on servers or to redistribute to lists, interactivevisual play; (2) in which body-driven shape contours,

requires prior specific permission and/or a fee. obtained from visiofbasedanalysis of video, have been used to
1L P H,May 2628,2005, Vancouver, BC, Canada. govern the reafime control of expressive musical parameters
Copyright remains with the author(s). and (3) in whichsensoitracked hands are used to control virtual

audiovisual objects.



2.1 Myron .UXHJNIDEOPLACE

0\URQ .U Xikfliehtief WIDEOPLACEsystem, reated more

than thirty years ago, was one of the finseractiveartworks to

make use ofcomputer visionas a means for capturing and

incorporating the gestural expressions of its usefgarticular

relevance toour researchis the fact that many of KXHJHUV

playful interactions madextensive use of the silhouette$

SDUWLFLSD @W ddtectihd anéd \fracking the tips of

S D U W L Fiig8rB fonvExampleKrueger enabled participants to

create virtuabyntheticdrawings in mieair; to adjusthe shapeof Figure 2. The Mouthesizer[6] uses theshapeof the mouth to
a virtualBeziercurve and to experience the fiction of picking up control real-time audio. The pink color indicates the area
and holding the entire body of aWeZRUNH G F R tatsw L GesgrHegpyits vision system Images reproducedrom [6].

The Mouthesizeris relevant to our present research because it
demonstrates thiechnical andnstrumentafeasibility ofvisually
tracking a bodybased contour, anoffers mappings according to
which such acortour can serveas anintuitive andexpressive
handle into a musical experience. FribraMouthesizerwe have
borrowed the idea oftracking an interior contour (also called a
hole or negative shapalthough we direct our attention tieose
interior contours whicleanarisebetween the fingers of the hand.

A significant difference between tiMouthesizerand our hand
driven instruments is thdtyons et al.appearonly to use the
mouth contour tanodulateor filter musical sound, rather than to
cause or create it. Consequently, lte Mouthesizercan only
Clearly, Krueger had by 1975 given a greéealof consideration function when it is usedin tandem with another musical

to the ways in which the computational augmentation of handinstrument (such as a guitar)apre-recordednusical passagé\
silhouettes could be used poompt both narrativeand abstract ~ second important differencés the extent to which the
forms of creativevisual play. Information aboutthe extent to Mouthesizeris intended as wisual performance instrument, e.g.
which Krueger employedparticipant contours to govesound for live cinema. Although thé&louthesizerreadily provides an
however is scanty. Although he reports having linked the stereo LQWHUHVWLQJ YLHZ RI WKitt iedtiRUPHU T
SODFHPHQW RI VIQWKHWLF VRXQGV Vinplementgtdn @< Fasgibeg Vin{[fio Ra! La]lrQ for Dt
positionin his earlyGLOWFLOWmodule [3] (a mapping walso creation or manipulation of graphical phenomena dpam the
adopt in our current reseajclittle else is knownFrom his brief live view of this contourOur instruments, by contrast, work
mentions ofsound inhis bookArtificial Reality I, which stands independently from other sound sources and allow both sounds
asthe primary document ofhe VIDEOPLACEproject,it seems and image to be created and manipulated together.

safe to say thahe musically insrumental quality of hisystems

Figure 1. Myron .U X JH VIDEOPLACE structured many
playful interactions around the use of participant hand
silhouettes. Imagegeproducedfrom [3].

was not a primary focus of his research. 2.3 Mulder et al.  Sound SculptingSystems

In their Sound Sculptingystemg19981999, Axel Mulder et al.
2.2 /I\RQV HWolHesifer use hand posture inbrmation (captured in reatime by
In their Mouthesizer(2001), Michael Lyonsand his colleagues Cyberglove dataglove hardware andHeohus 6DOF position
use statistical measurements computed fromvilsaally-tracked sensorsjo adjustthe shape and locati@fi a virtual 3Dobject[8].
contourof a S HUIR U P HuUf ¥rd& RotWdulate musical Variousphysicalproperties of this virt@al object (such as its size,
parametersf reattime audio synthesizers and filters.[6] their curvature, an@mountof torsionaltwist) are then used to govern
design, theMouthesizerperformer wears a miniature head continuous soungffectssuch as flange strength, chorus depth,
mounted cameradirected at his mouthThe cavity of the FM distortion and vibratoln addition to the resulting sound, the

S HU I R UritiUigiwtectedoy intensityand color thresholding ~ virtual object(a flexible shet or balloon)is also visualized on a
the largestdetected pixel-blob is then subjected to various nearby computer monitor, thus constituting a complete
morphological analyses in order to distill a small number of audiovisual display.

highly descriptive shape metrickh one demonstration, these

parameters (which describe e.g. the width, heighand

compactness of the mouth apertuae¢ used tacontrol sound

propertiessuch asthe cutoff frequency of a resonant lepass

filter, or the distortion level (nelinearity) of an audio amplifier.

These dynamic filters are in turn used to modify sbend of a

live guitar signal performed by the same person, or a track in a

presequenced techno composition.

JLIXUH 0 X O G IsehicHSaUIpRu@ sfistems showing
wireframe hands shaping sounebbjects Imagesare from [8].



Mulder et al.'s works a significant precursor to ours because it J‘
demonstrates that the hands can be used to manipulate both the
audible and visibl@spectf virtual objects, simultaneously and

in reattime. Superficially, it may seem that the work we present
differs only in our selection of harglacking technology (we use
machinevision instead ofhe moreencumberinglatagloves) and

in our visual aesthetics (we use 2D virtual objects instead of 3D
oney. Nevertheless, there are more significant differences as well.

In Mulder's system, the pitch and duration of all sounds are fixed
in a preprogrammed MIDI sequence, while hand postareused
to modulate audio effects applied to this material. In other words,
as with the Mouthesizer Mulder's interaction methods pre
suppos the existence of a virtual soupbducing object in the
first place. By contrast, our systems permit a user to
instrumentallycreatevirtual souneobjects as well agzo modify

themthereafter

Because alhandmeasurements Mulder's system amaapped to
continuous position variables no actions or states remain
available for symbolic or discrete forms of audiovisual control.
Thus, for example, despite theonsiderable expense and
sophistication of their glove hardware, Muldet al. are
compdled (somewhat perversely) to rely on a footswitch to
enable and disable "holding" of the virtual objatte contend
that much morearticulate forms ofliscrete controhre essential
for the initiation and termination afon-cannedmusical events.
To this end,we enploy silhouettesas our primary interface
because they support botlntinuous and discrete logics for
interaction on the one hand;ontour shapes can be continually
modified; on the other,interior contours can be effortlessly

createdbr destroyed.

3. PERFORMANCE AND INSTRUMENTS

3.1 The Manual Input SessiosPerformance
The Manual Input Sessions an audiovisual performance
intended to probe the expressive possibilitiesiméncumbered
hand gesturesThe concert consists afsuite of customvision
basedsoftwae systemsdescribed below, which are performed on
a combination of draditonal analog overhead project@nda
modern DLP video projecton our setup,hte analog and digital
projectors argegistered andiligned such that their projections
overlap, resulting in an unusual quality of hybridized, dynamic
light. Because the rectangular boundary of\igeo projecton is
invisible, the concert presents the apparent ficttwat the entire
displayis produced by 3 P D dllowerheadrojector.”

Figure 4. The authors performing The Manual Input Sessions
at Ars Electronica Festival, Linz,Austria, September 2004
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Figure 5. Hardware setup of The Manual Input SessionsThe
analog andvideo projections are aligned to coincide exactly.

During the performancea computer vision system analyses the
VLOKRXHWWHY RI WKH SHUIRUPHUYfV KDQGV
platen of the overhead projector. The contours of these silhouettes

are then analyzed by our custénstruments In response, our

software generatesynthetic graphics and sounds that are tightly
FRXSOHG WR WKH IRUPV DQG PREMdPHQWYV
movements and posturekhese synthetic visual responses are co
projectedover, into and arounthe R Y H U Kath@dag $hadows

with which theyhave keen carefully aligned. The resultould

best be described asaam of laugmentedd HDO LW\ VKDGRZ SOI

This paper discusses three of the software instruments uged in
performance:NegDrop InnerStamp and Rotuni Each of these
modules createaudiovisal responses to ¢hsilhouette contours

R1 WKH SHU IR UhRadtlbfnfullkiristQu@antation includes
several other systems not discussed here, such as an instrument
which allows performers to influence a granular synthesizer by
drawing a force fia (with their fingertips). Another stgystem
(which makes use of object recognition techniques) allows
performers to switch between instruments by placing a cardboard

symbol on the platen of the OHP.
To creatdegible visual contrast between thealog shdows and

illuminated digital graphics, we place a sheet of colored theatric
gel onto the glass platen of the OHP. This appears as a gray or

magenta background in Figurss, 8, 10, and 2.



32 7KH 31HJ'URS”’
In our NegDrop performance module, cled interior contours

(i.e. holesor negativespaces LQ WKH SHUIRUPHU
detected by the computer vision systeamd used asvisual
representationsf virtual soundproducing objects(Suchinterior
contourscanbemade for example, bynclosingan emptyregion
EHWZHHQ RQHTV W K XsPnith DAQKGH | Rabidsign® J H
When the performebreaks the contour of the hdlg separating

his fingers the shape is released from his hand and falls
downward as if pulled by gravity.

Figure 6. In the NegDrop instrument, interior contours
become 3droppable” virtual objects which trigger sounds
when they collide with the boundaries of the projection[The
right-hand photograph is a timelapse composite.]

When thevirtual shape collides with the bounds of the
projectionarea it bouncesrigidly off the boundary and triggers
the production ofa MIDI soundwhose properties arelosely
coupled tocertain visual aspects of the dropped shafEhe
audiovisualmappings inNegDrop are given in Table 1yVith
each bounce, thdroppedobject voices its sound antbsesa
percentage of itkinetic energyto simulated friction after a
while, the objectacks sufficient energy tcontinue bouncingnd
is made to fadeaway. In our current implementation, virtual
objects dropped from the top of the projection bounce for
approximately five seconds.

Figure 7. Dropped objects inherit their initial lateral velocity
from the horizontal movementof the hand that released them.
The horizontal position of the virtual object governs the stereo
position of the soundsit produces.

Although the performer caquickly deposit a large number of
bouncingvirtual shapes 231 H J)] \8dch thatmany shapes co
exist in the projection simultaneouslthe implementation of
inter-shape cdisionsis currently disabled, ahe sounds caused
by secondarycollisions between Neggsvere judgedto be too
chaotic.

,QVWUXPHQW

Table 1. Audiovisual Mappings inNegDrop

Contour Properties
9V _KDQGV DUH

Sound Properties

contourarea pitch (large = low)

collisionenergy volume

Lhorizontal position stereo pan location

compactnesspointiness timbral brightness

Instrumentally speaking it is somewhatdifficult to predict the
precise pitch which a dropped Negg will pioduce. Small

variations in shape e, owing to such factors as thaiability in

the GLVWDQFH IURP WKH SHUIRUP&th§V KDQG
OHP, can lead titch variations ofone or two semitone3he

NegDrop instrument isconsequentlya poor choice for the
performance o&xplicitly melodic musical material. At the same

time, it isquite easy to predict thgeneralpitch range in which a

Negg will sound.NegDrop additionally affords very precise

control of note attack timing, @kis can bedirectly regulated by

the distance fromW KH S H B hd BoHRéfftual floor. As a
result,NegDropis a good instrument for performing textures of
noteclusters and some varieties of pitched rhythmic percussion.

Our current implementation oNegDrop uses MIDI as an
expedientmeans oftriggering reattime soundevents Owing to
NegDropf V Xf\sikhulated physics, howevéhisinstrument is a
good @ndidate for the use of physicabdelingbased synthesis
techniques such as those described 24y % Udt IQn [9]. In
such adesign which weintend to pursue in a future version of the
Manual Input Sessiongroject, synthetic sounsl would be
computed bymodeling our silhouettederived virtual objectas
elasticmassesvith shapespecificmodes ohatural vibration.

3.3 The 3, Q Q H U 6 \m&rBreent

Like NegDrop the InnerStampperformance module also uses
negativecontoursnside WKH SHUIRUPHUTY KDQGV WR .
Unlike NegDrop howevernnerStamgpresents an interaction for

the synthesis o€ontinuousdrones,rather tharthe triggering of

discrete notes.

When the performer ofnnerStampcreates a closed negative

shape within the silhouette bfr handsithis interior contour is

highlighted, and a pitched drone is heard. As long as the
SHUIRUPHU GRHV QRW UXSWXUH MhkH VKDSH
drone can be continuously modifibg changing various visual

properties of the contouFlattening the contour into a long, thin

shape, for example, brightens the timbrat®fdrone. Changing

the perimeterof theshapefrom large to small causets idrone to

rise in pitch.

Figure 8. In the InnerStamp instrument, interior contours
persist after they are created



InnerStampuses a hybrid granular/FM synthesizer implemented 34 7KH 35R W X QL o QVWUXPHQW

using the realime audio affordances of Ross Bencina's  the Rotuniinstrument developsythmic melodicostinatosfrom
PortAudloIIbrary and 6WHSKHQC3[RtSd+km9\/[1],[11] WKH SRVLWLYH FRQWRXUV RI WKH SHUIRU|
InnerStamponsequently offersxtremely precise control of pitch opaqueobjects which are pted oto the glass platen of the

and timbre Further details aboufts mappings can be found in \/\yvwWHP 1V RY H U KHikeGleGDUdRM IRreNStatpit is

Table 2 below. not necessary for the performer Rbtunito create an interior

Table 2. Audiovisual Mappings inlnnerStamp (negative) contoun orderfor the system tproducesound.

Contour Properties Sound Properties

contour perimeter pitch (large = low)

horizontal position stereo pan location

time since hands departed

volume decay

perimetefto-area ratio
(i.e. noncompactness)

FM modulation index
(i.e. timbral brightness)

Figure 10. The Rotuni instrument generates a rhythmic

melody for eachpositive silhouettecontour it identifies.

A unique aspect of thimnerStampinstrument is that, during the  Users playRotuniby placingtheir hands or othesbjectson the
WLPH WKDW WKH XVHU LV VWLOO KR O GdidaskuMakedf tReHoyEN¥dd YprbjedtsrBad dlitiihe @ontoGrdt ™ KHU
hands, the shape records all of the transformatidhat are the individual objects are individually segned and tracked by
happening to itThese transformations include any and all of the the computerThese silhouettes ardien digitally re-projected
XVHU ftimelntdD@D WLRQV RI WKH FRQWRXUdhi tNeldrdject®oR ¥cke@hl Bufh tHR Slgnificantaddition of a
ERXQGDU\ VKDSH $IWHU W KHbyXdopehthg: U HOLHDAXYO Yéikali sdrbRifshioned radar display. This

up her hangs the shape remains in the projectianand plays arm extendsfrom the centroid of ezh silhouetteo its edge, and

back the recorded manipulations which happened to it earlier. rotates in discretehythmic time steps according to a pset

These transformationgplay endlessly, looping ba@ndforth, tempo.

until the user removes her hands from the projection, at which

SRLQW WKH FRQWRXUYTV VRXQG DQG LP A e ek @sresRs @irdng yhepepqur of the silhouette, a
MIDI note is triggered whose pitch is proportional to the length of

While an animating shape replays its morphological history, it the clock arm at thaime-step.Thus, for example, circular shapes
also replays its sonic historyhus a shape which was created to yield dronelike pulses, while shapes wititld protuberances (like
animate from large to small (and hence glide from a low drone tofingers) create high notes when the clock arm sweeps past a finger
a highpitched one) will replay this soumassage while it also  (and lower notes otherwisdjhe Rotuniis polyphonic, since each
loops visually from large to small and back again. silhouetteyields its own melody.

Figure 9. Interior contours deposited into the InnerStamp
proj ection replay their individual histories of movement

Figure 11. The pitch producedon a givenbeatis proportional
tothe OHQJIWK R WokathgU&dRISHM V

The InnerStampinstrument permits up to three animating shape Each silhouette, moreover, yields a ausl which is unique to its

stamps to be deposited irttee projection at any one time. (Using  form. Cardboard cutout shapesndae designed, thefe, which

more than three simultaneously was judged tdoechaotic.)  vyield predictable melodies when placed into $ietem. InThe

Each newlyintroduced recording replaces the oldest active stamp. Manual Input Sessiorerformance, we employ a combination of
malleable silhouettes fromour hands,fixed cutout cardboard
shapes, and everyday objects (such as csaissorskeys, and
PC mice) when playing thHeotuniinstrument.



Table 3. Audiovisual Mappings inRotuni. Boykowycz and Nurit Bashai for their invaluable support and
assistance with the performances of this project

Contour Properties Sound Properties

length of sweeping radial arm pitch (short=low) 6. REFERENCES
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contour ID number MIDI timbre seledon [2] Da Fontoura Costa, L. et &hape Analysis and

Classification: Theory and Practic€RC Press, 2000.

Rotuni offers an intuitive interface for controlling melodic [3] Krueger,M. Artificial Reality IIl. AddisonWesley, 1991.
material in a rhythmic context. It is even possible to perform . . o
musical rests iRRotunifV R W Kpérivditbéat, by creating -C [4] Levin, G. Palrlw\;erly Interfaces fmUd'OV'S:sl
VKDSHG VLOKRXHWWHV ZKRVH FHQWURL%}{ il ﬁemﬁgﬂwgﬁola%ﬁg%ﬁﬁ\/
boundary Regrettably, our current implementation of this 9 peoplelg

instrument does not provide any other interface mechanism for[5] /HY LQ * DQG /LHBSHispdee Visuakizafon

modulating its volume dynamics, or regulating its basic tempo. inRea}7LPH ,QWHUDFWLYH ,QVWDOODWLRQ I

Although there arebviousnonintrinsic solutionsd these issues Proc. 3rd Internatioral Symposium on NeRhotorealistic

(e.g. vdume pedalsand/or keyboard buttopsthis is an area of Animation and Rendering\nnecy, France, 2004.

furtherresearch for us. [6] /\RQV 0 +DHKQHO 0 DHG 7THWVXWDQL
Mouthesizerr ADFLDO *HVWXUH OXVLFDO ,QWHU

4. CONCLUSIONS Conference Abstract§jggraph2001, Los Angeles, p. 230.
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DQLPDWHG LPDJHU\ VLPXOWDQHRXVO\ [@Héjﬂg Wg%xﬁ@'*g%@%ikﬁt%m\)ﬁ'gg (‘)DSVGL#HD%

definition of augmented realitytas an SRYHUOD\LQJ RI

GLLQ_|J Rh LbD;(@pg%MmQNNHUIDFH 1l
VSHFLILF LQIRUPDWLR RYH WKH VX |
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Figure 12. Visual summary of the hybrid analog/digital light projection technique used ifthe Manual Input Sessionfnstruments.

Left to right: (1) /LYH VRXUFH LPDJHU\ RI WKH SHUIRUPHUfV KDQG VLOKRXHWWHY LV RE\
silhouettes are analyzed by a computer vision stdystem, and computer graphics (typically twaimensional lines and polygons)

are generated in respose; (3) The synthetic graphics are warped by an affine transform in order to accommodate any necessary
perspective corrections, and then projected so as to coincide with the light projection emitted by the overhead projector.



