; PQe3eC@Q."n6PT-2 Met hods and devices for inputting data to a conputer s
system Field of the invention The present invention relates to nethods and
devices for inputting data to a conputer system using a pointing device,
such as a stick or even a user's 5 finger or arm Background of Invention
*cooooa* Various visual nethods have been proposed to allow data to be
input to a conputer by a user nmaking a pointing action using a speci al

poi nting device, such as a device which dgenerates a Iaserlwmllmmmmai n
occasi ons, such 10 as when naeking a presentation to a |ar usi ng
a display controlled by the conputer, these nethods enabl e noggseonveni ent
inputting of data to the conmputer than by using a nouse, a joy-stick or a
key-board in cert aiMethode ikt deviess foFiumirs datadbéteohbutedisgsienappl i cati ons
20010030668 and 20010022575. 15 I'n such existing systens the pointing
device emts _a directed el ectromagnetic beaminto the display area and
optical devi d ioRret hods are used to observe the intersection of
t he beam and the display area. The location of this intersection point is
used to obtaifel HRUENIRBAT ge'l%t&of@h'tteﬁt dsf 8hd %@E@B%Fﬂ\ tirdP8hta to a

oper ati ons of the conputer. Ince in t ese arrangenents a speci al

el ectroni ¢ pobntputer sigsteneusiagra pointing, deviee, opwrhans an stigk dir fdveneatusier'sm t he

ways in iC eople naturally indicate a | ocation: by pointingtothat
V\g Hagﬁrg P a finger or an arm Al so,

| ocation all the kn

require the beam from the el ectronic device to physically in dm

di spl ay ar eapBualgidiing GfaAvéntions causes di sconfort for 25 the au |ence
exanpl e, sonme people do not Ilke the glinting | aser beanspot nDV| 2on the
di spl ay screen. 2 Sunmar t he invention The present i nvention ains to

provi de new é/r'f’d'OH§e‘f'§Ha'n@? § haie been daresnd o glew dafaqter Be Pyt QoRput er
system 5 Ing r I

enpl oys a poi nt| ngéjdte*/ ra@?ﬁaﬁiﬁgﬁllgé %ﬁéﬁg@luﬁ‘{hgﬁ%%@%&?ﬁ g'al%éﬁ@é

poi nting devisoehrasya ldevmeswmphegeneraﬂes a)laseveeam Breicegain ogmsmns auch

| mages of the poi nting.device are talfﬂ .east two c %E Ih of
these i mJes aSIHEd 9 PrRCsIYAtR ?rtﬁ HEHdignee Pﬁ'ngl‘?e ednal

i mage plane @l thBeoHh@er, thesonktAeds arabrR: mEFl@cbﬁ\t'@ﬂémChPQﬂeréfV\@@tﬁ tbhese
lines in a comon two di nensional co-ordinate plane is erm ned

cor r espondi nhe commuteiothan by 4sing ramasisamenioystisk ematkeyrbeard idf cemainpoi nt

Co- or ot nat os PUTRETSEEGrHed HREH Us, BierfidficAliatt Of 0 R nd"®

t wo- di nensi o28010022%78.nate frame may thus be

15  In such existing systems the pointing device emits a directed electromagnetic
beam into the display area and optical devices and visual methods are used
to observe the intersection of the beam and the display area. The location of
this intersection point is used to obtain input data to the computer, for

example to trigger operations of the computer.

20 Since in these arrangements a special electronic pointing device is required,
the operation is different from the ways in which people naturally indicate a

location: by pointing to that location using a stick, a finger or an arm.

Also, all the known methods require the beam from the electronic device to
physically intersect the display area and this sometimes causes discomfort for
25 the audience. For example, some people do not like the glinting laser beam-

spot moving on the display screen.



15 transforned by a predeterm ned co-ordinate transformation into the pl ane
of the display, and/or into a different co-ordi nate plane determ ned by the
conputer, to generate input data for the software of the conputer
Preferably, the comon two-di mensional co-ordinate frane is the imge pl ane
of one of the caneras. 20 Brief Description of The Figures Preferred
features of the invention will now be described, for the sake of
illustration only, with reference to the 2ollowing figures in which: Fig. 1
shows the units of a data input systemwhich is an enbodi nent of the
invention; and 25 Fig. 2 shows the steps of an al gorithm perfornmed by
enbodi nent of Fig. 1. 3 Detailed Description of the enbodi nents Referring
firstly to Fig. 1, the overall configuration is shown of a systemwhich is
an enbodi ment of the invention. The systemincludes a PC having a 5
conputer unit 1 and a display, 2 operated by the conputer unit 1. Note that
t he di spl ay apk0 ' t of the PC, or alternatively may be a
separate display, such as a display for a | arge audi ence. The system
further incl ugespRsaat veRfioflithe o brifile heiPéndsBid el Hd slsiéfieor 2
user's armor finger, two caneras 5, 7, and a processing unit 13 Ic

recei ves t he faunputtingafata he acameputer Systdmvi a cabl es 11. The processing unit
13 generates a signal which is transmtted to the conputing unit 1 of the

C, which d f eedbagck he .di splay 2. h h .
o "1l 8GRl R e BRedsl JLGRIGRY plondier i e, BERRERS SRS
but 15 al t er pairitie] devite MaVingean ERiseBRIBiRtatoy displdyarie pointAg eI Wayhi n

the PC conputing unit 1. In either case, its function is generating input
data for thebeonpimrle stinkioreven auserfpiitgarararmeimages whthe peinking geviset he
conput er uni i d URJ | S g t ol . .its
axis at a potsalr%i%%eigﬁ/oﬁptlé’]%gtgglod?é@le%é'2'.5 g%?%ﬁ%%%i@?ﬁg%‘%ﬁ’@?% %g't}]gcts
t he co-ordi naépresehtitde thhei mxisnginpotiet | two-dimensidied dimmgleayplanea.of Thibge

co-ordinates are referred to h$ e.as (xE i sp, YP-disp) i.n the co-qrdinate
cystem ( X s SoeaPapsnGreartaq beimgrsechan Befidemiess IHeRd" ERBoN Ty oun
furt her nor mahiniBher & BRinb acplae & Hiriioch oo BbRARAABTIhaboRR inon I n

a second co-ordinate system ( yPC) which 1's 25 use y the software of
the PC. Thi s thaiccondmoenstae-oudinate framerofdtietpoinicofeintarséctiprPgf theParie)of thed nay

for exanple be.the ¢o-.ordi.nates.in of correspondi oin n_the display
area of & momCIBGASfe WIE TR CikPIap; The REOGIERS S I Boly o dntsrfecion) e
conput i ng uniof the liNGE IBXABRIGIMMbh HRMdiRRMBIdH Ho-Srdirfile iffdreg Shayild ¥eof
the PC display with predefined x and y directions, e.g. an
15 transformed by a predetermined co-ordinate transformation into the plane of
the display, and/or into a different co-ordinate plane determined by the

computer, to generate input data for the software of the computer.

Preferably, the common two-dimensional co-ordinate frame is the image

plane of one of the cameras.

20 Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
ilustration only, with reference to the following figures in which:
Fig. 1 shows the units of a data input system which is an embodiment
of the invention; and
25 Fig. 2 shows the steps of an algorithm performed by embodiment of
Fig. 1.



30 800x600 matrix, based on which the software can direct and mani pul ate
the 4 5 10 15 20 25 display of the PC. Note that, as conpared to the PC
co-ordinate system the display co-ordinate system nmay have different units
and a different x-y definition. Mreover, there may be "distortion" between
the two sets of coordinate systens (e.g. a projective transformation), for
exanpl e when the display is generated by a projector. Thus, generally
speaking, a transformation matrix is needkdd to define the correspondence
bet ween these two co-ordi nate systens, though it mght as easily be a
scaling matrix, or even an identity matrix in sonme cases as nentioned
below. If the enbodi nent had only included one canera, it would have been

| npossi bl e t ©AgIREDeb&EHtRM dFth8@nittdimefts 17 when the stick (finger/arm
does not touch the display plane. Even using two caneras it would be very
troubl esone to detect the pointing position using a conventional 3D vision

nar dvar o 1o SEPra TeAr IR BB oM Fafd) RSl ARheRilph
| nstead, t heieahedvaineantobihgdnvéntions Thpaybten M4 PE Bavihga two
canmeras 5, 7 to 2D vision algorithns to determ ne the pointing position in

an easy-to-i GEMAWSR URiL] ands displaxt2 eprraigd By thepemputer wpit - Nate thatthe

poi nting devigg | a I [ known

i n machi ne vidgsl%(l)% %E%%?gg?%%ﬁ%trﬁg??% ngbglgja@(}ﬁ?{\}\g&% ﬁa sl#%rarratp}g@éltlabet ween
t he co- or di ndispday, rsuah@samdisptayrfbaadarngk addiemak.t he co ordi nates in an i mage
plane (x, y) . This transformation can be witten as: sx m ~ mz m3 X sy
= nme~nmez ne3 Y s nmnBz 1 1 (1) Here the mtrix M(m~, i=1,2,3 and
1=1,2,3) canthe dl@tanhmumest iRYudes al pdiniid Q8vidd 3rhiBR thay2hél a"straigit stickcal ar
used in machi ne vision techniques. 5 I'n the system of’ the present

enbodi meh® t logBeuses'sarel o fingerr dvatcaoresas p, 7, and a processing unit 13 which

receives the outputs of the cameras 5, 7 via cables 11. The processing unit

13 generates a signal which is transmitted to the computing unit 1 of the PC,
which produces a feedback on the display 2. Note that the processing unit 13
may, as shown in Fig. 1, be a separate physical unit from the PC, but

15 alternatively it may be implemented by hardware or software within the PC
computing unit 1. In either case, its function is generating input data for the

computer unit 1 (i.e. input data for software running on the computer unit 1).

The pointing unit 3 is directed by a user to point its axis at a position 17 on the

20 display 2. The processing unit 13 detects the co-ordinates of the pointing
position 17 in the display area. These co-ordinates are referred to here as (xp.
dispr YP-disp) IN the co-ordinate system (Xqisp, Yaisp) Of the display area.
Optionally, the processing unit further normally determines the co-ordinates of
a corresponding position in a second co-ordinate system (Xpc, ypc) which is

25 used by the software of the PC. This second position is referred to here as
(Xp-pc, Yr-rc), and may for example be the co-ordinates in of a corresponding
point on the display area of a monitor of the PC which, like the display 2, is
controlled by the computing unit 1. For example, it may be a point on an
integer matrix of the PC display with predefined x and y directions, e.g. an

30 800x600 matrix, based on which the software can direct and manipulate the



bet ween the co-ordi nate system (xdi sp, ydisp) on the display surface 2 and
the 'co-ordinate system (xPC, yFC) of the PC. This relationship may be

expressed 5 by the matrix MpC to-di sp~ This is because the

proj ection

systemis simlar to a nachine vision imging system Note that in the case
that the display 2 actually is the nonitor of the conputer then the two
co-ordinate systens are the sane, and in this case the matrix MPC ro-disp
can be considered as an identity matrix wth 1 for the diagonal elenents
and O for other elenents. Mire 10 generally, however: sx dlsp x Pc Sydrsp -

MPC-!o-disp YPCS 1 15 Two further co-ordinate systens of

interest are the

t wo- di nensi onal inage planes of the left and right canera 5, 7, witten

here respect igvgllyy apthe-P@nNotdthat, R cdriipareditBaRe PR coiliifateesyisie e ar e
witten as (x~, y~) and (xR yR res%ectlvel y. There are relationships

bet ween i mag&ksRliak ee-afginateesysiem mav

ape diftgrentounitsrand gidiftatentxrat ri ces

denoted as M -w:\” ﬁﬁg%t Thes il | fqllows: sxL
X~~sp sxXxR x~rd§§ﬁﬁlg L _o‘? r@égééw%%ﬁﬁp&%%@ﬁ%é@ﬁlg{@ g%ﬁiogénéans t hat
there is mat IoirdinMe_Sy(ljBtﬁwﬁﬁé@] aqwbjemieiseaapsfajrmtibnﬁf@namf&plewémthﬁbet ween
the |eft L, .. i ght i _ R VYR, - di tot

fosmfa: )(; d|%lfgy %ngenrelrgted t|>yrr§1 ?olgct%rr].e%'h&?s(, ger?/erglly 3S§a°|5né,”ag o thne

transformation matrix is needed to define the correspondence between these

two co-ordinate systems, though it might as easily be a scaling matrix, or even

an identity matrix in some cases as mentioned below.

10  If the embodiment had only included one camera, it would have been

impossible to detect the pointing position 17 when the stick (finger/arm) does

not touch the display plane. Even using two cameras it would be very

troublesome to detect the pointing position using a conventional 3D vision

method which requires complex and restrictive calibration and high cost

15 hardware to perform real-time processing to generate a 3D depth map.

Instead, the embodiment an algorithm subjects the outputs of the two

cameras 5, 7 to 2D vision algorithms to determine the pointing position in an

easy-to-implement way. Note that the algorithm does not require the pointing

20 device 3 to touch the display plane physically.

It is well known in machine vision theory that there is a projective

transformation between the co-ordinates in a planar surface (X,Y) and the co-

ordinates in an image plane (x, y) . This transformation can be written as:

25
SX mn mez mi|| X
sy |=|m2 mn ms|Y
s my ma 1 1

(1)

Here the matrix M (m,, i=1,2,3 and j=1,2,3) can be determined by a calibration

30 method, and “s” is a scalar used in machine vision techniques.



SXR xL SYR - M.-ta-R YL s 1 (4 ) 5 Thus for every point in the display

pl ane, there is a projective co-ordinate transfornmation of the

correspondi ng co-ordi nates between the left and right image planes. Al so
fromto nmachine vision theory it is known that a straight line (e.g. the
axis 10 of the pointing device 3) in 3D space will be projected to a
straight line in the inmage plane of a canera. For our system there will be
two corresponding lines, one in each image plane. The lines (witten as LL
and LR respectively) can be detected by use of |ine detection (e.g. a HQugh
transformation) or with the aid of color segnentation (e.g. using a neural
network nmethod to detect 15 the specific color of the pointing device 3,
e.g. skin color in the case that the pointing device 3 is a finger or arn).
If the pointing device 3 lay entirely in the display plane 2, there woul d
be transf or ma thmsyesy ef thg rresemrembedimest these is psimiargelatieashigi nt i ng
device 3. But,/ LNt I i S, not . Wit i iSR! e 2,
t here does nt(?telt&%‘lg'gﬁegg%%}%Hrgted%%ﬁs(g‘f'sﬁ’ ¥d5'?) %ﬁﬁeg@?%'%’g%gﬂ"aﬁgﬁbﬂp@mi ng
devi ce and t luosordindtbsystese(xpe, Neddf the BE€aThis retatiofshipahgpbietdupréssedier i ved
from Eqn. _(4) ade consi(ﬁts of tH,e foll ow ng] 3 steps illustrated in Fig. 2.
25 | n step PYPRMATXMpcinres ERISi B QerREse RieRiORFtIgRBYIEM IS SiMilaF {Q @t ~ of
the i mage pl ghgshis r i ! i J

pre-determ ned né???’%lé}{lgﬁéhgg%%ﬁtng\p Pft%l ﬁghﬁtgb{%g tﬁ%\%%ed{?ﬂ#ggeza pl ane of
the left can@ctually isthevnanitar akhempmpyte) them thedwsfaor-ondindte systems aret he

| eft image plane_lL into the right i e, plane |R ,to forma,line in that
Tght | mage’ ianaTRe SPArR I 5asd e MR or e can RE RS REERG2S 2R 7 1
step 2, the mmttyﬁiatrmmsmirlt@@d_fa‘fgohEEelbwyerits BAG O for biifer ereMBALs. VREE

pl ane is determ ned. For exanple, if following step 1 the right inmage pl ane

| R now cdft aigeserally, heweveiand LL_,o0-R, then the crossing point P of the
two lines in the 5 right imge plane is found, as shown in Fig. 2. This

poi nt P corresponds to the poi n_;;é% poi nt 17. |t§P£ﬁO ordinates in the right
i mge plane are witten as (XPR ) In step 3, the|co-ordinates of the
intersection point P are transff e ?%mt:heup 0V ew- ¢r di nat e system of the
second i mage plane into the co-ordirate systemlofy (2)

15
Two further co-ordinate systems of interest are the two-dimensional image

planes of the left and right camera 5, 7, written here respectively as I, and I .

Points in these co-ordinate systems are written as (x., y.) and (xr, Yr)

respectively. There are relationships between images taken by the left and
20 right cameras given by matrices denoted as M, and Mg respectively. These

relationships are as follows:

SxL xdl:p SxR 'x(ltsp
Sy, | = ML y(lup Ve | = MR y(h:p
25 s 1 s 1 (3)

This means that there is matrix M_.,..r Which defines a projective
transformation between the left (x., y.) and right image planes (xgr, Yr),
according to the formula:

30



t he display and/or of the PC using two pre-determ ned matrices. For
exanple, if the second inmage plane is the right inage plane IR then the
co-ordinates of the intersection point in the right imge plane (XPR YyPR)
are transfornmed into the correspondi ng co-ordinates in display plane, i.e.
(XP_di sp, YP-disp)~ using a 15 pre-calibrated relationship determ ned by
Eqn. (3). These co-ordinates are just the pointing position 17 of the
pointing device 3 in the display plane 2.6Finally these co-ordinates are
optionally further translated to the PC coordi nate system using the
pre-calibrated matrix Mlisp-PC of Egn. (2). 20 The reasoning is as foll ows:
due to the mani pul ation of step 1 above, this final point should be
applicable to transformati on described by Eqn. (4), thus the corresponding
point in the 3D space should |ig |in the|djs$splay plane. Al so, this point
nust be on the axis of the poiptingdevige3 in 3D space, since it is on
the line in one of the image pl'dnes (&€7g “it is on LR). So thi oint is
exactly the 25 intersection poiht! of th is of the pointing device 3 and
the display plane 2, i.e. the pointing position 17 on the display plane 2.
The pointing_position in the PC co-ordi hate system can be used to control
sof twar e, °j u U&é"%\ﬁ%sf@'@dﬂtt%ﬂhsp@)‘r@'ﬁﬁ?éhSé ISrRIPEURGYE @@-pwlinatei n the PC
co 30 ordina : W ' f B i j si nce
the input & Sy Eop A (RS eh el poeln i IGREh 1001 e
moni t or, justmageiplandsat poi nt had been sel ected by a nouse. The software
may be designed to add an overl apped indicator in the PC display nenory, to
be displayed together with the existing content. Thus the display 2 is

nodi fied. 5 Ad BRI Maching asidh sy By kRewRARAT & 8raidght ind s.51 thel Hgs user
to control other PC operations by noving the pointi ngnpom tion 17 in
a8

pr e- sel ed®ed ofdys PoiRGNg dexies B, in Shkspage Wirke prejedted fastraight lipgdn theer can
k C ol SN . o e
bos: ton 17 1HEgE ARG o faulerf RS AU SHUGHE Mo v 5o B Sl it (19, e

content in thaesl o fiyedch ikdgy plaheVEhy linéd @vritsar asrby alid iy rebpedtivienf)i ng
position 17 constant for a predetermned tine to highlight the ,

cor r espondi nGaBA% @plectes RieksR of ng getestion . Adioysh trRnsfermation @smithi ned
| ocation insi i ! V& L ough
onl y & 51 ngt & Sabnd P Srheifatb o8 usnbin ASiral Ak Fian 1y aetdor TR
vari ati ons atte ppssifibceloniof thenpointing depiee &, etdieskimeaat inctheamseithat the cl ear

;[ ﬁcﬁﬂdieﬁg:ert 'point%g%ee}/lige!%}é a’ﬁn@EF grggrrr?)f. hJ tRB”ptoﬁAt{h% ge?\%ge 5?ay9er(1:t(|)rrgi)yuitnetke
display plane 2, there would be transformation according to Eqn. (4) for each
point on the pointing device 3. But if the pointing device 3 is not within the
display plane 2, there does not exist such a relationship for all points on the

20 pointing device and this is the case we need to deal with.

Our algorithm is derived from Eqgn. (4) and consists of the following 3 steps

illustrated in Fig. 2.

25 In step 1, the line representing the pointing device 3 in a first of the image
planes is transformed into the other image plane using a pre-determined
matrix. For example, writing the line in the image plane of the left camera as
L. we can use Eqn. (4) to transform this line in the left image plane |_ into the
right image plane Igr, to form a line in that right image plane we refer to as L ..

30 R, as shownin Fig. 2.



controlling the position of a pointing device having an axis so as to
direct the axis towards a display controlled by the conputer; 5 generating
using at |east two caneras respective two-di nmensional images including

i mges of the pointing device; deriving fromthe images corresponding |ines
in a conmmon two di nensional co-ordinate system and determ ning a point of
intersection of the lines in the comobn two-di nensional co-ordinate system
and 10 obtaining input data for the conpufer fromthe point of intersection
of the lines. 2. A nethod according to claim1l in which the conputer varies
the image displayed in the display area based on the input data. 3. A

nmet hod according to claiml1 or claim2 in which the conmon twolb

di rensi onal co-ordinate systemis the imge plane of one of the caneras. 4.
A met hod according to claim1, claim2 or claim3 in which the step of

obt ai ni ng i npustai? athemsinidd dnteegeciipniof gheatwoe bors rthiersegond dmegemiang on of

the point of .j rsecti |.4 I - di Sl I

coordi nate sﬁléspé%@g&ééiéﬁrr%&ﬁyﬁ%éf%ﬁﬁmn%o#tgﬁﬁlﬁg%?rﬁ%g%b%el"%&é of the
20 pointing dewtaies Rilinkstikeardi Ipl RY theh theecrossing domFeotyettan livlestinehe

di splay. 5. A nmethod according to any preceding claimin which the step of
obt ai ni ng®i npight Haage Plﬂﬂedﬁé%“%ﬁscﬁhﬂ%'nd:'ﬁr%g&'émm@dc@rfwrﬁsﬁﬁtth%n of

t he point of 4 4 i : Fr%ﬁ@‘)d' =di nansi

coordi nate sygp{etﬁgf%&gfemrl?ng%%ﬁgdlﬁ%@ﬁﬁn ?Hr?g u'rt er ?%@f@ﬁgﬁgﬁg PRy
co-ordinate YpkD system the input data being obtained fromthe co-ordinate
values in the further two-dinensional co-ordinate system 6. A nethod
according to any preceding claimin which the pointing device is a finger

or arm of 1t hen Y&y 3, fhe Co-SrdifRiteof #feciﬁfé?:éékgidnopé}HNP @re @r’l?ﬁisfé&mkdgﬁbrﬁ thé

whi ch the pointing device is a stralght i ndi cating stick. 8. ata i nput
system f 0 a cocrrginade systepr oklhegecandimppeaplarmnintatheseb-bidivatesysiaraoft o

(rjieggleg%/i i/rem?‘:t" e g[é@gaﬁgéf@@gﬁ& fﬂggg(;s: u%‘nd %Sbret-a\&emm%ﬁe}ﬁa{n bs! Eglj &a%bl'%g
if the second image plane is the right image plane |r then the co-ordinates of
the intersection point in the right image plane (xpgr, Ypr) are transformed into
the corresponding co-ordinates in display plane, i.e. (Xp.gisp, YP-disp), USING @

15  pre-calibrated relationship determined by Eqn. (3). These co-ordinates are
just the pointing position 17 of the pointing device 3 in the display plane 2.
Finally these co-ordinates are optionally further translated to the PC co-

ordinate system using the pre-calibrated matrix Mgsp-pc Of Egn. (2).

20 The reasoning is as follows: due to the manipulation of step 1 above, this final
point should be applicable to transformation described by Eqgn. (4), thus the
corresponding point in the 3D space should lie in the display plane. Also, this
point must be on the axis of the pointing device 3 in 3D space, since it is on
the line in one of the image planes (e.g. it is on Lr). So this point is exactly the

25 intersection point of the axis of the pointing device 3 and the display plane 2,
i.e. the pointing position 17 on the display plane 2.

The pointing position in the PC co-ordinate system can be used to control
software, just as a mouse controls software by indicating a point in the PC co-

30 ordinate system. No modification of the software is required, since the input



10 of a pointing device defining an axis; a processing unit for deriving
fromthe image corresponding lines in a comon two-di nensional co-ordinate
system and determ ning a point of intersection of the lines. 9. A data

i nput system according to claim8 in which the conmon twol1l5 di nensi onal
co-ordinate systemis the image plane of one of the caneras. 10. A data

i nput system according to claim8 or claim9 in which the processing unit
perforns a predeterm ned transformation o8 the point of intersection of the
lines in the common two-di nensional co-ordinate systemto determne the
poi nt of intersection of the axis of the pointing device with the 20
display in the co-ordinate systemof the display. 11. A data input device
accordi ng t o deltaitantt® seftvedre i aioist & mel&]sbléx\éﬂé@ Bf tHeemBhREE st 2@ ifHhiat
performs a predeterm ned transformati on of the point of intersection of the
lines in the POUHARAY hegn selpstiedi hamauseol Besaftwasy siavnbe designed i adda poi nt

in a further el i - i : t - I uni t
per form ng saelb\éﬂ/veg'ralr@g ﬁéﬁ(ﬂg%to? %eﬁ{e%ggjég%@yﬁ%&%g g)gp%rd gp rllaggegpt\lt}é}eﬂ%sr in the
further two- dvitrethei existingcenrent. Tate tisey disehay A& madifiedpl ay syst em conpri si ng

a data input systemaccording to any of clains 8 to 11 and a conputer
arranged Po receive the input data, the 5 conputer unit being arranged to

vary the inma j i j e i ta.
50l AT IGHAA SR B o U e

6SVWLDb} xsni d otherR( apletatjans] yainoa|ngathe raintitocpdsitidre 47 imprabelattes] waysa] ca] ¢
N N N N T .
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Although only a single embodiment of the invention has been described
above, many variations are possible within the scope of the invention as will

be clear to an expert.
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Claims

1. A method of inputting data to a computer including:

controlling the position of a pointing device having an axis so as to

direct the axis towards a display controlled by the computer;

5 generating using at least two cameras respective two-dimensional

images including images of the pointing device;

deriving from the images corresponding lines in a common two-
dimensional co-ordinate system, and determining a point of intersection of the

lines in the common two-dimensional co-ordinate system; and

10 obtaining input data for the computer from the point of intersection of
the lines.
2. A method according to claim 1 in which the computer varies the image

displayed in the display area based on the input data.

3. A method according to claim 1 or claim 2 in which the common two-

15  dimensional co-ordinate system is the image plane of one of the cameras.

4. A method according to claim 1, claim 2 or claim 3 in which the step of
obtaining input data includes performing a predetermined transformation of
the point of intersection of the lines in the common two-dimensional co-
ordinate system to determine the point of intersection of the axis of the

20 pointing device with the display in the co-ordinate system of the display.

5. A method according to any preceding claim in which the step of
obtaining input date includes performing a predetermined transformation of
the point of intersection of the lines in the common two-dimensional co-

ordinate system to determine a point in a further two-dimensional co-ordinate
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is a straight indicating stick.
8. A data input system for a computer comprising:
a display controlled by a computer to display images in a display area;

at least two cameras for registering respective two-dimensional images

10  of a pointing device defining an axis;

a processing unit for deriving from the image corresponding lines in a
common two-dimensional co-ordinate system, and determining a point of

intersection of the lines.

9. A data input system according to claim 8 in which the common two-
15 dimensional co-ordinate system is the image plane of one of the cameras.

10. A data input system according to claim 8 or claim 9 in which the
processing unit performs a predetermined transformation of the point of
intersection of the lines in the common two-dimensional co-ordinate system to
determine the point of intersection of the axis of the pointing device with the

20 display in the co-ordinate system of the display.

11. A data input device according to claim 8, claim 9 or claim 10 in which
the processing unit performs a predetermined transformation of the point of
intersection of the lines in the common two-dimensional co-ordinate system to

determine a point in a further two-dimensional co-ordinate system, the
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12. A display system comprising a data input system according to any of
claims 8 to 11 and a computer arranged to receive the input data, the
5 computer unit being arranged to vary the images displayed in the display area

based on the input data.



