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Chapter 2Intera
ting with a Virtual Worldthrough Motion CaptureSynopsisIn this 
hapter a general introdu
tion to MoCap is given together with a generaldis
ussion of how MoCap 
an be applied in HCI. The 
hapter 
onsists of a pub-li
ation from 2001 [A℄ whi
h has been published as 
hapter 11 in the book titledIntera
tion in Virtual Inhabited 3D Worlds [B℄. The 
ontext of the publi
ation istherefore how to apply MoCap to intera
t with a virtual world. Note that whenthere is a referen
e to this book, e.g. "Previously in this book...", this book refers to[B℄ rather than to this thesis.

Synopsis Referen
esA. T.B. Moeslund. Intera
ting with a Virtual World through Motion Capture. InLars Qvortrup, editor, Intera
tion in Virtual Inhabited 3D Worlds, 
hapter 11.Springer-Verlag, 2000B. Lars Qvortrup, editor. Intera
tion in Virtual Inhabited 3D Worlds. Springer-Verlag, 2000
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2.1 Introdu
tion 15Intera
ting with a Virtual WorldThrough Motion CaptureThomas B. Moeslund2.1 Introdu
tionPreviously in this book the 
on
epts of intera
tions, agents, avatars and virtualworlds have been dis
ussed. In this paper we will look 
loser at how the non-verbalintera
tion with a virtual world takes pla
e.The non-verbal intera
tion (hereafter intera
tion) to virtual worlds 
an be througha 
ommand/text window and keystrokes whi
h are seen in many systems. But asthe virtual worlds and the intera
tion with them be
omes more 
omplex so doesthe need for more advan
ed interfa
es. One way of improving the interfa
es is touse motion 
apture (MoCap). That is, the motion of the subje
t interfa
ing tothe virtual world is used to make the interfa
e more general and intuitive. As anexample, say you want to make a 
reature in the virtual world wave its hand. Insteadof using playba
k, with its inherent limitations, or using a 
omplex 
ombination ofkeystrokes and mouse movements, you 
ould simply wave your own hand in thedesired way and have a MoCap devi
e register the movements and send them to the
reature, making it able to dupli
ate your movements in real-time. The advantagesof using MoCap are evident, but how exa
tly 
an the motion of a human or anotherobje
t be 
aptured? And how may it be used to intera
t with the virtual world?These are the questions we will try to answer in this paper.We will do this by �rst des
ribing the di�erent devi
es used for MoCap and their
omplexity, and then dis
uss how MoCap is used to 
ontrol something, espe
ially ina virtual world. But �rst we will give a more pre
ise de�nition of MoCap, in
ludinga brief glimpse into its development.2.2 Motion CaptureA fair question to ask in this 
ontext is what exa
tly is MoCap? Formally it isthe pro
ess of 
apturing motion, usually human body motion, via a MoCap devi
e.However, a 
loser investigation reveals that this is not entirely true. Many devi
es,e.g. a 
omputer mouse or a steering wheel in a 
ar, are usually not 
onsideredMoCap devi
es, and their tasks are not 
onsidered to be MoCap, even though theirsole purpose is to 
apture human motion. A pre
ise de�nition 
overing all aspe
tsof MoCap 
annot be given, sin
e it di�ers between appli
ations and depends on the
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hnology. Generally it 
an, however, be said that measurement devi
eswhi
h are asso
iated with registering and/or storing of general human motion, andwhi
h do not have a prede�ned purpose (as, for example, a steering wheel does) are
onsidered MoCap devi
es. Another 
hara
teristi
 is that most of these devi
es 
anbe �tted to di�erent humans and appli
ations.When we use the term MoCap in this 
hapter it refers to the pro
ess of 
apturing themotion of a human body (part), at some resolution. The phrase at some resolutionis added to indi
ate that both the estimation of the overall human motion, e.g. hisor her 
entre of mass, as well as the estimation of motion of ea
h arti
ulated jointin an obje
t, is 
onsidered a MoCap problem.The development in MoCap te
hnologies and devi
es 
omes from two sour
es: re-sear
h and industry. At �rst, for many years, MoCap appli
ations were designedto measure, and thereby help understand, the motion patterns of humans (and ani-mals). This was solely driven by resear
h. Later medi
al aspe
ts were investigated,resulting in an a
tual MoCap market.Some 10-20 years ago, as 
omputers were be
oming widely available, a number ofnew appli
ation areas opened up and the interest in MoCap exploded. Sin
e thensome of the interested parties have been big industries: military, entertainment,medi
al and advertising. They all have plenty of money to invest, resulting ina fast developing market with a 
ontinuous 
ow of new and improved produ
ts.Beside these industries the resear
h 
ommunity has also 
ontributed to the rapiddevelopment. Lately the resear
h 
ommunity has invested mu
h e�ort in the areaof Human Computer Intera
tion (HCI). For 
omplex HCI appli
ations, su
h as signlanguage re
ognition and avatar 
ontrol in a virtual world, MoCap is a very wel
ome(and in some 
ases ne
essary) tool.Together the resear
h 
ommunity and various industries are 
onstantly developingand improving MoCap devi
es. The most important devi
es and their underlyingte
hnologies are des
ribed in the following se
tion.2.3 Devi
es Used for Capturing MotionThis se
tion gives an overview of the di�erent types of devi
es used for MoCap anda glimpse into the history of visual 
apturing methods in parti
ular. The di�erentMoCap devi
es are based on either a
tive or passive sensing.The 
on
ept of a
tive sensing is to pla
e devi
es on the subje
t whi
h transmit orre
eive real or arti�
ially generated signals. When the devi
e works as a transmitterit generates a signal whi
h 
an be measured by another devi
e lo
ated somewhere inthe surroundings. When it works as a re
eiver it re
eives signals usually generatedby some arti�
ial sour
e in the surroundings.In passive sensing the devi
es do not a�e
t the surroundings. They merely observe



2.3 Devi
es Used for Capturing Motion 17what is already in the world, e.g. visual light or other ele
tromagneti
 wavelengths,and generally do not need the generation of new signals or wearable hardware.2.3.1 A
tive SensingDi�erent devi
es for a
tive sensing have over the years been invented to 
apturehuman motion in parti
ular. Marey was the �rst to ta
kle the MoCap problem,as early as 1873. He used pneumati
 sensors and pressure 
hambers, e.g. underthe foot, to measure the pressure 
ondu
ted by the foot [17℄. This kind of work,where the for
es of movements of di�erent body parts are measured, is known askineti
-based MoCap.In the last two de
ades di�erent devi
es, su
h as me
hani
al sensors, a

elerometers,ele
tromagneti
 sensors, a
ousti
 sensors and opti
 �bres, have been invented; see[3, 11, 13, 15, 28℄ for general des
riptions of these sensors and [1, 2, 5, 21, 22, 26℄for examples of systems where they are used in pra
ti
e. In the following a shortdes
ription of the di�erent devi
es is given.Me
hani
 devi
es are atta
hed to some movable parts whi
h when moved, e.g.during bending, will output a signal dire
tly re
e
ting the 
on�guration of the mov-able parts to whi
h it has been atta
hed. In �gure 2.1 a glove (the CyberGlove)based on this te
hnology is shown.

Figure 2.1: A me
hani
al glove for MoCap [3℄.An a

elerometer is a small devi
e whi
h measures the a

eleration of the obje
tit is atta
hed to. This is done by measuring de
e
tion 
aused by the movements ofthe devi
e and 
onverting this into an ele
tri
al signal. Devi
es 
an be more or lesssensitive to the Earth's gravitational �eld.Ele
tromagneti
 devi
es are atta
hed to di�erent joints/segments on a subje
tand measures the orientation and position of ea
h devi
e with respe
t to the Earth'smagneti
 �eld, or a �eld generated by a transmitter. In �gure 2.2 a subje
t wearing
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tromagneti
 devi
es is shown. All devi
es feed their signals to a box onthe ba
k of the subje
t from where they are send (via radio or through a wire) to aMoCap 
omputer.

Figure 2.2: Ele
tromagneti
 devi
es mounted on a subje
t to 
apture his movements.
A
ousti
 devi
es use a set of mi
rophones to re
eive a sound wave emitted froman a
ousti
 sensor atta
hed to a subje
t, or visa versa. Using either triangulation orthe phase of the sound wave it is possible to 
al
ulate the 3D position of the devi
e.An opti
 �bre devi
e is a spe
ial 
ase of the me
hani
al sensor mentioned above.It it des
ribed separately be
ause, �rst of all it is a very popular solution, andse
ondly the me
hani
s do not hamper the user in the same way as the other typesof me
hani
 sensors do. Opti
al �bres are pla
ed along the limbs of a subje
t, e.g.the �nger, and a signal is produ
ed whi
h re
e
ts the bending of the �bre/limb. Anexample of a glove where this te
hnology is used 
an be seen in �gure 2.3.Most of the above devi
es are mainly used in kinemati
 systems where the goal is totra
k spatial 
oordinates of segments or joints over time. The problems with themare that the subje
t whose motion is to be 
aptured must be wired up, making it
umbersome to move around. This motivates the use of passive sensing.
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Figure 2.3: A �bre-opti
 glove (the 5th Glove) for MoCap [3℄.2.3.2 Passive SensingIn passive sensing the idea is to use an image obtained from a 
amera1 and 
apturethe motion based on that image. The image is a 2D proje
tion of the 3D world, sothe tri
k is to �nd the 3D (human) motion that gave rise to the 2D proje
tion. Thisproblem is known as photogrammetri
 re
onstru
tion [1℄. The idea was �rst usedby Muybridge ba
k in 1887 where he set out to prove that a horse has a 
ight phasewhere all its limbs are in the air at the same time [23℄. Later Muybridge turned hisresear
h to human motion 
apture. Re
ently, Bregler and Malik have su

essfullytried to use state of the art 
omputer vision algorithms to tra
k the original dataused in Muybridge's early experiments on 
apturing human motion [7℄.The idea of using passive sensing, e.g. a 
amera, to 
apture the motion of the subje
tis very novel but also very diÆ
ult. The diÆ
ulties arise be
ause of the 3D to 2Dproje
tion and the amount of information in an image sequen
e. To redu
e theseproblems many systems use markers atta
hed to the subje
t, redu
ing the amountof information and making the photogrammetri
 re
onstru
tion easier. Marey [15℄used this idea by atta
hing white stripes between the main joints of the user - the�rst passive marker.In 1895 Braune and Fis
her were the �rst to explore the idea of using a
tive mark-ers2 [6℄. They atta
hed thin light-tubes to di�erent body segments and generatedshort bursts of light syn
hronously photographed by four 
ameras. This type ofa
tive marker has be
ome known as Moving Light Displays (MLD), where an imagesequen
e is redu
ed to a sequen
e of moving lights (see Cedras & Shah [9℄ for areview). A 
lassi
al MLD example is the one done by Johansson ba
k in the early1970s [14℄. He showed that human a
tivities like walking and running 
an be re
og-nised from lights atta
hed to the joints of an a
tor. This suggests that pure motion
an be used for dire
t re
ognition instead of doing it indire
tly through a geometri
1More than one 
amera 
an be used.2Even though the markers might be a
tive, the overall sensing te
hnology is still 
onsidered tobe passive.
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onstru
tion. Today the idea of dire
t re
ognition is used by many resear
hersaround the world (see e.g. Campbell & Bobi
k [8℄).Even though the use of markers is a good idea, it is still 
umbersome for the user.Therefore 
omputer vision resear
hers have re
ently tried to move away from themarker approa
h and aim at more "pure" MoCap systems, where the "raw" in-put image is used to perform the photogrammetri
 re
onstru
tion (see Moeslund &Granum [20℄ for a review).2.3.3 Complexity of Di�erent Devi
esWhen MoCap is used in pra
ti
e the output from the MoCap sensor system (oneor more devi
es) needs to be analysed before the motion data are available. Thisis illustrated in �gure 2.4. The 
omplexity of the analyser module depends on thesensor module. The higher the level of the data that the sensor module produ
es,the less 
omplexity is required by the analyser module, and vi
e versa. For thedevi
es based on a
tive sensing the output from the sensor module is usually veryhigh, yielding only a little 
omplexity in the analyser module. For devi
es based onpassive sensing usually high 
omplexity is required by the analyser module3.
ModuleModule

Motion
Human

Sensor

Data

Analyser

Subject

Figure 2.4: An illustration of the 
omponents in a MoCap system.In MoCap systems based on a
tive sensing the overall performan
e depends on thenumber of devi
es and their quality. The latest versions of these devi
es are fast (upto 140 Hz) and rather a

urate (down to 0.5 mm in a well-
ontrolled setup) [15℄.If more devi
es are pla
ed on the subje
t a better performan
e is obtained. In theanalyser module not mu
h performan
e 
an be gained when using a
tive sensing,but the use of inverse kinemati
s may improve the overall result to some extent.For passive devi
es, espe
ially without markers, the performan
e is totally dependingon the analyser module. The output from the sensor module does not 
ontain anyexpli
it information on the motion of the subje
t. The data needs to be analysed toextra
t the relevant motion data. A simple analyser module may only extra
t themotion of the silhouette of the subje
t, while a more 
omplex analyser module mayextra
t the a
tual pose of di�erent limbs over time. In �gure 2.5 the 
aptured data,at one time instan
e, from two di�erent systems using two di�erent 
omplexities,are shown. Figure 2.5.B shows the extra
ted silhouette of the left arm of the subje
t3The analyser module be
omes somewhat simpler when markers are used.
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ations 21in �gure 2.5.A. This is obviously the result of a somewhat simple analyser module,but 
an still be used in, for example, motion dete
tion and texture mapping. In�gure 2.5.C the 3D estimated pose of the left arm is superimposed on the inputimage, and it 
an be seen that the estimation is rather good. This is the result of a
omplex analyser module and is 
omparable to the devi
es based on a
tive sensing,but without being as 
umbersome.

A B CFigure 2.5: A: An input image. B: The estimated silhouette of the subje
t's leftarm. C: The estimated 3D pose of a subje
t's left arm superimposed on the inputimage [19℄.After having des
ribed the di�erent MoCap te
hnologies and devi
es, we will nowsee how these may be used in, parti
ularly in 
ontrol appli
ations.2.4 Motion Capture Used in Control Appli
ationsMoCap have over the years been applied in many di�erent appli
ations. These maybe divided into three overall areas 
on
erning surveillan
e, analysis, and 
ontrol,respe
tively.The surveillan
e area 
overs appli
ations where a subje
t or a number of subje
tsare being tra
ked over time and possibly monitored for spe
ial a
tions. A 
lassi
example is the surveillan
e of a parking lot, where a system tra
ks subje
ts toevaluate whether they are about to 
ommit a 
rime, e.g. steal a 
ar. Due to thenature of this area only passive sensing is applied in these appli
ations.The analysis area is 
on
erned with the analysis of the raw motion data. This 
ouldbe used in 
lini
al studies of, for example, diagnosti
s of orthopedi
 patients, orto help athletes understand and improve their performan
e. Magneti
 sensors andmarker-based vision systems are the most 
ommon solutions in these appli
ations.This is mainly due to the fa
t that the appli
ations are situated in a highly 
ontrolledenvironment and due to the requirement of very pre
ise motion data.The 
ontrol area relates to appli
ations where the 
aptured motion is used to 
ontrol
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ould be used as an interfa
e to games, virtual worlds or animation,or to 
ontrol remote lo
ated implements. Both a
tive and passive sensing are useddepending on the 
on
rete appli
ation.Sin
e the intera
tion with virtual worlds is one of the main topi
s of this book wewill look 
loser at the 
ontrol area where this appli
ation is in
luded.After the motion of a subje
t is 
aptured, it may, through an interfa
e, be used to
ontrol something in either the real world or in a virtual world. Clearly the interfa
eto the virtual world is more interesting in the 
ontext of this book, but we shall alsosay a few words about intera
ting with the real world.When dis
ussing these interfa
es we only 
onsider the 
ontrol signals from the sub-je
t to the real/virtual world, i.e. a one-way intera
tion. Interfa
e issues su
h ashow the intera
tions may be visualised and by whom, and whi
h data proto
ols areused, are not 
onsidered.2.4.1 Intera
ting with the Real World Through a MoCapSystemIn �gure 2.6 the intera
tion between a subje
t, through a MoCap devi
e, and the realworld is illustrated. The arrow indi
ates the intera
tion. One way of interpretingit, or the intera
tion, is to 
lassify di�erent intera
tions by the degrees of freedom(DoF) in the interfa
e. De�ning it like this, a devi
e su
h as a button with one DoFwill be lo
ated at one end of the axis, while a body suit or a full-blown 
omputervision system estimating all body parameters will be lo
ated at the other extreme.
Real World

M
ot

io
n 

C
ap

tu
re

Figure 2.6: An interfa
e from a subje
t to the real world through a MoCap system.Another way of looking at the intera
tion is to divide interfa
es into syn
hronous andasyn
hronous. This, we feel, will provide the best insight into di�erent intera
tionmethods.Syn
hronous intera
tion is intera
tion 
arried out online. That is, the motion 
ap-tured is immediately used to 
ontrol something in the real/virtual world.Asyn
hronous intera
tion is intera
tion 
on
erned with re
ording. That is, when asubje
t's motion is 
aptured it is not used immediately but rather stored for lateruse.
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ations 23Syn
hronous Intera
tion with the Real WorldSyn
hronous intera
tion 
an be seen a lot using devi
es whi
h are normally not
onsidered MoCap devi
es, su
h as steering wheels, brakes, gears and buttons. Theuse of the devi
es whi
h are 
onsidered to be MoCap devi
es (see se
tion 2.3), isstill being resear
hed. In several movies a view into what might be tomorrow'ssyn
hronous interfa
es to the real world 
an be seen. In the s
ien
e �
tion movieAliens (1986) Ellen Ripley (played by Sigourney Weaver) su

essfully �ghts o� oneof the meanest aliens ever en
ountered on �lm using a so-
alled powerloader - ame
hani
al devi
e stru
tured like the human skeleton whi
h Ripley steps into. Hermovements 
ontrol the arms and legs of the powerloader and thereby multiply herstrength by a fa
tor of several thousand. In the movie Dave (1993) the President ofthe USA (played by Kevin Kline) during a visit to a fa
tory 
ontrols a giant robotusing the same te
hnique as in Aliens. Besides the size of the 
ontrolled robot, thedi�eren
e is that the President is not inside the a
tual robot but instead 
ontrollingit from a distan
e. In Lost in Spa
e (1998) a boy (played by Ja
k Johnson) 
ontrols a�ghting robot from a distan
e, as in Dave, using a so-
alled "Holographi
 Interfa
e".It is not evident how the motion is 
aptured, but it is de�nitely based on passivesensing.Even though these devi
es are still s
ien
e �
tion they might a
tually be imple-mentable in a not too distant future.Asyn
hronous Intera
tion with the Real WorldIn many industries, espe
ially where 
onveyer belts are used, a high number ofrepeated operations are seen. These are mainly 
arried out by ma
hines/robots toinsure similarity in the produ
tion and speed, and to avoid wearing humans down.As the operations be
ome more 
omplex it be
omes more 
ompli
ated to programthem to 
arry out the operations. This problem has been ta
kled using asyn
hronousintera
tion. A human performs the operation, while a 
omputer 
aptures his or hermotion. Afterwards the 
omputer may use the 
aptured motion data to 
ontrol thesame ma
hine performing the operation. The best-known example is perhaps spraypainting, where a human paints an obje
t. The movements of the painting devi
eare 
aptured and 
an afterwards be repli
ated by a painting robot.2.4.2 Intera
ting with a Virtual World Through a MoCapSystemFigure 2.7 shows a subje
t interfa
ing to a virtual world through a MoCap system.The arrow indi
ates the intera
tion between the subje
t and the virtual world. Itmay, as mentioned in Se
tion 2.4.1, be representing the DoF in the interfa
e. But,as before, we 
hoose to use the syn
hronous/asyn
hronous division.
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Figure 2.7: An interfa
e from a subje
t to the virtual world through a MoCapsystem.Syn
hronous Intera
tion with a Virtual WorldSyn
hronous intera
tion with a virtual world may be 
arried out in two di�erentways: either as a one-to-one mapping or as an interpretation. That is, a dire
t orindire
t mapping. The dire
t mapping 
overs the methods where the subje
t'smovements are dupli
ated dire
tly in the virtual world. In the ultimate systemthis means that one 
ould not tell the di�eren
e between the movements in thereal world and the movements in the virtual world. Indire
t mapping is when thesubje
t's movements are 
aptured, interpreted, and then used to 
ontrol something.That is, the signals send through the interfa
e are dis
rete symbols rather than"raw" 
ontinuous motion data. The subje
t 
ould wave his hand in the real worldand it would be send to the virtual world as a 
ommand, for example to 
lose the
onne
tion between the two worlds.In some systems both ways may be seen. For instan
e, in systems where the subje
t'smovements are mapped dire
tly into the virtual world there is the problem of movingaround. The virtual world is usually bigger (in theory in�nite) than the real worldwhere the MoCap equipment applies. Therefore some method must be designedto allow subje
ts to move around in the virtual world without having to move (asfar) in the real world. This 
an be done using a spe
ial mapping, e.g. walking onthe spot maps to walking in the virtual world. Clearly this requires some sort ofinterpretation, but still the rest of the motions 
ondu
ted by the subje
t may be one-to-one mapped, i.e. a mix of both methods. The two di�erent types of intera
tionwill be des
ribed further below.When a dire
t mapping takes pla
e it is sometimes known as performan
e ani-mation4 and the obje
t animated in the virtual world is known as the avatar of thesubje
t. A good example of performan
e animation is the work by Wilson where hede�nes performan
e animation as animating a graphi
al 
hara
ter via a like humanperforman
e [27℄, i.e. the animation is based on performed motion as opposed to,for example, using key-frames. In his Luxomati
 system a 
omputer vision system
aptures the motion of the subje
t's hand and uses it to 
ontrol a lamp in the vir-4Performan
e animation may also be based on prere
orded data, i.e. an asyn
hronous intera
-tion.



2.4 Motion Capture Used in Control Appli
ations 25tual world. Figure 2.8 shows a snapshot from the system. The MoCap pro
ess 
anbe seen in the bottom-right 
orner, while the rest of the �gure shows the subje
t'savatar5, the lamp, in the virtual world.

Figure 2.8: A snapshot from the Luxomati
 system [27℄.The term performan
e animation is mainly used when the animation is used aspart of a performan
e, e.g. dan
e performan
e. That is, instead of viewing theperformer the audien
e views the avatar. An example of this is shown in �gure 2.9,where six images taken from a performan
e animated sequen
e, Ghost, made at TheDepartment of Dramaturgy, Aarhus University, Denmark, is shown. The motion ofa dan
er is 
aptured and mapped to the virtual 
hara
ter, whi
h is animated as afuzzy sti
k-�gure.
Figure 2.9: A performan
e-animated sequen
e of a dan
er.This idea 
an be taken a step further where the performan
e is the intera
tionbetween the subje
t and his or her avatar! The term performan
e animation is5Other good examples of avatars may be seen in movies su
h as The Lawnmower Man (1992)and Dis
losure (1994).



26 General Motion Capturerarely used in other appli
ations even though it is a rather good de�nition.In the 
ase of indire
t mapping the 
aptured motion is not reprodu
ed in thevirtual world but rather interpreted and represented as a few symbols whi
h aresend to the virtual world. In the work by Madsen and Granum [16℄ it is des
ribedhow the motion of a subje
t's hand is 
aptured by a dataglove and 
onverted intoone dis
rete symbol having one of three values (none/pointing/open hand). Thesymbol is send to a virtual world where an autonomous agent uses it, together withan auditory input and a number of internal parameters, to de
ide how to rea
t.In the work by Freeman et al. [12℄ passive sensing without markers is used to 
apturethe motion of a subje
t. The images are analysed and 
onverted into a few symbolswhi
h explain the 2D orientation of the subje
t's hand. The symbols are used to
ontrol (steer) a 
ar in a 
omputer game.Asyn
hronous Intera
tion with a Virtual WorldGood examples of where asyn
hronous intera
tion with a virtual world is used arethe movie and advertising industries. Here MoCap data are re
orded and stored,and later used to 
reate animations. Animations have been used in 
artoons in par-ti
ular for a number of years. But animating 
omplex obje
ts moving realisti
allyover time is somewhat diÆ
ult using hand animations, and therefore MoCap is usedextensively, sin
e it allows exa
tly this through performan
e animation. Imaginemovies su
h as Jurassi
 Park (1993) and Titani
 (1997) without 
omputer anima-tions based on MoCap. In the former, MoCap devi
es were pla
es on elephants andtheir movements were re
orded. Later these motion patterns were applied to makethe 
omputer models of the dinosaurs 
ome to life and move realisti
ally. In thelatter movie a number of people had their walking patterns 
aptured and appliedto human models to make them move realisti
ally. Daily we a
tually also witness anumber of 
omputer animations based on MoCap. Look more 
losely next time youwat
h a 
omputer graphi
 
ommer
ial on TV and wonder how they have made, forexample, the small Colgate �gure move so realisti
 - MoCap!An entire industry spe
ialising in MoCap for performan
e animation has emergedduring the past �ve years. It 
onsists of MoCap houses whi
h all in
lude a MoCapstudio where high-te
h equipment is used to 
apture motion for the movie andadvertising industries in parti
ular. A re
ent study found that about 30 to 406MoCap houses provide a MoCap servi
e for hire worldwide [10℄.As mentioned above, this way of 
ontrolling obje
ts in the virtual worlds is basedon asyn
hronous pro
essing. Of 
ourse, the MoCap pro
ess itself is 
arried out syn-
hronous, but the data are afterwards stored and �ne-tuned for later use. Thereforewe 
onsider this asyn
hronous intera
tion.6Today the �gure is more likely 100.



2.5 Dis
ussion 272.5 Dis
ussionMoCap is a powerful te
hnology for designing advan
ed interfa
es, espe
ially whenthe interfa
e is too 
omplex for keyboard and mouse. The MoCap te
hnology maybe based on either a
tive or passive sensing. A
tive sensing is generally based onwiring the subje
t up, while passive sensing is not. Obviously, this makes passivesensing most attra
tive in the 
ontext of this book.Generally, a
tive sensing gives rather pre
ise data, but for many appli
ations thissolution is too 
umbersome. Passive sensing may be based on either wearing or notwearing markers. When markers are used good results may be expe
ted, but, as fora
tive sensing, this is too 
umbersome for some appli
ations. When no markers areused a more general interfa
e might be realised. The drawba
k is, however, that the
omplexity needed to extra
t and analyse the motion data is very high. A
tually,no system has so far been able to 
apture the exa
t motion of an entire subje
tusing only passive sensing without markers. This is therefore a large resear
h topi
and better and better solutions are being developed. In the future we might seeworkable systems using this te
hnology.MoCap may either be used in an syn
hronous or asyn
hronous intera
tion withvirtual worlds. Syn
hronous intera
tion is intera
tion 
arried out on-line, i.e. themotion 
aptured is immediately used to 
ontrol something in the virtual world.When the motion data is not used immediately, but rather stored, �ne-tuned andthen used, the intera
tion is 
onsidered to be asyn
hronous. This is seen a lot, espe-
ially in big Hollywood movies and the advertising industry, and an entire industryhas grown up to support it.In the 
ontext of this book syn
hronous MoCap is most relevant. It is, as des
ribedearlier, divided into dire
t mapping and indire
t mapping. When the intera
tion isused in a dire
t mapping it is known as performan
e animation and the obje
t tobe 
ontrolled in the virtual world is known as the avatar of the subje
t. Indire
tmapping requires some sort of interpretation prior to use in a virtual world.Whenever a human wants an avatar to mimi
 him or her the obvious 
hoi
e is touse dire
t mapping. In all other situations, however, the motion data needs to beinterpreted before an a
tion is 
arried out in the virtual world, i.e. indire
t mapping.Inspired by Andersen and Callesen's work [4℄ the interpretation 
an be viewed as amatter of 
onverting the 
ontinuous motion data (traje
tories) to dis
rete symbolsa

ording to some known sign system.Ad ho
 sign systems are being designed to suit di�erent virtual worlds and theinterpretation of these is an integral part of the MoCap pro
ess. A
tually thissimpli�es the required analysis of the MoCap data, sin
e it is easier to extra
tspe
i�
 motion patterns than to 
apture general motion parameters.However, if we wish to build good interfa
es for people other than the designerswe need to use the (both formal and informal) sign systems used in every-day life



28 General Motion Capturesituations. This means a lot of subtle signs whi
h are extremely diÆ
ult to extra
tfrom the 
ontinuous 
ow of motion data. For example, 
onsider a situation where ahuman moves his or her hand or head while saying:"They went that way". Clearlythe movement indi
ates a dire
tion, but unless the sign system is very limited orthe 
ontext is known, it would be extremely diÆ
ult to 
onvert the motion into adis
rete symbol 
ontaining information on the indi
ated dire
tion.To redu
e this problem the 
ontinuous motion data 
an be 
ombined with the spee
hdata and a multi-modal interpretation 
arried out. This idea is dis
ussed further inthe work by Paggio and Musi
 [24℄.A
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