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Field of the Invention

[0001] The present invention relates to computer input devices.
[0002] In particular, this invention relates to a computer input device having a plurality of
tracking points and a camera to allow entry of three-dimensional (3D), six-degrees-of-

freedom data into a computer or gaming device.

Background of the Invention

[0003] At present, the main input devices for computers are the keyboard and a pointer
device commonly called a “mouse”. For computer gaming purposes, additional devices



input choices to the user in the game's virtual environment. However, these are two- dimensional input
devices used for entering 3D information. More recently, "computer interface apparelgjogdghsas gaming
gloves, actually worn by gamers, are used to input their choice of movements into the computer games.
[0004] Despite this plethora of input devices, no satisfactory device exists to accept the desired
movements in sword fighting, or racket, club or bat-swinging movements for certain computer games.

Other possible applic&tigh&® e @&ﬂ‘ﬂf}rﬂ'{iﬂﬁoﬁ%‘iﬁi’gﬁhﬁ?%ﬁﬂﬁﬁd RBREAEREEPEE WA of a "magic
wand" to perform magdie4l ¢HeKes i GanresnieetsrmbiiEten e R SOewtitiareeds WAd rolling of
trackballs do not satiséactosityat mnpvelevites usei’s mrterndeid bveatientdoferdbmtyirtemmigect or character
he controls in some cpigHadiehaResudPROGNMPlsitonRcathehapplicatens heyaddthgueaim of
computer games sucQ%qummmgn@Wgegggu@pgamputer -aided manufacturing (CAD/CAM) work,

require three- dlmenskgw %Dg pﬁRHlsV\m%Qrm %e% rrgaonsgll ition: of dg\?lgé ns, Current mgut devices do
not allow ease of use L] B atlons 6] ‘n recent years t Tere have. een plethora of

technologies being de%l@ﬁé‘%?%”fﬁﬁr%‘f@d 9&8“3%@\7&"%E'H%%%&Wd@@%@@%ﬁlﬂésefao?ﬂte@ DOF)
tracking. These includ®mMpigjrseiiesichineipeetitpaeRiGE ontkiredRiey MRHIQRLECUCER G bAtter/gyro-based
trackers, and technologiesé@easedhenpull stratgedgmndanie charical hiadieg éskéHogsenasr Bikthese
technologies require expehsivessoNoRenediFotific iR IRRl PraadMpesais ssarmedly\whiedy require
extensive preparation,f &%ﬁé%&%@d’n{mﬂmﬁ%ﬁh@w@dBBTJJ%?&%%o%”He%tFQH% aptgenerally

available for consumer. market 0007] Beside these technologies, there have been attempts to use
machine-vision based” te¢ noqo%gto achieve 3D/6-DOF tracklng using low-cost, commonly available

digital cameras that JOPRATIAPATHENN- AR FARLREE R T h I RE Rl CRRURRABGR Y YeiSerally require
putting a predefined chaswRGRIFHICSS B EEY BERKINg BN EEREHIOAHABAM tirtiereiitittked, and from the
projected image of thesed«hoknaigrpoisimpuhéeameigithejprovited oatgsigtkasrwaudduperform the 3D
reconstruction procesgda-seaever e pasitionapduerigiirtionof the object being tracked. [0008] An
example of such an ingyg M'Fe%éﬁtggég{m?e%me%énda@ﬁ%ﬂéN%cﬁméﬁgeé%é.nsem@&kéé{mn Based
Six-Degrees-of- Freedomk om ach| Qucthlaswced an ﬂJee ] to %%q L T‘@e dp'?is gt'on and

o %( Trac ch bjec Su

orientation of this inp uT o[ev ICe are ermlne spen cables as it is

moved by a user. Ther‘i?ﬁﬁﬂiﬁfjemgﬁ?’?gﬁ %?‘FFr?eﬁlﬁf@%‘%’ﬁﬂﬁea?‘?‘iﬂﬁiﬁmfﬁrﬁg}‘f‘b\ﬂ?é‘?%tfﬁ%‘?ﬁ@ﬁgd mechanism
is first imaged in a "hdpaengresisioreedomapeoiiper RIsHNetraneninihats th'prexgoiishesstored data. The Z
coordinate is measuredhbyl@inEatingekansfar @pashths, pisield of thep tiad keaaoh @otearevirom its centroid.

require extensive preparation of operating environment to avoid interference, and are thus
not generally available for consumer market.

[0007] Beside these technologies, there have been attempts to use machine-vision based
technology to achieve 3D/6-DOF tracking using low-cost, commonly available digital
cameras that could input real-time images to computers. Such technologies generally
require putting a predefined cluster of light sources as tracking points onto the object to be
tracked, and from the projected image of these tracking points in the camera the provided
algorithms would perform the 3D reconstruction process to recover the position and
orientation of the object being tracked.

[0008] An example of such an input device is described in U.S. Patent No. 5,889,505
entitled “Vision-Based Six-Degrees-of-Freedom Computer Input Device” and issued to
Toyama et. al. The position and orientation of this input device are determined by tracking
a physical object suspended by cables as it is moved by a user. The tracking mechanism
requires either an initialization where the tracked mechanism is first imaged in a “home
position”, or a comparison of current data to previously stored data. The Z coordinate is
measured by computing how far apart the pixels of the tracked object are from its centroid.
Thus, this method includes all the pixels of the tracked object in its Z computation. Another
problem with this approach is that it computes orientation by tracking two reference points



Thus, this method includes all the pixels of the tracked object in its Z computation. Another problem with
this approach is that it computes orientation by tracking two reference points 04/05/200& 3kt have
different distinguishing characteristics. In other words, these reference points must be visually
distinguishable. Yet another drawback of this approach is that it does not provide absolute values for the
rotation and translation parameters, but only values that are proportional to the actual quantities. These

values must then be SB818% BEfSEbERBPYRILY tBARTRIBIS PP REtiSRE S dRS8 e &e N o. 5,856,844,
issued to Batterman et kentPeahidistnonEaR ahdnoishaitorcksr DerpRivRiihG Pedigees apid Orientation,"
describes a method faraekeahsmiteyathes gixtidegtaies afdfteesiaion oharheead, mowomieddisipy and a handle

to which an optically- aaogtdfateshirkont ixatiacheded hetargaldsmuankesvydbneguakes ramdts surface, and
by tracking the perspgglive MRWeghilases squares, six degrees of freedom are computed. A problem

with this approach is (hih} raLses @, sbesialrientalion mark n e optsally--madufatgd target, in order
to identify the ordering of the squares. Another problem’is ﬁjaflt iS approac e?ermlnes rotation angles
directly, and is therefore BRHSEI FFRE Y H SIS oRa Ty BRI of RS T8O O Beh AL Y& ribed in U.S.
Pat. No. 5,227,985, isbaétt tsareprefieseemsmd hertifednedsiaputaerdAsian sipstbieh RiydPEssition Monitoring
in Three Dimensions Wsituptbtbag& dtpdamded. ifi SoetrcesAtthehieshtores botsitoredeCibjent," and U.S. Pat.
No. 5,297,061, issueddeRehaiatbariet abwand wasitiedardhsweabimensinrab i eiatnglieyiae Monitored by
Computer Vision,” detﬁwﬁﬁﬂ%pﬁ‘&@rﬂ@ﬁn’&ﬁ?@&hi%%@%l&%@bﬁéﬁﬂ%@ﬂ A aRlphiaap- coplanar light
sources mounted on the OPIeﬂ- A roblgm with tgﬁ]a%roach s that the Jse of non-coplanar light
modulated targetl. in order to identi e orderin F] e%uares. nother gr? e |sFi a .
sources makes the device more Sifficult o manuracture and therelore. more co tly. /Another problem is

that the light sources HSEPHPRRISSPTOAE P Afa GInaIfRt Y sTPES TPGIYEHEEoNE TaEfitify the ordering

of the light sources in &egstipEsipdRding image, which adds additional complexity to the device. This

requirement would al40019¢ conreipreddesndited if the. tPaicker §2pusitioseddte Hebloskotcatde camera,
especially if wide- anglerirBsdsnises variltyRaispediereinsie ers madsaeprgrsied images of
the light sources out ef, pranqriansanebthere v makingihe.copparsen of Mekaetus sizes very difficult.

The use of large-size light solfges would aleo reduge the rssoltion eLme "é‘%e'l?o"".%‘?'ew&reases the
occurrence of light sources’ overlapping. éMoreoyer IS approach Is capable of on yrhemlsﬁherical
tracking, as the algoriftiTIRHGUNFRBL BecHBe RRYiTA hAtRBEI U HRGL AR d SR I need to
operate for one-half ofeplerfiliosheicesoneraisdng ik edigstbiopirematiadysianiiershigita dieresss’ projection

can be the result of non-coplanar light sources makes the device more difficult to manufacture and therefore
more costly. Another problem is that the light sources used in this approach are of different
sizes, in order to correctly identify the ordering of the light sources in the corresponding
image, which adds additional complexity to the device. This requirement would also
become problematic if the tracker is positioned very close to the camera, especially if wide-
angle lens is used, as the perspective projection would cause the projected images of the
light sources out of proportion and thereby making the comparison of their actual sizes
very difficult. The use of large-size light sources would also reduce the resolution of the
tracking and increases the occurrence of light sources’ overlapping. Moreover this
approach is capable of only hemispherical tracking, as the algorithm would not be able
resolve, without assuming that the device only need to operate for one-half of the full
sphere of tracking, the ambiguity that any unique light sources’ projection can be the result
of at least two very distinct tracker’s states. This limitation can also be easily deduced from
the preferred embodiment described in U.S. Pat. No. 5,297,061, which involves using tips
of optical fibers as the light sources. Such arrangement would allow the light sources to be
observable in the camera only if they are oriented towards it. Its function is thus limited to
being a pointing device as spelt out in the invention’s title.
[0011] U.S. Pat. No. 4,672,562, issued to Egli et al. and entitled "Method and Apparatus
for Determining Location and Orientation of Objects," describes an input device comprising



of at least two very distinct tracker's states. This limitation can also be easily deduced from the preferred
embodiment described in U.S. Pat. No. 5,297,061, which involves using tips of opticgl fibsgssas the light
sources. Such arrangement would allow the light sources to be observable in the camera only if they are
oriented towards it. Its function is thus limited to beingta pointing device as spelt out in the invention's
title. [0011] U.S. Pat. No. 4,672,562, issued to Egli et al. and entitled "Method and Apparatus for
Determining Location aéh‘ﬁ‘@?%ﬁ['éﬁ%]ﬁt%’ft@%ﬁb?ff§¥" USRI A HGE eVt Wsirising 04/05/2005 4 an
orthogonally-related t&pgéausfiaySIPRE oGt Hitizpr RGBT adaR)RpdbificedonRenTatissh such that the
fourth target point forrmsendemthonlint ergegiionppesing etdaste\sboopidtznisthirdelpwénisrmjections passing
separately through thenficsédineadiointspaind Idatekgectigethe fassthdasintsi padditengihesrdine
projections must form fhree,lightARales: LIS JauHhiargsLRRIN- RICh-cRASHaIRIS, ke generally
ndesirable in that they gan, [eAger e deyice difioulio manyiacure and el s alsg comuitationaly
expensive to online-reconstruc? the SIX- llnform.a ion using the vector replicas” approach. The
device is also limited &' REHTPAEIERPTRUING BUATCHHIHHIERARP SBHECI TR R SRRt Y the
configuration would n@gétRAPrlimitreiRmemiereRg Rl garsingfetse itte kaekedipRiredisdreasmagntowards or away
from the camera. [0012¢ ddafigireioe midy|ddoBalPathNagGitih To8B6ndsistié chtarkapdaudcalis éanth@ntitled
"Computer Input Deviga HavingnapiBegreamerFreedom For Controlling Movement of a
Three-Dimensional ORjges]’, (lesGeben,an dnput de\ies comRisiagoahandevil a-plate attached to an
upper portion thereof.“Agr%olﬁgﬁﬁdu%thi &'\?‘éﬁﬁ’e%&”ﬁé‘% ?g%ﬁgcr)geé)oft 3 at(terollls o% of r%t ‘east five principle
lighting sources. This gew els apa%\fe_o ,pro%l ling %n y emlserlerlca Trac ng as eciléiht sources will
not be visible to the cdMEFR P ERENRSEIHatfF RERTEA B HHRY PR RIBrEhbaEC 54D 3RAFit. The
computation involved #ateBDardpesiseiendiepebokesedistedavtiexpeppsiveiand’ RAOBRIEE Ritieh online
equation-solving for findisegdiee Itased-cnmeipsidgteihp esitiens isalktle iHghtang sorrme@mdirstyprior to finding
the orientations. MOYQQM%bﬁBﬁi;QwBRﬁ{§ ggséggﬂssa@g@rgmm@m&m|mﬁbgamyﬁgf pdrppses and cgnnot
be handled as a stick-like.,manipualarubich s Ine.FAMMAR SHRRSAfMRRLVIKaARep!s used in

electronic games. [0033] I view, of the qogve, anged dlearly exists for,an Intitive, ergoomic and
low-cost input device ﬁ1at ena Pes represen?aﬁ%n andin u\f OF§B movemeﬂfs by Users into computer
and gaming devices, WY N8 8"5G5iairty erd Bﬁmgﬁéaﬁ&%@%&%ﬁﬁ?t RERVR 9l 4 pproaches,
particularly on the point§ntetgaediMgrtiprptetieltersiepresitas tphekrimgMiadk BPeEgrontIt_ea&Sa gaming
device, non-coplanar eandigusati©haraied as a stick-like manipulator, which is the common shape of most

virtual arsenals used in electronic games.

[0013] In view of the above, a need clearly exists for an intuitive, ergonomic and low-cost

input device that enables representation and input of 3D movements by users into

computer and gaming devices, while also avoiding the problems associated with the

conventional approaches, particularly on the points regarding limited hemispherical

tracking, lack of ergonomics as a gaming device, non-coplanar configuration, and

complexity in online computations required in the reconstruction process.

Summary of the Invention

[0014] The present invention seeks to provide an improved input device that is capable of
tracking three-dimensional, six-degrees-of-freedom positions, coding the tracking result
into digital data and inputting it into a computer in real time, said input device has a
handheld tracker comprising an arrangement of one array of tracking points to define a first
axis, a second array of tracking points to define a second axis or plane orthogonal to the
first axis, with distances between the tracking points carefully selected such that a two-
dimensional image of the tracking points captured by a camera can be used by a
processor to determine the position and orientation of the input device in three-dimensional



complexity in online computations required in the reconstruction process. Summary of the Invention
[0014] The present invention seeks to provide an improved input device that is capabjlggf-dpacking
three-dimensional, six-degrees-of-freedom positions, coding the tracking result into digital data and
inputting it into a computer in real time, said input deviee has a handheld tracker comprising an
arrangement of one array of tracking, points to define a first axis, a second arraé/ of tracking points to

define a second axis SPHRNEBARBIERAFKTHE HSPAtYARABLPAREES BRIFAEE Y TR Backing points
carefully selected suckagfat sPadion auiensr il ifh AgecofaREAtEERMG PoRRiuRALIMEY i amera can be
used by a processor tendetasnmedtthietpositomelm theigatiedidnodériiee tovypudste vieay i thtiee-dimensional
04/05/2005 5 space ugihr@ra provided algorithm. At least one tracking point is embedded within the

tracker's body in suchygoyARBIIFIP R SRP 60k ARSHRES AR GARINIRD dnAgs yiithin the camera is
used to determine whether the fracker is orkented ggvvyards or awarl%/ fr msthe camer%OL9015] Accordingly,
n

Q
. comprising a ape tracker wan Ith g réference spine | a Cr lece, .
in one aspect, the preserﬁ invention provides an input device co pr|%| g aqﬁﬁ'gs%ape tracker wand with a

reference spine plus 4568 SR BT iR e S piRle AN P'GTNs HRELRIIRGUBRIPAfity of active
tracking points, at leastofié FrAdrastarioatseast! 4y bredseroncalsahassiarca rgorishiiidly/ designed
pen-like handle that al@witsehasserto confdaatgtadypgripr doiparion Watiointhrekobtbentsdcking points is
embedded within the wandghandiarsuendRabids arhtpatiabyphsenyabienseidhal tis resence or

absence in the capturgdJdmans WWEIRthe.cAMEIBARNILGH NG Lue-0LWRGHRE NG sRRRkRPriented

towards or away fromtﬁge caEJ:\era. Peg mounting a r%ﬁ]et[]é)ptlcal bgann%)% S filter in th cfamera's lens,

: : foward . : )
these tracking points would pe 8%e|r51turec3'v6§/ e Camera and appear as bright Spots 6n its imaging plane

while the background REREWHENA BRBIOTREFBui 8D &I KLBEWAHLBALR1RE Mi¥ntion, the driver
software determines tPRENEEY PO OPRIIRS HEdHE POt eadh BRaNe Ririghyiipdts hactiserwbrgenssield from their
relative 2D positions, asdlotketveaxtracts simple 2D geometrical data such as lengths and angles between

some of the lines thajeasnechdbnsssyigtispataifrarainvsawiMiiiese 2h: germeifisg) data it then

directly reads e_SS_e“ti%’eld%%@%%ﬁ%ﬁﬁé%%rﬁ DS GOMPHEA LRIHR AR forremplRingLhedeconstruction
process determining tp% 6-I?Of datq %fD h Olﬁ dag;\ are %h?n sent to qttper processes
?ex racts si e. S,an anqae Oe we (6]

eanr (I;Iléq% Tahs%%ﬁ 68- engt en some
running in the computer for re-pro chg%ﬁe frackers position and orientation on a virtual o%ject in the

virtual environment. [063%7"858" BPESRHE AU RIS AR IMEGuL iy Affe st SRPIRVEHERE and

advantages then directly reads essential parameters from a pre-computed lookup table for completing
the reconstruction process determining the 6-DOF data of the tracker. These 6-DOF data
are then sent to other processes running in the computer for re-producing the tracker’s
position and orientation on a virtual object in the virtual environment.
[0017] The present invention has numerous significant improvements and advantages
over the previously described conventional approaches. The most significant of these is
that the invention uses four tracking points that are observable from all directions for the
3D/6-DOF hemispherical tracking, and together with the use of the presence or absence of
a fifth tracking point to resolve whether the hemisphere of tracking is the one facing
towards or away from the camera. In this way the device is capable of providing more than
hemispherical, even nearly full-spherical / all-round tracking with just five tracking points
and using just one camera.
[0018] Another very distinctive advantage is that the minimal configuration of the tracker
wand allows the full 3D/6-DOF reconstruction to be carried out with fast extraction of
simple 2D features in the projected image of the tracking points, followed by fast fetching of
approximate solution from offline-computed, small-size lookup table with little online
equation-solving. Such use of lookup table in this invention efficiently puts the major bulk
of required processing to off-line computations and greatly reduces the need for online
computations, thereby resulting in extremely fast reconstruction process using very little
computational resources. The use of such minimal number of tracking points also



over the previously described conventional approaches. The most significant of these is that the
invention uses four tracking points that are observable from all directions for the 3D/g;fp5/aemispherical
tracking, and together with the use of the presence or absence of a fifth tracking point to resolve whether
the hemisphere of tracking is the one facing towards 6r away from the camera. In this way the device is
capable of providing more than hemispherical, even nearly full-spherical / all-round tracking with just five
tracking points and uQW&"]EFsWSﬁ%C%%‘?ﬂ?r%’{t[@tﬁ%T[R?Pé??ré}“%F?ftﬁﬁm%'fmeaﬁvﬁrrﬁ%{%ﬁ%ﬁhat the minimal
configuration of the tr&@REFMREITA SIfSHSTHEFUIBDYERDTFE deRiehIPLEtion to be carried out with fast
extraction of simple 20018htdtd= inathisqrojectethrmageref thiee tfatbignighpoattsmfeddvedriby fast fetching of
approximate solution fremsieéfinersenpRitads iataize leakuptablaswitnditigealneq@adaion-solving.

Such use of lookup tafleig.fhis RvEsEieRRHicienhs R IR MAISROIE I Fettd R ggessing to off-line
computations and gregrtll trtt?éjc%ces the need for gg\[lone computati L?s t reb%/ resurIHQ in extremely fast

. n? ?mscou e'us mlprove € resolutioh and acc racyﬂ |rr3r%;, FS
reconstruction process using ve )P ittle  computational resources. he use of such minimal number of

tracking points also 0A512 068 HYiAATE TRE D UQREREESf their overlapping, and greatly simplify the
driver software's requifflentoiresaaiona" harrilaHah R B\RSThppIrRY BCEGkN 089} All the tracking
points are not requiredrgorbenidistiaiig shablanifraaios selyativgmbyotheipsivEingpatheayproperies, as only
their relative positionspisich.dnyageiane regul eshiarafing AlgesithnedeWalebihamdrdorntterreconstruction.
This implies that smallsize;but, REGH Piacking Heints suidAeRRg to improve the resolution and

accuracy of tracking, as well as minimizing the occurrence of overlapping. [0020] The tracker wand can
be conveniently handled like a pen or stick and allows ergonomic handling and manipulation for gaming
purposes, as holding and swaying it are Bﬁ@f@@ﬁfﬂ'&ﬂ?%ﬂﬁ%ﬁ%%‘&ﬁﬁng and swaying a miniaturized
sword, bat or racket. Its flat '7- shape is also entirely planar for easy storage and handling. Brief
Description of the DralffAYs fougieTed prersimedt ShfISTIRTRERTBTIRE WHewdrte MPEMIBHIgRI PR be more fully
described, by way of exeanplexavitte refbrefecente tthibedhawimgsfothishich: [0022] FIG. 1 illustrates the

details of an embodinTeod2pf it iragkercd/maedadite Hresesdiniamantien;aRoAedkléstz-iPiestrates an
embodiment of the maipcgymponents of the present invention; [0024] FIG. 3 shows the translation and

orientation of the wang, i the qriginal.condition. I, which I%, tame. o LelRrera GRINGIARS, with the
camera's frame of reference; _ _ _ o .

[0024] FIG. 3 shows the translation and orientation of the wand from the original condition

in which its frame of reference coincides with the camera’s frame of reference;

[0025] FIG. 4 illustrates, with the wand'’s fifth tracking point within the line-of-sight of the

camera and hence five spots appearing on the image, how the two main axes of the wand

is determined in the iterative process of the algorithm of the present invention;

[0026] FIG. 5 illustrates the wand’s fifth tracking point’s forward hemisphere facing away

from the camera and hence there are only four spots appearing on the image (FIG.5A);

and

[0027] FIG.6 shows two alternative embodiments of the wand of the present invention.

Detailed Description of the Invention

[0028] A detailed description of the present invention will now be given in accordance with
a preferred embodiment of the invention. In the following description, details are provided
to describe the preferred embodiment. It shall be apparent to one skilled in the art,
however, that the invention may be practiced without such details. Some of these details
may not be described at length so as not to obscure the invention.

[0029] It is an object of the present invention to provide an input device for computer and
gaming devices that accept 3D input. Such device is capable of providing nearly full-
spherical, all-round tracking within its operating volume.



[0025] FIG. 4 illustrates, with the wand's fifth tracking point within the line-of-sight of the camera and
hence five spots appearing on the image, how the two main axes of the wand is detgypinggdsn the
iterative process of the algorithm of the present invention; [0026] FIG. 5 illustrates the wand's fifth tracking
point's forward hemisphere facing away from the caniéra and hence there are only four spots appearing

on the image (FIG.S?' and [0027] FIG.6 shows two alternative embodiments of the wand of the present
invention. Detailed D QE?PdtiBh‘* Bithe ARRShEIdPC 68T RVEURIIBP QUL APBH 87 the Bred@iiThvention will

now be given in accordrEEatfre vieqs s Aoy Bmisaurrent of ifirdadRtdROMMPAERSNSSIng description,
details are provided tortlesthidve thngveietradiennzodifrentpk hall dvesaipmeatersdy tee opgoskelded in the art,
however, that the invenfiaridmRyphR qEeactisashyd Haont: uchedeiaiiserignienakthraendeipds may not be

described at length S%ﬁ'él|5\Q§r'i9s9@§§éﬁ%%*%%9b{t@%%@-g%?{&é@iéé%&#&%ﬁﬂﬁe%% R(gRENt invention to

provide an input device for computer afnd gamin devices that accept 3D input. Such device is capable of
Sor re rces ir [ concurrently-runnin €SSes

es {
providing nearly full- & r%Ceersical, aﬂgrogn ntqrac” Ing within fts Qpe?tgl:[?lgl volume. 04/05/2005 7 [0030] It is
another object of the PTEEBn{ IRVEREOFP TP BFOVER GIRBLR eVt 18R CMPLREY ™I Yafhiing devices that
allow the reproductiorf&TRHties RtFshatEeROE3MBPRlAIRRS SHARIRME NoHjaietens thrEsendLial environment.
This type of movemenbimpuxrshagdiatpecfonpnedgavitiy nvimiokalapratesss peepmaniiisestiadthe present
invention can be usedaiy sbNglRE pRITRNGE B [R6SSXRENSHE CRIRY IS apdgamirgtoevices and not
require too much ProgasspriRSAGER HAROELGRIGHARIGHIANDY RLPSRSSESIANL] The terms
“computer” and 'gaming devices, Include, Bl arenat Imiee,fo. any. Somputing.deyice that require 3D
input such as cAD/CARTWOr sta?ions, ﬁlpe’rsona com)buters' , %gdlcaie computer gaming consoles and

devices, personal digit4"SS5RRaNR o il FhRiSatdh PrSRsEr OTBYRPIRR RN CRIFAY LS stred by the
present invention. [008¢] Mhe impetitiensianglileres af Mariapang rrtk ez dwHpnddmepiarivae Brray of tracking
points to define a firstxityreaseodnthiamaytiaf trackvggioihtsetoidefiteaspecond axis or plane orthogonal
to the first axis, with theogistareamnbaiwesndhe MaintpaaeafilxsatestrdvisurtBaiaiiwatdinensional

image of the tracking poips.gambe HsSHiRieIBERine R iInasiiemaer iAot abiaedpput device in
three-dimensional spa e.é%%?gle%ﬂgrrr%wgm %o\év to Fcl)ﬁ 1, an riB\lla%flm.e tin ac ordggqg with the present
n ite

. . .. imen e presen 1or,is the input devic .
invention is illustrated. e array Shou €'Seen 16 be Im 0 the embodiments described. One

element of the preferr8a"8ifodIMeHCERARY P i SYRAATHBIN fL2IE ifstne adoncteitotha

reference spine 103 and a cross piece 120. The user manipulates the wand by grasping it
substantially at the handle 100.

[0034] The cross piece 120 is orthogonally disposed near the tip of reference spine 103.
In the preferred embodiment, the cross piece 120 is substantially straight such that it forms
a plane with the longitudinal axis of the wand 101, although cross pieces in the shape of
the letter “L” or in form of triangles or polygons may also be used.

[0035] Disposed on the wand 101, on its reference spine 103, is a first plurality of tracking
points. A second plurality of tracking points is also disposed on the cross piece 120.
These tracking points 110 may be active light emitters or passive light reflectors.

[0036] The wavelengths of light usable range from infrared, through visible light to ultra-
violet light.

[0037] In the preferred embodiment, the tracking points 110 are active Infrared Light-
Emitting Diodes (IR LEDs) with their electricity-conducting connectors 112 soldered
together and formed a “T” arrangement, as shown in FIG.1. These IR LEDs are specially
prepared so that their emissions are all-spherical instead of forward-cone as they are
originally designed for. One method to achieve this is to coat them with a layer of suitable
pigment such as acrylic or enamel paint. This would make the emissions from the tracking
points 110 observable by the camera 130, an element of the present invention, regardless
of how the wand 101 is oriented as long as they are not obscured and are within the field
and range of view of the camera 130. The exception is the fifth tracking point 111 nearest



wand 101, a longitudinal device that is substantially straight having a handle 100, a reference spine 103
and a cross piece 120. The user manipulates the wand by grasping it substantially ajthedagadle 100.
[0034] The cross piece 120 is orthogonally disposed near the tip of reference spine 103. In the preferred
embodiment, the cross piece 120 is substantially strai§ht such that it forms a plane with the longitudinal
axis of the wand 101, althoud%;h cross pieces in the shape of the letter "L" or in form of triangles or
polygons may also be'tfdt}" @W?ST@EB&??,%OB‘W fﬁ%dﬁv'gﬁaafﬁ'i%?fﬂ@ MU UE SRHECAD is a first
plurality of tracking p6fRiYeA et rRNpIa M bMPAR RiTBNIRIThIS TSRS WisHedtvaiiIHE cross piece 120.
These tracking pointschir@ratdp.Tbeactiv e Highvre putters! by prssivertightadfietiasin[00B6idithe wavelengths
of light usable range froovinksarasla dweuahivisdalelightite witanvipies fight: J008H. Inthe preferred
embodiment, the trackinguRQigis 140 e e HafAte oo ies %‘&H%R‘QQ@&Q&EEDS) with their

electricity-conducting gonneciors el 0 oREH A o ATRNISMEr, a5 shown i

|1I%]é%aseoro IS EP%?
FIG.1. These IR LEDs are spema%\_é)gepare 88 that their emIssIons are a erical instead of

forward-cone as they MUY -GESigre g8y I8 HEP ARAIGBE 1S KEnaW ' His iR t3% D 4PNm with a layer
of suitable pigment s9®Hcag aaydit BriCARAE PpyifR. raaRsohwsale ke ardwertirssisneie® the tracking
points 110 observablesiheithedl chtmecask3Gcan20lehindrid oetivebyrasent inviendioNotegrttdéess of how the
wand 101 is oriented asclonghas: thayeasRatORseURHand AR NMiRiR toe Hald nardseange of view of the
camera 130. The excepfion is ihe Sfthaskingnai ki eaiest G020 Aibeapdis 100 which is
positioned inside the q%@dlﬁoluoﬂ Ina manner suct t6hsat I anwlc:))ﬁd cgpgurﬁgct%tﬁ%tcaomera 130 only when
its forward hemisphere 1S ?ac!n% towar sc{ e camera 130 These IR 1°BDS areppO\X/ered by one or more
batteries stored in the®RRRYRICITE! Wit HHUCLOBRIRERSS its bottom end 102 for turning the power on or
off. The IR LEDs andlf8gft dbHiscessrsheeXtin tthrkineferiels dd0spprassns ghtrefrelerpdeeiprieees 20 are
overmolded with a laygof ramapsire pibidastielicoatirigizOrkiforeiEetforofightieck tatibtutiesetind  protecting the
IR LEDs. For most degkiapiappiisaiansndkecymadslid ithmadmey gothan Lémtsaiukangina hengéh that caters
to a wide range of usei, HGIEISINAIAGIRG AR LRICHERIRFIB HRIAPLAGH;L20 which I
preferably about 6 cmjong, Noig, (et the. iadkind gomt on he feference. spine fufligst figm the handle
100 is not necessarily in col ingar rran em’epnf Wi yt ese %\X/o racking points on thé Extremes of the
cross piece 120, althGUGHIER PbIRGEShaBRsBIR'YS HO thiS Rould reduce the complexity of
computations for the r{@g@ﬁisﬁcmﬁqﬁnpﬂméégypplying light source to the tracking points is by channeling

the light from a single main source housed in the handle, through optic fibers to the

respective tracking points’ sites, and then have the light dispersed through spherical
diffusers that are attached to the terminals of the optic fibers.

[0040] Other elements of the present invention include at least one suitable imaging
device 130 such as a digital camera with complementary metal oxide semiconductor
(CMOS) or charge-coupled device (CCD) sensors (Fig.2). In the preferred embodiment,
one camera 130 is used and it is connected to a processor 190, sending captured images
to the processor 190 in real-time with trivial time lag. The camera’s lens 140 has an
Infrared-pass filter 141 mounted in front of it such that only the infrared light within the
narrow band of the IR LEDs would pass through, and the background scene would be
blocked out from the image 300. Hence only the tracking points 110 would appear in the
image 300 as bright spots 301 in a dark background.

[0041] In operation, the user grasps the handle 100 of the wand 101 of the present
invention and wields it as if he is handling the virtual device of choice. The light from
tracking points 110 is captured as bright spots 301 by the camera 130. The camera 130
then in turn transmits the image 300 to the processor 190.

[0042] The present invention works within the field of view and in line of sight of the
camera 130. Thus, the ideal position for the camera 130 is in close proximity to the display



[0038] In the case where the tracking points 110 are passive light reflectors, their shapes should be that
of a globe or ball to maximize retro-reflection of light back at the direction where it copgsfigm. The
exception is the fifth tracking point 111 embedded in the handle 100. Instead of being in a globe or half
globe shape, this tracking point is only slightly domed A lighting mean 150, preferably co-axially
mounted beside the camera’s lens 140, is required to illuminate the trackireg points 110 (FIG.2). [0039]

Another method of suPBRihY P EBURES BRI EERTY h O EETE By TR G By At Hom a single
main source housed iMtHEePARRARS thibial o piRE IrsEes okl theyisaeddt tracking points' sites, and then
have the light disperséW4Blrolgieisprearieatediffusdrs thiahare spectwerto thenddiaiofaisvobftihe optic fibers.
[0040] Other elementspidhaa wesetiso/eitioBoasiudang ershans switableimagieg «devige 130 such as

a digital camera with MBleRGIMHDEIALRXSE SETUEOREURIRE (- MQShILFRBTIR-FiHRIEY device

(CCD) sensors (Fig2) 1 e Picleries STPAYTENL, 90 fATSIBG s diseq ang s comnected 02

processor 190, sending capturec? ma&egs rocessor 1901 real-time Witﬂet?mgﬁime lag. The

camera's lens 140 ha8'af I HERb RAFHE? SEEPFASMEETS FEHTS ¥ L9dBTHEEONly the infrared light
within the narrow barl808fkhi! [RNEPMSiRDRARPAISE thidsng I?, myants Bariigy bignsladerheltwbuld be blocked
out from the image 300) dbendenciity tHuehtaapkeh@ioinit2BlDdyowl2b2 ppeapisibewimaged@d as bright
spots 301 in a dark bagkgseidns Ra4dd dniepardianstheuserzgrespssithe handle 100 of the wand 101 of
points 1101 '”Ve?“°ﬂ%“ﬁwﬁﬁa'*@é%’@%"%M%&‘@ﬁ%@ e 0 (ransmis the
points is captured . as pright spots the camer . The camera 130._then in turn transmits the
ato 300 to the proclecht Tt DB TRE It Oy PaIR Ahr WAL mtnh 1 LR Veand i i of
sight of the camera 138FPheRMHemitfed poSitIHRSE? TRE & SPASTSYTH0 LM GSE SrEX A% to the display
04/05/2005 9 screen ¢RI EGHPuUter or gaming device with the camera 130 pointed substantially at the
volume of space in which the’'user aeBjreésamo wield the wand 101. [0043] To help the user remain in this

volume of space covered byhadiaidiofwigwhobiien srmess0L3Re ! AR 160 with a border marking 180

may be used to help the user estimate b field.pfviem.CldNg FamerR d3P- A circle 170 marked in the
center of the pad 160 helps the user.to center ép?e Wﬁﬂ?a%gujf tﬂ% Qwe start of the application or game. The
I

surface material of the pad 160 is also serlcélcr S0 Minimize refiection of the light used. [0044] All

transformation parameters relating to the wand's position (translation T=(t" t, Q) and orientation such as
pitch 201, roll 203 andAP4% J02 restiengniakebibhvitbeiedatteash captured image 300 are used by the

accompanying algorithm of the present invention to reconstruct the position and orientation
of the wand 101 at each time interval. They provide information such as the distance
between the cross piece’s two tracking points d; (the value of which is indicated by the line
323 in FIG. 4) and the distance between the two tracking points d, of the wand 101 nearest
the cross piece 120 (the value of which is indicated by the line 322 in FIG. 4).

[0047] The algorithm of the present invention is capable of performing the 3D/6-DOF
reconstruction with a minimum of four tracking points 110. Depending on whether the
wand 101 is oriented towards or away from the camera 130, the fifth tracking point 111
may or may not be captured by the camera 130. FIG.4 illustrates a case where the wand
101 is oriented towards the camera 130 such that the fifth tracking point 111 is within the
line-of-sight of the camera 130, and thus there are five spots 301 appearing in the image
300 in the camera’s imaging plane 310 as shown in FIG.4A.

[0048] FIG.5 illustrates a case where the wand 101 is oriented away from the camera 130
such that the fifth tracking point 111 is not within the line-of-sight of the camera 130, and
thus there are only four spots 301 appearing in the image 300 as shown in FIG.5A.

[0049] The four or five bright spots 301 present in the captured image 300 are used by
the algorithm of the present invention to determine the longitudinal axis and the included
angle 6 324 as illustrated in FIG. 4.



the frame of reference of the camera 130 (Xe, Yc, Zc) (FIG. 3). [0045] The wand's frame (X,, Y,," Z,) is
assumed to be aligned with the camera's frame (Xc, Y~, Zc) as an original conditiong Agxy,ggint on the
wand w = (X, Y, z, 1) is transformed to another point w' = (X', y', Z', 1) in the camera's space by the
following "XYZ fixed angle" transformation: w'=T+Rz ®,R.w where R, is the pitch rotation matrix about the
X, axis; RV is the yaw rotation matrix about the Y, axis and Rz is the roll rotation matrix about the Z, axis

[0046] The positions dPIRY tﬁﬁﬁh?%ﬂl?ﬁ%s@ﬁfﬁ?\”@&% B AearedIngE B0 ae e 88 HY the 3Qccompanylng
algorithm of the preseteifv@atien &y Fecmmsrutitpe ive Biebiserie 8l eviati Wﬁe%’ﬂtﬂ@ﬂmé(h%felm at each time
interval. They provideadrf@mpasiiresoehf@gotiiey distancepolsi0IdEIG tHRB) grosscpsecd ' héwoveracking points d,
(the value of which is sgicategopystieinanddd dnidbeor anshinpdlistannempeanyernibe sor tracking
points d2 of the wand 36kl neasesl, Hifk GRS RIBF Sk ﬁH‘?fh’é’i"&éQoQﬁ WB'QB IS lﬂé@&%@go@(b@e line 322 in

FIG. 4). [0047] The algnont m of of e prese telrr}]\llnentlonblls ﬁ]%g?obégtg 0e lf%nggg |sec SOF
reconstruction with a minimur o Fourtrac In om?s ‘?L epending on whet ert e wand 101 is

oriented towards or a\}\'fﬁftﬂ‘?fllﬁ“fﬁé cEfefq)1 'ffﬂifeﬁﬁll? fﬁ%?{tﬁf’g POt UP LS ABPRIL SRSt be captured by
the camera 130. FIG 12 filGstRitens sushseovitpsrbaesiitites reBoRspiaistsdd(FIg diEthaheariera 130 such
that the fifth tracking pioa8221aisiseitlaiantitter limeisohsighitafithiexdaoherawbdd, Hrdiibha23tbene are five spots
301 appearing in the ipraged BQR imdherinamsracupaginginiane 310 asshmeaizo FkGidAqd0048] FIG.5

illustrates a case Whef&h&*ﬂf Wﬂ&ﬂtﬁe@&%%&@{\’{% @M\éﬂYdUrﬁmé%?tﬁé‘ Aniohe e tagdifth tracking
point 111 is not within the

ine; f-si ere are ots 301
appearing in the i |mage 239 asgs',%eg\%r? n IIO(E FW% ﬁ'ﬂreg' O%P ﬁlvewbn ?q%)kfj 1§Oi résent in the
captured image 300 af@GSREPBYY fﬂ%pﬁfﬁﬁﬂm%f §%H‘Eﬁ%§9ﬂlowefdvﬂlé’téﬂ‘?ﬁ'ﬁ%Ct‘H’édI%%gltudmal axis
and the included angietoedgm a%cﬂﬁhéﬁb?éequfF@“Gl“ 007 G3/20S VI [T0B0IrFIG! IAgpRgs an example of
the image 300 of the fiettaatkingipomitseltdipidie 18pasehoapivfed. hythet eameinard Borasofive bright spots
301 in 2D representatipisichiledssigactesy pRssibediarafasiieining any two spots 301 (FIG. 4B) in this

case. If there were ojhdop pafe. Ot EADSIGANIHLDE QO A RpSEIb IR ARS Joing any two spots
301. [0051] The algorlthm WI|| be%ﬁ&%}%om ann%a Irst n FIG C% of these ten osszble lines with

another of the other nfRePOLE-TE LERT 'éolPﬁwdé? ?E{nﬁﬂeFf?ﬁb" 358@”0' the x-axis of

the image, 9 (325 in FIG.4E), the angle formed by the projected axis of the cross piece with
the horizontal axis of the image can also be determined. The degree of roll can then be
directly assigned by the angle 9.
[0054] Concomitantly, the translations t, and t, can be directly interpreted from the
position of the wand'’s reference origin 326 in the captured image 300.
[0055] The last bit information required is whether the fifth tracking point 111 on the wand
101 can be seen in the captured image 300. This information is represented by the
Boolean Ps which is true when the point is present and false when the point is absent.
[0056] Once these essential parameters are known, essential portion of the wand’s
position and orientation may then be reconstructed or obtained from information stored in a
prepared lookup table that performs the mapping:
<0, di/d,, Ps> > <pitch, yaw, |, I,>
where |, and |, are the projected distances of either:
a. the two tracking points of the cross piece, if di/d, = 1; or
b. the distance of the fourth tracking point 327 on the wand 101 from the wand’s
projected origin 326, if di/d; <1.
in the captured image 300 when the wand’s origin is at distances from the camera 130 at
the lower limit z, and the upper limit z, respectively, of the usable operating range from the
camera 130, and where the wand’s 101 orientation is at the specific pitch and yaw given in
the mapping above.



the other line 321 (FIG. 4C). This process is repeated (an unsuccessful example is shown in FIG. 4D)
until such two lines that best-fit this relationship are found (FIG. 4E). Thus, the line 32Z,thabbisects
another line is the longitudinal axis of the wand. The line 323 being bisected is the line defined by the
tracking points 110 of the cross piece 120, i.e. its axisl1[0052] When these two axes have been identified
by the algorithm, the intersection of the two axes defines the position of the reference origin 105 on the

wand 101 (FIG. 1). THR?ET &5 LSt OBHR 1 E RS SIS 3087 S TR BRI Pl Sy 850 s PR wand!'s

design could be in th&srsiFed pepeehit e  Pabterepfeali oy iAnI® Seebirfctd@sr wldP tHeeceaibid of the tracking

point at the middle of tireraiossrpigedclROliad tlevesem iRi&tidn Brtiesipantadiingeycpointvadd physically

designated by any of tha $cackingipeiat JQ083bHe wgditemdhgilgturedarelers abthessibyo axes as well

as the ratio of d, and dg ,@gtlgﬁpwéq\goq%ﬁgg GRIeLA, ;ggmﬁlm bg determingg, From line 323 and the

x-axis of the image, qm lﬂ]g dls a4E) pe 9Q%gefqr d 39( hde \A%ﬁ(?*leﬁ%@ ?ﬁ%%rg'% me cross piece with the
ro

horizontal axis of the can a etermlne ree o en beealrect?y assigned by

the angle 6. [0054] CoﬁBSﬁ’ﬁf@ﬁﬂRﬁ ?ﬂ@?f%?ﬂt’l@ﬁ‘sﬂie E‘(’H?i"’t”% AyE-directly interpreted from the position of
the wand's reference origin 32&in tBe-Gaptlred ifiage BOGp0D5] The last bit information required is
whether the fifth tracking point t11(@n-thewand)/40D)cand be<deen in the captured image 300. This
information is represented by the Boolean P5 which is true when the point is present and false when the

point is absent. [005%535‘10%91‘%%ﬁ&%%ﬂﬂ@érﬂ@ﬁ%ﬁ&%%?é%@%t&ﬁmd@%@ﬁ off the wand's

pOSItIOﬂ and orlentatlontn]a ns I’UC eqll)%mt tained ormatﬁ)n store n a prepared

lookup table that performs t agtu”n?)tﬁe F""&'Bg 80 ° 'm;i%% W, > where | ?Jg% h are the

projected distances of &itHEF %t%'é‘i‘ﬁfo39&é’19i'ﬂd" Heie ‘?ﬁsﬂ‘?[éab?%r@ﬁf'é%@f eI PRI e distance of
the fourth tracking poifiteBZHos raheewaiathed i iiethiecprsEcinpsj e eigithe 28y# d1/d2 <1 in the

captured image 300 wineirthennvandésedigihispatdistarpesdicmichedaneneddfatathendower limit z, and
the upper limit z, respe@tb{@gquimdds@kalgsgperating range from the camera 130, and where the wand's

101 orientation is at thgugpeGila Big eeregtxm ORRIB HBIIARRING.ARAYE. Q4/RRIRIVR [0057] The

usable operating range th% 298 CtS d | %g)ggt ﬁ% thgelg%%ogyotrqpeewargdsns een yqﬂ rated based on this
usable operational range rom the came
more of the tracking points 110 from the line of sight of the camera 130, or there could be

occasions where the spots in the image overlap. When this happens, a simple algorithm
may not be able to accommodate such situations. To overcome this limitation, any driver
software implementing this algorithm can be programmed to predict the intended trajectory
or movement of the wand so as to ignore such situations and to resume processing when
sufficient tracking points are detected again. With continual motion of the user’s hand,
such situations are not expected to occur with sufficient frequency to even cause any
annoyance with users.

[0061] The minimum number of tracking points 110 to be captured in the image 300 for
the preferred embodiment to operate is four. In the case when the camera 130 fails to
capture this minimum number of tracking points 110 within a predetermined time intervals,
the driver software would alert the user that an intolerable obscuration of the tracking
points 110 has occurred.

[0062] Such situations may arise when the wand 101 is out of the field of view of the
camera 130, or prolonged obscuration by some object or that power to the tracking points
110 is off. The pad 160 of FIG. 1 will help avoid such situations by reminding the user to
keep the wand within the field of view of the camera.

[0063] The distances between the tracking points 110 have been carefully determined to
minimize ambiguity when interpreting them on the images 300 captured by the camera 130
so that the position and orientation of the wand 101 can be rapidly reconstructed. It is also
desirable to use small-size but high-power LEDs, which achieve a high brightness-to-spots’



operational range do not limit the present invention as the operating range can be varied and scaled to
different applications with accompanying lookup tables. For most desktop applicatioggihgdxvo limits z,
and zu are set at 10 cm and 70 cm respectively. [0058] The distance tz, the distance of the translated
wand's origin 105 from the camera 130 can then be aﬁproximated from the following formula: tZ = z, +
((zU -z,) x (1, - d))/(1,-lu))), if d1/d2? 1; or tZ =2z, + ( ) x (I, - %?jl -1))), if d1/d2 <1 [0059] With the
present invention, tra(?lﬁ%att?sg?tﬁ%%Frﬁ‘é‘ﬂf’sh@f‘fﬁéo iFﬁkﬂﬁo t%t‘iFgr&%ﬂBﬁﬂjlﬁ@"Ee tracking points
110 in the image 300,cHet@rpriiia| ﬁrgfetﬁé‘ﬁ“ﬁﬁbﬁ’é@té@?5505|tlons in the image 300, from which the essential
parameters of the waiieP&4positithar apshitr iemt&tiorocsirudd éhelpdeitiom nettlearmhdHeh frac drstiatieng the
movement in the virtugdsesns R esikeoerin et if s prGessmistepealedsaldagised time intervals for as

long as the present Iw&aemﬂéde@&ﬁm&@%@% It w&ém&@m@e&{%fa@l PVs%%%ﬁ{Bd{%rtb\%pm that there will

be occasions in WhIC t e other ob ecls such a } e pa tt e users bo pe wand itself may mask
ues, .as 36 P som I’ e p I’ a ents owever suc %(‘()j‘l h ﬁ
one or more of the trac‘iqn omts 10 from the |ne o ght of the camera or there could be

occasions where the §Br8f§‘ PR REGE ES‘?/@?Fa%SCWF?@ﬁ rﬁﬁ%“ﬁ‘ﬁﬁﬁ‘aﬁ%orﬁ gy %ﬂ@‘BWPﬁT’n Afhay not be able
to accommodate suchP4ituiRRiRTRe TRy B\ REOMROBHIRMAH RitROTR! deRyaiiRthe dftqalreisrapriatienting this
algorithm can be progaairgvechéoipteitt cirthé thetereked itrajeiotorimple motaionem siobteomantidgso as to ignore
such situations and togeesHNAIQEesHBAMRes WHilficigpidraskinginointsara tetesiedagain. With
continual motion of th@&&%rn%ma@gmv%é%g% 6’% %% 5%9?%@%%%9&8%'%99%%&\’&!#% gutfigient frequency to

even cause any ann ce W h users ﬁor ) d |s um number of trackmg points 110 to be

deo of accur, esira
captured in the image 8 or the re err ment% fo o%eralgepls%ur In the case when the camera

130 fails to capture tHOSMNRRTRIT AL B%?'?ﬁ"ff’é%%ﬁﬁ RS PR RN IR B MERAEE S me intervals,
the driver software wobidregersithe S eeRacen ined|eietiecn PRRAGIHED Ar DRRIgdotPaeMNMPIP8ints 110 has
occurred. [0062] Suchssituadmittsnmay arise when the wand 101 is out of the field of view of the camera

130, or prolonged obgoussti gy speAbiseher dhatRauesde thetiaskivgRaiNsichLisrl. The pad 160
of FIG. 1 will help avoidsuch, qituations .%smm@'% ihs: H&grﬁgt Equtﬁgpo}gmmmg} the field of view of

the camera. [0063] The dlst nee: bet een aS = {at(;a ing. poi ints 1 eﬁa{ve been cardefully determined to

minimize ambiguity when m erpr t'f'n%ret em on the Images §(5%9u'ren}ure B {he camera 130 so that the

position and orientatidA%8ftHE N8 GPPEPERSH Bty Pé%r?é‘tﬁﬁff@ﬁﬁylte SHEBC AR ABRERS use
small-size but high-poWwesr PRIt askRavievetingh brightnetestie-xpestglece may be a Voor L-
shaped piece (FIG. 6A), equilateral triangle (FIG. 6B) or regular polygon. The present

invention will work as long as the tracking points 110 of the cross piece all lie on a plane
orthogonal to the longitudinal axis of the wand, and the appropriate reconstruction
algorithm crafted for it.

[0068] Each tracking point 110 of the present invention may also emit or reflect different
unique colors or wavelengths distinguishable by a color camera. In such an embodiment,
speed and robustness of reconstruction of the wand’s position may be greatly increased as
it will be easier and faster and more certain in distinguishing the essential parameters of
the wand’s position. In this embodiment, the LED at each tracking point may be of
distinctive color to better correspond its location in the image to that on the wand. The
LEDs can also operate in pulsed mode, with camera’s shuttle synchronized with the pulse
rate, to achieve faster motion capture.

[0069] The present invention is also scalable, depending on the application. For example,
a larger-size wand can be designed for full-body gaming platform. Other conventional
control modules such as push buttons and joysticks can also be incorporated onto the
handle 100 of the wand 101 to make the device a self-contained full controller eradicating
the need for accessing the keyboard or mouse for total control of the interaction.



04/05/2005 12 size ratio that would ensure high resolution and low likelihood of occurrence of spots’
overlapping for reconstruction process. [0064] Another possible way to reconstruct thg positign of the
wand 101 from the relative positions of the tracking points 110 in the captured image 300 is by standard
3D reconstruction algorithms found in most textbookd ®n robotic vision and computer graphics
techniques, as well as in some related prior patents. However such algorithms are computationally

expensive and discoul g8 rd A7 frnE Y PeYAboNE S HRUPL 6 GG RFS 2R SR TR entation of such
algorithms is also not $#&&PalsIeEe  tPePtire NG FIIRAEICHE WaTH ¢jdv s HRgarBeRTevaidrthe present
invention of implementsstibiiom simple computing devices. As such, a lookup table, which is generated

off-line, is used in the poeigrredmainipciBie fots REMidaaJanldaEPensg smadaliiaxpenae of high
precision in tracking. JRistrageeiabreeiRenfHosnee Bdssiaple gwaﬁ@gmgrg%mgg&s[w%] Despite

this, the elements of tEe resent invention vyill stgl wor ert ms that rqjgonstruct 3D movements
I r m e rac

k Wltp al
thése sports equipment ma one b cin Ing pol Qf on
when processor capa flities are able fo-accommodate. such agorithms. [0066] While a grayscale or color

camera is usable und&PIRE PRAGHT AR I®IP ¥ineras optimized to represent images using 1 bit per
pixel (that is, in strict BPAER] afieoRiintodeasaseastdifiv) eshortddorerPrigngaia tragesassivn requirements are
minimized. [0067] It wkrsehéppireaikitednby atredskilladcml therarttbatspeads/aediapdiiiients are possible
under the scope of thengegsent invention. For example, the cross piece may be a V or L- shaped piece

(FIG. 6A), equilateral gﬂ@ﬁ%ﬂ'%ﬁﬁé%e%é’%f%rné%gh’llﬁé RUYIONqLEB R GSEPhsRvEBUANMLhRLK as long as

the tracking points 11 rgfetnrg%vcerr%ﬁ pi (r:]gzorael hlia(% on a mIzélrneI oryrlé) onal tcg thgrlorrl Lljtue inal axis of the
wand, and the appropFr)!a?e reconstruction a orithm craf;tl'ec[ for it. oé@] Each ?racﬁlng point 110 of the
present invention may}rﬁ‘%'%tf?ﬂtt?fpi’é’ﬂéﬁf“&}‘f%&é??f’ Orhgive eenere s s RAerrRheaartivmiighable by a
color camera. In suchcamespaboeRvReR, mofReeadneniael alehiat ess\ehirasath SRRIRTEIPRCHEINand's position
may be greatly increasggaase, isushliHaetieasierana tastestangberztng iCer aimndisdistinguishimgnthe essential
parameters of the waaghgrRosiliaRrtRJéiRRMBOERNITERAE B RuershbisaskiBdnRNEMBayde of
distinctive color o bellgr R asRARGS Jorating dodihe mACE R Il ATENARK. TR dfcPs can also

operate in pulsed mode W|tq cam ga's shu tle %¥%chron|zed with thg pulse rate, to achieve faster motion
cal’ner? the relative .p acFment BTG cameras are careiu FI one. .. .
capture. [0069] The present invention is also scalable, depending on the application. For example, a

larger-size wand can B sTgHEF RAPIERARSRY Saitg R AhiNes e Aleafivasagapd can be

readily implemented in a variety of programming languages at various levels from high
level programming languages, to assembly languages to machine languages. The
integration of the present invention to various gaming and CAD/CAM applications may also
be readily performed by one skilled in the art.

[0075] The present invention therefore provides an input device comprising a wand with a
Cross piece, a camera, a processor and an algorithm and lookup table to allow users to
overcome, or at least alleviate, the problems of the prior art.

[0076] Although in the preferred embodiment, the processor used is that of the computer
to which the camera is connected to, a separate, dedicated processor for interpreting the
captured images to obtain the position and orientation of the wand may also be used under
the scope of the present invention.

[0077] In addition, while the present invention has capability to determine the 3D, 6 DOF
input data, it will be apparent to one skilled in the art that the present invention can also be
readily modified to track either 3DOF input data alone, as desired for other applications.
[0078] Alternatively, as illustrated in Figure 7, the cross piece in the “T” configuration may
be disposed near the handle 720 and forms an “inverted-T” configuration so that the
tracker 700 could be in the shape of a sword. The algorithm described above can be
easily modified to work with this “inverted-T” configuration. Additional LEDs 710 may be
embedded along the two main axes defined by the tracking points 110 in tracker’s body for
indicating the states of the corresponding push buttons 711 on the handle 720.



control modules such as push buttons and joysticks can also be incorporated onto the handle 100 of the
wand 101 to make the device a self-contained full controller eradicating the need forageggging the
keyboard or mouse for total control of the interaction. 04/05/2005 13 [0070] The sensitivity of the present
invention can be increased, say for tracking a surgeodris hand, by bringing the camera nearer the wand or
by using cameras with higher resolution. [0071] Alternatively, more gross movements such as the swing
of a modified racket, 387 9r LN FEY BN L 588 R THE LRt P hway. Capturing of
images from these spHRSBYIHINEPG SREYDHATBIN DY PRERTY W ERIPR)BeiivePeRiEtHAAEr B Re
representative simulatecliegipthenmod®Qu230Rsaediievel by B-adFarcephtnearehasiy fatbisor capturing the
images and the sensipgty.65iraskiogh maycatsedenseb hansathasRrasesseeeRepsistiend sapabilities
increase. [0073] Whilg thg quﬁ&qg@gp@,%m%g@@p&gg%qggggﬂdgwp%ﬁig@, [Qid'mplement the present

invention with more than,ane camera, I more Ian.gne camela ate usedm f130gyalon. (eehpiques may
be used to better reconstruc??he ais?ance of wand from the . ameras.ggf!he use ofn more cameras also has
the advantage of impr8VEY BHECPARoI S oTEr A JUeh TR e HEY 168 ARSMBP RIS URrating if the
wand is obscured frorYB#fePecEiAér detSintie die alieRinahtnal b Rbgan eLa8V 8P atjeeofupstberre! in
ambiguity-resolving, asrire-theersituatikpace/hehhspetsiawdntapipiegeptdivbeamanehead@eadtiwill unlikely to
occur in another camgiadhibigiseiatdgnphacemeatdibess eameasiag rare oy earafd74] It will be
appreciated by one skilled.iptharartAhat Bhﬁoﬁé%ﬁ'%m%%%@ﬁﬂa%@ob&e Feadly inRemanted in a variety

%

S

of programming languages at yarioys '%%%Lﬁefé?%kﬁ‘rﬁh n ‘f‘ld?“?ﬁé%@{ﬁ‘dé‘gf'%ﬂ%%%%ﬁg f9 assembly
languages to machlnen]anguages. & integration U le present iInvention 1o various gaming and
CAD/CAM applicationSIhR" 4188955 Ye RN 9 FENHBY By She Ernelgdh tHe SR [BRYPEPI%E present
invention therefore pré\ddecaapeirigetitict twean pirfisplgy AR iR as EPOsEIpideanarsaiasiora, a
processor and an algonithirrscand tookespstabileotdy alibweiSBIsrtonitokencalkogrofdat lebsDalfeviate, the
problems of the prior aHeiRPEhAItBRMERIAIRS piafer bR MolbadrReREBREUSRAIS that of the

computer {0 which the, ARl AP RASE S dona RERRIALE AECICAIG /I SRESPLIOS aletpreting the

captured images to obta eogeqsmnon and orientation of the wand may also be used under the scope of

t
the present invention. e?f\n aaait'ion,.while the present invention has capability to determine the 3D, 6
DOF [0080] 1t will be appreciated that although one preferred embodiment has been described

in detail, various modifications and improvements can be made by a person skilled in the
art without departing from the scope of the present invention.



input data, it will be apparent to one skilled in the art that the present invention can also be readily
modified to track either 3DOF input data alone, as desired for other applications. [00yG]sAgEnatively, as
illustrated in Figure 7, the cross piece in the "T" configuration may be disposed near the handle 720 and
forms an "inverted-T" configuration so that the tracket5 00 could be in the shape of a sword. The
algorithm described above can be easily modified to work with this "inverted-T" configuration. Additional
LEDs 710 may be embedded along the two main axeStRMSed by the tracking points 110 in tracker's
body for indicating the states of the corresponding push buttons 711 on the handle 720. 04/05/2005 14
[0079] The present inyantjnseoudsaredsedidns ERCdae 3 snosalaiuns PRIRtHA gikpation in shooting
games. As shown in Figure 8, anly Llaﬁ%%sq cking points 110 would be required on the model gun 800 to
achieve full 6-DOF hemisg he[cijc:tal }(rackting or this aﬁppc%ti?n. Thi .can be acthie\éefd due to the fact that
the nominal set of opérafiona .pggeerc\)"f'{henéﬂﬁn enr?r?uc .%rﬁsélférr.a fan 6‘8@?&553\/&8‘ of 'rgﬁ, and such
additional prior knowledge G®s25ettivPEaH B IS RAT e e gAY sAYRIRthRHB Imize the use
of minimum tracking points.t¢ierfrshese hirestareRriprivseirts, ttarking pointirarafitigsaleptaithveh would be
able to determine the directioataftilediinesainsigitgd 6 BaBiaf thietgean sdawelddethiee dienensional
space and hence the point-gfsiie epRbRIRRALYERNHIekRS RfamNG-HINEARIA8A) §€gMent on the
display screen 810. Additionﬁ%x'ﬂ?e@%?o@ii‘hirﬁr indicating the states of the control buttons 803 and trigger
804 may also be mounted along the two main axes defined by the three tracking points 110. This method
of gun's tracking has %‘8%%5 %‘&vgrr?t%{&’easr.‘ Bver existing "GUNCON" tracking technology. The main
advantage is that it c&h99&! QffiPEWaRA%h all types of display hardware such as LCD, Plasma and projector
monitors and not necessarily only with the CRT monitors. It also provides full 6-DOF tracking for

additional locomotinr epottelseaon s apetiapaviteo titkeo tunaecd egraced d uadmndiradaigesisisplay. There
is also no need fOYéﬁ%Ha@wJﬂﬁFﬂﬁyﬁFmeb@M&ﬂﬁl&% PURyISRAE mmmeﬁbgmm@g&%u Wi”_ k_)e _
appreciated thal aljogl ane.pLefiited RmealbpR Rernudesriied dn dsialhapays, modifications

and improvements_can be ma y a person skilled in the art without departing from the sCope of the
present invention. BAIB7268545 Claims An input device with three-dimensional, six-degrees-of-freedom

data input for a computer, said input device comprising:
3. The input device of Claim 1, said provided algorithm further comprising:

identifying projected positions of the tracking points in a captured two-dimensional image;

identifying the projections of first axis and the second axis or plane from the captured
image;

determining essential parameters of the arrangement from the identified first axis and
second axis or plane;

obtaining from a lookup table essential information related to position and orientation of the
tracker; and

reconstructing the three-dimensional position and orientation of the input device for the
computer.

4. The input device of Claim 1, said input device capable of being modified to only determine
its own position in three-dimensional space.

5. The input device of Claim 1, said input device capable of being modified to only determine
its own pitch, roll and yaw in three-dimensional space.

6. The input device of Claim 1, said input device further comprising at least one lighting

means.



A handheld tracker with an arrangement of a first array of tracking points to define a first axis, a second
array of tracking points to define a second axis or plane orthogonal to the first axis, yithsgigtances
between the tracking points carefully selected such that a two-dimensional image of the tracking points
can be used to determine the position and orientatiori ®f the input device in three-dimensional space
using a provided algorithm; at least one camera; and at least one processor. 2. The input device of

Claim 1, said provided MR8 ARIH S LY pbrigld Bt dadt THE FLORRG PR AIE ERBEFEEA Within the tracker's
body in such a way theRins far&siEeatEe dlegirieicenirtheteapaverd imingd@skfthin the camera is used to
determine whether the tracker is oriented towards or away from the camera. 3. The input device of Claim
1, said providea algorithemfurthepeeRpdgRgicicentfyngdsriestiad Roatobsetdhe dackngpoints in a

captured two-dimensignal,imagesid FeifyiRg g RLpigctions of first axis and the second axis or plane
from the captured im%q]]gf'1 ﬁ“eF rmi@igg des,srgacpfﬂﬁ\}l1 %?arameters of the arrangement from the identified first

. . e _waB , w% com I’ISII”I%F reference.spine;and a cross P|ece L
axis and second axis or plane; obtalning from a lookup table essential information elated to position and

orientation of the tracker; afdRECHAVATEARR tHE LU ARSI NE FELits LHE 6FERAABN of the input
device for the computer. 4. TR RiggtiatgiceBrERamPrLr dbidf iakinde9iie capable of being modified to
only determine its owat pasiticcamtmee-dimensional space. 5. The input device of Claim 1, said input
device capable of being¢nadifigireplyAetermine its own pitch, roll and yaw in three-dimensional

space. 6. The input deyice Ofi1a4p & oSRIChINLEHEY R SHERGLEIM IRING Ak eastAns. dgtiing means.
04/05/2005 16 7. The inpit device of Clalm, 1, sauc eut device futher omprising, one gr more signaling
points for indicating the state GPEontror buttons noused In the rac%r. d compute? ||%’pu¥ device
providing three-dimensional 8% HRYIEEEF-freedom data input for a computer, said input device
comprising: a handheld wand, said wand further comprising a reference spine and a cross piece

orthogonally-dispoSediwititteing itdivalsavie efrthes wankohy thenr eferdadee s pithéh dredvand’s handle
in such a way that its presence or absence in the captured image within the camera is used to

determine whether the wand is oriented towards or away from the camera.
10. The input device of Claim 8, wherein said cross piece is disposed perpendicular to the wand.

11. The input device of Claim 8, the plurality of tracking points of the wand comprising passive light
reflectors and where said input device further comprising at least one lighting means.

12. The input device of Claim 11, wherein said at least one lighting means is in a ring form co-
axially disposed around lens of said camera.

13. The input device of Claim 8, the plurality of tracking points of the wand comprising active
light emitters.

14. The wand of Claim 13, said plurality of tracking points comprising active light emitters for
different wavelengths.

15. The input device of Claim 8, wherein distances between the tracking points are carefully
selected to avoid ambiguity in the determination of the position and orientation of the wand
by the algorithm.

16. The input device of Claim 8, wherein the camera further comprising zero or more filters for
selected wavelength range of light used.



cross piece further comprising a plurality of tracking points; at least one camera; at least one processor;
and an algorithm able to determine position and orientation of the wand from two-dimgpsisgal images of
tracking points on the wand captured by the at least one imaging device from a lookup table. 9. The input
device of Claim 8, wherein one tracking point is embedtied within the wand's handle in such a way that
its presence or absence in the captured image within the camera is used to determine whether the wand
is oriented towards or AP TY CRIRS &2 PYHE YIEH I G_VRBRIFEI AR BIONHR AifPEaid cross piece is
disposed perpendicul&piBaR Qg viewPhaaihpifeidvice of Claim 8, the plurality of tracking points of the
wand comprising passive light reflectors and where said input device further comprising at least one
lighting means. 152. The\dnput eisiies: ofdlainelilspheiaissaier atdpashoae byhbnrgsgaans is in a ring form
co- axially disposed arginpdJansQfiRail camef tontar bl RS NRULLEYIRE W& laim 8, the plurality of tracking
points of the wand comprising active light emitters. 14. The wand of Claim 13, said plurality of tracking
points comprising active light emitters for different wavelengths. 15. The input device of Claim 8, wherein
distances between the tracking points are carefully selected to avoid ambiguity in the determination of
the position and orientation of the wand by the algorithm. 16. The input device of Claim 8, wherein the
camera further comprising zero or more filters for selected wavelength range of light used. 04/05/2005 17
17. The input device of Claim 8, said input device further comprising a pad to help a user estimate the
field of view of said camera. 18. The input device of Claim 8, said input device further comprising one or
more signaling points for indicating the state of control buttons housed in the wand.



