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-Background of the Invention Relatively little change
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These methods for interfacing 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 to capture images of the 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 and identifying at least
35 one marker,
wherein the computer software retrieves multimedia content associated
with an identified marker, and generates a second scene including the associated



identified marker, to provide a mxed reality

experience to a user. Advantageously, if the top
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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 to 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.



Preferably, the at |east two surfaces of the object

are substantially planar. Preferably, the at |east two
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or polyhedron. The object may be fol dable, for
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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. Contours
that do not contain four corners may be discarded. Contours that contain an area of
the wrong size may be discarded.

St(aight 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.



application. The system may further conprise at | east
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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 In a 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 object in a
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;



mul ti medi a content superinposed over the first scene

in arelative position to the identified marker, to
wonraesildesoa m xed reality experience to a user. PCI/S&2005/000146
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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.



In a seventh aspect, there is provided a tangible
object to be used in an interactive systemfor

wenresi1désog a m xed reality experience to a usePCTASIR005/000146
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25
In a ninth aspect, there is provided a method for tracking an object to provide a
mixed reality experience to 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 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
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



In a tenth aspect, there is provided an inmage
capturing device to provide a mxed reality experience
woaoe/1ueser, the device conprising: an inage capCuise2005/000146
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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 interactive system;
Figure 3 is a table showing ‘inheritance’ in the interactive system;



application; Figure 5 is a process flow diagramof the
3D Magic Story Cube application; Figure 6 is a table
wehaesinesort he virtual couplings to add furniturCri8Gams/000146
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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,
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state of the TUI. 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 adjustable.
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3R SHB\&é\/@r,W%n@hQYﬂe‘iﬁfﬁjal 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 total number of couplings
is six states of a cube < 3 classes + 6 attributes/methods 17. This exceeds the limit
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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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 similar 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 together 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 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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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 detail, 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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narrative progression. When all the pages of the story have played through once,
the user can return to any page of the story to watch the scene play again.

35 A few 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.
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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
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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 extra attribute 143
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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.
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2) Make a ‘picking up’ gesture using 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
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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 to 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.
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H] ac% %crt 9?/\% 9‘3 thgHQngg) 1% Aﬁ'letﬁe é@zlslc%gre@%ngglp of the

sur e of
appr wsen mgrkgaﬁﬂdlthwubﬁo t he I|ne of sight, the

tr agk'f'ﬂ'hg tr@ﬁﬁ&%ﬁorﬁﬂétﬂx fhbih fieCabjdet aﬁorHﬁétélsmtérﬁH& &'tBe camera
used for. reco e } ver, the

t r ac®HGpE s % (+°§yﬁ%2e'sfﬂ‘é”'n Fmtljgr adcims Y mar ker

131 nust always visible to ensure a successful

%] acklbllﬂ'g 16 'sﬁov%Qﬁé e%&htlcﬁﬁl dr e théPiSﬁrbééfqn%hc%ﬁoﬁ iAWhich the

mar ker ds to
mani bqﬂrcég qoo ﬁmglhcd,lbﬁ épb Fléq blg Wawg G concurrenﬁy bemg searched for.

interaction.Referring to Figure 15, one advantage of

thi sral aofd t{n%ﬂ%ar fo b ﬂ{'ﬂr? d;i Guﬂ%éﬁé&%gﬁ e b&i@%&r%@hbﬁk@r 131

of cubeés w one i's used
nani ghihefuamitiiecatalpgue raaqieesdipelative @Pﬁ&%ﬁsbe{vv%?ek%ctﬁ’g and the

%@tn gvut?&iacll 8bjedt @64 krRAA. Sihcd the NB(IRXI'd‘oMI estura$ tHeltamets®-drdinates
etecl e

gorithm use '
fol l %f\ﬁgch Tarkﬁé‘fég [nargfell's ¢, 958 Sur é%uéaq%?téﬂcrees. E)%Eagnc% Ee&%@en the
cal cmbkeront the cuherand shgonarkerdona At ohieriisi usad feafinding the
\(M_Tf h“%rfﬁ@&%%ﬁé‘c&%tv@tﬁtr@éée&% feGfrke?: Choose a surface

I ghest tracking confidence and identify its
surface ID, that is top, bottom left, right, front,
2nd Diasdemeda cdSatinatea bbedch enatkeacest terfowrtd. Binis means tatfthem

the ga%e‘?& Sﬂlng{eg' Pt?%,?n P grimetcgbé AR tRQJo?fhte marker of the virtual

co- ordlna based on

o1 aetiRsh e ydon by fie VR Sl ot werh (R SoRARBISS ofthe 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



4. The transformation matrix fromthe object
co-ordinate system 15 1 to the canmera co-ordinate
weoeystsanrsgpTco) 152 is cal cul ated by: Tco = Tcm BCKSGRans5/000146
Figure 16 shows the execution of the AR Interior
Design application in which tBe board 160, small cube
161 and big cube 162 are concurrently being searched
f or . viflial etrjedt iseof tnegest odly. Hemcp bl thepraasiation neededdd petditom the
't
oot o S aIe R e e AT IR T 2P, A R R ene
cubeteq 'Qq?ée%l rtual object to be known. Since the MXR
Tool kit returns the.canmera co-ordi nates of each marker
131, rkers are ed to calculate distance. D stance
bet n tthe fker Jon the cube and the marker for a
virt L, ek isT d fprfinding the proxinity of
tShe &be%t K y cte[ of de marker. The camdFguation 1)
co- of di' nat’és df ea h marker can be found. This neans
t hat | the ®anePa cb{ordi nates of the marker on the cube
and that of the marker of the virtual object is
provi ded by the MXR Toolkit. In other words, the
co- ofzié nsetdds mebsurd ié thewgblee ifrid iskdacediion therbegiperdioardo Thikgets the
ﬁgrﬁsgfge%&dp.ékh@ ah@ d@bﬁh@@ﬁj@&s qfhlstvlaﬁf‘le Y:br?ésH@flldsQ@ih%%lght of the

k
ot b HlE FRETEHRAY e GRPtST A 145 o e b Hoap ey eacfin ronge
1var keound Bk height bigthé¢ cubesd alowat tcoarcomt far inprecigmtin tracking.
the canera origin to the cube marker. However this
does not give the relationship between cube marker and

vi rtUally bt deigrniae if therqyhe istethiag g ANgeSf thefpgok or the
ef f ahidy Ehid bfidwaierahecube iebé mlandaddﬁsxg rhbdrdi inig nd#k the Book and

the t rtﬁnlsoa€ H%ngea qﬂt |g%tﬁln Xhe npen%%{ fr thi)g (? \An{h u {;]ertam

Obj ect canera ori a ne
5nf oedieg frem thetchetre of thet boaéi Hissaliows thegsube t@k&@ rwatrhnged deleted,

I eSpRE[bd biostabkéd &b ol ddfdetsar ker s obtai ned. The
proximty of the cube and thevirtual object is of

interest only. Hence only the translati on needed to
get Theanart héewparbruetbrsdhfiaetminethe hiateci i@ dube, véiphiimasgie: the

( ' QOp fgée of-IEMe cu-Bé) the ﬁ&ghttolf'fhe cgs@tahg’ﬁe‘bgm mescuﬁémntpe
21T, 'fSP(eE'cfa éheu ﬁrd@né bgoky

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  on the 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 ttmTable.
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:



Tz is used to neasure if the cube if it is placed on
t he book or board. This sets the stage for picking and
wdnroppiiesy7 obj ects. This val ue corresponds to tReTiSe2@b000146
of the cube with reference to the marker on top of the
cube. However, a certain range2around the height of
the cube is allowed to account for inprecision in
t rackj p‘g Tx,,,Tytls used to determine if the cube is
Wi t hi cért i n’rlange of the book or the board. This
al | ows™>f of2t Hes clibe to be in an 'adding' node if it is
near - Age I;agokrand on the |loading area. If it is wthin
the p fimeter of the board or within a certain radius
fromthe centre ofl the board, this allows the cube to
be re-arranged, del et ed added or st acked ont o ot her
obj Ther e ar e ters t
st at ih%ﬁas&rﬂ‘g 2 EHE °r\‘/vi]1| ﬁﬁ{?{]ggoest g'\eac?é'regf aFCH'téE't'ons
cubeThg first hiee gletneots forimea Sy eotatigm dlatﬂxear]dmsmberth@)f)ﬂft%lon of

cybeu M?ecﬁ eﬁcp%ter%iﬁettn@ 1P @Nfle RABK - thd NRanSHREARH | Ratrix
cal i bratéd an initialisation step to enabl e 9‘ {?ﬂgwmg

face°?§?'"?q1é’°@u?5%°k’c”8 ??ého‘gtta‘? 2% ‘Efﬁpl‘?ﬁ‘ﬂ Yot o

and aquatigruTae tremsf@fatidrematbier eathifacesif the cubw is|cekes! tfmCube.
capturing the normal of the table before starting when
the cube is placed on the table. Thus, the top face of
t he PobRogYGi=be dEPerifimed™i#a4t i s being

mani pul at ed abovetfrmbﬁ)etrg,btfmmye@pnparl ng the nornmal of
t he cube and the transformati on matrix
of the cube is caﬁ?f'g% oT-ggigﬁaﬁtrl x called tfnirabl e.
The (GBagatiohé® mati on matrix enconpasses all the

ggf or mat i on about the position and orientation of the

marker relative to, the caner re et

t he %‘lfclf??fegh "ﬁ? aFHEP o WHIER | RS &ﬁﬁi BPQS Ia F% DP&‘B%??%r H%ng the
poi ntransfanmétive matdxdn efuatief &rierdetermined lae the a@kfaqg of the cube.
framgyqd Qheoél%cmcﬁwsld@ratt i &M vHSRe ﬁ’ifa dusd & & ﬂpr%sbé'&t Ed"'ﬁe book and

carmer a. structure in ramis

as: TPRard-fequr pgsitiong! eigtestal dhe fuqesarsrﬁqﬁ?%aas ?Pb%iesOfbeafd
not aﬁtﬁdbwandi ebatks THiediatarshiploathe atises of hebef withsthe positien of it, is
el e n VI eth)erlom a 3x3 rotation matri x and descri be the
orie ion the object. To determ ne the top face

of the cube, the transfornmati on matri x obtai ned from

trag iﬁtﬂ@s BPAGUbeOT T hﬁelgﬁﬁﬁ GubeU$Ed aNA CUbekirt Boardiang book txand t,

f ol lLon The fr%ngfgpn:at triv. for an
f ace ofO:%H@%cube i s CAME& PP cube. SF'@NE? Bw"aarVOf board

t f mCub@fiboara™ t { mrabl abdvedoardt f mMCubes 2 *Within the boundary of board

hl o r 2 1
tf mFeb Onbook Same as cover of book Near book (furniture catalog)

Offbook Above the cover of book 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.



tfnCube.r * tfnrable.t33 (Equation 2) The face of the

cube which produces the | argest Dot product using the
wonrensgfigromat i on matri x in equation 2 is deter nPAESGa®5/000146

the top face of the cube. There are also

consi derations of where the c Pe is with respect to

the book and board. Four positTonal stat es of the cube

are defined as - Onboard, O fboard, Onboo

OF f bWHRN therfaibe s deteeipd f pe gp thep ey Sﬂf@gaf&? fE% Heer gap jpdd the

t he mAttilel totheddubk by lifting EHetubel ef tHeetoamt (CRebart) 178JTd re-arrange
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furniture object pops up on top of the cube. Using a
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cat ?ﬁlﬂﬁu@ iffen@irbd 6h BIptof Welchibdandf 44T duidio Wiree is! %ﬁiﬁedﬁ‘sp '[Hé user
on e Cu

cube PR TBrEEReE Tl BRR = deREe Heboh e PSoh v
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172. When the cube is detected to be on the board
(Onboard), the user can add the furnit etortlel;g’c be

by | Refeiring to fgure ($do gelptedyaityse thacup efSr t
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th ? futHiereliOrehli@ed 6Mtdpaf Ok chtsseardiesﬂ duid Hir fsiiolibded. 191. The user
Ref e o_Fi re 18 t S,J3ei ng
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top of the cube and an audio hint is sounded 180. The
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osition
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rker-as the top ace 190. Wien the cube
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del e e fohs ARt P o
't rOteB TBE Uniepnaal heanaap R Ao Re bt gt he

I S length and y-breadth of the furniture on board 201.
30
. Uy =cosO(Xy — X,)+sin0(¥y ~X,)
Vy =sin@(X, —X,)+cos8(Y, —Y;)

where

(Un,Vn) New transposed coordinates with respect to the furniture on board




the physical constraints of the furniture. Simlar to

reality, furniture in an Augnented Reality world
woamsatiesnol | i de with or "intersect' w th anot heCT/SG2005/000146

Hence, users are not allowed to add furniture when it

collides with another. Referri g to Fi gure 20, one way

to solve the problem of furni tzure itenms colliding is

to transpose the four bounding co-ordinates 200 and

the| cent Pe of [iAvgls furiireondopdimakenifotpspest fopkY coordinates

co- [oTa(Ravgs syxmnw‘rcbd}@anategsnfwmew)smu s being
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t O f&tfﬁe &Q&k?& bied k@tﬂ?%b%rtsﬁém itd SRtk Pneadelflon to the relative
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to t&rﬁmt ab+xemahe Bi elife, it Bodstisto Srie iGdelst ée-brargithdishd deletirg

{{lg rbi s co %cg%ﬁ} ! r'lJ us Efe C}gt?g oF%:@Ff fs% PL ]p{cPe% Qr?cal’f Qack\% ﬂgg is

8%
of tthe, theg tbwaect$ en igp ebthe tﬂb@ qrﬁbelfrﬁ?@@ecwnqeeeﬂawcaﬂgﬁa Agythe

and gk ebihgthebhReli@ngoiast ek ¥orelhinis sthucture. t abl e or
shelf is to be picked, and if stacked flag is true,

then, the objects on top of the table or shelf can be
r endreferting & Bigarie ], mkeradiien betlveenusirtng) ableetsrredyalre ineresponse to

JFgr angf %Egﬂg }e@‘ﬁoﬁgﬂw 6f)ihékéﬁ'e§dTHendlét5§cesﬁéi\H§én% cubes |s used to

eferri qg 1, Interaction between virt
b Retiee e, Miseacin PEBH S ShHecSrad Ao vl PBRgR i the
of therycdtbRs.inTihe fist ScrraAshohahseser Mavtes theesmalls cuteewdlith the

;g dd I{rlﬁensg Erf?ug% ! #r?Jag%%%@quSEWIaﬁge?tc%é/ V\f&n Qﬁéﬁﬁaﬁéts 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 close, a
response from the virtual objects occurs. In this example, the virtual 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



story scene. In the first screenshot, the user noves

the small cube with the Chinese princess virtual
wohpesatictoowar ds t he | arger cube with the pl anePeT/5G2005/000146

virtual object. The system 210 constantly neasures the

spatial rel ationship between e small and | arger

cube. When the spatial relationship is wthin certai n

paraneters, for exanple, the di stance between

P e VA B SO G EEMLmeliey e U § BFEER. For n imegulary

r es phaped margien, patersi forttb@inatjsedys occurs. In this

exanpl g, &&% %ﬁ%ﬁ ttl'\@!'lsef\)lg%; ?I%Fn %S%Ha%gld oy\ﬁtﬂel"sﬁrﬂa%el W&QE to

cube chan% anet s rose as depicted in
the secon ﬁ%’é‘?‘@éﬁw@ﬁ@"f“ﬁff‘ﬁbﬂgh a regul ar shape has
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I rregul ar eoeaf re, thfa co our i nofa ne@agstgﬁlgtrg\étlllgeoato o%ryctﬁzgckr}ﬁﬁ white;

been deschi I'Senvi sa
enbodi menang no border is necessary. For an

i rregularhyesharast @B klture PBhiseWARhfHE dsBe fBia[rK@kir@ When
may: ¢ distinguish t herrBe ves fromt

t he surf atculafingta t'?”s forgnagien featiht oty Feé"Stt ﬁoé" '%Q‘B?e Ppiats are
war ker; «idbatiied. Hdwegér, Dstetd abtoreetyothteo fdabure agintsymay be used

separatedchF,gg]atrs%emg@%ground Therefore, the col our
y

IS not necessarl restricted to only black and white;
and ¢ have at |east four feature points which are used
for 'Itl“feadﬁsbrl’@d ngr tratiang aethod) may tcompfrentrequaenmarker usage.

mat r\)Vﬁén %e c rﬁg’ % Oéfgggg %?tau E(gutageira %c@ucféd' %nfnl ébl?rdtracklng

wever, rners eat ure’ poi nt
ll§e lm@dld@d%'hpﬁéwlsam@é- bl ack dots. The descri bed
i rregul ar tracking nmethod may conpl enent square mar ker

d
oo e PSP B B 20 a7 R e R B ov+ o0
supporthe MidrosofigindawseXR plattarmcotherepregyameing Jarguages atﬁe@%s'ble
Pr oy argRd pféﬁbrng svbrségqm&hﬁd R1aB08™X hiepd\iser 0SOf t

W ndows XP platform other progranmm ng | anguages are
Possible and other platforms such as Linux and MacOS X
may Awdouges Dradohiyotagiersa2 D lag debh Yescaihed, aveR chthetaa svith eé least

desc6r4bt;(e&0 p@ﬂ&e%@goﬂ%o%gy b@&ﬁdeaSt 640 x 480 pi xel

vi deo resol t hough the system 210
has been described in one enbodi nent as software, it

IS Wtﬁﬁudh‘ tﬁe kpteral2ho AR Eé&ﬁﬁiﬁsérluwhlcm@aim%ymfeﬁt &esoftware, it is
har dpo\évzlsl le for ah oﬁware ﬁ:mctltonem/ {:o be Shard-wwed 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 It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as sﬁown in the specific embodiments
without departing from the scope or spirit of the invention as broadly described.
The present embodiments are, therefore, to be considered in all respects

illustrative and not restrictive.



connected to the electrical circuitry of the canera.
Hence it is envisaged that the inmage processing
woumstiierns of t he conputer software be perfor nedTiSG2@5/000146
canera alone. It wll be appreciated by persons
skilled in the art that nurmer gus vari ations and/ or
nodi fi cati ons may be nade to the invention as shown in
the specific enbodi nents without departing fromthe
scop rCleﬁWﬁt of the invention as broadly descri bed.
The present enbodi nents are, therefore, to be
consj dereg. i d Al MG :
Fost ot | ittt BERRFRE Broany/ 2 iR B eie 1o
pr ovihgiSKerB CoREMYr eal ity experience to a user, the
Sy/St em coapbhjSdt Ravingdt l€s) 1@ isuthdves, gclaburfaeabaviigomarker;
surfaces, _eac e, havin . : A . .
capt ur | g anee S s HEslEY | ApRrd bR or W LAIPHR st sqone
firsandcene; and conputer software to track the

posi tion a&ﬁbuﬁgrisema’ié }&ic@ihetdibeati&ba'farerdriehtatfidm tHd dbfct in the
scen tracking a St two s aces . i

and "ag%ﬁ??@‘ﬂﬁa@ﬂ’g? a{ 'g%sg?”oo éfa?ﬁ?rq%g're .0 {/(\alﬁtea&'gi'énemﬁ fﬁ"églaﬂggg
tonpoteemarkef t ware retrieves nulti medi a content

associ at egh¥ihihedbnipden tbfnfdrelRU&BhultiAESa SR 8édbiard
second scene_ i ncl udi ng. the associ atéed mu| tll ﬁed{ha ociated
cont Bt AL R TBAEH S04 asnerdis 7 195819 e pelfing the assoc

r el atukimegio sordterdsupeintphsed atenthe filsegbena inkeenelativeopgsitiow fodke
a m ?&gﬂiﬂ&? ﬁ1|ah<teff t@ﬁ'}g\%é aﬂ'ﬁéd b &) P& lencéto allder.Syst em
alm 1, er S

according to c ein the marker |

llhoccl uded. 3. The system according to claim1,

whergi n t e s@fekticcbrding teeigithet, ahafiemeabe siagkpeis udoccllided.
system according to claim 3, wherein the marker is
identified by the software by recognising at |east a
port 3.on ofhe $ysteshageerding to aipim s Waerein the warkar in g prastetermaingd
4, whppein the conputer software deternines the

conpl ete predeterm ned shape of the marker using the
,?Oecogni sed portion of the shape. 6. The system

acco4.di ngThesysteai anc@dingleclaim s, wherejnrtbelesatkenis ifedtificd fp the

s AsorAMAY tﬁr recognising at least a portion of the shape.

5. The system according to claim 4, wherein the computer software
25  determines the complete predetermined shape of the marker using the recognised

portion of the shape.

6. The system according to claim 3, wherein the predetermined shape is a

square.

30
7. The system according to claim 6, wherein the computer software

recognises at least two corners of the square to determine the marker.

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

35  discontinuous border that has a single gap.



7. The system according to claim®6, wherein the

conputer software recognises at |east two corners of
woheossigerare t o determ ne the marker. 8. The syBCES2005/000146

according to claim1, wherein the marker includes a

di sconti nuous border that has g single gap.9. The

system according to claimS8, mherein t he marker

gggg{édlsﬁg f\'{é é&/g@lq%cégqr& %%rcﬁealm 8t W edrg‘l{) he markerllgm%Xs |mage

geonstithindhe bysdert ern. -11. The systen1accord|ng to c

10, wherein the pattern is matched to an exenplar

2coortng T ERATsbardudla B ok er%'af*mwa%%'sefgéores%%r

pfodwrgderna hi gh contrast to the background col our of
the marker, to enable the background to be separated

by t conput er soft 3. em accor di to
o ai 15, TRevEeR SeEbio st A0 T B BPaR SORIRAgS an
back gxewpldr sarkdinra regositbry toéexetplarsfhe syst em accor di ng

to claim 10, wherein the conputer software is able to
identify a marker if the border is partlally occl uded
dfd "% t he'NGAYIIRIP ACKRIYing 1A clate Spuiaarin thecolqyr of fediomrised.
15. Prelussss ldgh @ntastth thg backgeduad Boldyr of the tnfa@ier, to enable the

i h d
gggﬁg)bg%gp&ﬁgtog%ae}%&)?r)ﬁteg%y'ﬂ% ‘*@’8‘1‘* SHwAYs t he secon

nd scene i s generat ed.
16. The system according to claim15, wherein the
di splay dewkegsténs adcofdity tb @aim 1 & lvihgicH 106 b&rasreRdur i GlacR Bnd

RPP ﬂ% eg&@&u%%%%&nl geording to claim15, wherein the

Psia vilew finder of the i mage capture
deV|ce or a projector to project inages or video. 18.

The gyst temhégps@én%mmﬁr@ t6 b@lmé@hemh@wnﬁ&@ SMMQ is able
ra

ol SRy et s e e s Pl stitacrgny Hi @permutiin the

accobdidegis not cctladewh 1, wherein the image capture device
b nounted above the dlsplay devi ce. 20. The system
according_to claim where the inmage capture device
and dP-spl dy© as@eq"t%wp%@ te Hlainyb dyrther qomprigiag 8 gisplaprdevice to
accotigplagtht ecinaist8nd @t tHelsame timetiieseebidastbnd & generated.

mani pul at ed between the user and the display device.
16. The system according to claim 15, wherein the display device is a monitor,
25  television screen, LCD or PDP.

17. The system according to claim 15, wherein the display device is a view
finder of the image capture device or a projector to project images or video.

30 18. The system according to claim 15, wherein the video frame rate of the
display device is in the range of twelve to thirty frames per second.

19. The system according to claim 1, wherein the image capture device is
mounted above the display device.

35
20. The system according to claim 19, where the image capture device and
display device face the user.



22. The system according to claim1, wherein
mul timedi a content includes two di nensional inages or
woOho®saieiomensi onal nodel s, video or audi 0o i nf OPAESGRIV5/000146

23. The system according to claim1l, wherein the at

| east two surfaces of the objegt are substantially

pl anar. 24. The system according to claim 23, wherein

the at |least two surfaces are joined together. 25. The

system according to claim 23, wherein the object is a

cubeZbr pdhg psthmaccoing tqpaims3ns waereadioehigah i§ neaninylaigdm

1, vbewedrtnt beerehi eetdidpfayligligkabl e. 27. The system

according to claim 26, wherein the object is a

fol dabl e cube for storytelling. 28. The system

atco?di ng Thesystem agcordinghie cleimnt, mheregronytimedia santenhinckdésstwo

i nst @ileRéloMinfagdesithi@B dfenSBRAI hfdd6I8 NIlEb iR GudievfdrRatic h

as a Personal I%I gital Assistant (PDA), nobile

t el ephone, other nobile communications device, or a

cons®d.e bdke gystem acchudingtte tlaimch mbertedrthgaideast b@rsurfaées of the

The sysdere RESektHINSadd. cl@im 1, wherein the inmage

capturing device I's a canmera. 30. The system accordi ng

b claim 29, wherein the canera is a CCD or CMOS vi deo

canmezd. 3THe sybteen sogsiddgta@cigior2h, whertia tied atileasPiWp sutigesiare

t he nput er software and display device is

pr O\A?glgg{agﬁthg'qsi ngle integrated unit. 32. The system

according to claim29, wherein the canera, conputer

sof ta@r e FNdlsyBienPacayrdiig\té €18im 23, Whsraih @k dbject BMuBe or

l caéglq]régr.oﬁ& The system according to claim1, wherein
e R855CI At ed nul tinedia content is superi nposed over

the first scene by rendering the associated nultinedia

cont gt | Phsyslaph ddchidiingSC QAR 1, ft\/ﬂéreg\’(ﬁ‘é ¥bj&ldt %Ff@ldétflé!”e to

be di spl ayed. 34. The system according to claiml1,

wherein the position of the object is calculated in
t hr ez7.di nEmssyoteal acspding to 38m Z6heheayis tenobjectis radoldaplé cube for

& ai M3dingvherein a positional relationship is
esti na{?%cfn%,gtween the display device and the object.

36. The systemaccording to claim1, wherein the
captag. ed THegEtehBaccording to claim 1, wherein the computer software is

installed on a desktop or mobile computing device such as a Personal Digital
Assistant (PDA), mobile telephone, other mobile communications device, or a

25  console box with a built-in computer processor.

29. The system according to claim 1, wherein the image capturing device is a

camera.

30 30. The system according to claim 29, wherein the camera is a CCD or CMOS

video camera.

31. The system according to claim 29, wherein the camera, computer software
and display device is provided in a single integrated unit.

35
32. The system according to claim 29, wherein the camera, computer software
and display device is located in remote locations.



t hreshol ded. 37. The system according to claim 36,

wherein contiguous dark areas are identified using a
woamsaeésed conponents al gorithm 38. The syst eRCT/SG2005/000146

according to claim37, wherein a contour seeking

technique is used to identify,the outline of these

dark areas. 39. The system according to claim 38,

wherein contours that do not contain four corners are

di scarded. 40. The system according to claim 38,

wher®. n cHrtsystes dachertling cndl@imr, eherain dze asotidted mutimgdia

Si z§ oﬂ{eﬁt |g's§r§éﬁﬁ198§ed o47e|1the E@?sc@b(@ﬁﬁr@h@é?fﬁ@ﬁl@ J@o&aﬁe&' aim

38, wherein ral(lg ines are fitte %o each @"i ﬁ$
a sq’ﬂ%l?’ée%?ﬂ%‘?ﬁ‘i‘ ntothe f'FPh%?eg‘%?ré*H?%d@S? PG (¢ R UrriavRe-4
k wherein the |ntersect|ons of the straight |ines may
be U d age %[S'temitag&r ?Cpglgﬁlr 1 p@ﬁér&uhQﬂé poéﬁ‘on Iihfﬁe object is
system accor ? whereln a projective
tran@f%??ﬁ&t‘ﬂﬁ‘f?e@mm%@amrp the region described by
t he corner p03|t| ons to a st andard shape. 44. The
syst acgor t t o ehin
ShapB | o ok aoreill S Hechitibi A Befhda Rdtonshp i
War kestimated bptwen theydispley deved@nd thgebiefbt er m ne t he
orientation of the object. 45. The system according to
claim42,_wherein the corner used t.o.
i dentd fy HeurygeB E‘Efé’r‘f e dh Cﬁ)'gn f O e re{nl ct)tﬁe (Rpied image is
r el ahieslgplded. t he position of the display device to the
position of the marker. 46. The system according to
claim1, wherein the i nteract|v§ l\/stem IS an |dm‘.k
PesiYn apPiei DsiamAcenrdind {8 P% Y %'Bc“r?f‘?'ﬁj’ous anCaress are
appl itdertitiedousingdrconiémtedsgupipenerdacagorithnmg to cl ai m 1,
further conprising at |east two objects, wherein the
spatial relationship between the at Ieast two objects
i s o er MThecysterm acserdivngde prisd: wP?ﬁew&jcq"&‘pa‘%@gft?%que is
t he yedl td igs@ifyans lfiRIdrf tivss aakateasl Wi th the identified
{5ar kers. 48. The system according to claim47, wherein
he spatial relationship is selected fromthe group
consiSst i ntnecsystedi stcarding, togtais IIBnyherrid apiougsthaindo not contain

bet W& otrdR H#OLBE§ed. 49 The system according to claim
47, wherein the predeterm ned response is

40. The system according to claim 38, wherein contours that contain an area

25  of the wrong size are discarded.

41, The system according to claim 38, wherein straight lines are fitted to each

side of a square contour.

30 42 The system according to claim 41, wherein the intersections of the straight

lines may be used as estimates of corner positions.

43. The system according to claim 42, wherein a projective transformation is
used to warp the region described by the corner positions to a standard shape.
35



selected fromthe group consisting of: interaction

bet ween the associated nultinedia content, animtion
woRo@t116wast one associ ated nul ti medi a cont ent PEAMSG2005/000146

pl ayback of an audio recording for at |east one

associated nul timedia content.;p0. An interactive

system for providing a mixed reality experience to a

user, the si,&m conp si.n an, i evi.ce

to cap t ur eﬁ'lxn&etem ac]g: rgmg t%ngglg{ 4:? w eg?ln ?h;%?stélrgdg%sh ge as cross-

conpwpéﬁlatgéwtmmct exemplacskoft harkere 4¢ idetity thecmarker and determine

or i enﬁ@éﬁea&t.moftuh@ogj‘g& ect in the first scene by

tracking at |east two surfaces of the object having a

mar ker and identifying at | east one marker; wherein

t Be dénputide sgsiém wegordingtorciagy 42, whelein e dbraecamsitienst are used to

asso%éi‘nﬁ@da whible EﬂcllhgﬁFFrégs?&ﬂaﬁUﬂr whStFix r@é‘tﬂwggt%r}ﬁé db&fforflof the
second scene |1 nNc e associ ated nul ti nedi a

cont &¥#pia §8B‘6‘?‘°1tﬁ}5'?’f's‘l§’c°i't'g?/% the MaTket 1 st scene in a

relative position to the identified marker, to provide

a mxgd regl fs%ferﬁ’é&%HdﬁH‘tS%lah% %%?é?ﬁt ui'teraéwé‘%%té\ﬁfsean

Epl i cation roviding a m Xxe rea experi ence
tl injerior designeapg|insfieneitd \@ﬁa%lmpie?@ Wgapp!!ﬁ?t'i"?rage
processing nodule to receive captured images of an

321\/ thé in esb{te% ﬁ ?J}?grmr [&?%Hﬂ{@&ﬂﬂ&?ﬁé%{ '(()agg(ttwo objects,
and @\me@mtm ﬁmﬂalde'awqﬁléhle bptween tha at lrastfwg @me%%'é qeteggined to

t r ackhing@ aﬂfrede@@ﬁltneﬂ Y&apsiselidmahe ALItiBEGIa CBhtERIasYdtRHAR with the

ch ce has a marker, and identifying at |east
gge H%P{Jgg M3l ei n the sof tware application retrieves

mul ti nedi a content associated with an identified

markgp, ange Q)‘f‘s‘f@ﬁ St BRIy t6 a4y, WRERR thohdid r@lgtnéngﬁp is
associ ated mul timedi a content superinposed over

fi rsfelegehom fhegroup cgpsisfing ;9691%"6?1 stagkipgang ?féHF'P'F P%tyeen
mar k éte, objeotspr ovi de a mi xed reality experience to a
52. Aretrieval nodule for retrieving virtual

Ogj ects to provide a mxed reality experience to a
user 49t he The gxtan aenefstinade Algim 4. whergintee piedeiprmiged response is

r SC e tbéaectéaaﬁdfﬁfhelgé&@tdoﬁéuﬁag bR ihtédadtion b@twa&remetaesomted
1 aen
i vt e FB0 aruflon S BB Ui b et By 88k nbn and

cor r plepmek phap audiotrbeording floeat I¢astbernts dssedateédmultiaedia content.
25

50. An interactive system for providing a mixed reality experience to a user,
the system comprising: ‘
an image capturing device to capture images of an object in a first scene;
and
30 computer software to track the position and orientation of the object in the
first scene by tracking at least two surfaces of the object having a marker and
identifying at least one marker;
wherein the computer software retrieves multimedia content associated
with an identified marker, and generates a second scene including the associated
35 multimedia content superimposed over the first scene in a relative position to the
identified marker, to provide a mixed reality experience to a user.



whereby if a match is found, the virtual object is

superi nposed over a real scene in a relative position
woaodshaecdodent i fi ed marker, to provide a m xed PeEaISGRG5/000146

experience to a user. 53. The nodul e according to

claim 52, wherein an identifiggd marker has nmore than

one corresponding virtual object 54. A repository of

assoc ate ntent . for
realﬁ 'y e%ﬁ%@rﬁégp lnglOg? é’é‘f"'d"}%mﬁggbefﬂy § nencextoauser
conpthesppigatiarcongesing:f i cation data field to identify

each itemyRim4gdl pvdcggs%gamao@mts Péoe.va@gpté\-ee USRI bt Adtfct in a

field to store an item of ti medi a content or
st or YgesrBREeT 6A "’E‘ﬁge&ﬂpti"fr@rﬂe&‘Fe @t i medi a content;
wher ei n nmarndaeking deduld tbitrack the positiwnaand ehattadmtobthanbject in the

[ deht| {éc@ﬁie E@{r&g{n? FE\'} Jﬂ,ﬁgc gﬁrh%%tbje f\Phere each surface has a

identification ti medi a cont ent
asso@?%ﬁéé‘"wdﬁﬂ“ﬁt‘"ﬁk‘at '??é?ﬂ’lef"i‘aébernar ker i's retrieved to
be superi wpaerRGheO¥Evare dppidatiGrrettievésmaltimediatiniknt associated

posi { l{ gn ngntﬁlgg ma&g{]tahé b&%ra?@s%seécz\nc} chné Fl\(,ﬂug’ ﬁ? fheigs%%%ted

reall car
3] xemluhtl@aﬁlatcyntemﬁvmﬁ'mppsﬁd QYPiipe arShﬁeae m &@Hﬂ'vee%ﬂsmt)@/to the

expefbRmes mafked ta!Srblide 4 ke r&iNGlexptEREd Bid@er. gr aphi cal
informati on containing a real scene and nul ti nedi a

content associated with an identified marker _ '
supe’2. npodeetriexabmoduiefor wirleving wirfualiohjegtst@pravifiga mixed reality

ot PPk 6 e AR ot oG, ek n ot
Bwo sur f ag datagpcelysr @Bf@gpr@% rfp&né{mﬁ:éqr‘{gt %ﬁ‘?é’;}%ﬁ” identified
sur f masker;wheér e one marker. 56. The signal according to

clai m 55, 8sgzgrtzlqﬁ%to&quédra#ﬂgnawgbjgct'dgi‘a%@&‘ Prtual Bﬁ)ject

associ at e A tangi
obj eearreserriing e tg mankes identficatiogdetaye syst em for

pr ovi di ngwherdby®d nfa&nﬁhs}l %Mnd?ﬁéeﬁrtuel’kﬂﬁact B sapatmpbsed dver a real
JeCt cO § | ng: ..at aSt C er
5 Bt RS Rer® B B e B

bor dexpeaerde dma usaige Wit h| n the bor der wherein the
di scontinuity in the border indicates the alignnment of

he | within th
:)bjee malgeThe }nodule gccgrdtl)r%rtod gl!a:m epzd wRere%natn |5en9p ied marker%as more

than one corresponding virtual object.
25
54. 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
30 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
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

35 user.



58. The object according to claimb57, wherein the

position and orientation of the object is tracked by
wonemskiieny7 at | east one surface of the object. BOT/SE2005/000146

mar ker for a tangi ble object to be used in an

interactive systemfor providing a mxed reality

experience to a user, the marker conprising: a

di scaonti nyous_,border an

SO WO DT ) 002, LIRS /bl BB
is I@@m@éewqwenthmrélbw,ﬂsla@}d the image within the
border i sgiagaét mﬁﬂnmnfebmamag aaéa e énﬁﬂﬁlﬂlrﬂeala&;ﬁntent

d
' mg%%ﬁé?%?ivvi%?% e bR TR Gise ke Rrdtnth Shetatve
sontmattiomtrdbe idantidfidd wiatkar; t he nar ker vvhen it is

i dent i fi egperéinthe |&rfﬁﬁéd’m§rkér@§ |d9|{tfﬁ¥d! gﬂﬂ&kﬁ‘lg@ %84 two surfaces
realit erience to a rTl'prIS|ng

capt¥P HB’e&rﬁ‘a‘éf”Wn"eréB'éﬁaé’ SF%ﬁj’e‘é’ ?08?1'"8 ect havi ng
at least two surfaces, each surface having a marker;

tr acﬁtﬁ: ng f&%léﬁﬁﬁ%&bﬂmg@galmﬁeﬂ AL B Fﬁénng}glﬁloqmoﬁrfattroh n

t he rst sce I ng at | east two surfaces of
¥he asppeaied Wﬁ”U@w‘F?'T“{)?qw'@aré?r | east one marker; wherein
mul ti rredl a content associated with an identified

rar Ko%r %é{ble c}ﬁge%t toatﬂg.ts’éld ﬁea%qnt ra% stieﬁw fgleﬁ}g\;i@ﬁfg mixed

|nclud|ng t ass
supeedlitherpedens? & a uses the ehjget %@H@‘"Qn a r eI at ive

position gtqbatshﬁ,olsd@guegfdned mar ker, to provide a m xed
reality experience

1t5r acki ng % a%(S %}.)?acﬁ Sur%pgaﬁdg\ag(e?ﬁn@lé%nq h8||sc<%n?nuous border and

expeanuea@%wl.tl’mmelbg@lﬁr t he nethod conpri sing:

cal cul at i \pigkréin Weams%gl‘?d’nﬂ?}lh% HRder indichi@s tl'ﬁeaéiignrﬁéﬁtf)ﬂﬁﬁ image
of the object havin ) |dent|fy| ng a surface

hav|"Y16“”tth%b‘?ffj$ﬂ?é'§t°”g’ii%ﬂ9ﬂ|°Ff‘g5‘e8®ﬁ‘f"r dence; and

calculating the transformation matrix froma marker

Qpdi natri:eeé% Egggokﬁ gf{alc%heﬁt ﬁ&eﬂrtﬁé Eaélfonsé@tcﬁﬂhtgtlon of

aseg on ysSica At1onship of I dent i f
sur fthgebiegl i teagkeddly) tesking giieastone suface ‘?fé*?%‘fbdﬂchat i on

matrl x fromthe Obj ect co ordinate systemto a canera
tr a%;?? Iop?ét Ia(s t em I 3 Cb H!acqttg q)ebé{serauuhténmn}@r&gvé Qf‘stem for
providing a mixed reallty expenence to a user, the marker comprising:
25 a discontinuous border and an image within the border;
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.

30 60. The marker according to claim 59, wherein computer software retrieves

multimedia content associated with the marker when it is identified.

61. 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;



fromthe object co-ordinate systemto surface

co-ordinate system with the transformation matrix
wobnramtiés7sur f ace co-ordi nate systemto camer aPCT/SG2005/000146

co-ordi nate system 63. The nmethod according to claim

62, further conprising an initjal step of capturing

the normal of the top surface of the object inits

rest posi to clajm63

fort o coifiaPiaoTion 7 bR rhS hRfr T e ha BsfS ey

surfér@d<lrm‘ati€hiettwbjserfﬁcebyftbabmentat| ng the surface which

produces udaat.ﬂ,.aggﬁéastgﬁgm&mduct using the
me d accor

t ransf or ma th

R L SR A B e Y

t he rarevedrdnd@seodndishencdbpaeratedindedieg e mesbcialed multimedia
cont 'cB‘MQM%L é(eriﬁﬁbgédil cﬁtall L) flrrstkeceﬁéf' fnfaqgﬁtl\ygﬁo%’%rp{oqwﬁgﬁlﬁed

t he Iargest dot product using the transformtion
mat r Markes 4o prﬂ?’l‘d? ﬁﬂﬁf@déﬁ%‘fyﬁxf’?f@a”&’é@ac'@ef o provide a
m xed reality experience to a user, the device

conpghSi NQ: . afd fHPtga%mR% gﬁ 8{??& 'chprﬁﬂgé*é Fhiked réa‘ﬁfé/eéxggr jence to a

captured I nages of an rst scen

i¢ acld?ﬁiﬁg‘h?rﬁ‘é%%c?'ﬁprtsmck the position and orientation

of the objkgedllating altfafstbintatibn MEEIR forlRY¥cH sufakd GTdhaeddbjdceRSBling a
two surfacesk of the object where each surface has a

mar ker, and |dent|fy| ng at | east one marker; wherein
the devi cisepiying avwiacehavingthel highess Haeking cesfisienseapadi

W th an i gﬁéﬂlétlﬁﬁb%t%éi’éﬁﬁatloﬁHﬂtrﬂ%ﬁr@hg‘ﬁeﬁoﬁﬁ@%g system to
cene I nNcl u e as
Rper? i B5roB el WREmred Stie Aibeien T el iy £ dentiea

posi surfape brd thhebjedent i fi ed marker, to provide a m xed
reality e%ﬂ&%fn%@ﬁa erﬁatféﬁ%a‘tnx@?omtﬁe%ggal&%dn%@ sfé'fﬂ to a

product conp ri sed a Co ut er-readab di um
car r ARy E%ﬁﬁ?lﬂ‘?@rsyﬁt%dw aied ‘?Ys‘f“n"%%"i'%% tfﬁfbﬁf‘"mat"’“ matrix
I ec efrath @ abjRet dok@dinataBgstem &f sudfaceddl-@dihate Byderh, withtthe

2 i rstoQ’rﬂ?,\tg)ﬂ (ﬁa@ﬁ@r{tﬂ@%b’rﬁcﬂ Lo %‘F&{@?e %yts%n"ndto c%r%{é c%%{é ifte

position an ion o
scen®si®-t racki ng at | east two surfaces of the object
where each surface has a marker, and identifyi ng at

I eas%q one

n
R R LR RLTPER TRt A —
a secphdng themermal of theltapgutfére o feabjeatinds rast pasitiedi a
£ont ent
64. The method according to claim 63, further comprising the step of
determining the top surface of the object by calculating the surface which produces

the largest dot product using the transformation matrix.

30 65. The method according to claim 64, 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.

66. An image capturing device to provide a mixed reality experience to a user,
35 the device comprising:
an image processing module to receive captured images of an object in a

first scene; and



superinposed over the first scene in a relative
position to the identified marker is generated, to
wonraesildesoa m xed reality experience to a user. PCT/SG2005/000146

34

a tracking module to track 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 the device retrieves multimedia content associated with an
5 identified marker, and generates a second scene including the 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.

67. A computer program product comprised of a computer-readable medium
10  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
tracking at least two surfaces of the object where each surface has a marker, and
15 identifying at least one marker;
wherein multimedia content associated with an identified marker is
retrieved, and a second scene including the associated multimedia content
superimposed over the first scene in a relative position to the identified marker is

generated, to provide a mixed reality experience to a user.



