e3eYV|@26LT E 9 Data Input to a conputer system defining
t hr ee- di nensi onal nodel Field of the invention The prese mml uﬂmmmmmmmj
relates to a nethod for entering data into a conputer, ter
programmed to receive the data. 5 Background of Inventlon Mamjgoispet hods are
known for entering data into a conputer using a pointing device noving
within a 2-di nensional (2D) space, such as a nouse, or a ﬂmMWMMmmﬂmmmk
space, such as a nouse or track ball with an additional i i n
US patent no. 5784052 or US patent no. 634878) or a point in &ewp«1l0 space
found by ultrasonic sensing. One application of such nethods is for
mani pul ating 3D objects defined in a 3D conputatlonal space. Such systems
find the positio . S not conven ent for
3D obj ect operati A4 COMPULE], BYSIE i R3S el based
on t hree-di nensi onal |nfornat|on t he coordlnate of a 15 point. Summary of
t he i nventi omielthéf tRESS®Htionhvent or has made the observation that for 3D

mani pul at i ons € positron of aline in the 3D space would be nore usef ul
t han t he p03|t|on of a point. For exanple, any rotation of an object can

only be def i Hel PrRags iRvertion: slates &o aametlind far entedng saia P computere
position of %%é%oh@m??fptggnerg] rdt@feé&@ ltﬁé(HQ% the position of a point

IS not strai rwar terns, he present invention proposes
that data is entered into a conputer mhlch supports a 3D nodel in a 3D
conput er 5 npBackgroend spanentibhe "conputer space") by measuring the position
(which is defined here to 2 include al so the orientation) of a line

defined withjn a real world space (the. "use a fixed
Observat | on WaananEdidh are knokiuor sraend Saky TEa anpEpOI LS8 RRIGHG ¢ he
| ongi t udi nal ' i g ates
in the user'%évsi%%ggwﬁvﬁdthqgrga%\gm%%)ﬁ@%% i pﬁ}ﬂgtj?@ﬁgo %ﬁteé%gr%tj?ng
devi ce i s usdithensiarel space, suaheay 8 Moudeoomipadiobal] with an additional input axis

(as in US patent no. 5784052 or US patent no. 634878) or a point in a 3D

10 space found by ultrasonic sensing. One application of such methods is for

manipulating 3D objects defined in a 3D computational space.

Such systems find the position of a point in the 2D/3D space. This is not

convenient for 3D object operations, however, because all the input

information is based on three-dimensional information: the coordinate of a
15  point.

Summary of the invention

The present inventor has made the observation that for 3D manipulations, the
position of a line in the 3D space would be more useful than the position of a
point. For example, any rotation of an object can only be defined based on

20 rotation around an axis, and inputting the position of an axis into a computer
by specifying the position of a point is not straightforward.

In general terms, the present invention proposes that data is entered into a
computer which supports a 3D model in a 3D computer implemented space
(the “computer space”) by measuring the position (which is defined here to



‘"aline and a point on the line (6D information). Note that it is possible
to use the invention to extract information as in the prior art concerning
the position of a point in a 2D space, by determning the interaction of
the line with a 2D surface. For exanple, in one formof the 10 invention,
the intersection is found between the line in the 3D real -space with a 2D
pl ane, such as a display screen of a conputer, and this information is used
as input data for a program Alternativeby, the position of the |ine can be
transforned into a user's 3D coordi nate system The coordinates of this
line are further transfornmed into 15 the PC s co-ordi nate system Two
advant ages of going through the user's co ordinate system rather than
directly to the PC s sxsten] are_ that the ?nalysis i's re intuitiVﬁ]and

the 3-D cal iiBfiHEPHS? dhergrientasiond af ¢hline (defined yydun 1} geql oworigh$PREP feng
device 10 boyagysEl@nIatifigdhRe! obdarfatidiiihelint "Gith A0K&) Eamepdy c funct ion.
Alternatively, 1t 1s possFble tor the pointing device to include one or

nore additional data input means, such as buttons. In this case, neans
exi st for trRorséxampley thadingamayt be tthe loogifudinal axistafnan wlengaie painting or
W reless data co ni,cation mans.lﬁgﬁis true that certain, input methods

exi st al r ead3PVff '?Rezfsb'rsgr {RMBY! 0 iﬂbeﬁ WP spﬁﬂcﬁt ilﬂg&ag(/i cgd%- hﬂ n a
user spage. hahipeletithl of.the/potingdevidce BUseddd defineanihd B infbiraatioriNono

20020036617. However, such systens use is made of position sensors Whi ch
are nount ed & Hee¢ @asdiehpoigkon #e liney (62 informaatiandt er nal fi xed observati on
devi ces. 3 A nunber of virtual reality systens are al so known, such as WD

991 60529, whj I e- dj | u ' | Bei des
wth a user NGl HEUE BosslbBo YL A SR PO bRl dARAMARGA Be f B
obj ects of thiicr aroephtemnimptrepbsitiomef assoint(ie. @ 2Duspace, dnodétesmining the

superinposed on the re space with which it coincides. The system tracks

| 5
the full 3D ipE¥REIH oaﬁaedeomiten@ AL sirigrea Fobiax@gIPlael o8entorddobine he
user 1 n {d'e heantict 3 in@AbckiBhIs FAIIFEORRER the e hARBIIS ReallRPRick! Bith and

orientation In the'conputer space. By
a 2D plane, such as a display screen of a computer, and this information is

used as input data for a program.

Alternatively, the position of the line can be transformed into a user's 3D
coordinate system. The coordinates of this line are further transformed into

15 the PC's co-ordinate system. Two advantages of going through the user's co-
ordinate system, rather than directly to the PC's system, are that the analysis
is more intuitive and the 3-D calibration is more convenient.

It is possible for the pointing device to be any elongate object, e.g. one
without any electronic function. Alternatively, it is possible for the pointing

20 device to include one or more additional data input means, such as buttons. In
this case, means exist for transferring the data to the computer system, such
as wires, or wireless data communication means.

It is true that certain input methods exist already which measure the
orientation of a pointing device within a user space. For example, US patent

25 no. 5237647 and US publication no. 20020036617. However, such systems
use is made of position sensors which are mounted inside the device, rather
than external fixed observation devices.



‘contrast, in the present invention the three-dinmensional conputer space
preferably has a (fixed or variable) nmapping to, but does not coincide
with, the 10 user space. Brief Description of The Figures Preferred
features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which: Fig. 1
shows schematically a first data i nput systemwhich is an 15 enbodi nent of
the invention; Fig. 2 shows schematically transformations between the
different coordinate systens in the systemof Fig. 1; Fig. 3 shows
schematically the steps in a nmethod enployed by the systemof Fig. 1; 20
Fig. 4 shows the structure of a pointing device for use in an enbodi nent of

L8 e | | nting o a2
enbod ment ok MUl HEh roai, SYRCuoAS SPrinatmssueh AsINCLSeBDE28Ni ch
I's an enbodi gk o@finb@gﬁée-'dimgﬁéi%)ﬁﬁli cotbutel ggage Wgﬁg?&néiﬁﬁgtvﬂtrﬂé‘%ef nput

system whi ch I's an enbodi nent e 1nventio _ ail ed Description of
t he enmbodi nespaceRefher computtén displaysothFéerdimensionalr inagath of iabjents oif thise

invention is shown. It includes a fwo-di.nensional, display 1 erated by a
conputer 3 sTRPY rgpp@_ar}g l%ﬁeu%%f ) .&agggyo&l%@ryﬂ%mg@eﬂggpr@ede del
Ina 3'd'5m”§¢é?5é3«lvitﬁ%ﬁéh ﬁttélﬁgéigéﬁpﬂﬁ@"syﬁﬁﬂ?ﬁébks HRETRII SDsbsPtivh 8hd By € 3D

obj ects such ‘as a cube 13. Th i splay device 1 may be any conventional
conput er di spiientatieviota peintpr deRiceomoveard bycthecuger inrthetreaagpace, ;andathise
screen onto which an image ,isS.projected. 10.Additional | t he te

hel udes at SRS B anergue PeSfioRanceerieiaton B combier SHEE By he
"user's spacgontrdsh VAtAE Prasept iIAREMtIN AHE Sthdk-8IneereRdRalPeompuld dpadee 9.
The canmeras 5, 7 are for sensing the position of the pointing device 9 in
real tine. TPieferpblydias afixas of vayiakiesmappingdesbit@pamnet ainaide mith, the

pr ocessi th t of the caneras 5, 7 in real tine to determne the
positioﬁngf ?%%Q#%ﬁgitudinal axis of the pointing device 9 in the user's
space, and then transformit into aline in the conputer's 3D co-ordinate

system The PBriecBescripfionoftThELFigaresopti onal |y be inpl emented either
separately fromthe conputer 3 or as software running on the conputer 3. 20

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 schematically a first data input system which is an
15  embodiment of the invention;
Fig. 2 shows schematically transformations between the different
coordinate systems in the system of Fig. 1;
Fig. 3 shows schematically the steps in a method employed by the
system of Fig. 1;
20 Fig. 4 shows the structure of a pointing device for use in an
embodiment of the invention;
Fig. 5 shows a second data input system which is an embodiment of
the invention;
Fig. 6 shows a third data input system which is an embodiment of the
25 invention; and
Fig. 7 shows a fourth data input system which is an embodiment of the

invention.



" The conputer 3 is programed to nodify the nodel in the conputer space
using information fromthe processing unit 11, possibly also in dependence
on other inputs. The nodification nay be the nmanipul ation of a 3D object 13
in the conputer space. For exanple, the manipul ation nay be to change the
25 viewi ng angle of the 3D objects (i.e. the angle fromwhich the display 1
presents an inmage of the conputer space; that is the mappi ng between the 2D
space of the display screen and the conpgter space) and/or rotating one or
nore 3D objects within the 3D conputer space. 5 The system nmakes use of
various co-ordinate systens, which are illustrated in Fig. 2 and expl ai ned

em 21 of the display plane, (3)
A Ooetiidht 5 egser—=space containing the 5 pointing

device 9, (4) the 2D co-ordinate system 23 associated with the inmage pl ane

of the left canera, and (5) the 2D co-ordi nate system 24 associated with

t he i mage plReferrifg fistly td &ig. 1c arfirsbembhdinperd of divd inyesptiepss povwmrltred by t he

i it 11 h i n Fi 10 3 foll o1
bet ect | ng-t HECUEFS pgwe-FRESidRRy Blshiny T RRersirbY e v B S ich 43,8 PC.
respecti e 2fhd pB9BuRIrd8prégranifiel’to HBANE aR6AEI iR.a I-dimBhSioAdnsgaedone by
i mge processing techniques Such as |ine detection, or colour segnmentation

15 (i n the dée"computenspaca"hidompriring oee or morgahobjgctd suchhas patibgl

colour). The,]imes .in the |ef n i ' . . as: TL :
Ol LxL .~-|7LY1_§.'-JJ&?@'SQ'3&€%"|‘9$ 1 n2Rib¢ MY bohyBIRie! SRR BigBP NGB, o e
co- or di nat eseld! GRE ot RGIP8ER AT, SHit ag be @fatr'%';e @8fEIPofth witcR 2@ ivfdgarie t he
co-ordinates in the 2D 24 space of the "right" canera 5, and the values alL
, aR, bL , wrRiected. and cR are variables. The two ends of the lines are

al so fou1rbd, and are denoted in left inmge plane as (x,~, vy,L),(x2~,y2L) and
in right™imge plane as (x,R, y,R), (xzR ~ yzR) respectively. 25 2)

Usi ng the resdditionally, (He systomh iacitidas delehsBvey camerasrsl Nalitectdaicinfoa néalng
direction in the user space 22 is calculated. This is done using two

precal cul at edoris 8pPaee (thecysars sparaVRN(Which Rusaidnapippiatenas elendatei n Fig.

2), 6 whi ch.; i : j I S Sei to the

I )eft and ri ﬁ'ﬂﬁﬁggv'gﬁgﬁ@%gﬂ%,%a% r% fg&éﬁ?dﬁr% F?’68l{,:id?":?‘\/\/&?gﬁelconver ts

1; rom E he i magsinimgdevice ® ihheahl’;rge! g rmwgstedrﬁmrttr&“%llﬂeinblﬁdga!al pfocekgin?u'nhti ng
irection in the user's space n be den as: xuser ' x|l user

xouser 151 T Aracessing e cupit of figsameres 3. adeal e b determpe e user -

. Yuser ~ ZuSgdeigfdn YEeHk I6n%i§.|ld4ﬁ§1ra>ﬁsé 5@?2&@%&@3&% tHe USEFs Spase’ ~

' x2user ~ Y2user and Zzus are t es I n the user's space.
'xl user ' x2 abthen tnarsfoffhdt intoed fine iretitescorpputeds 3dhco-pdinate systersefhean be

det ermi ned bﬁ(ro%%?&%btu%ﬁt' 1nlgr:na§|olf>?i(e)hal%yzgg %pl%lr#esn%d 1eﬁhe?( %eéar%tejfy from the

computer 3 or as software running on the computer 3.

20
The computer 3 is programmed to modify the model in the computer space
using information from the processing unit 11, possibly also in dependence on
other inputs. The modification may be the manipulation of a 3D object 13 in
the computer space. For example, the manipulation may be to change the

25 viewing angle of the 3D objects (i.e. the angle from which the display 1
presents an image of the computer space; that is the mapping between the
2D space of the display screen and the computer space) and/or rotating one

or more 3D objects within the 3D computer space.
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The system makes use of various co-ordinate systems, which are illustrated in
Fig. 2 and explained in more detail below: 1) the 3D co-ordinate system 20 of
the computer space, (2) the 2D display co-ordinate system 21 of the display
plane, (3) the 3D co-ordinate system 22 of the user space containing the
pointing device 9, (4) the 2D co-ordinate system 23 associated with the image
plane of the left camera, and (5) the 2D co-ordinate system 24 associated
with the image plane of the right camera.

The processing steps performed by the processing unit 11 are shown in Fig.
3, and are as follows:

1) Detecting the straight line images of the pointing device 9 in the
respective 2D image planes 23, 24 of the cameras 5, 7. This can be done by
image processing techniques such as line detection, or colour segmentation
(in the case that the pointing device 9 is painted with a special colour). The
lines in the left and right image planes are denoted as:

I, rax, +by, +¢,=0 and [, iapx, +byy, +c, =0,

where x, and y, are the co-ordinates in the 2D space 23 of the "left" camera
5, xpand y, are the co-ordinates in the 2D 24 space of the "right” camera 5,
and the values q,, a,;, b,, b;, c,and c, are variables. The two ends of the
lines are also found, and are denoted in left image plane as (x,,,y,,),(x5;,¥,;)

and in right image plane as (x,;,¥,z),(%,z,Y,z) respectively.

2) Using the results of (1) and a standard 3D vision method, the pointing
direction in the user space 22 is calculated. This is done using two pre-

calculated 3x2 matrices M, and M, (having the components shown in Fig. 2),
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which define the transformation from the user's space 21 to the left and right
image planes 23, 24, and a 3x4 matrix 7', which converts from the image

planes to the user's space 22. Specifically, the pointing direction in the user's
space 22, can be denoted as:

xuser xluser x2user - xl user

luser N Vuser | =| Yiuser +k Yauser = Viuser | where x
A

4

user ! yuser 4 user xl user ? yluser !

user z luser z 2user z luser

Zior s Xouser + Yauser @Nd 25, @re the co-ordinates in the user's space.

xluser x2user _‘xlusel
The coefficients | y,,... |and | y,.... = Y1 | €aN be determined by substituting:

z luser z 2user 4 luser

Sl X, —M
1 1 1 1 1L L4
xlu:er ]‘11 T12 Tll TM

-m
Yiser | = Tzll Tzlz T‘."s Tzl4 Y b and

Xip—M
1 1 1 1 || F1r =M
Zuser L, Iy, Ty T34_ _
ViR ~MRis

- X,, —m
1 1 1 1 21 L14
X user T, I, T, T

—-m
_| i 1 1 Yar 118
Vaser | =1 1ot T, T, T, X —m
1 1 1 1 2R Rl4
I, T,, T, T34_

| Var —Mps

z 2user

into the equation for /., where m,,,, m,,,, my,and m,, are parameters

in the two matrices ML and MR respectively.

3) The line in the user space 22 is transformed into the computer's space
20. Note that the transform (mapping) between the computer space 20 and
the user space 22 is initially set be calibration before the present method is
carried out, and furthermore the transform may be changing. The computer 3

11

1



T T_ 'x2R nRI 42user33 34 31 32 y2R nRIB 15 into the equation for |u5er |,
where nLlz , nmlla, nRI4 and nRIg are paraneters in the two matrices M. and
MR respectively. 3) The line in the user space 22 is transforned into the
conputer's space 20. Note that the transform (mappi ng) between the conputer
space 20 and 20 the user space 22 is initially set be calibration before
the present nethod is carried out, and furthernore the transform nay be
changi ng. The conputer 3 7 registers the transformation (rotation and/or
transl ati on) between the conputer's current coordinate system 20 and a
reference (defined as "initial") co-ordinate system such as the space 21
formed by the x-axis and y-axis ( xd,sp , Yd sp ) of the 2D display

- or di nat d { di cul ar 5 t. 2D dj spl ay defi ned
based on-t hdebRuTe hadanetamaten (e apdlor EensieliSnlpamian b &0 ' "
transf or mat i QfnHRers éu%eﬁﬁg%&ai{%% b?@t@nﬁ?(l) @ﬂulwﬂyra@igcégw hdantiaPy space

22 and the conputer space i us, “by nultiplying by the pointing
di rection | cseordinatelsystarasifobr asethe spase2 1 fonmedrbyt the >eaxipdngry-sxisoor di nat e

system 10 Based on this ipfarmation, a line 15 in the di.splay space 21 can
be gener at ed Fmomiia )t éh%?@rﬁﬁ@'%ﬁomfdmt%ﬁV?tgﬂhi@QF'rﬁfh@&S?Wf %ﬁﬁ@ﬁ%'
paraneters" a "posi tjon, par ters". The nerg' s rangters.are

proj ecti ve (@Bﬂﬁfzﬁ aﬁplﬂﬁéﬁg%@%thﬁéf@ﬂmdﬁﬁw Eﬁm % 'F?:Qfsqﬂegn_sf or s
a 3D co-or di Adrfatibh! § Wahsfdrifalion mMatrik A0Esh B8 dRfiR¥E b8 Bhy inforeRt Bétaklehv e
transformation. The matrix 1s determned by how the 2D "image" 1s

"proj ect ed".thBasenspace B 81 thewampiterspaacs 20n Trutsabyamaltiglyingabg Tathes (wi th

regarding to the r ferencz coor di Pate z%ste ,_Lhe. projective paranmeters
b e i

change accorm'ﬂm@a'rqﬂ@% w730 bR frapsforngdd NG COMBRHUIETR EOhosi t i on

paraneters are.paraneters 20 registered in the conputer's nenory which

det er m ne th%rdllrgq??alslyﬁtﬁghi p between two 3D coordi nate systens, including
rotati omg 3x3 matrix) and translation (3x1 vector). The line 15 is

di spl ayed on_the display device 1, and thus the display is augnented. This
can be done Basrd andhislinfoppation.celimandk imthendisplay spaseddt ean bagenreatedi nt i ng

direction (i W1 ani |0 i ' L an d
position w tﬁgq‘hée{}ggéf&@ﬁ’ﬁ@iws@%@gs @é‘efrﬂg‘eﬁam ‘%am%ﬁ‘ﬁa‘%?ergﬁ@%'g gﬁﬁTmnds
to be sent tpdshi®ngsiranietérs’ Ahd bemenri'® phiameterdiareppijddtive (of affine) poi nti ng
device is also known since the co-ordinates of two endi ng points 8 are

al so cal cul aP¥@metets,angretesda thgymatrix that frapsieamssh3RLP-ArdmAteSYSes in t he

mani pul atd oningd 2 Hp) BBbRAiate sy 9 4 Prdit@Re! tRirstEkmation. The matrix is

determined by how the 2D “image” is “projected”. So, when the 3D co-
ordinate system rotates and translates (with regarding to the reference co-
ordinate system), the projective parameters change accordingly. The camera
parameters can be calibrated. The position parameters are parameters

20 registered in the computer's memory which determine the relationship
between two 3D coordinate systems, including rotation (3x3 matrix) and
translation (3x1 vector). The line 15 is displayed on the display device 1, and
thus the display is augmented. This can be done continuously by a feedback
mechanism.

25
Note that the pointing direction (i.e. the full positioning of the line: its
orientation and position with the user space) serves as the main information
for commands to be sent to the computer. At the same time, the position of

the pointing device is also known since the co-ordinates of two ending points



"A first operating node of the conmputer is referred to the 3D operating node
of 5 the conputer. In this node, the line 1pa is used directly to nodify
the objects in the conputer space. For exanple, the line my be used to
define an axis of rotation, to change the viewi ng angle, or to select an
object. A second operating node is referred to as the 2D operati ng node of
the 10 conputer. In this operating node, the line is used to select a point
on a 2D surface, i.e. the intersection bgtween the line and the surface. In
ei ther operating node, the pointing device 9 can optionally be a sinple

el ongate object having no intrinsic electronic function. 15 Alternatively,
in either operating node, other information can be obtained fromthe

ointing device 9 to perform operations _gn the 3D, space. ,For exanpl e,
Techan cal | GHBIA%h CRRBEBIRA & A PrBEeTa TS bUNeRAIGTEmBy;als PG 5ROt e
poi nting dewhenaligiatbh of SWoBEES, shich b8RHiradelaiéri! | on angle into a

conputer. Buttons can ed to the pointing device to define zoom ng,
sel ection of objects, selection of operational nodes, etc. A suitable

inti devj is illustrat in Fig..4. Lt ingl body,. 1 _ahich
s ol ongat o hatepeERirigPRGa iaF CSTPuISrs raipBa Y ES 3P aidudd pdszot™ ©
apt! cal / @Ch@@!d&%ptﬁ@m ﬂﬁis%d’é‘,'tﬁé‘liﬁ@@f“ﬁﬂ%éd réciyabinRBdiff thiesbjdds nt i ng
evice around its axis 36 and transmts™his information wrelessly to the

processi ng URithe Edmplitér sisiicat FBQeQ@M?%@ thdllind Riay e Lissle o Befinean akis dfor

ot her input devices such as slider(s), rollers) or dial(s)) which the user
may use to trofatiom, to chargethe vawing anglei erdossiectianePjeete processi ng unit
11. These buttons 30 can allow the user to input selections or
confirmations, for exanple. The 9 wireless transm ssion nmay be by an

el ect r omagnep isecédhdRopératingdi rapds igrdérred ¢ asXeaRDeoperating nitgleLdfithgsoni ¢
signals. In one variation of the above sgsten1mﬁthin the scope of the

i nventi ot teRPRUtSTIAhisSORAIRtING MOdeethe iNRyisdseddeSetect aRM;NHeN AP a
| ongi t udi nal ' [ il régh” j as 5, 7. Turning
now to Fig. %ﬁﬁgigggbﬁ%'éﬁ%%%ﬁﬁgh ongﬂ%eyﬁégﬁgﬁﬁﬁsﬁggg own. El enents of
the systemof Fig. 1 which are equivalent to elenents of the 10 second
system are denoted by the sagg reference nynerals. In tﬂe second

r

enbodi nent, r@ithes eperating medg, therRginting-devige §icanwertionally beaisimnie asoni ¢
t d . N L O | St ided with at
ransaicers dinodt oS TSR HIRG W Obigheo Provi ded Wih 3t

capabl e 1§ establishing their respective distances to each of the

O oo, o OB i ST e AR R e

user' s_spaceingififing HoRes 9 Bl eridnrisataibieoh o BDNIA-RNFBEckimple, | ocat i on

and orientatloné 0 e pointing device 9 in the user's space. 2 urni ng

now to Fig. Biechanieal/optinabencoders can henesedioesenserthedwigiingrof theeoittingd

enbodi nent i imlar to e . 5€e [,en t nsducers
a7, a0 1 nst aieg Pila oWl 88 Mt AR B o€ MG comBntel T Cas.
are mounged gan beciddedto the pothtinh duvicd tadkifinedidnivig "euestidty obobjeets, (€. g.

in his or her respective hands). The line 53 in the user space connecting
their 25 censelestigmatoperglipnalavades.BicFig. 6) plays the role of the

| ongi tudinal axis 36 of the pointing device 9 of the first two enbodi nents.
Finally, Fig. 7 shows a fourth enbodi nent of the invention. As in the first
enbodi ment, Ahsiteble pdintindpdevicens illustrateden Rigwod.doimeluaiesa bddy plesedter, in 30

this case the role of the transducers 47, 49 in the third enbodinment is
played 10 Whighis elongate hayingsa longitudingl axigi36n Itfurheeinsies dMhdependent | y
in the usger : wWhyi i : kopal |ine
55 1t hed us SPREAIEeinicd rbBdses whichREEM Ik InaBiERbp o BT PAIAGE. | on
to the | ongi tedicaaroand its aRisd36 ahe transmits tigis deformation vfiretdssiy forthe t wo

enbodi nents of 5 the invention. The two. C ras, 5, 7 can ea eterm ne the
bosi L1 ons. & nbraRBS BT kb3 BenfiRG SENiSSJa0S mAkiesFLRERS SByor o

det erm ne t hghRRdelicas subhRiBeBRISIEHHMRTIA(s)] WhicHRRAsEEr Weaplsatgnt
lines in the I'mage pl anes connecting those positions. These lires are then

treat ed equi tranemitiipformatine (¢.ignwdreldssiyndo e procersingiunitt 1 biheseruttonst t he

inventio . . . .
30  can allow the user to input selections or confirmations, for example. The



10 Note that by neans of any of these four enbodi nent systens, information
can be input into a conputer by an intuitive interaction with the conputer
3. Although the invention has been described above with reference to only
four enbodi nents, many ot her enbodi nents are possible within the scope of
the 15 invention, as wll be clear to a skilled reader. 11 Cdainms 1. A
data input systemfor a conputer system the conputer system i ncl uding
processi ng means defining a three-di mensgonal nodel in a 3 dinmensional
conput ati onal space having a mapping to a 3-di nensional user 5 space, the
system i ncluding: one or nore tools for mani pulation by a user in the user
space, the positioning of the tool or tools defining a line in the user

space; observation nmeans having . a fixed sition.a bei n rranged to

observe t he WEEsS BANSMISSIN F@glbe’l by apel @m%@r}ﬂ% 0&&%@9%988‘@?@

position of élxggq‘?g é,: ngqn%mtpgg?n;@ggnggace; and the processing neans being
Ty

arranged to no he thhree-di nenSi onal nodel in accordance with the
position of the line. 2. A systemaccording to claim1 which further

i ncl udes transformafi.on ans, for transfor.m the line into.th

conput at i ondl QAEAHEUPA! 115 20K Aystedh WEARINE seABe of s BRaRteN.hers y ¢ ne
three di @‘P”%Q?Bb fEBle dpdlnmeg?aéﬁeegg é@éﬁ‘héﬁﬂﬁtdBﬁgft@diﬁﬁﬂaﬂé’wrﬁdrpi% of the
line. 3. A systemaccording to claiml in which the processing neans is
arranged t o reasuredne.g heingdbetdaomeras 5a7t wo- di mensi onal surface of an

I ntersection of the surface with the Iine, and nodify the three-di nensional
20 nodel in accordance with the position of the intersection. 4. A system

accor di ng t orghighdw t& FRj.8, & stcofbdmbaedimenibr e ihbentidibigrshidwmn means
i nclude at | east two caneras for formiré% a visual imge of the tool or

tools. 12 Bementyst the sistemafirio.t bwhieh yeampivaieptdpAlementasiitsa t he
observation JEans A LFe BbnbfaHBy ' &ind HBHhrte (ARSI 17 RS bBELMHE YT ces:

the tool'%r
embodiment, the cameras 5, 7 are replaced by at least 3 fixed ultrasonic

transducers 41, 43, 45. The pointing device 9 is also provided with at least 2
ultrasonic transducers 47, 49. The transducers 41, 43, 45 are each capable of
establishing their respective distances to each of the ultrasonic transducers

15 47,49, which, using straightforward calculations and the knowledge of the co-
ordinates of the transducers 41, 43, 45 in the user's space, makes it possible
to determine the positioning (i.e. location and orientation) of the pointing
device 9 in the user's space.

20 Turning now to Fig. 6, a third embodiment of the invention is shown. The third
embodiment is similar to the second embodiment, except that the transducers
47, 49, instead of being attached to each other via the pointing device 9, are
mounted on tools 51, 53 which are independently moved by a user (e.g. in his
or her respective hands). The line 53 in the user space connecting their

25 centres (and shown dashed on Fig. 6) plays the role of the longitudinal axis 36
of the pointing device 9 of the first two embodiments.

Finally, Fig. 7 shows a fourth embodiment of the invention. As in the first
embodiment, the fourth embodiment includes two cameras 5, 7. However, in
30 this case the role of the transducers 47, 49 in the third embodiment is played



“including at |least two ultrasonic transducers. 6. A system according to any
preceding claimin which the tool or tools 5 include a pointing device
having a | ongi tudi nal axis which defines the line in the user space. 7. A
system according to claim6 in which the pointing device includes an
optical or mechanical encoder to detect rotation of the pointing device
about the longitudinal axis and thereby obtain additional information, the
processing 10 neans neking use of the adgjtional information to nodify the
t hree di nensional nodel. 8. A systemaccording to claim6 or claim?7 in

whi ch the pointing device includes one or nore data input devices operable
by the user to input additional information, the processing neans maki ng

use of the additignal 15 infornption to dlfy éﬂe hr ee- dg i onal nodel .
9. A syst emRcE WPHY Markarash 2°9.¥high £am e eV Rendepty ¥vi ce

el udes W IaR8e! eq’p%%ﬂb%%b% rE&GE Ranks PIHE BlioRA IS hb! s
informati on T0 receptron neans | connunlca ion e processing neans.
10. A syst erspaceaotinegting trentwqvisualdnackecs &7 nd9 is emmalenhtutheare two tools

accor di ng.t doRpdIFEcA A5 CErtE RPTANaKPLeS e e oL o epBedmSts ohor

coi nci de g tthetlﬁ\f‘erJS%ﬂf TRE3RS- Qa%?eraéir?tc%?ﬂdeéﬁh détBEthineBie ¢RsRions iR ti§@NPUt er
systen1mh|ch I ncl udes processing neans defining a three-di nensional nodel
in a three- dmagesplenes ofzﬁnecmmvismlimamersﬁép@ randd@eanmdper@at@nan
three-dinens'onaL user s agggethe ne hod, i ul ati ng one

or more tool ¥OPRAGS R %fe?ﬁ?é’ 8 St r@'gg}grﬂasg}thHg}a[g(?ﬁl 8? t ool s

defining a I¢drﬁ\elcﬂn§ oL BESIBERE Thedsilifgs far& Btbrrisstedalduivnl RS the neasure
the positioning of The tool or tools, to determ ne the position of the line

in the userIspﬁngandnuusﬂwnmﬁtgnﬁgdvmmﬂuﬁﬁEEHWBnﬁneaonal model in
accordance with the determ ned position of the line. 13. A nethod according
to clai M012 in which the nodification includes transformng the line into

posi tion of \Re PRERErs B FBr bR I g R e sl e o et 1,

further inclceah bg lwtﬂnmtmmcmpum bycsi intuitiveointerattion dithetheicongdutend.f ace of
an intersect on of surface th the |ine, said nodjficatjion bei

o for e ushRIPUALGIEVETIS 7S bRET IPRRIACARE Wit BSTertRa LR, di ng
to cl ai m 12, ofhliffhdnts Hnafl BfiRriémbaitibntd afd16odstoiB URih 816 BEord of the {00!

or tools is nmeasured using fixed optical cane . according to
cl ai m 1215 cl iaventidh, @s willdiencledr fora skilledh readerpom ti on| ng of the tool or
tools is neasured using at |east three fixed ultrasonic sensing devices,
the tool or tools including at |least two ultrasonic transducers. 17. A

nmet hod according to any of clains 12 to 16 in which the tool or tools 20

i nclude a pointing device having a | ongitudinal axis which defines the |ine
in the user space.



"18. A nethod according to claim 17 in which the pointing device includes an
optical or nechanical encoder to detect rotation of the pointing device
about the |ongitudinal axis and thereby obtain additional information, the
14 nodification making use of the additional information to nodify the

t hree di nensi onal nodel. 19. A nethod according to claim17 or claim 18
whi ch further includes the user operating one or nore data i nput devices

| ocated on the pointing device 5 to inpuff additional information which is
used in the nodification of the three dinmensional nodel. 20. A nethod
according to claim18 or claim 19 in which the pointing device transmts
the additional infornmation as a wireless signal. 21. A nethod according to
any of cl ai I12 to 20 in which the user noves 10 two tools independently,
t he positio§§—§ﬂ§the two tools together determ ning the position of the
line. 22. A method according to any of clainms 12 to 21 in which the
conput er spate dogsd4tat inpat rsg/eti#nvfoﬂ'a td@m(fm@rr syslent. the3 cothpuéhegstem
according to any of claims 12 to 22 inclu ng an initial step of 15

cal i brat i ng PAEdREmPIReassiihdreans Hefiningreydheaesdinassional Eﬂ%’ﬁl d) 8edi ce
and/or with

SR aahi | Alfenikia) ehttational space having @ mapping tg A A-dimensional uger

}xsnl d_74| cadp=mes Hesystaindatiodinga] ca] ca] ca] ca) ca] ca] ca] ca] ca] c”a] ca] ca] ca] c
aV] ca] ca] ca] ca] c*a] ca] ca] ca] cha]cMa)] cTa! 6X@ i 9a$nt;

Skel by cal caloa caleal oal caatea ealenl 17 £akarh e s Uusplgakashigl ool

a] ca] ca] ca] ca] ca]
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YBAH YT YN Ve Ve LeRsarvatipixdneansthaving v Hxeq c@q%qrtaandc@]eﬂmaf@ngad] tm] caV]

oot AN DAL il g hksrur

W] cal) cayv] cipdine]inahe asbrepaceyland] ca] caV] ca] cal] ca] ca

WV] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV] ca
W] car &s&ug~ %%e processing means being arranged tzo modlfy\it-’ﬁé (ilhvllee Jlmensmnal

model in accordance with the position of the line.

2. A system according to claim 1 which further includes transformation
means for transforming the line into the computational space, the processing

15 means being arranged to modify the three dimensional model in accordance
with the transformed position of the line.

3. A system according to claim 1 in which the processing means is

arranged to determine the position on a two-dimensional surface of an

intersection of the surface with the line, and modify the three-dimensional
20 model in accordance with the position of the intersection.

4, A system according to claim 1, claim 2 or claim 3 in which the
observation means include at least two cameras for forming a visual image of
the tool or tools.
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10% & () - " 10pfical oF mechanical encoder to detect rotation of the pointing device about

)~ zaebe 110t grgliieth he SR Bin B ipmetindy HRBro W x ()
"hst uvxxthCONebd$b&dKing use of the additional information to modify the three-
dimensional model.

8. A system according to claim 6 or claim 7 in which the pointing device

includes one or more data input devices operable by the user to input

additional information, the processing means making use of the additional
15 information to modify the three-dimensional model.

9. A system according to claim 7 or claim 8 in which the pointing device
includes wireless transmission means for transmitting the additional

information to reception means in communication with the processing means.

10. A system according to any preceding claim in which there are two tools
20 independently movable by the user in the user space.

11. A system according to any preceding claim in which the computer
space does not coincide with the user space.

12. A method of inputting data to a computer system which includes
processing means defining a three-dimensional model in a three-dimensional

25 computational space having a mapping to a three-dimensional user space,
the method including:
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15. A method according to claim 12, claim 13 or claim 14 in which the

15  positioning of the tool or tools is measured using fixed optical cameras.

16. A method according to claim 12, claim 13 or claim 14 in which the
positioning of the tool or tools is measured using at least three fixed ultrasonic
sensing devices, the tool or tools including at least two ultrasonic transducers.

17. A method according to any of claims 12 to 16 in which the tool or tools
20 include a pointing device having a longitudinal axis which defines the line in

the user space.

18. A method according to claim 17 in which the pointing device includes
an optical or mechanical encoder to detect rotation of the pointing device
about the longitudinal axis and thereby obtain additional information, the
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