WO 2005/ 116807 PCT/ SG2005/000146 1 Title An Interactive System and Mt hod
Technical Field 5 The invention concerns an interactive systemfor

provi di ngoxeddxeeer eal ity experience to a user. Backgr egftc2bosidofias

I nvention. 10 Relatively little change has occurred regardi ng user
interfaces for conputers. For decades, ithe standard input devices for a
conputer included a keyboard-and nouse. Recent popul ar devel opnents have

i ncl uded wirefgas keyboards and mice that conmmunicate to a desktop

term nal using Bluetooth or .o Fre : kthop €l 1 m nates the needs
'kg' %rgg{%qua)ﬁsgg% andiMeth

for cables, but requires th >t/ nouse -to use batteries. Another
intuitive input nethod is voice recognition. This requires the conputer to
recogni se andyiideésERng the voice of a user, and carry out a

correspondi ng conmand. Voi ce recognition requires training the conputer to
recogni se The speech patterns of a user. However, accuracy is still
dependent on 2Re tikeenfitro cessmy apointaraasifre t systepo Agyupeyiding " \Yed | €PN t he
m crophone angx er;l% %t@%ilfs& of the words spoken by the user. These nethods
for interfaci ngfgvm? a conputer cause user frustration as they are
cunbersone and not immediately intuitive. 25 Summary of the Invention In a
first preferr gdcrgaand of theementionpr ovi ded an interactive system for

provi di ng m xed reality experience to a user, the system conprising: 30
an obj ect 1ﬁavi ng at | east two surfaces, each surfa?ce avin ker; an

i mage capt uri ielativsly litte ehpnge hreesuTrehpgardlig USRHNGHPeEE °ri°ﬁmﬁ”t?fslrj§§r scene;
and conput er sgEidearifie bBnddrd@butideficpomnr bicompatadindudesrst keybaand afd t he obj ect
e 11 no menaadiesis 0 e R M BRGES Bhoki ptnes ane
retri eves nul ttharedinenuoioate éna desktopdermiral using Bluetooth or Radio Frequency. This
15 eliminates the needs for cables, but requires the keyboard and mouse o use
batteries. Another intuitive input method is voice recognition. This requires the
computer to recognise and understand the voice of a user, and carryout a
corresponding command. Voice recognition requires training the computer to
recognise the speech patterns of a user. However, accuracy is still dependent on
20 the processing power of the computer, the quality of the microphone and the clarity
of the words spoken by the user.
These methods for inierfacing with a computer cause user frustration as they are
cumbersome and not immediately intuitive.
25
Summary of the Invention

In a first preferred aspect; there is provided an interactive system for providing a
mixed reality experience to a user, the system comprising:
30 an object having at least two surfaces, each surface having a marker;
an image capturing device fo capture images of the object in a first scene;
and
computer software to track the position and orlentation of the object in the
first scene by tracking at least two surfaces of the object and identifying at least
35 one marker,;
wherein the computer software retrieves multimedia content associated
with an identified marker, and generates a second scens including the associated




with an identified marker, and generates a second scene including the
associ ated WO 2005/ 116807 PCT/ SG2005/ 000146 2 nul tinmedi a content

super i mpoagethoSYRBei he first scene in a relative positi 0@@1@5&32@%/005%““ fied
marker, to provide a mxed reality experience to a user. Advantageously,

if the top surface of the object is occlt@ded, the marker on the top 5
surface is ascertainable and tracking of the object is possible by being
able to i dentEfimgdiggpirtent superinmasedoves theffing ecererin  eelativie\posititretontier ker

includes a di Siee;ﬁttﬂia@&@ﬂér,b@bﬁeﬁebbaiedhaéﬁé@e@%ﬁmcataanser_. Advant ageously, the
gap breaks the symretry of the border and therefore 10 increases the

dissimlarity of the markers. More preferably, the marker conprises an
i mage Wi t hi n thdvabagesly, Tk iopragicesithe bisject isgmolwded, ittearinagat arethe tdpo

facilitate st enqrgbisBEGRHMRSIeRakdaftd Jfl(hetéb?ecm;p%gible E?Eein&@ﬁl&ﬁf n may be
mat ched to an . xeﬁ)l ar stored In a_repository of exenplars. Even nore
preferably, tHESBEY YERKERGN BRUNGT S ®ar e bl ack on a white background. 15

Advant ageously, this | essens the adverse effects of varying lighting

condi tions.  THGEMRIK8le ME¥%e ﬁcl%ﬂ%gg%sldgﬁﬁa&ﬁ tso?cge[?{tl%]afé K?% ?Eiggigrgéf.r . The

mar ker may be a, predeterm ned shape. To 1dent] | east a
portion of therdRalFEequUslyy hesghP 1o symeekLeiits kerdersmddpgraloreThe conput er
20 sof twar® nuicrdadesning dissithit@itycainie wikegs edet er mi ned shape of the marker

using the det [ h . For I | f.the predeterm ned
shape is a s Iﬁar %?ef?r%é&t@g "%Ekeeﬁc‘gg r? \%grg%m%%eé@ﬁ@qﬁ%g% répl' '5"58? ﬁ‘gﬁ’ t he
marker is a s geqnietriqghpatied iedacilite tamwlale;maickin do igertifyithedarias. Thge

conput er sof t Wattiern sy bél@Bichéd/toainBRekSibr dtbrell en ééit%gz dfexephisal |y occl uded
e

and if the p ern within the border .i.s .not occlu . The interactive
system may fur %gpoéﬁﬁ{ﬁ??rggy’ghﬁg%ﬁ?rﬁd hlﬁﬁ"@%e ¥q cﬁ?"é %ﬁibﬁ'ﬂgﬁg,"’un el evi si on
screen or I5CD, AdvaniggepislyythisHesserstha ddersnefieats of haryipa fighting genditipes.second 30
scene is generated. The display device may be a view finder of the inmage

capture device_or a projector to project inmages or video. The video frane

rate of the diaglﬂfﬁi‘)'kgr 'E?e”'}?ﬁ?"??g’ t?ﬁ"*f“l‘fét”eég@@'of twelve to thirty franes

ger. seconda ‘gh‘ﬁxﬁmﬁgemapmw predeteimtieesd shyipd Torkanttyelk mbil:‘k\ee at leestai spl ayf

evice, an : S ce may face
el e e R AL P S o e Pheb

t he user. The ‘object ma ) e user t he di spl ay
devi ce. W3E%2009ftvawgny %’P‘S@Zb@?x‘?@d@&&@dﬁtﬁfmmﬂ shape of the marker using

the detected portion of the shape. For example, if the predetermined shape is a
square, the computer software is able to determine that the marker is a square if
one corner of the square is occluded.

25 The computer software may identify a marker if the border is partially occluded and
if the pattern within the border is not occluded.

The interactive system may further comprise a display device such as a monitor,
television screen or LCD, to display the second scene at the same time the second

30  scene is generated. The display device may be a view finder of the image capture
device or a projector to project images or video. The video frame rate of the display
device may be in the range of twelve 1o thirty frames per second.

The image capture device may be mounted above the display device, and both the
35  image capture device and display device may face the user. The object may be
"~ manipulated between the user and the display device.




3 Multimedia content may include 2D i mages or 3D nodels, video and audio
information. Preferably, the at |least two surfaces of the object are

subst ant ixab baosaladenr. S Preferably, the at |east two sydaa@sod60814601 Ned
t oget her. The object nmay .be a cube or polyhedron. The object nay be

fol dabl e, for exanple, a fol dable cube f dr storytelling. The conputer
software may bg installed on a desktop or nobile conputing device 10 such
as a Personal @Pllﬂ'in?%fﬁ coptentopaypciydersh) imagehen 3D medels visee andatdiy nobi | e
conmruni cat i onsinfbevative, or a console box with a built-in conputer processor.
The image capturing device may be a canmera. The canera may be CCD or CMOS
vi deo canera. 15 The canera, conputer software and display device may be
provi ded in a BERGNY. fentlapstivesutiades of tiaebjectrare sybstzutialytpéamas of t war e and
di spl ay ded cePrmeyatiie tHest fatiwo RuiSHE8 bR joirbY ioﬁaﬁéﬂ'.on& The associ ated

mul timedia co : uper i ed over the first scene by rendering
t he associ at eg%%bﬁ@néaygecg:gﬁﬁeeﬁrp‘}%ﬁ’ﬁ?%mf'he first scene, for every video
frane to be di B @estimaypbe fidablsofir exanple fa foltiabletjbedor swaryteltieg.cal cul ated in
t hree di nensional space. A positional relationship nay be estinated

between the c ora anpl t obinech._Thg canera i mage may be threshol ded.
Cont i guous dar K" ar&ss eﬁﬁ‘lf}_ Eiﬁ'ée FERE Inlaes! on fiekior oF Bivhilk easeputivgiiRyirent s

al gor it hm1030 stct ema barsopaéNgitabAssistd (R, motylisiteleptidnb yothdranddiss | i ne of t hese
dark areas. CoptiMinfoatidri@evid?, d??tcotﬁﬁﬁgl?dx%li‘n%%uilﬁﬂrcgﬁnﬁgteer che di scar ded.

Contours that contain an area o W ong Si ze nay €63 ed. Strai ght
lines may be fitted to each side of the square contour. The intersections

of the strai g inageesapting evicssady BSa eahéraBTiRScaftferd Gy 66 CRE orRMOE | ONS. 35
A projective tyipashoeapti on may be used, to warp the region described by
‘these corners to a standard shape. The standard shape may be
cross-corrigdlated with stored exenpl ars of markers to find the markers

identity and Gheeatais, 66mpuié sdfRare bk 8RFlayidviceRAPR! HB0d&Ein a single

integrated unit.

The camera, computer software and display device may be located in remote
20 locations.

The associated multimedia content may be superimposed over the first scene by
rendering the associated muitimedia content into the first scene, for every video
frame to be displayed.

25
The position of the object may be calculated in three dimensional space. A
positional relationship may be estimated between the camera and the object.

The camera image may be thresholded. Contiguous dark areas may be identified
using a connected components algorithm.

30 A contour seeking technique may identify the outline of these dark areas. Confours
that do not contain four corners may be discarded. Contours that contain an area of
the wrong size may be discarded.

Straight lines may be fitted to each side of the square contour. The intersections of
the straight lines may be used as estimates of the corner positions.

35 A projective transformation may be used to warp the region described by these
corners to a standard shape. The standard shape may be cross-correlated with
stored exemplars of markers to find the marker's identity and orientation.




4 The positions of the marker corners may be used to identify a uni que
Euclidean transformation matrix relating to the canera position to the

mar ker pog) ddoSesdne i nteractive systemmay be a story tgblddhgodiidsCat i on
or an interior design 5 application. The system nmay further conprise at

| east two objects, wherein the spatial relationship between the at | east
two objects is determned to cause a predeterm ned response fromthe
mul ti medi a conTienpositions of dicechatiet borhdre nageet adedatd idebifyna LiGis EudiBears pat i al

rel ationshi p npyheRFmafdGn4AL rélétﬂﬁylhgc&ﬁ&wﬂo%jﬁ%s%?ﬁé B! posfioRt anCe.

stacki ng and occl usion between t objects. ede response nay
be selected fromthe group consisting of: interaction between the

associ at ed mul Theis@raaticostsent mapbé g8foryaslling applicdton oF aR Merioddesgmsoci at ed

mul ti medi a5con£'ﬁ;ﬂ{,a@9d pl ayback of an audio recording for at |east one
associ ated nul ti ITEéI a content. In a second aspect, there is provided an
interactive systemfor providing a mxed reality experience to a user, the

syst em conpri sTigsys@eh @Ay furhgccondRid btildgt fo\UbRets! Ah&BRlhY Shaaages of an

object in a fi . : o er ,software t.o ack the position and
orientation of fe tt“éésglﬁqueé‘f' ee?ﬁﬂ? ﬁ@e@#hos?bjes?ise'\ﬁgetﬁwlf'? eé’lﬂaHi}e %t least two
surfaces of t hereggigratinedraspange fomdhdavltimedia cordentias$ociatagl with thedlsttified e

mar ker; 25jo0zhemgikerst he conput er software retrieves nultinmedi a content
associated wJth an.identifj.ed rker d generates a _second scene
i ncl udi ng t he t%essgé}'%[{éﬁ"”ﬁh'f’t"? §i® 13@8%&8‘?1?“"3@8@? PofsslRgOfodidenGene i r st
scene in a r el ¢e¢king gndsicelugion beiwedrethe bljecis.i fi ed marker, to provide a m xed
reality experi dferhinkGh ' t j rovi ded a

| PG Redderthi spogge ﬁwaQe%?éc{%éﬁ @éﬂﬁ-&t%o é{(l%'h&st'irﬁo?

software applicatigon for providing a mxed rea ) eri efnce to a user,

the appli cati JACEASHYT PEVRY the Rssasielnd yfieedia soesmimatiop of atdeast one capt ur ed

i mages of n odysedated multimediar chteatauieldybask il an ialMig eeddaiiidfor stdeadedtiece; and a

t racki ng mdu'%s&&at&&ﬂﬁhin’?e’&%&ﬁl%mi on and orientation of the object in the
ng at

35 first scene by tracki east two surfaces of the object where each
surface has a marker, and identifying at |east one marker; WO 2005/116807

PCT/ SG2005/ 000h46second aspect, there is provided an interactive system for providing a mixed
reality experience to a user, the system comprising:
20 an image capturing device to capture images of an object in a first scene;
and
computer software to track the position and orientation of the object in the
first scene by tracking at least two surfaces of the object ﬁaving a marker and
identifying at least one marker;

25 wherein the computer software retrieves multimedia content associated
with an identified marker, and generates a second scene including fhe associated
multimedia content superimposed over the first scene in a relative position to the
identified marker, to provide a mixed reality experience to a user.

30 ina third aspect, there is provided a software application for providing a mixed
reality experience to a-user, the application comprising:
an image processing module to receive captured images of an cbject ina
first scene from an image capturing device; and
a tracking module to track the position and orientation of the object in the
35 first scene by tracking at least two surfaces of the object where each surface has a
marker, and identifying at least one marker;




5 wherein the software application retrieves nultinedia content associated
with an identified marker, and generates a second scene including the

associ at ¢ 20w5hidsordi a cont ent superinposed over the fi gy sERMGo0bisc
relative position to the identified marker, to provide a mxed reality

experience to a user. 5 1In a fourth aspédct, there is provided a retrieval
nodul e for retrieving virtual objects to provide a mxed reality
experience to a usavherdihihesoftivire apglicptidngétrigvesanulirbedia eanting essocietedecei ve

mar ker identi leitﬁ%I‘l lﬁﬂtﬂgﬁtﬁa&e@l ﬁ{dqungr%te@% ée &mébah@ﬂdugﬁé m:érassm‘ilo a

searching too searc se for virtual object

cor r espondi ng Muimasia sogieREIUPPHRRRTSSA |°(‘§%[tth?)?fsb°&taﬁe 'W@P@Yﬁ/p‘?sfm’at Bch is

found, the vi hddagfiedahirRe] toipovideRemixeP ARG egyience to@alser.scene in a rel ative
posi tion to the identified marker, to provide a mxed reality experience
to a user.>15 An identifled marker may have nore than one corres ond| ng
virtual obj ectin afourth agpect. these jserevidedisetsieyal meduigiferdetriaving e pipyis

associ at teﬁ nulgg b%@itééé niiklﬁltreéltty tfz)@brlerﬂ:b%/h digigha rrmdiﬁe(il:ol‘rﬁﬂéuhq[ y exper | ence to
a user, the repositor
I dent i fy each i tem"b‘i"% ﬁ%&.%“%B’Smaéﬁﬁ’ ’deﬁﬁ%&{'on Occa?h't e ﬂgé??' éééfnﬁﬁﬁqd

store an itemmdrkerdnd nedi a content or storage |ocation of an item of

mul timedi ggcontent ;, %%h%i odTRg £&iet adm&dl bhis@dbRBasiora vialiditoBRet 0 an
identified nmarker is identification data field, and

nul ti medi a corﬂ"Eﬁipoag'g%E%ta? Eﬁ’keﬁglewﬁf’ﬂmf‘ﬁ@ai' dentified marker is retrieved
to be superinposed wiveebydf a match Clousd, the virtuabdhjgct issupergnndsed oyep atre

| dentified mirs‘éﬁﬁe :nta?elg{l\% JJ @or‘?ﬁo@héﬁl@ntﬁi@éhlaﬁéér QX BRNd8 AGRixédredlity USEr . I N a

sixth aspect ed a signal carrying mxed reality content for
30 providing a@xﬁﬁﬁf}@@élepeaa‘l'ﬁefy experience to a user, the signal conprising:
graphi cal gsnformation contai ni ng a real scene and nul ti nedi a content

associ ated W ft‘?q §€ntjfd nt}kja % F?J %em%rnbmm%ggnaygeg!ﬁ&gg pe&al scene in a

relative posi mar ker ent i fied marker
Is identified by track| ng at least two surfaces 35 of an object having a

mar ker on eachy,$u#th a§ect, there is provided a repository of associated multimedia content for
providing a mixed reality experience to a user, the repository comprising:
20 an identification data field to identify each item of multim:_edia content; and
a content data field to store an item of multimedia content or storage
location of an item of multimedia content;
wherein marker identification data related to an identified marker is
searched against the identification data field, and multimedia content associated
25  with the identified marker is retrieved to be superimposed over areal scene in a
relative position to the identified marker, to provide a mixed reality experience o a

user.

In a sixth aspect, there is provided a signal carrying mixed reality content for
30  providing a mixed reality experience to a user, the signal comprising:
graphical information containing a real scene and multimedia content
associated with an identified marker superimposed over the real scene in a relative
position to the identified marker;
wherein the identified marker is identified by tracking at least two surfaces

35  of an object having a marker on each surface.




0 WD 2005/ 116807 PCT/ S&2005/000146 6 The signal may further conprise audio
information associated with an identified marker. In a seventh aspect,
there i swiy ssAlfdoR tangi bl e object to be used in an i ntRAACLYG00RsSYSt EM:
for providing a mxed reality experience to a user, the object corrprl si ng:
at least tw surfaces; and a narker on eéch surface the marker including a
di sconti nuous bor der and an image within the border; wherein the

di sconti nui ty The signel rlnaymﬁheﬁcndbﬂmmlotahfemﬁoglamrate(dfwsmm idemtifiled 10 Wit hin
t he border and, %ﬁ( Lentation of the object. The position and orientation of

t he object may tracked by tracking at |east one surface of the object.
15 In an eighth aspect, there is provided a marker for a tangible object to
be used in anniarﬁeeéranbkp&t thesd i€ prdvided RIrtadilsle Bhjedt torbX eskd i ahiidtsractivper i ence
to a user, ;the,on Li i mge
within the borsder %’r"ggﬁa ﬁegge%1|&&p§ﬁe%@%é§§g%§ﬁtﬁ@é g%:té:?\]gg"%e border is
located within the 3‘2@%@6&%‘”‘3%@@% image within the border is searched
to find a matching amﬂ&erbme@da sulfaRY the RSN dRIdhg AWEBnEhueEE B&ber dhd

i dentified, cof trJnter stg g war e may retrieve nultinedia content associated
vmththeldent reg® Eq’e I'n a ninth aspect, there is provided a

met hod for trackl ngwhereniiheediscontinudy invihel borger intligates the alignmentsfdhe imAgee to a
user, the jget hﬁﬁ“rplggmwdg}é}giorggﬁlagd,l,lémer}g”&tcorrespondl ng transformation
matrix for each surface of the object having a marker; 30 identifying a
surface having the highest tracking confidence; and cal cul ating the

t ransf or mat i onThesgasition fand orientatien loé thecabjent ciap &t drashkesit lntracking ahleedt) aet

co-ordi nat e sy, é}@g@&qﬁggb t he physical relationship of the identified
surface and the obj ect erein the transformation matrix fromthe object
co-ordinate systemto a 35 canera co-ordinate systemis cal cul ated by

mul tiplyi ng the dnreadgat aspeat, there Bwkdvided a marker for a tangible object to be used in

an interactive system for providing a mixed reality experience to a user, the marker
comprising:
a discontinuous border and an image within the border;
whereby to Identify the marker in a scene, the border is located within the
20 scene, and the image within the border is searched to find a matching image in an
image repository.

When a marker is identified, compuier software may refrieve multimedia content
associated with the identified marker.

25
in a ninth aspect, there is provided a method for tracking an object to provide a
mixed reality experience {0 a user, the method comprising:
calculating a corresponding transformation matrix for each surface of the
object having a marker;
- 30 identifying a surface having the highest tracking confidence; and

calculating the transformation matrix from a marker co-ordinate system fo
an object co-ordinate system based on the physical relationship of the identified
surface and the object;
wherein the transformation matrix from the object co-ordinate system io a
35 camera co-ordinate system is calculated by multiplying the transformation matrix
from the object co-ordinate system to surface co-ordinate system, with the




fromthe object co-ordinate systemto surface co-ordinate system wth the
WO 2005/ 116807 PCT/ S&005/ 000146 7 transformation matrix fromthe surface

co- or di n@ige208y/51i686M t O canmera co-ordinate system In a tpeiidhA6dAR6l4c L here
is provided an inage capturing device to provide a mxed 5 reality

experience to a user, the device conpri8ing: an inmage capture nodule to
capture images of an-object in a first scene; and a tracking nodule to

track the posiriristimaditth mdatienbd theilirfade ddisrdidBiegiteinno trferakbfosting€ene by

tracking at |l east two surfaces of the object where each surface has a 10
mar ker, and iﬂ@fﬁ"?'fyi ng at |east one marker; wherein the device retrieves
mul timedi a content associated with an identified marker, and generates a

second scene | NCleHiflidRPedt,NRerd BSREvidddam imBbé tdpimtgAeriediogidvideprixedposed over
the first scene_.in a rel it?l ve Eﬂ%’le‘}mn go l_the_ identified marker, to

provi de a i xEGY EXRSEPCRR e V6 5OMRE"S 15 I n an el eventh aspect,
there i s provi ded anioageutapturgmoduiain gapbicibtagedaisn abjagt ipfa firg scene;

conput er -readglt e medi um for carrying conputer-executable instructions for:
receiving captured inages of an object ipn a first scene from.an.inmge
capturing devi ce; érﬁ?"%@g PR fhiERck e RESEPR PRY;OY 53'8'? P*gth?aﬁﬁ‘&ﬁ"%'f? t he

obj ect i n t hefifst scphe by tackinyyat (dastdwh isafpcas of thasbiettwmhes edch sudacefhat Be obj ect
where each. su . hdentifying at | east one marker;
wherein nulti Fr'r{?ﬁl&g' alég?ﬁ_eg'w?ﬁégg%ﬁtgp%a‘avl\%’h an identified marker is
retrieved, and a s&$ErRiN e dadcs fetrieven MYTTRY2 serteRtiagsAPieA NN 3fedi a cont ent
25 super i Npos Rn@kamdrks, dridrgeherafe Asetdhdascend atludieg thesissodtated 0 t he
identified marker is nerate ¢ ' P RV ience to a
user.  br ef DAV SHEOroPriTpgl oA % el el idsfoRiNAE BICD L0 |
now be descr i isedtifisdiniarkesf tomeovide a mixedeality ¥RsMBRER P 7J!SEF awi ngs, in whi ch:
Figure 1 ¢ a class diagram showi ng the 'abstraction' of graphical nedia

Tapp g of ot 41 LRI 0BT 6% RRPHHE R FiGuS blordin pRRG: b Qrt e
a computer-readable medium for carrying computer-executable instructions for:
receiving captured images of an object in a first scene from an image
capturing device; and
20 tracking the position and orientation of the object in the first scene by
tracking at least two surfaces of the object where each surface has a marker, and
_identifying at least one marker;
wherein multimedia content associated with an identified marker is
retrieved, and a second scene including the associated multimedia content
25 superimposed over the first scene in a relative position to the identified marker is
generated, to provide a mixed reality experience to a user.

Brief Description of the Drawings

30 An example of the invention will now be described with reference to the
accompanying drawings, in which:
Figure 1 is a class diagram showing the ‘abstraction’ of graphical media and cubes
of the interactive system;
Figure 2 is a table showing the mapping of states and couplings defined in a
35  “method cube” of the interaciive system,
Figure 3 is a table showing ‘inheritance’ in the interactive system;




35 "nmethod cube" of the interactive system Figure 3 is a table show ng
"inheritance' in the interactive system WD 2005/116807 PCT/ SG005/ 000146

8 Fi gur ewb bswsA1dseP! € showing the virtual coupling in a g dERbsemisy Cube
application; Figure 5 is a process flow diagramof the 3D Magic Story Cube

application; Figure 6 is a table show ng & he virtual couplings to add
furniture in an Interior 5 Design application; Figure 7 is a series of

screenshot s t o FidurdI gt a4 aathewhbhimg ' the Glitua colingnid a Do pRgIROStosf Tubé

virtual obj ectg a]%gt?nturniture to the board; Figure 8 is a series of
screenshots toFPlusttate the method for re-arranging furniture; 10 Figure
9 is a tabl e sHigweagistansossss flow fiagieopfithe3P Medie Staiy CHbryerHiicationt ure; Figure
10 is a series Fyurs el eN@brt sholvitigl the UsiuaREuplifdsClol A flniturNfh adl gk ng of f
of wvirtual _objects stacking furniture on the board; Figure 11 is a series
of screenshots A6 PPRISEY% e throwing out furniture fromthe board; 15
Figure 12 is aFimre éds abernsrof ecrebmehsistto itiustrale hpwite ipisking anandgfdfogpingt ur e

col lectively; Ji GWirBaloBjdels RaPhpbifkd tglthg%;(gsent ation of the six markers
used in the Interior De3|5%ﬁasg)ﬁgslﬁication Ei gu ' | ass di agram

C [ ',|gre64|sa$
i|lustrating ab¥¥%é Sod EOFherS i TiyFrase (the Lnethnth for pieyArrapgiio
obj ects; 20 Fi gumitwrd5 is a schematic diagramillustrating the coordinate
system of 4packyg, o fUNEHe sﬁavﬂh%ﬁleﬂvﬁmbﬁmap@@emsai hg¥tighg am of _pr ogram
flow of the Intefior Design application; Frgure {'? s a process flow
di agram f or addiigwe 1@/ eeries; of sgrepnghgiscto ikysirate apighing: W Snd | ' FaPRITS Y 4h f or
rearrangi ng f unualdbicts Sthaging eurdifuré 6n he@oariess fl ow di agram for del eting
furniture; Figuyre 20.depict. .Sl ' ' ' nterior
Desi gn' appl i cat iR 11 i BueiSe i SdbeoBid o Husldts Hrbidhf uf Al bl 7 ¢
i nteraction betbgewh virtual objects in response to the spatial

rel ationshijg offiduie1£KRERHePHEcRBnIHoBUL Auiaté FeafrafiGif RO cofiéstitely 3D

Vocabul ary BOOl%ié’j‘u%) !I:g |%aat ;:I:iagr‘lal representation of the six markers used in the Interior Design
application;
Figure 14 is a class diagram illustrating abstraction and encapsulation of virtual and
physical obijects;

20 Figure 15 is a schematic diagram illusirating the coordinate system of tracking
cubes; '
Figure 16 is a process flow diagram of program flow of the Interior Design
application;
Figure 17 is a process flow diagram for adding furniture;

25  Figure 18 is a process flow diagram for rearranging furniture;
Figure 19 is a process flow diagram for deleting furniture;
Figure 20 depicts a collision of furniture items in the Interior Design application;
Figure 21 is a series of screenshots to illustrate interaction between virtual objects
in response to the spatial relationship of the cubes; and

30  Figure 22 is a screenshot from a 3D Vocabulary Book application.

Detailed Description of the Drawings

The drawings and the following discussion are intended to provide a brief, general
35  description of a suitable computing environment in which the present invention may
be implemented. Although not required, the invention will be described in the
general context of computer-executable instructions, such as program modules,




Det ai | ed Description of the Drawi ngs The drawi ngs and the foll ow ng
di scussion are intended to provide a brief, general 35 description of a

sui t abl ewgPsdagkiidaay environment in which the present i nveiidibofdino1de
i mpl enent ed. Al though not required, the invention will be described in the

general context of conputer-executable i Astructions, such as pr ogr am
nodul es, WD 2005/ 116807 PCT/ SG2005/ 000146 9 bei ng executed by a personal
conputer. GeneTAld §xeciied i m PRIeRNEE SomAutey deneralint Progem prodglea rimclude

characters, coegéeentmsograias,a charatteisyr @mpohbt, Rl Q{,.Eéul,,?g,(rj tﬂi,.aqutjﬁ,;or&as ks olrI
I mpl ement party Act: .ypes those skjlled in the "art w
appreci ate, t h%ﬂ&%gh%ﬁ%ﬁﬂ@;en%g{ Farrgi% a;rcagat'?%ﬁt P%aifpﬁﬁ'r’g‘sc'@ﬁiﬁﬁ’@mé‘}/%em 5
conf i gur at i ons¥t WHCRRRERSHE: HER dnveslion tley ibecsractivad it rativss SsoaTpuRy Sy€em,

i cr opr ocess orcobfigeations, PirREIIRGTENERI-EES UBYices! eqﬁ&,ﬁgp&,gésorn_e%vgé% PCs,

m ni corrputers,mi%b,%%&ggbé:s%?pgrt ers con@ol e boxes, and the |i E e
invention nay al 5o be practiced T9rRrpPeble | FRNEWReT: Sleptrnicsy netwark ofGsnt s
wher e tasks arBnicyapyteren@ainfigme spopeters: ooreoli lnges) et tiestikeh@be awentohnked

through a. comayalestbieofisctit8d NetdMHidited @Orﬁptﬁhi%gmﬁh%ﬂtsc\ﬂwgtti r](g

envi ronnent, eﬁgrrn%@bgqg%lées ma% .be located T1Tn bot ocal and refbt e
menory storage devi ces. RAFEFIRYNG devises thak are iinkef through acpinpwnicgtionem i s
provi ded tl8 alfeBverh-fn @ distribiien coinbiting epviraafehtiyprogramp polNad P b8 Rbeae§ONPUL €r .

I n this exanplieboth RRaISHl i MASE NP S8hObelissd 15 media player application
for playing media files. Media fi %%g'faggpﬁd%sm movie files or WAV audio

files. The interactive system conprises software programmed using Vi sual
C++ 6.0 on t hé&efdringds Ggura, mddmeradiPeplystbias plovided e B oW Rferf@Bh Wik and a

Dragonfly Ca ; Ltor to track the deskiop area. 20
Corrgl ex ?/ geggﬁ%ﬁgﬁﬁﬁ%ﬁ?ﬁg\%ﬁo ;ateev‘tllﬁ#\%si %ﬁa@pﬁs«&}esPﬁ‘V@Fﬁﬁﬁlga?Gﬂﬂ?? are

enabl ed by’ afSdFRRYtRRRiction ar pinyiag mesindiles. Medadies linduge At eo(iOTES )
concepts to sof WadraadiodisseTRpimRRictifsystdiodmbrBELsdiniR SV

attributes an@isqgfté;qgas 55 SR ESH .o%‘ Q(Efngrﬁrr ent cl as@e%égﬁ?gdgg@?ract ed
usi ng Object Qriente bf ogr aming @Ws PENRTYy FeempriegtieBitor, and q a) , shows
the virtual obyasetly Gamesgaouoted mbovedhd nonBidt@Backnhadskidp Gizect 12)
structured in a hierarchical manner with their conmonalities «classified

under the,super. _cla r aphi.cal Media 13. The three subcl asses that
COrrespo néét o%t0 Wé‘e{(/ ?"?%rﬁéém H'Re g Sinmple Tangibje User, IntoFase(TVY) atpenadiedipy nat ed

Cbj ect  12. TRe¥ngObiertaOdesed Maegibie Usbt trithizce J00M0N) rh&pas tf s@Matde
SGL gglhia(s: Zﬂes Nggt!é\lg{oﬁhhléﬁtr foPthé‘-%ﬁer;gliveIpﬁeWHeeaﬂ;i%uth U n['n)efﬁgclisrq‘%n? gbj%g of t

Qil‘fererrl]t classes are abstracted using Object Oriented Programming (OOP)

techniques. Figure 1 at (a), shows the virtual ijects (Image 10, Movie 11, 3D

25 Animated Object 12) structured in 2 hierarchical manner with their commonalities

classified under the super class, Graphical Media 13. The three subclasses that

correspond fo the virtual objects are Image 10, Movie 11 and 3D Animated Object

12. These subclasses inherit attributes and methods from the Graphical Media

super class 13. The Movie 11 and 3D Animated Object 12 subclasses contain

30 attributes and methods that are unique to their own class. These atiributes and

methods are coupled with physical properties and actions of the TUI decided by the

state of the TUL Related audio information can be associated with the graphical

media 11, 12, 13, such as sound effects. In the system, the TUI allows control of

activities including searching a database of files and sizing, scaling and moving of

35  graphical media 11, 12, 13. For movies and 3D objects 11, 12, activities include

playing/pausing, fast-forwarding and rewinding media files. Also, the sound volume
is adjusfable,
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The state of artefact is used to switch the coupling relationship with the classes.
The states of each cube are defined from the six physical equilibriums of a cube,

25  when the cube is resting on any one of its faces. For interacting with the media
player application, only three classes need to be dealt with. A single cube provides
adequate couplings with the three classes, as a cube has six states. This cube is
referred to as an “Object Cube” 14.

30 However, for handling the virtual attributes/methods 17 of a virtual object, a single
cube is insufficient as the maximum number of couplings has already reached six,
for the Movie 11 and 3D Animated object 12 classes. The fotal number of couplings
is six states of a cube < 3 classes + 6 attributes/methods 17. This exceeds the fimit
for a single cube. Therefore, a second cube is provided for coupling the virtual

35 attribute/methods 17 of a virtual object. This cube is referred to as a “Method Cube”
15, '
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| oses tracking of the marker or object with markers. 25
For elasticity, after a marker is tracked last at position A, the system may lose

20  ftracking of the marker due to the occlusion caused by the user’s hands. When the
" marker is re-tracked later at position B, the virtual object is displayed in the

subsequent frames as it is bounced from position A to position B. This enables a
smooth transition to avoid the flashing of the object display when the system loses
{racking of the marker or object with markers.

25
Referring to Figure 2, on the ‘Method Cube’ 15, the properties/actions 18 of the
cube are respectively mapped to the atiributes/methods 17 of the three classes of
the virtual object. Although there are three different classes of virtual object which
have different attributes and methods, new interfaces do not have to be designed

30 for all of them. Instead, redundancy is reduced by grouping similar
methods/properties and implementing the simitar methods/properties using the
same Interface.

In Figure 2, methods ‘Select’ 19, ‘Scale X-Y' 20 and ‘Translate’ 21 are inherited

35  from the Graphical Media super-class 13. They can be grouped fogether for control
by the same interface. Methods ‘Set Play/Stop’ 23, ‘Set Animate/Stop’, ‘Adjust
Volume' 24 and ‘Set Frame Position' 22 are methods exclusive to the individual
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The rotating action of the ‘Method Cube’ 15 to the ‘Set Frame’ 32 method of the
movie 11 and animated object 12 is an intuitive interface for watching movies. This
method indirectly fulfils functions on a typical video-player such as fast-forward’

25  and ‘rewind’. Also, the ‘Method Cube' 15 allows users to ‘play/pause’ the
animation.

The user can size graphical media of all the three classes by the same action, that
is, by rotating the ‘Method Cube’ 15 with “+” as the top face (state 2). This invokes
30 the ‘Size’ method 20 which changes the size of the graphical media with reference
to the angle of the cube to the normal of its top face. From the perspective of a
designer of TUls, the ‘Size’ method 20 is implemented differently for the three
classes 10, 11, 12. However, this difference in implementation is not perceived by
the user and is transparent.
35
To enhance the audio and visual experience for the users, visual and audio effects
are added to create an emotionally evocative experience. For example, an
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i nteractive systemis the 3D Magic Story Cube

20  Example — 3D Magic Story Cube application

Another application of the interactive system is the 3D Magic Story Cube
application. In this application, the story cube tells a famous Bible story, “Noah’s
AK'. Hardware required by the application includes a computer, a camera and a
foldable cube, Minimum requirements for the computer are at least of 512MB RAM

25  and a 128MB graphics card. In one example, an IEEE 1384 camera is used. An
IEEE 1394 card is installed in the computer to interface with the IEEE 1384
camera. Two suitable IEEE 1394 cameras for this application are the Dragonfly
cameras or the Firefly cameras. Both of these cameras are able to grab color
images at a resolution of 640x480 pixels, at a speed of 30Hz. This is able to view

30 the 3D verslon of the story whilst exploring the folding tangible cube. The higher
the capture speed of the camera is, the more realistic the mixed reality experience
is to the user due to a reduction in latency. The higher the resolution of the camera,
the greater the image detall, thus improving tracking accuracy. A foldable cube is
used as the TUI for 3D storytelling. Users can unfold the cube in a unilateral

35  manner. Foldable cubes have previously been used for 2D storytelling with the
pictures printed out on the cube’s surfaces.
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wi ndowi ng appl APl) for enG.. The MXR
Devel opmgnt IC)‘ICI)'O{ P%w&ge%ﬁgéﬁlgw@%dtgé@n?@& rfaat e) Augrre(r;qtoed Reality (AR)

sof tware applications. is used for programm ng the applications mainly
in video Captﬁéfbﬂﬁgﬁd’ldgtﬂ‘aﬂktﬂé 3DeRINSbiyTube HpplicMIIR appddd simple state onput er

{1 duc al o 2orherdBba Foleeh i TPeRn @R ork P tE ARiRRise BRI Sl (10 1.,
the position 03D enmatiarose playdstn @rpae-Refihed pequenee wherpthe éﬁe"bl,ﬁf@(h?éhWGT ool ki t
- continuously. intoa specific physical state 41. The state transition is invoked only when the

contents of the current state have been played. Applying OOTUI concepts, the

virtual coupling of each state of the foldable cube can be mapped 42 to a page of

25 digital animation.

Referring to Figure 5, an algerithm 50 is designed to track the foldable cube that
has a different marker on each unfolded page. The relative position of the markers
is tracked 51 and recorded 52. This algorithm ensures continuous tracking and

30  determines when a page has been played once through. This aliows the story to be
explored in a unidirectional manner allowing the story to maintain a confinuous
narrative progression. When all the pages of the story have played through once,
the user can return to any page of the siory to watch the scene play again.

35  Afew design considerations that are kept in mind when designing the system is the
robustness of the system during bad lighting conditions and the image resolution.




Referring to Figure 4, the 3D Magic Story Cube application applies a sinple
state 20 transition nodel 40 for interactive storytelllng Approprlate

segnent svwah 2dddiggoand 3D animation are played in a pre-yigf &ﬁg‘iﬁence
when the user unfolds the cube into a specific physical state i

state transition is invoked only when the contents of the current state
have been played. Applying OOTU concepts, the virtual coupling of each
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- narrative progression. Wen all the pages of the story have pI ayed t hrough
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augnmented on the surfaces he cube, AR narrative OV des an

attractive and’blﬁ‘fﬂé\’@t‘é’ﬁdiﬁl‘ﬁm@‘ %5?5%?'#%%%?@%’{?988‘&'8%@"% Y1855 cs and
sound i n addi tthematuraBRintarol with eich otheand 3D sense of touch. The user is
abl e to enigoy a participative and exploratory role in experiencing 10 the

story. PhySical cubes offer the sense of touch and physical interaction
whi ch al | ows Teantirege ussrineraction aredntuiiveness of witolding eé&é%ﬁrﬁl"é‘a %he user can

nove a cont roIarrmlagpé‘ér@csmd'bﬂetrreajue&wnwfauhe.rtgehdwmew&emacaddgeasr a new

Storytel i ng csenear s e A5 e Rl YRS et ire st 00
other. 15 To erﬁmamrenqys:é%%merrsatetth@tﬁhemrsﬂ?@B#Star%tN@@é'a&\fVlﬂhiﬁcfﬂ di ng the
cube, ani i@t edyioRiENEFERRAEK drthdWiRirkliRididedibect i on of unfol ding the

cube after each page or
‘The rendering of each page of the story cube is carried out when one particular
marker is tracked. As the marker can be small, it is also possible to have mulliple
markers on one page. Since multiple markers are located on the same surface in a
25 known layout, tracking one of the markers ensures that the positions of the other
markers are known. This is a performance issue to facilitate more robust tracking.

To assist with synchronisation, the computer system clock is used to increment the
various counters used in the program. This causes the program to run at varying

30  speeds for different computers. An alternative is to use a constant frame rates
method in which a constant number of frames are rendered every second. To
achieve constant frame rates, one second is divided in many equal sized time
slices and the rendering of each frame starts at the beginning of each time slice.
The application has to ensure that the rendering of each frame takes no longer

35  than one time slice, otherwise the constant frequency of frames will be broken. To
calculate the maximum possible frame rate for the rendering of the 3D Magic Story
Cube application, the amount of time needed to render the most complex scene is




segnent of the story is played. Al so, the 3D vi rtual nodel s used have a
slight transparency of 96%to ensure that the user's hands are still
partial | worbdesRiget © 20 allow for visual feedback on h ?ﬁgg) te the
cube. The rendering of each page of the story cube is cgir%r#e boh ng one
particular marker is tracked. As the nggker can be small, it is also
possible to have multiple markers on one page. Since rrulti pl e markers are
| ocated on the sane G na 25 t ne of the
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not provi de ' icobeevextwien ape mdner toomelidelborfooveredit er acting with the vi rtual
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representative feel of the virtual ect As the cube | ras bIe (in
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cube even en on
fiducial Is not occluded. This is crucial for the continuous tracking of the cube and

the board.

To select a particular furniture item, the user uses a furniture catalogue or book

25  with one marker on each page. This concept is similar to the 3D Magic Story Cube
application described. The user places the cube in the loading area beside the
marker which represents a category of furniture of selection to view the furniture in
AR mode.

30  Referring to Figure 14, prior to determining the tasks to be carried out using cubes,
applying OOTUI allows a software developer to deal with complex interfaces. First,
the virtual objects of interest and their attributes and methods are determined. The
virtual objects are categorized into two groups: stackable objects 140 and
unstackable objects 141. Stackable objects 140 are objects that can be placed on

35  top of other objects, such as plants, TVs and Hi-Fi units. They can also be placed
on the ground. Both groups 140, 141 inherit attributes and methods from their
parent class, 3D Furniture 142. Stackable objects 140 have an exira attribute 143




In addition to cubes, the furniture board has six markers. It is possible
to use only one nmarker on the furniture board to obtain a satisfactory

| evel of wig sgkiig@o20 accuracy. However, using multiple fld’[‘%ﬂ,"ﬁb ofRnab! es
robust tracking so long as one fiducial is not occl udecf. Thi s ?s cruci al

for the continuous tracking of the cubejand the board. To select a
particular furniture item the user uses a furniture catal ogue or book 25
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besi de the maPReactiqiH ehpwrdp Figseni4at{akat egory of furniture of selection to

view the furniture in AR node. 30 Referring to Figure 14, prior to

determning t t.as 0.be r,ried out .using cubes l.yin U all ows
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unst ackabl e ohjects. 141. Stackabl e objects 140 are.objects that, can be
et an 30 Mg Sddong NS rataen resitin ai @03 HIE shatilp tne Ui s.
They can al so bioek plsearddboamint 46hEhege audditionaBaitribuigs coypdedvith the attriiuteser i t

attributes an i ShARs. b dald I 42.
St ackabl e obj iﬁ@?%&gﬁ%ﬂ%ﬁ%ﬁtfg@ i:[ ﬁl‘?%ut e 12%%5%%}%%%85%(%7

PCT/ SG2003f 006¢¥a% Thisss gowndrs Figwieial i position with respect to the object
it is placed on. The result of this abstraction is shown in Figure 14 at

(a). For virt l*%| 'ékﬁ'ﬁlea"%ﬁ}%@g%%e’%f}e foﬁé)\@ﬁnfig% d}i}r@&:i uns of the cube are

defined as one df I [0 S erm n_qr;g e states. There are a few
addi tional at t') Msue iato dlesetredmiptae desiredmdiggSed in conpl ement with a

furniture cat gl aEueadiiing UBOGstire ARG e cuBe have a few addi ti onal

attri but eé such as relational position of a cube with respect to the book
145 and bdard 146. These additional attributes coupled with the attributes
i nherited frorhelvelecitsingmioked up wilifollowitha of thedend weils it isndronradi Wihsn 8t at es of

the 10 cube. TBiSpjest iSHRYSL, e leksbtt he¥dioding( D) . To pick up an object
intuitively, the followng is reqﬂlr d: l"ll?a‘ Move into (%I ose proximty to a
desired obj ect!?SpeghHiaisArannig oy u’bene"{f@g &5 3 9ORB"Y A8S'Ebe 15 The obj ect
bei ng pi cked W) imidcbrabmdel vath théieivs of giakity, theridoppad phiecttfalisslirdeiypplod.  \When a
20  that of the position of the object before it is dropped
3) If the object is dropped at an angle, it will appear to be at an angle after it is
dropped.

These are the underlying principles governing the adding of a virtual object in
25 . Augmentied Reality.

Referring to Figure 6, applying OOTUI, the couplings 60 are formed between the

physical world 61 and virtual world 62 for adding furniture. The concept of

translating 63 the cube is used for other methods such as deleting and re-arranging
30  furniture. Similar mappings are made for the other faces of the cube.

To determine the relationship of the cube with respect to the book and the board,
the position and proximity of the cubes with respect to the virtual object need to be
found. Using the MXR Toolkit, co-ordinates of each marker with respect to the

35  camera is known. Using this information, matrix calculations are performed to find
the proximity and relative position of the cube with respect to other items including
the book and board.




real object is dropped, we expect the followi ng: 1) Cbject starts dropping
only when hand nmakes a dropping gesture 2) In accordance wth the | aws of

gravity, wdsdhapeped object falls directly below 20 th ition
of the object before it is dropped 3) If the object is ?rcggsg;e 552?0924% angl e,

it wll appear to be at an angle after ifg is dropped. These are the
underlying principles governing the adding of a virtual object in 25
Augnmented Reality. Referring to Figure 6, applying OOTU, the couplings 60
are forned between_the physical world 61 and virtual world 62 for adding
furniture. The'igyndepowsn detpilagioniinuongstin ot seecanpinis todliiugiialg hpwithent her
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PCTI.SG2005/ 000 hBlingd %o fal-sHdnSe furilRWs a detail ed continuous strip of
screenshots to illustrate how the picking up' 70 and 'dropping off 71 of
virtual obi%ects adds furniture 72 to the board. 5 Referring to Figure 8,
simlar to addivhen dedigning thelAR siydtem) thé heysicdibanetraintp oLHituztjohjeits &@ and
dropping of f i ‘ . r i Al The “ri LtLurn arrow
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If there is a virtual furniture itemalready in that position, the user is

not allowed to_ ' drop,off 15 another furniture item,jn . tha osition. The
ogr o5t posi {1 ReITRB by dark SrUE v MrOiLi T B beviaRe g FpieRs g acent

t he exi sting fiterms. Forexamplenitems duob sl plants and television sets can be placed on top
20  of shelves and tables as well as on the ground. Likewise, items placed on the
ground can be re-arranged to be stacked on top of another item. Figure 10 shows a
plant picked up from the ground and placed on the top of a shelf.

Referring to Figure 11, to delete or throw out an object intuitively, the following is
25 required:

1} Go to close proximity to desired object 110;

2} Make a ‘picking up’ gesture usihg the cube 111; and

3) Make a flinging motion with the hand 112;

30  Referring to Figure 12, certain furniture items can be stacked on other furniture
items. This establishes a grouped and collective relationship 120 with certain virtual
objects. Figure 12 shows the use of the big cube (for grouped objects) in the task
of rearranging furniture collectively.

35  Visual and audio feedback are added to increase intuitiveness for the user. This
enhances the user experience and also effectively utilises the user's sense of
touch, sound and sight. Various sounds are added when different events take




Referring to Figure 10, a snaller virtual furniture itemcan be stacked on
to larger itens. For exanple, itens such as plants and tel evision sets can

be pl acedv@ookaiso20 of shel ves and tables as well as Ori’dl’?%(;ﬁﬁé?wﬁ
Li kewi se, itens placed on the ground can be re-arranged t e stacked on
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The showroom is rendered with respect to the calculated centre 133 of the board.
When a specific marker above is being tracked, the centre 133 of the board is
calculated using some simple transiations using the preset X-displacement and Y-

25  displacement. These calculated centres 133 are then averaged depending on the
number of markers 131 tracked. This ensures continuous tracking and rendering of
the furniture showroom on the board 130 as long as one marker 131 is being

tracked.

30 When the surface of the marker 131 is approaching parallel to the line of sight, the
tracking becomes more difficult as less pixels are used for recognition. When the
marker flips over, the tracking is lost. Since the whole area of the marker 131 must
always visible {o ensure a successful tracking, it does not allow any occlusions on
the marker 131. This leads to the difficulties of manipulation and natural two-

35 handed interaction.




uni que pattern 132 in its interior that enables the systemto identify

mar kers 131, which should be horizontally or vertically aligned and can
esti mat egtd%uoBRfsgy 20 rotation. The showoomis rendere t to
the cal culated centre 133 of the board. Wen a speC|f|§Kﬁ%r g@ﬁa %@e S
being tracked, the centre 133 of the boapd is calculated using some sinple
transl ations using the preset X-displacémrent and Y 25 di spl acenent. These

calculated centres 133 are.then avera depe t he
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Si nce t he whol £ Detezbalbhe bilreacBdtakiars 15dlandcaiculat thaysrespendilge t o ensure a

supcessful ”atfaﬁ'sﬁgn?t*oh n%?r?(s('r@:ﬂ ff)?‘leécﬂ‘ﬁe%@%d%ﬁﬁééés' ons on the nmarker 131.

This leads to nd natural two 35 handed
i nteraction. \m%wqq%wwmhﬁweﬁsvaebma@fd%eﬁé# Eepiitngs swfaee fir e 15,
one advant age qht i fpSbaopleft! dyi, If;‘&nﬁ; Q.@dbad< enabl es direct manipul ation of

cubes with bot {' dr?ag E%Ee O:h%\g'aTsé?{matlon nr ﬁgs 0y r?éj mtar%elr%%rgﬂgt% %t&rn %o the!! be, the

cube is always™t one of 't aces of the
cube is detecteiect trmerdmlatg@ystemrﬁf nokthithesed e thetmhysien) irlatiogshipsofills | ows: 5 1.

Detect all theyskéd fsmerBhdiss SupdD0 and cal cul ate the correspondi ng

transformation Tc for. each, detected urfa Qose a surface
with the highebt f’.’faﬁﬁfﬁgrﬁ‘@n&bﬁﬁ‘iﬂﬁg gh%ﬁﬂeq(iﬁg'ﬁf W?W%%ﬁ?f% that is
top, bottom |ekdrdinateghstemiTant52 amndcliael bySTcocaTamil ¥Fmot he transfor mat i on
matrix fromthe marker co-ordinate systemto the 10 object co-ordinate
system (Tlr}g) 151 based on the physical rel atlonshlgtgif t he Qr\g en mar ker
and the ¢ Elg‘“’?’ﬁgSF?%FS?‘?FHP‘?%?{“PF‘&@WG&”WQ&F‘F‘P\ PRIGRUOBEN WRICRINGi nat e

syst em 151 t o bdaed tayemnall cube-161 endbip eulsy si2edare chdixnjredtybeirg seaicbed fat.ed by:
Tco = Tcmi X Tno. 15 Figure 16 shows the execution of the AR Interior
Design application in which the board 160, snmall cube 161 and bi g cube 162
are concurr ent Tgensblethe yeastepigiug ayirtual phicgtydisndhe sibeisagar the marker 1 %

virtual objectomfefrditie GtERub fedd®ed thb RQatiVe idieBincd Bdtween the cube and the
20 virtual object to be known. Since the MXR Toolkit returns the camera co-ordinates
of each marker 131, markers are used to calculate distance. Distance between the
marker on the cube and the marker for a virtual object is used for finding the

proximity of the cube with respect to the marker,

25  The camera co-ordinates of each marker can be found. This means that the
camera co-ordinates of the marker on the cube and that of the marker of the virtual
object is provided by the MXR Toolkit. In other words, the co-ordinates of the cube
marker with respect to the camera and the co-ordinates of the virtual object marker
is known. TA is the transformation matrix to get from the camera origin to the virtual

30  object marker. TB is the transformation matrix to get from the camera origin to the
cube marker. However this does not give the relationship between cube marker
and virtual object marker. From the co-ordinates, the effective distance can be
found.

35  Byfinding TA -1, the transformation matrix to get from the virtual object to the
camera origin is obtained. Using this information, the relative position of cube with
respect to virtual object marker is obtained. The proximity of the cube and the




of the furniture catal ogue requires the relative distance between the cube
and the 20 virtual object to be known. Since the MXR Tool kit returns the
camera cy@idesaidgepr of each marker 131, narkers are us%ﬁ&&@,&%&te
di stance. Distance between the marker on the cube and the marker tor a
virtual object is used for finding the gproximty of the cube wth respect
to the marker. 25 The canera co-ordi nates of each nmarker can be found. This

means t hat the«.ﬂuaedméc@;s%@m%égt Bﬁ%eﬁelﬁfe omb%errﬁarngsﬁorﬂ{bea&ﬁo oph that of
t he nmarker of t e virt Qvi ded by MXR Ik|t I n ot her

u
words, the co-bigl %cé?%‘? G@‘r'?Jés EgHied (e ey IRb ﬁ"‘? 3'?;5‘%‘@?0"t‘i9"tpﬁ%erﬁ%lrrera and
t he co- ordi natces befgnbted. vi rt ual object marker is known. TA is the
transformation matrix to get fromthe canera origin to the virtual 30
obj ect marker. TB is the transformation matrix to get fromthe canera
origin to the [RubRarker T.However this does not give the rel ationship
bet ween cube kerp r}% Vigf tiu ect mar ker. Fromthe co-ordinates, the
effective distladte ¢an fqur{@f,” BB, JBy finding TA -1, {Bywatigransf or mation
matrix to get |fomfme R rtludl object to the camera origin is obtained.
Usi ng this inflopmat gon, ¢t hejrlel ative position of cube with respect to
virtual object marker is obtained. The proximty of the cube and the WD
2005/ 116807 PCT/ S&2005/ 000146 21 virtual object is of interest only. Hence

only thg Erans&aé UEeA) t@%gﬁﬂeﬁmgﬁ.?heff"t@{%lﬁéﬁ on‘(héﬁdbﬁ'or?@dr&clthiéééts“ﬂ@ Cubg ISRu
required (i.e an rotation component s n nor e

R12 RI3 T: 5 fY dfbbpina Abigtt ﬂsé’cﬁ}?t‘i"ﬂ Spf)"dm*?%ge@? 0001
Tz is used tocnbtawm efdréncetie theulrsekdrionitep of shepdube ddovenvet, heetigokange boar d.

Thi s sets jhhe orsihd %% I’;é?g{]tgftﬁgblﬂﬁ @Qﬂ)\ngﬁ(?@ﬁédagntqwlﬁﬁlteﬁasloﬂ_m t?ac\(ﬂbue
corresponds to the hel cube wth reference to the narker on top
of the cube. However, a certain range 10 around the height of the cube is
al l oned to acdoufy isfused fordetesrains ifdie ¢cubetis within @ gertainlpangelyf thebatkad teo
determne if t C cﬁﬂ? board.
This all ows fobrlagrtdhgmgEdf)(’%\’“%\%lttEé &jb% tSSB .-PA&P ad ﬁmgé 'f t% %é%?lﬂ-lé b(r%é'érgmfhe book
and on the | ®adrslgedipgarea, ifit !S‘LW"‘h%‘ tw mmetqrwéthsépar#@fwhlaﬁ cef@nboard or

Wit hin a qert ahdiuslipors adidehtrd mﬁa bdiRd, GRS BildvsQhe bR thB@ftarrdngb® daletens t he
cube to be r ©- QL glgs?acke&i gntoe to &t objects.

There are a few parameters to determine the state of the cube, which include: the
top face of the cube, the height of the cube, and the position of the cube with
20  respect to the board and book.

The system is calibrated by an initialisation step to enable the top face of the cube
to be determined during interaction and manipulation of the cube. This step
involves capturing the normal of the table before starting when the cube is placed

25  onthe table. Thus, the top face of the cube can be determined when it is being
manipulated above the table by comparing the normal of the cube and the table
top. The transformation matrix of the cube is captured into a matrix called tfmTable.
The transformation matrix encompasses all the information about the position and
orientation of the marker relative to the camera. In precise terms, it is the Euclidean

30  transformation matrix which transforms points in the frame of reference of the
tracking frame, to points in the frame of reference in the camera. The full structure
in the program is defined as:




added or stacked onto other objects. There are a few paraneters to
determ ne the state of the cube, which include: the top face of the cube,
t he hei g@io shshlgerube, and the position of the cube wt to the
board and book. The systemis calibrated by an initialigg?%gﬁﬁgﬁgﬁﬁﬁo
enable the top face of the cube to be determ ned during interaction and
mani pul ati on of the cube. This step involves capturing the nornmal of the
tabl e before starting when, the cube is placed 25 on the table. Thus, the
top face of thg subBzcdin bk |determined when it is being manipul ated above
the table by cqmparing #;her,normal of the cube and the table top. The
transfornation.qntr'x ft cube is captured into a matrix called
tfnrabl e. The [t ?anst or#ati*gn matri x enconpasses all the information about
the position and orientatign of the marker relative to the canera. In
precise terns, it is the Euclidean 30 transformati on matrix which
transforns points in the frame of reference of the tracking frame, to

poi nts in the Thedast row i edustiemt és dmitteches # daes pot alfed thati¢sired caiculalions. in t he

pr2 ogr grzn i Z BthfTHEeﬁi-sﬁﬁhe M\Qggﬂtt@%#ﬁ@%?i @Sﬁ%%@ﬁ%@éﬁ@@%&& ﬂ'%?orieﬁtiaii?rf 51’3 ris t z
ra2, r r v T3, r Z e last row.in uation is.omtted as i
does not aff ecmet‘ﬁ’éecfizﬁ? dgterpinp ctB‘F V] 2??3. of tf'ﬁec"g’g'r gle H?'?‘F’img'lag‘?f’e *form a
3x3 rotation nettzined &nu Wekingi deeht dfethe rfaeentsatsednamf wobkst tig théjfdlpivingTo -
determ ne the {ORidA§Re Rhndidtmatidif : atrik o eddhAAK &Vtﬁaﬁédbfggﬁ @Eé ihcomd.ai ned from

tracki ng each of the tace is used and works out the W ng equation.

The transformation matrix for each face of the cube is called tfnCube.
Dot _product = Détnfeathect =i s*  #rhQulslr £ imI8blerid frmCube. r 23* tf nTabl e. r 23+

ff ncube. r33* ffnTabl e.r33 | Q0 he face of the cube which
produces the | argest Dot_prt(% ubi?et'rj SWL?’%galtransforrmtion matrix in
equation 2 is determ ned asfebe.bp fal@bledss t he cube. There are al so
consi der at i ons(egliathi@je the cube is with respect to the book and board.
Four positf'oonal states of the cube are defined as - Onboard, Ofboard,

The face of the cube which produces the largest Doi_product using the
fransformation matrix in equation 2 is determined as the top face of the cube.
There are also considerations of where the cube is with respect to the book and
board. Four positional states of the cube are defined as — Onboard, Offboard,

15 Onbook and Offbook. The relationship of the states of cube with the position of it, is
provided below:

States of cube Height of Cube - t, Cube wrt board and book - t, and t,
Onboard Same as board Within the boundary of board
Offboard Above board Within the boundary of board
Onbook Same as cover of book Near book (furniture catalog)
Offbook Above the cover of hook Near book (furniture catalog)

Referring to Figure 17, adding the furniture is done by using “+’ marker as the top
20  face of the cube 170. This is brought near the furniture catalogue with the page of
the desired furniture facing up. When the cube is detected to be on the book
{Onbook) 171, a virtual furniture object pops up on top of the cube. Using a rotating
motion, the user can 'browse’ through the catalogue as different virtual furniture
items pop up on the cube while the cube is being rotated. When the cube is picked
25  up {Offbook}, the last virtual furniture item that seen on the cube is picked up 172.




15 Onbook and O f book. The rel ationship of the states of cube with the
position of it, is provided below States of cube Height of Cube - t, Cube

wt boarypimshagly - t,, and t. Onboard Sanme as board W, ("123@ 43 E undary
of board O fboard Above board Wthin the boundary of boa &1 Same as

cover of book Near book (furniture catalog) O fbook Above the cover of
book Near book (furniture catalog) Refer®ing to Figure 17, adding the
furniture is done by using "+" marker as the top 20 face of the cube 170.
This is broughWherethe dube id detactbd tcebe ah dheobared (Wolivatd)ethpager odn addthedesi r ed

furniture faciigiugo m%b%@g iftH w.ﬁ,bg%h%&%ré § forftfaf) g@%@g&ngsmbook)

171, a V|rtual urniture o ops up on
rotating notigRitueLEe guke 'Sc%\?Fedtﬂ"d{A% goarg Iﬁ‘?‘i‘)‘l‘i’@!’?)t"ﬂt@ tﬁ%trﬁlf‘b@'{féﬂ’" d%arﬂ?"f f er ent
virtual furni tasrtee tdpifacs Voo e cObe ishiRtattddeasviaded dnltRe bodrd, the uBeér ¢

r ot at ed. en .. o] u uaI
furnitur eV\ly%t erﬁ'?ﬁ%”%ggﬂﬁﬁ%rﬁ bﬁﬁqbég%e @ggg%gggﬁefpd&% S@%E E’%‘g/ 116807

PCT/ SG2005/ 000146 23 When the cube is detected to be on the board
(Onboard), therafosifg m@ddstmn tﬁélmﬂhtbwebé;@ 'biaﬁecpw@ofﬂmid)fthé ng the cube

of f the board an fur ur i s placed
on the board (fé}? org?sdﬁegavﬁr?%g? F’no Qfﬁ] E’ 3'%1? Udr'%?'? kesr gdu"de(? ngt}ﬁ% Y$4ce. Wen
the cube is dehertmeesdke mmh@mw@ ddrsirel] pasitionudben thepositierpisck up' t he

furniture fy ngawcd, thhAs& ol Misithe cRRMYitRe Bdard tbedrslgewt@ﬂatf siibh Y& £
Referring to Figure 18, when the furniture is being 'picked up’ (O‘fboard)

the furniture is rendered on top of the cube and an audio hint is sounded
180. The user Raféreng woigse tlHdo delbie femitiraghdadieds placed aietbe beatdposi ti on. Wien

the position '@na&ré)%ﬁ%@@f dah@rué%t@fgpé Yod. Wﬂeﬁtﬁéﬁjbﬁ‘&bﬁeuﬁf the board

to drop it |nto 05|t|on . errin gure , to delete
furniture, t hede&?ffé’ P &e g thekpagh tweb@&@&’ec’%@uﬁ{%{?ﬁ) bXAE"PYI“Q g cubetopg Ker
as the topsf ache ¢&fre dfherdeting fotniterel Whbethadurnitleé Balueckssiaihbselanted, the boar d,

t he user can Sfﬁ#nﬁ-?r% i Qﬁﬁgﬁ th, Logroﬁbﬁﬁu%%dq% I Iﬁmg?ﬁﬁd&@é'{‘ %ﬁgdbtfr e of

the desired furni re s successfu é@s t he
furniture is riberEsdp eheafiheboardOfftgasd) orfigieimtbadianrailP? i s sounded 191.
The user then lifts the cube off t he board (O‘fboard) to delete the

furniture 192 M\hegf turnlbt ; é %lntro uced, gearran ed, a

probl emto keeP The MHYS & E'QBWH 'i?ﬁfé cHIAEEH &Y ‘?ﬂ‘é" FPIRET W ni t ure.

Si mi | ar t @0r edhe plyysichlaonstrainte of the &umnitiey Pimitaetd refliga firmijureisr drdAugmentsd col | i de
with or'inter Sty widribi RaAR LOEde wilHes GRersBSElith SHofeP Mence, users are not

allowed to add furniture when it collides with another.

Referring to Figure 20, one way to solve the problem of furniture items colliding is

25  to transpose the four bounding co-ordinates 200 and the centre of the furniture
being added to the co-ordinates system of the fumniture which is being collided with.
The points pt0, pt1, pt2, pt3, pt4 200 are transposed to the U-V axis of the furniture
on board. The U-V co-ordinates of these five points are then checked against the x-
length and y-breadth of the furniture on board 201.

30

| Uy =c0sO(X, — X,)+sin6(¥y ~¥,)

Vy =sin@(X, - Xy)+cosf(¥, - Y,)

where

(Un . V) New transposed coordinates with respect to the furniture on board




allowed to add furniture when it collides with another. Referring to Figure
20, one way to solve the problemof furniture itens colliding is 25 to
transpos boundi ng co-ordi nates 200 and the ce

furnitur ?%%@lsﬁgﬁgzided to the co-ordinates system of thg(;]ﬁ?ﬁ{loto%tri@lt\% ch is
being collided wwth. The points pt0O, ptl, pt2, pt3, pt4 200 are transposed
to the UV axis of the furniture on boa&4d. The UV co-ordinates of these
five points are then checked against the x- length and y-breadth of the
furniture on [boarde201. B%Qwrmm&ﬁﬁar&ﬁﬁékbglvm@(ré@ect\m)(# b%raasaté@( XN

- XO) +Cosq YN AVZ2A whar re) LN MDY Naww t r aRnsH raVa) t

nc + h oaocn
to the furnitlure®sn Boar d"\?’(&%s’f’iff@g@?" WF%OMG 24 0 Anql e

furniture on jboa kes| Amt X-Yreospiinatestopfuxhituné rocubgi nat es (X0, Yo) X-Y
Cent er coordijnat R fur n s of furniture
on cube (XN Yl\h (fr am.f moHHgﬁreo @%F@L%P%Qpﬁ’lft‘lc?@r %@%ﬁm 2, pt3, pt A\

Only if any of the U-V co-ordinates fulfil UN < x- Iength && VN < y- br eadt h
will the audiOnlgffagg bf the Undco-difinates Rdft AL eS-lehgthtdEeVN serbreduith willtley ar e not

al | oned to drog, ﬂEéaf?eclféﬁﬁ wrs%nd.éagé@tﬁ&het.ﬁsr@.gurée,tgra namﬁg ; o Y et O

anot her position ore rop furni I't urniture such
as tables and fS'mtiPR%@"“iﬁit%ﬂOéﬁOft ﬁnqmgst@mveﬁea@wpeaﬂwef%dwpms hem a

flag is previ dedfdrhitvrd®dni. furniture structure called stacked. This flag is
set true when an object such as. a plant, hi-fi unit or TV is detected for

rel ease on top of 10 this object. This cat egory of objects allows up to
four objects pFadedituesydhamntablis and shelpes ipwhiohihinga gaa befstackedemopef a pl ant ,

{ Egnt Z L f) re eg r t h‘ﬁg‘f‘f’i‘ ﬁéhg ¥ 9ravrde@ af tREINmFiterR éﬁﬁ&tﬁife)%atléﬁ staén@d Sﬂré’ef:it%@ds od)j etct t ot

S | |s ctur relative rix to
the centre of FYRMIERANPYI ‘°é1‘f £RaE P E&h@f@”ﬂg@’ Tgﬂf ggtfzgtagfo&ﬁei?%?gém t?pg‘?ft
arrow' or 1x" this dbjeet. Bhig cetlebmy of ebjeptealiows tip td foar ebjmls méced@ndhararidisng and
del eting 15 Obﬂyﬁ’&gﬁfﬁﬁzgur%,lefm éﬁéﬁJp?é a pIAHE thehfstcfi‘esttﬁm‘é'atﬂé trah@brinatién lrthn;?e

ked, dif st h bl
P rait e b%fsttaeeﬂa@seeab@%esmt#&g B shefl i s SypEgh A RaRdS iR

t ransf or mat i onmamk d the Skiitread thabolatds Wieh thed atineera Ref datedteriop tackTligitir e 21,
interaction b e£'¥}§%\‘?' b y)!,, EF tﬂglblg%gbé‘: (fttgﬁemo t’RS nio'ae BFI%EH?%&né Gnd deleting
15  objects collectively. Thus, if a table or shelf is to be picked, and if stacked flag is
frue, then, the objects on top of the table or shelf can be rendered according on the
cube using the relative transformation matrix stored in its structure.

Referring to Figure 21, interaction beiween virtual objects may be in response to

20  the spatial relationship of the cubes. The distance between two cubes is used to
define the interaction between a story character and other virtual objects in the
story scene. In the first screenshot, the user moves the smaill cube with the
Chinese princess virtual object towards the larger cube with the planets virtual
object. The system 210 constantly measures the spatial relationship between the

25  small and larger cube. When the spatial relationship is within certain parameters,
for example, the distance between the small and larger cube is sufficiently ciose, a
response from the virtual objects occurs. in this example, the virual object
associated with the larger cube changes from the planets to a rose as depicted in
the second screenshot.

30
Although a regular shape has been described for the marker, the marker may be of
an irregular shape. Although a marker with a border has been described, it is




20 the spatial relationship of the cubes. The di stance between two cubes is
used to define the interaction between a story character and other virtual

obj ects iy 085116840y scene. In the first screenshot, t he
smal |l cube wth the Chinese princess virtual object tomr?ﬁﬁt%srﬂaf{g‘r%ger

cube with the planets virtual object. The system 210 constantly neasures
the spatial relationship between the 252%mal| and | arger cube. Wen the
spatial relationship is within certain paraneters, for exanple, the

di st ance bet weavisaded thatedh Isome dmbadigentscod boider isufeckesiann Fpyan Inggulariy

response fro%ﬁgﬁd%grgé}a&at@ms%tt&,qg,@grs%ayln this exanple, the virtual
obj ect associated wth ger cube changes fromthe pl anets to a rose

as depicted in Thé"%‘@@‘ﬂ?ﬂj ﬂ?ﬂsé B QM. theoremaniist oh e SuRear "ehEpd® has been
descri bed for the r&"fé{amatetthelmnﬂeerhamay be of an irregul ar shape.

Al t hough a_marker w env? QrﬁF s{‘ﬁ@ebtg%n glaesﬁg n%?r%ted fk{ﬂsﬁievégc%% e116807
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necessary. For an |Wé&j@fpaﬁhﬁ>¢°'03¢ia;§e@1%ﬁ$ﬁ?é}y regigieted imany Biack nd Willeker s nay:
di stingui sh thenselaggs fromthe renai nder of the surface. That is, to

d|fferent|atethe|Dof t he rk hi gh ed to be
easily separated® frWt‘ﬁe‘eﬁﬂ gﬁif'l'(‘ie po'?%elwgi‘cg ‘% g %’6 'E?ﬁ'f'”q gﬁ'ﬁ
necessarily restri atetegiating mltryanﬁbsartahoran“datwlm ek !easarfdur feature groirtease f our
feature pghnts whi Gho@fi&y. q%@@vérﬂnsﬁeé@%kb&ﬂers%ﬁé? fedtiePindd B ba used

transformation matrix, at least four feature points are 10 1dentified.
However, instead ofsuch A lerge Rlagkdptst eat ur e points may be used such as |arge
bl ack dots. The descri bed irregular tracking method may conpl enent square

k th
T oqul ar - or adpd SR 'ﬁ%%&?“fﬁc%npgﬁgéﬁgu%"ﬁm o sBide Shieh SBtbe. 1S i ve
system 210 haé(‘"l?é"efhepf"éfg?fanﬁfe%ﬂg&%loﬁga wsqj%uar@yﬂpcle . B9, ”L’?ﬂé"aﬁ/ltfﬂcbg%ft

W ndows XRspl akdvitiesterapdiary spgpe@tl ammi ng | anguages are possible and ot her
pl atforms such as Linux and MacOS X may be used. 20 Al though a Dragonfly

canera 211 has been described, web caneras with at | east
Although the interactive system 210 has been programmed using Visual C++ 6.0

on the Microsoft Windows XP platform, other programming languages are possible
* and other platforms such as Linux and MacOS X may be used.
20
Although a Dragonfly camera 211 has been described, web cameras with at least
640 x 480 pixel video resolution may be used.

Although the system 210 has been described in one embodiment as software, it is
25  possible for all sofiware functionality to be hard-wired into a circuit which is
connected to the electrical circuitry of the camera. Hence it is envisaged that the
image processing functions of the computer software be performed by a camera

alone.

30 1t will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the scope or spirit of the invention as broadly described.
The present embodimentis are, therefore, to be considered in all respects
flustrative and not restrictive.




640 x 480 pixel video resolution may be used. Al though the system 210 has
been descri bed in one enbodi nent as software, it is 25 possible for all
software functionality to be hard-wired into a circuit which is connected
to the electrical circuitry of the canmera. Hence it is envisaged that the

i mge processing functions of the conputer software be perforned by a
canera alone. 30 It will be appreciate® by persons skilled in the ar t

t hat numerous variations and/or nodifications may be nade to the invention
as shown in tHEHEQkAIMS: c enbodi mrents w thout departing fromthe scope or
spirit of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respects illustrative and not
restrictive. 26 THE itlepqclixs systemAgr qroj mixgé reslity expArienne HAYH di ng a m xed
real ity experim@egtdnOcangisieg;, the system conprising: 5 an object having at
| east two surfaces,_each rfa Vi n rker-. an i turing device
to capture%i mages o ﬁeé:t %%f"gé’? %f‘:l%%go ?l?frag?sqg%éénséj;ﬁaceg'r?ﬁ'ﬁggﬁag% ing nodule to
track the position zrthage taptiriag deyicegp ceiwe dhyass ©f tha obiet in # fiskiceraiene by
tracking at |leamt two surfaces of the object and identifying at |east 10

one marker; wherein the trackin ule retrieves | t.i nmedia cqontent
associated with an® fr?fz(ﬁlpir?ng% t?grgg%g'?e, PosHign %fleaftag% ‘gﬂéeeog’bei‘?ﬁ'" ene

i ncl udi ng t he firstsoenediydckingatti¢asbhosudanes efihe shipd andridestifidngatdgast he fi r st
scene in a;y el gld Ngudosition to the identified marker, to provide a m xed
reality experience to a user; and 15 wherein the at |east one marker is

i dentifiable by thei§8Redgelpynpauls fetrieyes muitimedia gonignt gssopipted Wih i sj bl e by
t he i mage capt awidergifielemianker, atdigenpaatdsi sadecaridsdcbnd intlydiliethagssodiefedned by at

| east four tragking:pal . 2 > kg to claim
1, wherein the&%ﬁ%@?%@égsg‘{egéngﬁseerg?ﬁ&%gée f"%‘o?‘%’ﬁ?ﬁ;?é@é@?ﬁ%@&?'{%m accordi ng
to claim2, whidewfied R RIRYIFRA MiXGH reslity SXREIANGEdS 2 Udieaonpl et e

predet er mi ned shapewbdreit e aTRsakdne wsdrkeg istidemtifeibld Babd trdoming nictalslifiitig poi nt s.

25 at least partially visible by the image capturing device, the partial visibility being

defined by at least four tracking points of the marker.

2. The system according to claim 1, wherein the marker is a predetermined
20 shape.
3. The system according to claim 2, wherein the tracking module determines

the complete predetermined shape of the marker using the at least four tracking
points.

25
4, The system according to claim 2, wherein the predetermined shape is a
square.

5. The system according to claim 4, wherein the tracking module recognises
30 at least two corners of the square to identify the marker.

6. The system according to claim 1, wherein the marker includes a

discontinuous border that has a single gap.

35 7. The system according to claim 6, wherein the marker comprises an image
within the border.




4. The system according to claim2, wherein the predeterm ned shape is a
square. 5. The system according to claim4, wherein the tracking nodul e
recogni ses 30 at |least two corners of the square to identify the marker.
6. The system according to claim 1, wherein the marker includes a

di sconti nuous border that has a single gap. 35 7. The system according to
claim6, wherein the marker conprises af’image w thin the border. 27 8.
The system according to claim7, wherein the inage is a geonetri cal
pattern. 9. The systhEmystemarcdirdigg toxlaih i wheein tedmegenis bilyeomeititatr n i s nmat ched
to an 5 exenplggmstored in a repository of exenplars. 10. The system
according to claim®6, wherein the colour of the border produces a high
contrast to the background col our of the marker, to enable the background
to be separatetl by THeesybtemciceordingraciidia 8, dRerdih thedatera s atohaasandi ng to

cl aim 10, \@her(ggeplgiapgtogggrgg%pﬁggow8%%?,%r ck and the background colour is

white. 12. The system accor , Wherein the tracking nodule is
able to 15 identify a marker if the border is partially occluded and if

the pattern witi n Tihesysledr esrding td'him @ whateia the cbg;ur a?lmee or&drem accgr ding to
claim1, furt 1sin i,spl devi ce t LS t econd scene
at the sane t%d@§¥é5§8% ragtctgﬁhéapola? r%ur?grcgtf) e ?trfd" Tﬁ?rﬁ%ﬁg&% em accordi ng
to claimi13, weskerpundithbe depspated/bytbe frackingsnagnle. one from t he group

consi stingipof: a nonitor, television screen, LCD display, PDP display, a

view finder of_ the jnmage capture device and a prqjector to project inages
or video. 25 {11'15.*%%6‘?915 Caprding i g AP Ay @'??r?ff'g]emofe’%‘&}rﬁ %ﬁ@ i mage
capt ure devi cethg backgumbheécblalewaitthe di spl ay device. 16. The system

according to claim15, where the inmage capture device and 30 display

devi ce face th$ user. ) ) . . .
2. The system according to claim 8, wherein the tracking module is able to

15 identify a marker if the border is partially occluded and if the pattern within the
border is not occluded.

13. The system according to claim 1, further comprising a display device to
display the second scene at the same time the second scene is generated.

20
14. The system according to claim 13, wherein the display device is any one
from the group consisting of: a monitor, television screen, LCD display, PDP
display, a view finder of the image capture device and a projector o project images
or video.

25
15. The system according to claim 1, wherein the image capture device is
mounied above the display device.

16. The system according to claim 15, where the image capture device and
30  display device face the user.

17. The system according to claim 16, wherein the object is manipuiated
between the user and the display device.

35  18. The system according to claim 1, wherein the at least two surfaces of the
object are substantially planar.




17. The system according to claim 16, wherein the object is manipul ated
bet ween the user and the display device. { 35 18. The system according to
claiml1, wherein the at |east two surfaces of the object are substantially
planar. 3 28 19. The systemaccording to claim 18, wherein the at |east
two surfaces are joined together. 20. The system according to claim 18,
wherein the object is a cube or 5 pol ykedron. 21. The system according to
claim1l1, wherein the object is foldable. 22. The system according to claim
21, wherei n t h®. obj Betsystemactwadiogiol orire ddevHeasin thé Gt Ishstitwd @irfbcesgre 23. The
systen1accordh&ﬁm}8 Ghal m 1, wherein the tracking nodule is installed on a
deskt op or Bl e c%nputing devi ce such as a Personal Digital Assistant
(PDA), nobile tel ephone, other nobile conmunications device, or a console
box 15 with aobui | Thel systemrgecdraifig forokme 38 aheredfithe bhigctsy s t@@onccording to
claim13, @peéﬁh@eégg i mge capturing device, tracking nodule and display
devi ce are provi &d°Tn a single integrated unit. 20 25. The system
according to claim 13, wherein the inage capturing device, tracking nodule
and di spl ay demice miesybemadcestding o MRt Swhed&A tHeQbfect i Boldablae System
according to claim1l1, wherein the associated nultinedia content is
superi nposed over the first scene by rendering the associated 25 nultinedia
content into t3ke fiThetsystemmascorfiog toelam 21 wiitesin heahjecttioa idatiespbafped. 27.
The systemp@ccqgieigg.to claim1l, wherein the position of the object is
calculated in three dinensional space. $f 30 28. The system according to
claim 27, wherein a positional relationship is estimted between the
di spl ay devi ceziaand Tireesyslepectordito cldve 1syisdremtireceokidy mgddloisdisedlled 1, wher ei n
Lhe captured | SRgSesidp of ALARNGIIH, dincedion H08 FRABHATAGCRLAIRE Lo claim
ark areas are 1 tifie g

29, wherein contliguous d : entrr usi a connected
conponents al g((lj’ ,ﬁ:pﬁblle telephone, other moblle communications device, or a console box

15  with a built-in computer processor.

24, The system according to claim 13, wherein the image capturing device,
tracking module and display device are provided in a single integrated unit,

20 25, The system according to claim 13, wherein the image capturing device,

tracking module and disptay device are located in remote locations.

26. The system according to claim 1, wherein the associated multimedia
content is superimposed over the first scene by rendering the associated

25  multimedia content into the first scene, for every video frame to be displayed.

27. 7 The system according to claim 1, wherein the position of the object is
calculated in three dimensional space.

30 28 The system according to claim 27, wherein a positional relationship is
estimated between the display device and the object.

29. The system according to claim 1, wherein the captured image is
thresholded.

35
30. The system according to claim 29, wherein contiguous dark areas are

identified using a connected components algorithm.




6 29 31. The system according to claim30, wherein a contour seeking
technique is used to identify the outline of these dark areas. 5 32. The
system according to claim 31, wherein contours that do not contain four
corners are discarded. 33. The system according to claim31l, wherein
contours that contain an area of the wong size are discarded. 10 34. The
system according to claim31, wherein stfaight lines are fitted to each
side of a square contour. 35. The system according to claim 34, wherein the
intersections of the straight 15 lines nay be used as estimates of corner
posi tions. 36.31The sl aBmareRbify 4R ! @héﬁiﬁ@qo%@r@%’eﬂn%tegﬁrﬁduﬁcﬁ' ve
transformation i ) se& to warp.the regi on descri bed by the corner
positions to dmségﬁﬁaw t@ﬁ%&%?OQ espdarRgaty st em according to cl ai m 36,
wherein the standard shape is cross- correlated with stored exenpl ars of
markers to. d i fy r [N ng] ; (o i 1 he

obj ect. 38.5 Tﬁ? sys¥%m@§%§oﬁ?rﬁgaﬁ %qc%fngi?)ﬂ g@%mb\%g?tg?ﬁgﬁgbcr%? ﬁﬁtal;ﬂ)osi tions
are used to J8UiQERESFGdigcaifidque Eucl i dean transfornation matrix relating
to the position of the display device to the position of the marker. 39.
The system accgy di t I [ e i fhve t .S an
interior desi g%r' app |ecS§’f éé%)nﬁécgzr”%rgg%?g@uﬁab@%{egg%ﬁoﬁgs {g%tpﬁaﬁ%g} ?rg]ﬁ'{eg% 40.
The syst em acc®ithfi wgng sizedradigsarded. ur t her conprising at | east two objects,
wherein thg spatial relationship between the at |east two objects is

determned to ause a predeterm ned response. fromthe multinedi a content
asoct ated w i thai™s WRRR FPEdRT Rareot 98ee gt s S AGER R o i ng <o
cl ai m 40, whersideofalsguarpgeritedr. rel ati onship is selected fromthe group

consi sting of: distance, stacking and occlusion between the objects. 5 42.
The systen1accordin%1to clain130, wherein Lhe_ redet erm ne response IS
3b. rding t 4, w trai

e system acco o claim 3 erein the intersections of the straight
15 lines may be used as estimates of cormner positions.
36. The system according te claim 35, wherein a projective transformation is

used to warp the region described by the corner positions to a standard shape.

20 37. The system according to claim 36, wherein the standard shape is cross-
correlated with stored exemplars of markers to identify the marker and determine
the orientation of the object.

38. The system according fo claim 35, wherein the corner positions are used to
25 identify a unique Euclidean transformation matrix relating to the position of the
display device to the position of the marker.

39. The system according to claim 1, wherein the interactive system is an
interior design application or a vocabulary teaching application.

30
40. The system according to claim 1, further comprising at ieast two objects,
wherein the spatial relationship between the at least fwo objects is determined to
cause a predetermined response from the multimedia content associated with the
identified markers.

35




selected fromthe group consisting of: interaction between the associ ated
mul ti media content, aninmation of at |east one associated nultinedi a content
and playback of an audio recording for at | east one associated multinedi a
content. 10 43. An interactive systemfor providing a mxed reality
experience to a user, the systemconprising: an inmage capturing device to
capture inmages of an object in a first ¥cene; and a tracking nodule to
track the position and orientation of the object in the 15 first scene by
tracking at | @dst tTwe sgsterh acesdinf totclatm &b jwheteinthe spegjalaelatiomkiap isand
identifying at . XY acki ri eves

mul ti nmedi a coﬁ?%ﬁ?&gg@?%ég?‘gd W@%@%&?ls}bg&%ﬁa iﬁ@%gﬁndn}%ﬁlgg?ﬁjgﬁgégtnerat es a
second scene itftPRRAg the associated multinmedia content superinposed over
‘the first scene in a relative position to the 20 identified marker, to
provide a i x realit i ' ' t. | east one
mar ker 1s ?de‘ra#i fi lebees)ésbtgét% Eéor@ﬁ%@lﬁaﬁaﬁ‘oﬁnﬁg{eien tﬁ?ﬂﬁé{é@?@ﬁhé&i{@p&g& ISpart ially
vi si bl e by t heselegigd Eowdir Urpumepnaieinio®s interaetiop evean thgiagsasiatad: v bei ng
defined by at rh@®sddid Qatent, bAREtIATfROLA Sn®hssbfigtePukitlediadntdit.and sof twar e
application for 1 x%gri ence to t he

rovi.ding.a mxed. reali e ) a user,
2bpl i cati on ctmPreiaign S e Es T Sl Prg A RBH PR LU PLE PUE ™, apt ur ed
i mges of an object in a first scene froman inage capturing device; and a

tracking npdulg to A4 RkactiitesyRiRmitbl RoVidh Alkb& Rlafty bRibrblcelidg uol| ect in the
30 first scene by tracking at |east two surfaces of the object where each
surface has a MHBYSIES COMEdent i fying at | east one marker: wherein the

sof tware appl i cati camimege capheing deNidd toreabtare droages of arectjart inat fiest scapiet h an
identified markar, and generates a second scene including the associ at ed
mul ti medi a content superinposed over the first scene in a relative position

to the 35 identifi2tegkgpedulede,irgnkdia rpsition ardaigntalien ¢fihe digskipittnce to a
user; and Bl fkeceidbyitiekiag alll€asivoaNEaded bikiRe object hehamy 4 kbt #hdby t he

devi ce, E‘édSLi?ff*.ﬁEngﬁt&e%sﬁ*fl"%?'ﬁ%a o dof i hed by at |ast four tracking
poi nts of the mar kevhergniw tragkipgmpiius efrieresdnritimeds codrnt peepiatgd with t ual
obj ects to proxi identfledinifer, BRBdrateseidResidaRER ihAuding B BssotiaRd modul e
conmpri sing: multimedia content superimposed over the first scene in a relative position to the
20 identified marker, to provide a mixed reality experience to a user; and
wherein the at least one marker is identifiable by the tracking module if it is
at least partially visible by the image capturing device, the partial visibility heing

defined by at least four tracking points of the marker.

25 44, A software application for providing a mixed reality experience to a user,
the application comprising:
an image processing module to receive captured images of an objectin a
first scene from an image capturing device; and
a tracking module to track the position and orientation of the object in the
30  first scene by tracking at least two surfaces of the object where each surface has a
marker, and identifying at least one marker;
wherein the software application retrieves multimedia content associated
with an identified marker, and generates a second scene including the associated
muitimedia content superimposed over the first scene in a relative position to the

35 identified marker, to provide a mixed reality experience to a user; and




a data receiver to receive marker identification data related to an
identified marker; and a searching tool to search a virtual object

dat abase for a virtual object 10 corresponding to the marker
identification data; whereby if a match is found, the virtual object is
superinposed over a real scene in a relative position to the identified
marker, to provide a mixed reality exp&ience to a user; and wherein the
at |east one marker is identifiable if it is at least partially visible,

15 the parti aI Vi sivehdréit thelatlengt ode mariedislidentftabledadtie tfapking moddk ifitdgs poi nt s of

the marker. tle-gaﬁpan Oﬁh&bl@%&%%ﬁ%é tu‘ﬁh uév.ﬁ%%gwamsu%mw-r%enti fied

mar ker has nore e corfespon j ect A repository
of associ ated $fiNed %l'eéSHBth'@ﬁ‘E'”Q Eﬂ’“%?fd(ﬁ BP%E-a i xed reality experience
to a user, the repository conprising: an identification data field to

|dent|fye h jtem Lt | N - t filield to
store an |taS<Cam%5t'f r_mﬁ?hlr"%gﬁ r{é@%r{ er% ‘t"ﬁd]_\;s'_"'tt%a? eCt‘él‘l 339&'?0?0%“1%?& Ral A" Cem of
mul ti medi a con®@atience ® awrer. dheimerieomprisiagit i fi cati on data related to an

identified marker igdatserenbad ratgre ket lAentificioh dhta¢abtb® Mhaldentifideel d, and
mul ti medi a content associated wth the identified marker is retrieved to

be superi rrpose'(lj 6‘\,’9? real scene in a relative position to the identified
mar ker, to provide aseArstind toeldd $eaychexyirbiel ehirpddatabage fag sgirtualabiecBO wher ei n
the at |eagf ORRGreBRINKRAL td the hARRE idteﬁtﬁ@éti%n 'dI:qta‘ t is at least partially
visible, the partla VIS #éb % Q’ﬁi % | east, four tracklng
poi nts of the mar keY” ergy | W”é‘fc’b ungy P)}‘I”H R SlfpéﬂmP?i?dé’ﬁ?‘ftaéﬁ? for
providing a m sede inearklative posiigretitamidentiied makeg to, provide amgadtealitynpri si ng: 35

gr aphi cal inf Oﬁiﬁ’éhé RO F9 e@.ldﬂhng a real scene and multinmedia content
associated wt dent 1 mar ker superi n‘Tposed over the real scene in a
relative position ’("Berf"ﬁéhel Qiéeﬁlﬁ'i e dRprkRs isdggniitiable if s &f lepst Pelialy iRYR:i f i ed

mar ker i s islenthefpasidl Jigpbiltty Being deginéd byl 4 &zbt foumraskifid miresofafie @arkeobj ect havi ng
a marker on each surface, where the identified marker has the highest
tracki ng confidence; and wherein the at |east one marker is identifiable if
it is at |east4part iThg modyjg agepiding to gaifad, whereinan idgntfiedimarksy hgea® def i ned
by at |east fothanbhéedfieBgbnambRiGal@bjethie marker .

20 47. A repository of associated multimedia content for providing a mixed reality
experience to a user, the repository comprising:
an identification data field to identify each item of multimedia content; and
a content data field to store an item of multimedia content or storage
location of an item of multimedia content;
25 wherein marker identification data related to an identified marker is
searched against the identification data field, and muliimedia content associated
with the identified marker is retrieved to be superimposed over a real scene in a
relative position to the identified marker, to provide a mixed reality experience to a
user; and 7 ,
30 wherein the at least one marker is identifiable if it is at least partially visible,
the partial visibility being defined by at least four tracking points of the marker.

48, A signal carrying mixed reality content for providing a mixed reality
experience to a user, the sighal comprising:

35 graphical information containing a real scene and multimedia content
associated with an identified marker superimposed over the real scene in a relative
position to the identified marker;




49. The signal according to claim48, further conprising audio information
associated with an identified marker. 10 50. A tangi ble object to be used
in an interactive systemfor providing a mxed reality experience to a
user, the object conprising: at |least two surfaces; and a nmarker on each
surface, the marker including a discontinuous border and an inmage within
the border; 15 wherein the discontinuit32in the border indicates the
alignnment of the image wi thin the border and orientation of the object;
and wherein tMepa:hsiheiictentif&ndtamkeirBﬁdemtiiienirbydrfackih@at@ézjsetwb sufacks afcdoed by

tracking at | &astnpg o Aakiiohioall £yaBl htedf lnhbiiln@e iy face of the

obj ect, the mar ent 'S at east partially visible,
the parti al V|*§9h§?‘lt'r'a€§‘"$)‘é‘?“ﬁ€ﬁ6%fqnﬁed by 20 at |east four tracking points
of the marker. 51. whemih kerat least oe haﬂ@rtah@nmtabeamt i§ ot 16t pely vigibR)

interacti Vg Sytﬁé g&ﬂrér gtétbrl@rb%w gj'etnr%d% nl I)g(gsg fou?gack n\é p%ln s of th%rr]’r?a?ketro a user, the

mar ker conprisin NUous wthin'the border
25 whereby to identify the nmarker in a scene, the border is |located wi t hi n

the scene, ang, thernerawﬂr Mcbring td MamIuBl MekericBmBMHgGed idrgimblieid @ mat chi ng

image in an inage.r S nd, wherein a tracking nodule retrieves
mul ti medi a cont>@ t?itg‘gg}:? ?ﬁf'ﬁﬂa F*¥he rmarker when it is identified,

wherein the marker is identifiable if it is at least partially 30 visible,

the partiajy vigy bi |A§éﬁﬁ#ﬂ%‘ dbﬁbcﬂt%fde%gd Ryaﬁbtera%%tsygtgﬁirfo#dr&ﬁdﬂd@m%d nts of
the marker. 52. A net for E)grovr 19‘?a m xed reality experience to a

user, the net HBﬁ"ty‘E’t?ﬁﬂ‘?rlcElt%@“S gh& ORI, FIPRYSING: a first scene, inmges of an

obj ect havi ng at | eatd¢ast wo sediascesseed, each surface having a nmarker; 33

fracking the posit @iaafePLlcRllfick e Akl BBl ELliedcfukBfs bhidnaoene by

tracking at least two surfaces o en 1Tying St one
mar ker:  wher ei 3 igpe Vitkivithg bB'ES’ﬁ'tent assocr at ed vm th an |dent| fied marker is
5 retri evers, and a wlaenthesdioftinuby if eciopdet thdicareb @i alignrhdhe olaRsatigat ed

multinedia c Vi fLrst scene in a relative
OvOrth?rPtthe ?H@Srr %1%93:%8\;09 o?{he oB%c ér{ds

position to the |
wherern the position and orientation of the object is tracked by tracking at

least one identifiable marked on at least one surface of the object, the marker
being identifiable if it is at ieast partially visible, the partial visibility being defined by
20 at least four tracking points of the marker.

51. A marker for a tangible object to be used in an interactive system for
providing a mixed reality experience to a user, the marker comprising:
a discontinuous border and an image within the border;

25 whereby to identify the marker in a scene, the border is located within the
scene, and the image within the border is searched to find a matching image in an
image repository; and

wherein a tracking module retrieves multimedia content associated with the
marker when it is identified, wherein the marker is identifiable if it is at least partially

30 visible, the partial visibility being defined by at least four tracking points of the
marker.

52. A method for providing a mixed reality experience to a user, the method
comprising:

35 capturing in a first scene, images of an object having at least two surfaces,
each surface having a marker;




marker, to provide a mxed reality experience to a user; and wherein the at
| east one marker is identifiable if it is at |least partially visible, the
partial visibility being defined by at |east four tracking points of the
mar ker. 10 53. A method for tracking an object to provide a mxed reality
experience to a wuser, the nmethod conprising: calculating a transformation
matri x for each surface of the object hd#ving a marker; 15 identifying a
surface having the highest tracking confidence; and calculating the
transf ormati on mat rtrackihg thepasitiar degrorieratmndf tha objestyisthe fiirst scenaby obj ect

co-ordinate syﬁcﬁig? Qﬂé&g\txﬁkum@es%ﬂ%éioﬁj@& relationship of the identified
0 e

surface and the ect; rern the transformation matrix fromthe object
co-ordi nate syst em ifentlyingzbleashase apstior di nate systemis cal cul ated by
mul tiplying the tramsran mattimetiaradtentassdoratanviithan adahsfeld nepkepisdi nat e system

to surface .co- ' | [ i on trix.fromthe
surface co-sordri% %%%%?éﬁds?%%Bﬁ%&%ﬁénéstbg}%%egﬁn&ﬁﬁg%g{enag_%/ééc?aé%{%‘ﬂ@édﬁ The met hod
according to ctoafent Bpenmpaseheyer harfis¥tisesnadn arplatine posifion 4q tp idgptifiedapt uri ng t he
normal of the haReSiddréi DhixbdRaRPERRFerdd to 4 §sdradld position. 55. The

met hod according to cl ai er m ni ng

54, further conprj.si I.he st f. d
the top surface of ‘f"ﬁ%e'g eeaé{ea Vnsg]ag‘t‘ff th%ﬂbﬁap%gf‘{s'ﬁﬂ‘Ig%sggeﬁ?ué'ﬁ'sg’ieoduces- 30
the | argest dothe parjdwisibiliystieing defieecyzah she foratrackingreints of theGBarkdthe et hod
according {p claimb55, wherein during mani pulation of the object, the top
surface of the_object is determ ned by contjnuously cal culating the
surface which ?)""rodu’g&e“toﬂgc’rltré‘f:'@'@s?“?? L PERyIER Tfé?%&at%‘?‘p??%ﬂ?g %% mat i on
matrix. 35 S7useAithd methed coaptrising:ng device to provide a mixed reality
experience to a Useéamuaattih&aaﬂ%ﬁ&ﬁ.aﬁ&%&hﬂo%’éch%frrfac%fffhig%;@ct%%ﬁ&és' ng

nodul e to receive captured i mages of an object 1n a rst scene; and a
tracking nodul e to MP¥EK the position and orientation of the object in the
first scens by trackentdyisfa Sietass hdvwig tsaliflesesacking térdidatapesid wher e each

surface has a 5 Mgk indfd taASHHatid Mrifkrorh S3te? 08 ofBHalystem to
an object co-ordinate system based on the physical relationship of the identified
surface and the object;

wherein the transformation matrix from the object co-ordinate system to a
20 camera co-ordinate system is calcuiated by muitiplying the transformation matrix

from the object co-ordinate system to surface co-ordinate system, with the
transformation matrix from the surface co-ordinate system to camera co-ordinate
system.

25 54, The method according to claim 53, further comprising an initial step of
capturing the normal of the top surface of the object in its rest position.

55. The method according to claim 54, further comprising the step of
determining the top surface of the object by calculating the surface which produces
30 the largest dot product using the transformation matrix.

56. The method according to claim 55, wherein during manipulation of the
object, the top surface of the object is determined by continuously calculating the
surface which produces the largest dot product using the transformation matrix.

35 '
57. An image capturing device to provide a mixed reality experience to a user,

the device comprising:




wherein the device retrieves nmultinmedia content associated with an
identified marker, and generates a second scene including the associ at ed
mul ti medi a content superinposed over the first scene in a relative position
tothe identified marker, to provide a mxed reality experience to a user;
and 10 wherein the at | east one marker is identifiable by the tracking
module if it is at least partially vistble, the partial visibility being
defined by at |east four tracking points of the nmarker. 58. A conputer
program product conprimsgsiprodessing owpulé &y recepgdmbluesdrimdgasmf aridbjéadin car r yi ng
conput er - execuf ghl &l At ructions for: receiving captured i mages of an
object in a first scene froman i g@[p capturing device; and tracking the

position and ori ent%ﬁ’ﬁ"cﬂiﬁgﬁpd%”ﬁé"&ﬁ‘ osion #nd qrieptationaf bt intheacki ng at
| east two sur ffasteserefbytiackingt @bt twh enreaceacfithsobjécwherb @actesufacdiess,a and 20

identifying atmil&%zén&@&“&ﬁ?léﬁeastgﬂg g@ mul ti medi a content associated with

an identified ) a second scene including the
associ at ed mul ti mediviereipedgyice whiisues miyiraedia eppéant psseciped with atene in a

rel ative posi titeifiédmbrRer, aitegthbibiced saadd@%eemnclmrgan@é@dmatb@ provide a
mxed reality e one marker

T ent 11 b BURREdE Bepfert Surprten ol theror e sl BositeRt e e e g
devi ce, the padentifiéd markertiol pravwdelsahined welity exardriencede a heensndf our  t racki ng

poi nts of {fghe mar Kegnerdin the at least one marker is identifiable by the tracking module if it is
at least partially visible, the partial visibility being defined by at least four fracking
points of the marker.

58. A computer program product comprised of a computer-readable medium
15 for carrying computer-executable instructions for:
receiving captured images of an object in a first scene from an image
capturing device; and
tracking the position and orientation of the object in the first scene by
fracking at least two surfaces of the object where each surfacé has a marker, and
20  identifying at least one marker;
wherein multimedia content associated with an identified marker is
retrieved, and a second scene including the associated multiimedia content
superimposed over the first scene in a relative position to the identified marker is
generated, to provide a mixed reality experience o a user; and
25 wherein the at least one marker is identifiable if it is at least partially visible
by the image capturing device, the partial visibility being defined by ai least four
tracking points of the marker.




