; hi e3ei f (" 6TDI*C00002* COVPUTER | NPUT DEVI CE TRACKI NG SI X DEGREES OF
FREEDOM Field of the Invention [0001] The present in | es to
conmput er i nput devices. [002] In particular, ‘this mve“ﬂnmmmmwl“m lmts to a

conput er input device having a plurality of tracking point %@Pd an i magi ng
device to allow entry of threedi nensional (3D), six-degrees-of-freedom data
into a conputer or gam ng device. Background of the Invention [0003] At

present, the main input_devices for conput elré are the keyboard and a
poi nter device comanpMJl?UJcEB INBUJ-DEY EC'EWM m ng pur poses,

addi ti onal devices such as joysticks and gam ng consoles wth specialized
buttons are available to give nore input choices to the user in the gane's
virtual environnent. HowevelX REGREES QkFREEPOMhal i npu i d
for entering 3D information. Mdre recently, "conputer int erfgmﬁmmﬂm‘ﬂwmna
such as gam ng gl oves, actually worn by garners, are used to I nput err

choi ce of novenents into the ¢ e apes. 004) Despite thi s”ﬁﬁ@f hor a
of input devices, no satisfact %F‘%gh@%ﬁ&wﬁ&%to accept the desired

novenents in geevfl Thepidsedit irventi dlgles télcoputedippaviiedess novenents for
certain conputer ganes. Another possible application is that of

synphony- condUeazhdnparisylan ifdnventiep relatesdna sggmprtel inpriglevigaharing o

per form magi c ri i . i f _keys
Bnd rolling ot PRERYSr hicABERI 3aSHTIAY Uedel o BHOREn BRI OXG
movenent s for dilmengionalig8D)p bixeddgrees-ofificadber ddte intord computer o gaingnput er
ganes. [0005] |[n,addition, other applications beyond the real mof conputer
games such as M{Sut er - ai ded desi gn and conput er - ai ded manuf act uri ng

(CAD) CAM work, require three-dinensional (3D) input when nodifying 3D 2
renditions of designs. Current input devices do not allow ease of use of
such applications. [0006] ThBaekgmroainchofithellmiesdiony exi sts for an

intuitive, direct and ergongn c input device_that enabl es representation
and i nput o Db VARIRPE T pihe. el MPH JoVsRs (S ey eVPeRY
Summary of t heardy pRiriteNdéHES bmmthIP EaReNA “IduSEt IFdR coRfiRer garRingVi de an

i nput device with threedi nensional, six-degrees-of-freedomdata input for a

conmput er, sai (PUrppeRS, delditonat deyices Buch as jeystigks)ane gaming enaseles ajthof
tracki ng point gef i 1L St axl . . r g poi nts
to define a Sesiag "gg{j gr&gtpﬁf)P;%év%lm%booﬁgﬁﬁﬁg@qﬂéﬁﬁ@’og?ésafg @8%%?91@

di st ances bet iherRanies Liriek endirgiments Heweber, theseedreaivocdifiemBidnainpait

t wo- di nensi onal i mage of the tracki ng% poi nts captured by an i nmagi ng device

can be used byl@¥ignsoesaskior enterng: &P imaenatien. MateresAntindcempEiat i on of the
I nput devi ce iifdrfAc8RipHlaf@SsiXiths AR YRVAY, ActBARMvERTbRbaRierd Hre

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 racquet, club or bat-
swinging movements for certain computer games. Another possible
application is that of symphony-conducting baton movements or the waving
of a “magic wand” to perform magical tricks in games. The combined use of
cursor control keys and rolling of trackballs do not satisfactorily convey the
user’s intended movements for the virtual object or character he controls in
some computer games.

f0005] In addition, other applications beyond the realm of computer games
such as computer-aided design and computer-aided manufacturing
(CAD/CAM) work, require three-dimensional (3D) input when modifying 3D



[ 0008] Accordingly, in one aspect, the present invention provides an input
'devi ce conprising a wand with a cross piece, both wand and cross piece
having a plurality of tracking points, at |east one inaging device, at

| east one lighting nmeans, and at Ieast a processor. Brief Description of
the Draw ngs [0009] A preferred embodi r?ent of the present invention wll
now be nore fully descyibed, by way .of exa reference to,the

dr awi ngs of mﬁﬁ?%‘%“%%@ﬁ@?s'@%gﬁrr?’%l'UE‘EtrdﬁV Saﬁ‘P BH{)%!ﬂVYrﬁﬁﬁ‘EB Us ef pr esent
invention; (0QLink ows the translation and orientation of the wand
fromthe origi ngﬂ‘ ?@‘%&ﬁ?‘%n in which its franme of reference coincides with
the imagi ng d¢adosk Therefans a)meedatleadn@a;s@ @0 By infelitive, Blinect asd eegaronhiow t he

two main axis.of .t eterm ned, i.n the. teratjve rocesof t he
oot Pt ittt eSich NG oTalEs Fhprensitation Ahaghbst ¢4y Sbfo
enbodi nent s Ofusbﬂﬁnwagrn?htér%d?@ﬁmgtdé\%ntI on. Detail ed Descri ption of
the Drawi ngs [0014] A detailed description of the present invention wll

now be given in accordance with a preferred enbodi nrent of the invention. In
the follow ng description, details are provided to describe the preferred
enbodinment. It shall be apparent to one skilled in the art, however, that
the invention may be practi cc3ummanyef thednveetiani s. Sone of these detail s

Ty ot be, deSgiorp shebrel eihle it el ol o dBE SH b BeViBy it e, 0015

It is an obje IIVERTT on oto provi dEPaR T evice for

conputer and gﬁmensiodawsis(edegrbas o&@t@@ﬂbn&ﬂhtaﬂﬁpm forboom;anern lsaid iapuect of
the present invention to provide an input device for corrputer and gam ng

devi ces that &eViER qq«@om%w aalmartsﬁnaﬁnt.qﬁpeﬁ@é@ys@ raskiRg-Poip fieof
virtual obj eCtaSﬂHﬁ{‘ahQ fe&sﬁ@érrﬁ Y)'f’f %mm@'t& Eﬁ:ﬁ’éﬁ%"ecﬁﬂa%’%@‘& i nput may

be perfornmed with mnina roces S so t at t resent 1 nvention
can be used |rplmerpntlamgonamb trmrfmst aklssmtb)dpm:amembeiweﬁntthe$raahnhgqmmhsg

devi ces and not uire C ces resources m, ot

concurrentl y- P@Fﬁ{e %@ PSE""@S@'@‘ tp‘f’ﬁﬁ%’/? dsﬁ’?@”?'@P MJB&"‘”‘CEWQ PQJAtSi ng

devi ces” i ncl lt@ﬁturééltb 3efne| ndt; Ué\/'béd:ahcﬁe ased Sbebé‘é%dﬂ%U@%rHWé require
3D i nput such as CAD/ ations, "persona uters", dedicated

conput er gami flge ooa@on@@damemmrt@fsthep@p@cﬂemcedmghm -dimarisionahspacand

dedi cated pro ng i mages captured by the present
i nvention. 8‘%&]9 %ﬁ&?@d%&@%ﬁgﬁwadvam ages of the preferred enbodi nent of
the inventi on [000BF Axdvdlhgigeinidne Q@péﬁteth@rdré%tﬂﬂﬁmhtmrﬁrOVEeE%tm ut

swordfighting thrusts and parries, 'g' drives, or racquet and bat SW ngi ng
novenent s des.deéweocgpmerﬁnag Arvandwith & ¢ress einge; bathewand @ndqigst Biecganes can

Advantage | s 1HLNG PREARE M REckhiAfiE, AIERH nd Biha BByice Ahel 2l on

such as pai nt iong leghting cnearis, rgdsdtledsta processart ual artistry, or

Brief Description of the Drawings
[0009] A preferred embodiment of the present invention will now be more
fully described, by way of example, with reference to the drawings of which:
[0o101 FIG. 1 illustrates an embodiment of the present invention;
[0011] FIG. 2 shows the translation and orientation of the wand from the
original condition in which its frame of reference coincides with the imaging
device's frame of reference;
[0012] FIG. 3 illustrates how the two main axis of the wand is determined in

the iterative process of the algorithm of the present invention; and



4 even precise mani pul ations of surgical instrunents in tel emedicine or
surgical training, can now be realized wth the present invention. [0020]
The invention includes an input device using an arrangenment conprising a
first array of tracking points to defing a first axis, a second array of
tracking points to define a second axi s°or plane orthogonal to the first
axis, with the distances between the points carefully sel ected such that a
t wo- di mensi onali®013kalk>.of showus twe eribadirpents: of thawand Qfdbe Presentdrvantiqe. t he
position and orientation of the input device in three-dinensional space.
[0021] Referring nowto FIG 1, an enbodi nent in accordance with the present
invention is illustrated. The array should not be seen to be |[imted to the
enbodi nents descri bed. Chﬁ Lﬁgﬁﬁt of, hefﬁrﬁf red enbodi nent of the
present invention is the ﬁgﬂ gseraptian i d aWMB9s a | ongi t udi nal
device that i spfidSAfitaifdd desthipbl b tHEayida8nainhaRtdrewinsov 8@ g{'ﬂ?@h th
reference end 103. The user manipul ates the wand by graspi ng

subst anti al | y accartdendeawitha@ preferrgdemppdimentoyd sheinvestiordinitsedoliavaggnal | y

di sposed near fthe refer end of .th nd..ln the preferred,.e | ment,
the prane o +fecrRef GRals SREpividsitia Pitripe fné REBrB0 BeuRERE b hal
axis of the wagkhll Jéappaess tdbes ekifled imthedaf Rowaikr eihae tHaneniien fhay
substantially strai piece of material although cross pieces in the shape

ht' pi. : .
of the letter bepragticed without such detailg eemerofiBesgdetailsmyaynatbae used.
[ 0023] Dispose ; J C is a first plurality of
t racki ng poi ntge%btggggmpﬁr?%% @@t téﬁbt@;cgﬁﬁﬁgﬁg%qdr@s is al so disposed on
the cross pi ecpo15]hikdean bbjEct ofitheopresentlihlention toepravidevan inpahtedse férer s or
passive light reflectors. Q024 e case where active light emtters

|nt
are used for t$RIMPYEERNEPasRINg ,‘“Cteﬁén@h?‘fqe@ﬁ 3DJRBYY d be capabl e of
emtting |ightg } [ LSyl t ; i b Qkis, can
be. capt or ed frSoick S, #GREL bOREt of e Serttintqition BprbuiBE kR RCAdVie:
el enent of t hefopcosputer andcgaming deadcesothgt atiow kg repreductiorobkiotenslédand ar e

within the fie f.ykew of the i.maging, devic 002 The wavel.engt hs of

[ aht "usanl e r Sy Db R Ements ot Vi BRI R tha Nt bprEsament: BAE o

ul tra-viol et |fypBtof moverh&3RputiMay be parRireedasitiemriMalprdceskbe t racki ng
points are passive infrared reflectors and forma "T" arrangenment. The
preferred shapdedandsse that theesesantanvantignsaniesused imsimpler, amglleber or bal |
wand near est +es RaRaNeYe cartiers HOBGHAER ddbikels e ot el Mo RRUGH' 01 "
in a globe or pakcksshrakeosttapdiont bttrericonckiregtypainting provekyes! i ghtly doned.

For nost applicati o_ﬂs, the wand is not nore than 30 cml onlg, a | ength that
caters to a wi Q17 ahle tefms, computer and “gaming dewges” inqlyde, Btaradboi nts on
t he wand, wit hy; j ' d ird ' r t.
There are tuo IRk oramy UG el relre PpaniaEeh S CADARRRL! o
preferably abldugrIGtath:\lnlso‘r‘rgprs@maEc_omgqter(sQOMi@tteélcompel@ggammlfg_ cdmsotmsescra]nt
pref orred vavetdhgeverSsa deth asSRae S debesirtarksorirce 130
such as a canmep@cubiilg HAERES BBPUAEY by Bhé prédentifvetibgonduct or (CMOS) or
char ge- coupl gg'ﬁdevi ce (C@) sensors. I n the preferred enbodi nent, one

| i ghti ng neanslogtéll breyeiaraghany advantages oftedpreferrachembodiment adéhé ce i s
connected to a

The pr esent i nUBRETE GHeyeyatidge of vRESERHETrbaitSitis B b iy e

of choi ce. Thethrigigtantirpamiédgydif diviesner fRduetahd baeswRgirfmovemenkie passi ve
tracking points and is captured as bright spots by the i nagi ng device or

camera. The i ndgfiieg Byusersin the wrivabeRAfamentof carpater-games 5RB OE¥sRE .

[ 0029] The pr i i 4L i of view and in line of
sight of the ﬁn%%'{e#gmégﬁdégg%ﬁﬁgég\ﬁrrtg\rlﬂé‘gmfﬁﬁésﬁﬁ?%éerﬁéoﬁéal position for both
the |ighting neetrsy Anothehadvamtggeds thathitheédo unachiesablprimputmodalitiestfbe

di spl ay screen of the conputer or. gam evice with both the |ighting
Teans and_t he ARRIGPRG S BHHb &5 SMUBE T HRIRNGF T GRestlor REUahRUSEY of" space i n
whi ch the user desires to wield the wand. [0030] To help the user remain in
this volunme of space covered by the field of view of the inmagi ng neans, a
pad 160 with a border marking 180 may be used to help the user estimte the
field of view of the canmera. A circle 170 marked in the center of the pad
hel ps the user to center the wand at the 6 start of the application or
gane. The surface material of the pad is also selected to mnimze
reflection of the light used. (003e Al transfornmation paraneters rel ating
to the wand's position (translation T=(tx, ty, tZ)) and orientation such as
pitch 201, roll 203 and yaw 202 are expressed with respect to the franme of

Y Y b1 o o




[0032] The wand's frame (XW YW ZW is assuned to be aligned with the
canera's frame (X~, Y~) Z~) as an original condition. Any point on the wand
w= (X, Yy, z, 1) is transfornmed to another point w _ (x', y', z', 1) in
the canera's space by the follow ng "XYZ fixed angle" transformation:

W =T+RZRyRxw where Rx is the pitch rotétion matri x about the X~ axis; Ry is
the yaw rotation matr.i x abaut t.he Y{,- axislang RZ its'tCe? roll.rotation

matri x about Wgnflegﬁ?@T@6@§§l0%8 sWoiE NSRS Sheypedising 9 i ght spot
to each other gyfgieaafaifingt Bas Ao BRdlised At the préSemasimmayi ng al gorithm
of the present invention to reconstruct the position and orientation of the

wand at each 100420] iThednventionrinckidesiasy inaut deviee usingranagangemaake
correspondi ng i I | egd:- Ay, & eL e virtual
envi ronnent . [cggﬁ %g?&t%@r@ﬁgfcﬁneqc ‘g@}s’fS% Ooﬁéimgfa t'%g a? @aéﬁeﬁé’ﬁ@oi nts of

the wand in t kerdynsfgeackingcppihts tedidinetnsecmeads ar plansesthoydniaétopthes ent
invention to reconstruct the novenents of the wand. f(003y Anot her Ri ece of

i nformation t Hisst gxis, yttythedistaacas 9?5[\*&%‘ %’\Stﬁ%_é@ﬁ qarefudly (§§?Cfﬁ_da%‘éd's _
tracking poi “%fmﬂ:ldﬁﬁ ae/ﬁémﬂﬁgé tomefﬂablﬁp{%gglrﬁﬁkﬁg bggustgpqto'dé%@m%ﬁé in FIG

3) and the distance between t rac por n he wand near est
t he cross pi edke position\emdusrieritation ohthednputdievidesid thyea-tiendnsiena8 8pace.The

ti f th t t di tured th . dinth
Faconstr uct i ol HAISHG RS BT g et ERY I 2 ERee VR30S onmont
represent ed b?rﬁ%\iht%%tiohqgﬂﬁﬂstrﬁ&i. UTRE birBY sRBUREnct He Sekr fofpeVimftegear est

the handl e en not be captured by the immaging device, depending on
whet her t he wdnthé embodiroentsriesgribedPae etamentof the preferedievabedigenéyi ce.

coptured i mmodt 17 PHEEHE InvbRfaR i< B hplb i Rinsyfirhiet % bBglaial' 5.,
or five trackide@ideothat i quUbRESitially Btrhlyht bapingehahdle@hd H0tangad by the

al gorithm of the present invention to determ nate the |ongitudinal axis and
the included dffarence end 183. {Theuwser manipulates the wanq by gmspingit 3A shows an

exanpl e of thes ngag] agia{{h% ﬁéﬁ’oﬁ’eHﬂGCki ng points in 3D space captured by
the camera in 2 representati on. is possible to join any two points to
obtain 10 | i nqgeo22FIAcrosB)pi¢c$20 isTorthadayally disposed Incae thenrdfgrencemsnd ofg a

first 320 of t 0 ible | i th apot f these 10 i bl
[ nes o dot eth NEnKh i prefired Pbodknen; TEnane BE YA RESS SRS 21 ( F1 G
3C). This pro“s%%tdrﬁia\f/l\f?%%t%ﬁ?o fl‘@’loH?ﬁMﬁﬁFﬂié’bfﬁWﬁﬁ& The o pieBeof G 3D)

until such two Iines is relalionship are found (FIG Thus, the
| i ne 322 t hat thé peeferredremnivadimentis a substantiallygstraightpiecarf matérialhe wand.

The line 323 bein isected is.the |line fi , the trackin oi nts of
The cross pi eclhBARRCTES PiERes in M8 sting Tos BEtr V' R IR RERhaliE BhS Duo
axes have beerpdlgifinsi hagdisybd sedl gorithm the intersection of the two
axes defines the ﬁosition of the reference origin 104 on the wand (FIG 2),

the junction d#028hdispesechon the wapdoar itprefeeencerend.iis afshRid@tityeef by t he

Phese tuio axedragkMi iRt A rebdPiurally 8 fatliflpolite o 286 ihsBBREe 70
can al so be defresspieed. Thesirhcking pamtando ey bie actie lighttdmittersge, b 325,

the angl e forned ?)/ the projected axis of the cross piece with the
hori zont al axiRasgivetligbtr '€an al so be determined. The degree of roll can

t hen be direct i ang% onhi i iﬂé‘ltr Skind he
transl ations t[i&gﬁiﬁ{tl@‘ggﬁé’%@%ﬂ??eét @rﬁr?tnﬂe@%fsg%ree from% e %oslri\ ion of the
wand' s ref er erpminter thgi emidzés shoultl deccgpabiecdf @émittirg ligiRtdn 2 diteetioBstTHI$ t
information required . s . whether .the | ast track] pgjnt_ 210 on the wand
(nearost the S ARNERhE TEineoit B ot Ot PAvERl Piariations'of e

wand by an imaging device, an element of the present invention, as long as

they are not obscured and are within the field of view of the imaging device.

[0025] The wavelengths of light usable range from infrared wavelengths,
through visible light to ultra-violet light.



8 This information is represented by P5 which is 1 when the point is
present and 0 when the point is absent. [0044] Once these essenti al
paranmeters are known, the wand's position nmay then be reconstructed or
obtained fromthe 6 DOF information st%ed in a prepared | ookup table that
perforns the mappi ng: <8, di1/d2, P5> -~ <pitch, yaw, |~ 12> where |li and

| ~ are the projected distances of ejther: a. the twg tracking pqints of the
roes pi ce . (BORLII0 88 BrETgired enabRalimest dhe yasKnarROtS,Are WaERABRTIR e300 on
t he wand from ' | Gl i j i mage
when t he mnd'réhg?tpgélﬁ%n?g&gﬂt gd?s%ﬁﬁ?:%és%?ﬁgwt% Wgégeéﬁargéﬂ%ecﬁa%ﬁﬁer limt

z, and the uppbese tracking'poirds etiiat véb\glols ot ball tesmlakieniae eeflddtiog ofdighe from

th , wher e .t h 'g ori ion is.at th ifjc pjLch and
yaw orven - cihe Feisptig TadBEackith pE B Ve b Bealrt 456 Rehitererll 1figs ™"
defined i s i nppistandckity bbit] apkidaq!otbleid'sa BRER AR GIbEE shasednn thi s

usabl e operational range fromthe c : e usabl e operational range do
not |imt the tackihpoinhiseanly slighily danaedgeeranpsippriicgtions the wangris @et and

deakt op. appl | (HPEERRR e iGng ¥ Hob Ty RREARRERY s B8RP ob B THeR o "o
respectively. 4r@Gdfdastiwo diagkimgqmints,ori the wirsd, avitretheée Ebmts beingl at ed wand' s
origin fromthe canera can then be approximated fromthe follow nﬂafornul a:

tZ = z~ + ((Z.prefeiably,wainear aftanqamemtu)ﬁhareiarewér@sking Reints 2t either 4 ((zu
- zi X (h - = ol ~ 7. " e i nventi on,
t racki) ng l(Jser é:}n}%)ﬁvéaf(rrtgﬁtdga%% p'tehé “&‘é‘é{g%s‘?%fa‘%ggﬁnalbé’w g%ﬁhﬁ‘ﬁﬁg '??ie relative
pﬁSi ti 035 of tibe27] r@mle;agarp@rhtstoﬂheiptagm ir:ivagtiodnmoaMatlbaktqnﬁarbgmmgrs of
the wand's position orientation, an en reconstructing the novenment in
the virtual " eUFRenABR ProtREREHN tha els ey Svale g bIenpR AU od i o

intervals for &feélﬂw@ﬁné@ﬁ%phwecgnfsd Wé%ahaﬁetrémuﬁ@om |eﬁqébr£e?9 ] It

wi |l be appreciated by one s In the art t ere I ositions
in which the dnetal oxidpesersicenductars(GMOS) ar chafge-teupled deviced@CRY t he wand
itself may mask one or.nore of the trackin int.s fromthe line of. sight
of “the caner a cemas Thi1E pisFeed Shpocitfignt SoR3iaPhife mieally ali ond fugeind o
accomodat e suidvicd isUmsedar thEamRigiig §6VBe isésnrdcted & a ?Fbce%ew.dr iver
software inplenmenting this al gorithm can be programed to predict the

i nt ended t r aj 46928} yn@pepiinsnihg user araspsidiriwand & thepresest tvention anduat i ons
and to resune i Mol i | ot f d

2gai n. Wi cORPrRIER: The S HRanpithg i Aal SEACL BPQRALE, TBIBERLFTHES,
expﬁct ed to ?dightingviﬁbhrcajéfréftéc&ed mgrbnetlmmsf i\{(e)traMdnlg pahﬁfaaﬂfrsheapitop?hce |
W th users. (0049.The m ni num nunber of tracking points for the preferre
enbodi nent i s 35RMY t|SR°t%%Y"§&'@mdﬁwsemfﬁ? -nﬁr‘ﬁ)g?agif‘gtﬂr"% W poi nt s

cannot be Captt#ﬁrﬁ%iféythbhﬁ\aig@ﬁgitﬁ@ rEiegopfter a predeterm ned nunber of
time intervals, the driver “so tvvaPe used would alert the user that an

i ntol erabl e olfee29} atheopresent ingenticrcworks withinttbe fiekl afodew rand. inflioesd] Such
situations nmay when t he wand i s out th of...vi

canera or pr o|3ﬁi}é°§?%%£€ﬁ$'89idﬁﬁf'cﬁws%%e’8bﬁt S ﬁﬁ%@%lagw%%" gqle_/ t%fﬂ@;}mee
lighting means and the imaging means is in close proximity to the display
screen of the computer or gaming device with both the lighting means and
the imaging means pointed substantially at the volume of space in which
the user desires to wield the wand.
[0030] To help the user remain in this volume of space covered by the field
of view of the imaging means, a pad 160 with a border marking 180 may be
used to help the user estimate the field of view of the camera. A circle 170

marked in the center of the pad helps the user to center the wand at the



1 w|l help avoid such situations by rem nding the user to keep the wand
wWthin the field of view of the imagi ng device. [0051] The distances

bet ween the tracking points have been carefully deternmined to mnimze
anbiguity when interpreting themon thz&inages captured by the imging
device so that the position and orientation of the wand can be rapidly

reconstructed 0 An ther OSSI bl 0 recons e position of
t he wand fromsf%g ?é{eeﬁﬁ igatiofy fgﬁ'ﬁke f‘ets‘r{'étt ace JeateHs %ﬁﬁﬁtp? i 3% capt ured
i mage is by S%@I&?é&’fﬂrﬁrﬁﬁi&‘%ﬂ"eﬁﬁ&h%f‘tt@l tlugggs found in nost textbooks

on robotic vision an uter graphics tec ques. However such al gorithns
are conput at i ¢e0st] ﬁlmmsnmlmmranmtewregﬁmgdalthe wmdcgop@smd)mns in

typi cal conput h, nt a on of ,such. al it Iso not
desirabl e at t Qn?l?@@" if'&f Hy: érs'g H%é'gf' asbucptasg%%cg\ gg{a E?ﬁ? a\fquf t he
present 'nVentZOerar@fexlpF@els@alﬁmrﬁééb@cttbﬁr'e'fﬁérﬁe@@?@féféﬂ& ﬁQMeffrﬁé?ln@S such,
10 a look up table is used in the interimto provide a reasonably fast

response ti medeypesy syt (Kot Y, L) (FH@ élenents of the present invention

b ocessor capti] e e POt 2 Biadethhed o BP SRORA A 8 05 1

the preferred camerdisfeare (Xae(cl lZg)rés a@ osigimat eonditian. rAmgpd:rngbh tiegmisiainidng

| i ght substantially in 750- nm,  nmounted in a, co-axial a]égemant
around the | eN6=d¥X: Yr?eQM?'&SfO["GG@@? aFPtheFQHt”t(W = Xn¥rrd ¥ ength range
is used, suit t eklvech " g points,
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i nvention, canmeras optim zed 10 represent inmages using 1 bit per pixel
(that is, in strict bladkiathe vali otatioppmatirakautdng Zi axisr ef erred as data
transm ssi on requirenents are mnimzed. [0057] It will be appreciated by
one skilled in the art that many enbodi ments are possible under the scope

of the presentodagy ae refativEPosttiongidf@achiiRight 656t i dthgr ibeeathV or
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a col or imaging device t he ting source may
illumnate w umageasmwtwregrhy taad:ammraraereILBednwéhe:pwsrenglrWEntith racki ng
points are sel ec%qﬁg ref ftﬁ1he C ci or of choice. Alternatively,
smal | radiati R° rr”c? Wgﬁeg'?nf h e ng di odes (LEDs) may be used in

enbodi nent s WiddaspEriotiser piegd beimférimatidntthacisiusedneithy istance between the
cross piece'’s two tracking points d1 (the value of which is indicated by the
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line 323 in FIG. 3) and the distance between the two tracking points d2 of
the wand nearest the cross piece ( the value of which is indicated by the
line 322). The ratio of these two apparent distances captured by the camera
is used in the reconstruction of the position of the object in the virtual
environment represented by the wand.

[0036] The tracking point 210 on the wand nearest the handle end may not

be captured by the imaging device, depending on whether the wand is



[ 0060] The present invention is also scal abl e, depending on the
‘application. The sensitivity of the present invention can be increased, say
for tracking a surgeon's hand, by bringing the inmaging device nearer the
wand or by using imgi ng devices with gjgher resol ution. [0061]

Al ternatively, nore gross novenents such as the swing of a nodified
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modi fied to track either 3DOF input data alone or 6 DOF input data al one,
as desired forcreg3hpiec@pplications. [0068] It will be appreciated that
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i nput device with three-di nsi onal ,. si x-degrees-of -freedom data i nput for
a (F:)0r‘rput er, Séqrbthpmde Q%@”%é, thg dnstionRf the Wand and its cross piece. This lg

represented by the position 326 on the captured image.

[0041] In addition, the included angle 6 of these two axes as well as the
ratio of d1 and d2 as captured by the camera can also be determined. From
line 323 and the x-axis of the image, & 325, 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 d.

[0042] Concomitantly, the translations tx and t, can be directly interpreted
from the position of the wand’s reference origin 326 in the captured image.
[0043] The last bit information required is whether the last tracking point 210
on the wand (nearest the handle end) can be seen in the captured image.



an arrangenent 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, with distances between the tracking points
carefully selected such that a tmo-dingﬂsional i mge of the tracking points
can be used to determne the position and orientation of the input device

I n fthrfae-di men.ﬁiqion rs (():e. usi n até)rByi e i I OJI’i hWt %t Ii z%st on%ti nmagi ng
devi ce: and at | NEAUPTRAUON, |SSEREEIFNIES PY Figdvhifi 188 RO IS PRFSENt s 5 g
provi ded al goraddovindr the'pdiiBabsbAY: | dentifying positions and

orientations of the tracking points froma captured two-dinensional inage;
i dent i fyi ng t hi€044] r Oncethesegrsential paramedersare kiown, ewandis pastiatapt ur ed

i mage; determ ning essential .para r.s. of r f L. he

dooti 1 ed 1 1 DelThet BE Mot AR Qijne fhﬂﬁ;tﬁ‘%ﬁf[i@ﬁ{‘ﬁ@tf%i@ﬁ?%?{eand
orientation ofintahgrdpapstd 10dRvp agbienpat gerfarmisupetrdpsingand reconstructing the
t hree-di nensional position and orientation of the input device for the

conputer. 3. The i nfutd1dd%iRe ot <eitehh.nfaW, Isd™d i nput device capabl e of
belng "ot L euhBe Tl ESUSI0R Bkl MaaRBRl g o e onel
nodified to ondy dethertworteadkiry pointsoofithd crosy piee@df o adys+=n1;tdar ee- di mensi onal
Space. b. the distance of the fourth tracking 300 on the wand from the wand'’s
origin 326, if d4/dy <1.

in the captured image when the wand'’s origin is at distances from the

camera at the lower limit z; and the upper limit z, respectively, of the usable

operating range from the camera, and where the wand'’s orientation is at the

specific pitch and yaw given in the mapping above.

[0045] The usable operating range thus defined is important as the lookup
table has been generated based on this usable operational range from the
camera. The usable 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 applications, the two limits
z;and z, are set at 25 cm and 50 cm respectively.
[0046] The distance t;, the distance of the translated wand's origin from the
camera can then be approximated from the following formula:

t; = 2+ ((zu — 21) x (I — d1)/(I-l))), if d4/d2>=1; or

tz=2z+ ((zu—z)) x (h — d2)/(Ii-ly))), if d4/d2 <1

[0047] With the present invention, tracking user movements of the wand
simply entails capturing the relative positions of the tracking points,
determining the essential parameters of the wand’s position and orientation
and then reconstructing the movement in the virtual environment
concerned. This process is repeated at desired time intervals for as long as
the present invention is in use.



14 5. The input device of Caim1l, said input device further conprising at
|l east -one lighting neans. 6. A conputer input device providing

t hr ee- di nensi onal , si x-degrees-of freedomdata i nput for a conputer, said

I nput device conprising: a wand, said v&and further conprising a cross piece
ort hogonal | y-di sposed with | ongitudi nal¥ axis of the wand; the wand and
cross piece further c rising. a urality of tracki oints: at |east one
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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.
[0049] The minimum number of tracking points for the preferred
embodiment is four. In the case when the minimum number of tracking
points cannot be captured by the imaging means after a predetermined
number of time intervals, the driver software used would alert the user that
an intolerable obscuration of the tracking points has occurred.
[0050] Such situations may arise when the wand is out of the field of view of
the camera or prolonged obscuration by some object. 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 imaging device.
[0051] The distances between the tracking points have been carefully
determined to minimize ambiguity when interpreting them on the images
captured by the imaging device so that the position and orientation of the
wand can be rapidly reconstructed.
[0052] Another possible way to reconstruct the position of the wand from
the relative positions of the tracking points in the captured image is by
standard 3D reconstruction algorithms found in most textbooks on robotic
vision and computer graphics techniques. However such algorithms are
computationally expensive and discourage real-time operations in typical
computers. As such, implementation of such algorithms is also not
desirable at the time of this application as it goes against the aim of the
present invention of implementation in simple computing devices. As such,



9. The input device of aim8, wherein said at | east one lighting neans is
in aring formco-axially disposed around | ens of said imagi ng device. 10.
The input device of Claim6, the plurality of tracking points of the wand
conprising active light emtters. 11. T@e wand of Claim 10, said plurality
of tracking points conprising active light emtters for different

wavel engt hs. 15,12.. The inpyt device.of Cai.m 6, wherein distances

et ween 1 he. piadP3K i abe s L3BRma T lterrs to,Puddh BraRron ey SRt ERR SR, of o
anbiguity in tjpge determ nation of the position and orientation of the wand
by the algorithm 13. The input device of Claim®6, wherein the inmaging
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[0054] In the preferred embodiment, the lighting source is a ring light
emitting light substantially in 750-1000 nm, mounted in a co-axial
arrangement around the lens of the camera.
[0055] If light of a narrow wavelength range is used, suitable materials such
as reflectors for the tracking points, filters for the lighting means, and lenses
for the imaging device will also be required for optimal results. As the
preferred embodiment uses light in the infrared range, the tracking points
has coatings such as “Laser Gold” plating optimized for maximal reflectance
at this range of wavelengths.
[00s6] While a grayscale or color camera is usable under the present
invention, cameras optimized to represent images using 1 bit per pixel (that
is, in strict black and white representation) is preferred as data transmission
requirements are minimized.
[00s7] It will be appreciated by one skilled in the art that many embodiments
are possible under the scope of the present invention. For example, the
cross piece may be a V or L-shaped piece (FIG. 4A), equilateral triangle
(FIG. 4B) or regular polygon. The present invention will work as long as the
tracking points of the cross piece all lie on a plan perpendicular to the
longitudinal axis of the wand.
[foos8] Each tracking point of the present invention may also emit or reflect
different unique colors or wavelengths distinguishable by the imaging
device. In such an embodiment, speed of reconstruction of the wand’s
position may be greatly increased as it will be easier and faster to
distinguish the essential parameters of the wand's position, when used with
a color imaging device.
[0059] In this embodiment, the lighting source may illuminate with visible

light and the reflective coating of the tracking points are selected to reflect
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done by placing tracking points on them or on representative simulated
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equipment.

[0062] As technology advances, the refresh rate for capturing the images
and the sensitivity of tracking the movements, may also be enhanced as
processor speeds and capabilities increase.

[0063] While the use of one imaging device has been described, it is
possible to implement the present invention with more than one imaging
device. If more than one imaging devices are used, triangulation
techniques may be used to better reconstruct the distance of wand from the
imaging devices. )

[0064] It will be appreciated by one skilled in the art that the algorithm
described 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.

[0065] The present invention therefore provides an input device comprising
a wand with a cross piece, a lighting means, an imaging device, a
processor and an algorithm and lookup table to allow users to overcome, or
at least alleviate, the problems of the prior art.

[oose6] Although in the preferred embodiment, the processor used is that of
the computer to which the imaging device is connected to, a separate,
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the present invéntion.
[0067] 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 or 6 DOF input data alone, as desired for other applications.
[o068] It 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.
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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, with distances between the tracking

points carefully selected such that a two-dimensional image of the

tracking points can be used to determine the position and orientation

of the input device in three-dimensional space using a provided

algorithm;

at least one imaging device; and

at least one processor.

2. The input device of Claim 1, said provided algorithm further comprising:

identifying positions and orientations of the tracking points from a captured
two-dimensional image;

identifying the 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 position and orientation of the input device from a lookup table;
and

reconstructing the three-dimensional position and orientation of the input

device for the computer.

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

4, 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.
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6. A computer input device providing three-dimensional, six-degrees-of-
freedom data input for a computer, said input device comprising:

a wand, said wand further comprising a cross piece orthogonally-disposed
with longitudinal axis of the wand; the wand and cross piece further
comprising a plurality of tracking points;

at least one imaging device;

at least one processor; and

an algorithm able to determine position and orientation of the wand from
two-dimensional images of tracking points on the wand captured by

the at least one imaging device from a lookup table.

7. The input device of Claim 6, wherein said cross piece is disposed
perpendicular to the wand.

8. The input device of Claim 6, the plurality of tracking points of the wand
comprising passive light reflectors and where said input device further

comprising at least one lighting means.

9. The input device of Claim 8, wherein said at least one lighting means is in a
ring form co-axially disposed around lens of said imaging device.

10.  The input device of Claim 6, the plurality of tracking points of the wand
comprising active light emitters.

11.  The wand of Claim 10, said plurality of tracking points comprising active
light emitters for different wavelengths.
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of the position and orientation of the wand by the algorithm.

13.  The input device of Claim 6, wherein the imaging device further comprising

zero or more filters for selected wavelength range of light used.

14.  The input device of Claim 6, said input device further comprising a pad to
help a user estimate the field of view of said imaging device.



