*166166* 1 —Bata—tnput—to a conputer system defining a three-dinensi onal
nodel Field t|on The present invention relates to a nethod for
ent eri ng dat mnm&@m‘%‘mn uter, and to a conputer programed to receive the
data. 5 Back nventlon Many nethods are known for entering data
into a conputer U¥P¥Y a pointing device noving within a 2-dinensional (2D)
space, such as a nouse, or a 3- dinensional space, such as a nouse or track
ball with an additional input axis (as Tn 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 nmanipulating 3D objects defined in
a 3D conput ational space. Such systens find the position of a point in the
2D/ 3D space. Thi 94ts it to acsdmaputentydtem délirmg athremeinddnginsal nsdsver ,
because all the input 1nformation is based on three-di nmensional
information:_ the coordinate of a 15 point. Summary of the invention The
present i nv&igldof esinygAlon he observation that for 3D nani pul ations, the
position of a line in the 3D space would be nore useful than the position
of a point Th'é%re%éﬁfmk/@nu%ﬁ‘}‘eléfgsafd Qr}né‘tfhoaq‘op%ﬁecﬂn 850ty alsorAgitened
based on 20 rotation around an axis, and inputting the position of an axis
into a conpundrto ebgorapeter pyogrgnirhed posedeiventhefdadapoi nt i s not
straightforward. In general ternms, the present invention proposes that data
Is entered into a ut er,. whi ch supports a 3D nodel in a 3D conputer
i npl emen ed%&%@gﬂ‘@m&er space") by measuring the position (which
Is defined here to

Many methods are known for entering data into a computer using a pointing

device moving within a 2-dimensional (2D) space, such as a mouse, or a 3-
dimensional space, such as a mouse or track ball 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 ultrasoni¢c sensing. One application of such methods is for
manipulating 3D objecté 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 ba.sed 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

I

*G00002*




1M1 ITMIMIM LT ~~~~ 111 *000002* 2 include also the orientation)
of a line defined within a real world space (the "user space") using a

fi xed observation neans, such as fixed caneras. For exanple, the |line may
be the | ongitudinal axis of an elongate pointing device which a user
mani pul ates in the user's space. In other words, the 5 manipul ation of the
pointing device is used to define a line (5D information), or a line and a
point on the line (6D information). Notethat it is possible to use the

i nvention 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 wwth a 2D surface. For exanple, in one formof the 10 invention, the

i nter sect i Ofhddd @wbdtr#éebvr@ﬁt@ubh)eof bNfhe Befifed JRNireal reaPaesdtidbpace §hdD
pl ane, such as a display screen a conputer, and this information is

used as |npuus@a&p@cedruwg)adgedmbsmlpnanea@s ysuchias fpesl gareerast the |ine
can be transforned into a user's 3D coordinate system The coordi nates of

this line aref P fem Two
advant ages o rgég{ W?h?@%qﬁéﬁﬁﬁﬂ’&m& Ior%ﬁt rlla ésgs(?)?/s E%n@%@{g?)}fﬁﬁgn
directly todehizePWhithsystisen manipulaet mhﬂxeauaéysl@aceslrmmthaen woudd,i the and

the 3-D calibration is_nore cqnvenient,. S pSSIbI he t|n
devi ce t8 bdnamipulstienghthe peintieg deyicg is Hﬁ@d 'fwd? Be | 9 @%‘i F@?Rioé‘

function. Afgeratd g?(%rl dﬁth‘eﬁm%o(t%? PkSridtionh.he pointing 20 device to

I ncl ude one or nore | onal I nput nmeans, such as buttons. In this
case, neans exist for transferring the data to the conputer system such
as wires, orNoMertBlataiisisctmaibiertmuﬁec&tei owentiamdo axtract inforreativratascier thei n
.nput et hOOIpS o?Xa'rtscor?cerrr?%%%h\éhﬁo%rﬂiorﬁegfsgrp%i’r;[thlﬁ a 2D space, by determining the
interaction of the line with a 2D surface. For example, in one form of the °
10 invention, the intersection is found between the line in the 3D real-space with
~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 d.ata 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.



‘orientation of a pointing device within a user space. For exanple, US
patent 25 no. 5237647 and US publication no. 20020036617. However, such
systems use is made of position sensors which are nounted inside the
device, rather than external fixed observation devices. 3 A nunber of
virtual reality systens are al so known, such as WO 99/60529, which define
a three-di nensional conputer space which coincides wwth a user space. The
conput er di spl ays three-di nensional inmages of objects of this conputer
space to the user (e.g. using googles) superinposed on the real 5 space
with which it coincides. The systemtracks the full 3D position and 3D
orientation of a pointer device noved by the user in the real space, and
this correapqibet of aittuzliesslitg dyseas Hre mis dndWh Bl iaerWi@ JomgD32enput er
space. By contrast, in the presént invention the three-dinmensjonal
conput er  spubich gefitees Aiep-dimengionsl gempytenspacayhich paimsides Wilh agiser does.
- not" coincid i 1 af E1 AL L ON.cOf (. i es
Preferred f§%$%%2£h%9§¥ne Fﬁé@%??@%ﬁﬁFFﬁhhgwﬁ e%ggbgé%%gg,gmgggtquﬁgke of

i |l ustrati ogompluter spdde tetrey asee (¢.9. Wsihd gbbglesngupermpesed mrwtieckeal Fi g. 1
shows schematically a first data input system which i n 15 enbodjent of
the invent i spacemwifh whighdhsoigeiiesat eaws;/emrt%f%dhﬁﬁwféﬁ)sp%{%&ﬁldtw
di fferent inat i b O thb S i
schemt | cal PyoPRiOE S ESkRTFatlled naRERI I Lo B ¥ redl Spadelgilis. o
Fi g. 4 showsotrbspaidsuict am elevtical pasitin agd deientaéiohon thes eompuder spaTtisoBy nent
of the invention; . . . . .

contrast, in the present invention the three-dimensional computer space

preferably has a (fixed or variable) mapping 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 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.



Fig. 5 shows a second data input systemwhich is an enbodi nent of the
invention; Fig. 6 shows a third data input system which is an enbodi ment of
the, 25 invention; and Fig. 7 shows a fourth data input systemwhich is an
enbodi nent of the invention. 4 Detailed Description of the enbodi nents
Referring firstly to Fig. 1, a first enbodinent of the invention is shown.
It includes a two-dinensional display 1 operated by a conputer 3 such as a
PC. 5 - The conputer 3 is progranmed togdefine a nodel in a 3-dinensional
space (the "conputer space"), conprising one or nore 3D objects such as a
cube 13. The display device 1 may be any conventional conputer display
device (e.g. CRT or LCD screen), or it may be a large screen onto which an
i mage is . systemincludes at |east two
caneras 5, T S pace (the "user's space") in
‘whi ch a user nanlpulates an elongate poi nting device 9. The caneras 5, 7
are for sensing the position of the ointing device 9 in real tlne The
syst em f ur t Referrng firghy taFisr deésfﬁtr@“gﬁﬁj'melﬁ of the tﬁ‘rVeBTf'%tSsghW tlhe out put
of the Ca”eﬁﬁ‘auées 4 twp Jlﬁw%'nsfo'nraf?dfsg aS/ a@&d Hg% tte'r L h ésth
| ongi t udi nal”"axr's he pointing i ce I'N use s space, "t hen
transfor m i tThentempuier Beis |p|rogr’ammedmldeﬁns a3hodel- nnradis-nlahensugmalerpacéhe
processing unit 11 rmay optionally be i Ienenteg¥§|ther aratel fromthe

conput er 3 JHNEASCORRUGRSRAGE hFORPTHNG A e@&ﬁiﬂj@ gbjests sudhas a cube
13. The display device 1 may be any conventional computer display device

(e.g. CRT or LCD screen), or it may.be a large screen onto which an image is
projécted.

10
Additionally, the system includes at least two cameras 5, 7 directed into a real
world space (the "user's space™) in which a user manipulates an elongate
pointing device 9.. The cameras 5, 7 are for sensing the. position of the
pointing device 9 in real time. The system further includes a processing unit

15 11 for processing the output of the cameras 5, 7 in real time to determine the
position of the longitudinal axis of the pointing device 9 in the user's space,
and then transform it into a line in the computer's 3D co-ordinate system. The
processing unit 11 may optionally be implemented either separately 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. Fbr 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.



The conputer 3 is programred to nodify the nodel in the conputer space
using information fromthe processing unit 11, possibly also in dependence
on - other inputs. The nodification may be the manipul ati on of a 3D obj ect
13 in the conputer space. For exanple, the manipulation nay be to change
the 25 viewing angle of the 3D objects (i.e. the angle fromwhich the
display 1 presents an inmage of the conputer space; that is the mapping
between the 2D space of the display screeen and the conputer space) and/or
rotating one or nore 3D objects within the 3D conputer space. 5 The
system makes use of various co-ordinate systens, which are illustrated in
Fig. 2 and explained in nore detail below 1) the 3D co-ordinate system 20

of the compybedy %ﬁ?%ke(ezdsé Breva’f[au@i@b@n&@-sgéfﬂnﬁ@tméu%?@mugﬁa@a ihhe
di splay pl ane, (S the 3D co-ordinate system 22 .of the user space
cont ai ni ng g Sapbexrpieigdievnoee detai belawiel )2be 3B ep-@rdinate sypien A0

o or o nat o Tag S PeGs. THE 22 gibHEysE oriREE Pl 8 Thd BRERY carer
The processigighes (SPhelED CoLaTERMANY sy$tenP2DePER) tigbripace Lbngdiginghthen in Fig.

10 3, and are as follows: 1) Detecting the straight line imges of the
poi nt i ng5dewiolding daviaen®, (4) 4k @b ¢orerdimatefy§terpi2amrssogiated withthe Heaganer as

5, 7. This ¢ b ' ' ' ALme

det ection. SENSEROlE et FEARIIERD PRt ahal SREmAENERAEET ovi ce
9 is paint edyitM thie imagieasiané of tHedright.cahera. | ines in the left and right image
pl anes are denoted as: |L:aLXL+bLYL+CL=0 and 1R : aRXR+bRYR +CR =0, 20 where
xL and YL are the co-ordinates in the 2D space 23 of the "left" canera 5,

xR and YR arg,d he£0siRG Udkd Sridimdd By 8 prbceRaing Uit 11'8re SHAY in FRTET @ S,

10 3, and are as follows:

1) Detecting the straight line images of the pointing device 9 in the

respebtivé 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
15  (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, :a,x, +by, +¢, =0 and [, :apx, +byy, +c, =0,

20 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 a,, a,, b,, b, c; and cR. afe variables. T.he two ends of the
lines are also found, and are denoted in left image plane as (x,,,y,.),(X,.,¥,.)
and in right image plane as (x,z,¥,z),(X,z,¥,z) respectively.

25

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),



‘and the values aL , aR, bL , bR, CL and cR are variables. The two ends of
the lines are also found, and are denoted in left inage plane as
(x,L,YIL), (x7LIY2L) and in right image plane as (x,R YIR), (x2R Y2R)
respectively. 25 2) Using the results of (1) and a standard 3D vision

met hod, the pointing direction in the user space 22 is calculated. This is
done using two pre- calculated 3x2 matrices M. and MR (having the
conponents shown in Fig. 2), 6 which défine the transformation fromthe
user's space 21 to the left and right inage planes 23, 24, and a 3x4
matrix V, which converts fromthe inage planes to t he user's space 22.
Specifically, the pointing direction in the user's space 22, can be
denoted as: g, L@&fnexﬂh‘ést?énéfghﬁﬁfon fr?‘ﬂn"lﬁ@rusell" 8bace P436khe’ |é#§§rﬁd ?"%Kt Y2user
Yl user where Xuser Yuser Zuser xl user user Zuser Zl user Z2user -

Zl user Zl usghage ii%merza 2\42uaera Sadmadiss &, whiehtdomveds froth trad imsagen t he
user's space, Xluser X2user - xluser The coefficients Yl user. gnd Y2user

“VYl user canPlapegdedheriages spacs Lt .Stp@ﬂfﬁ@“yzh'aé)@rntm@'@rctlznu% eua%f% 1

xIL -nm14 x I T ., YIL -nLIB and Y | user =T 21 T22 T23
Tod 1 %] R %ﬁ@é 231 barl bé dEhdtetlds:

X X

user luser x?,user xl user

luser : yu:er = yluser + k y2user - ylu:er ! Where X
V4

z

J
user ) user ! user ‘xluser ’ yluser ’

user Zluser ZZuser - Zluser

Ziuser s Xauwser » Vauser @NA 2., @re the co-ordinates in the user's space.

’\luser x2user - xluser

The coefficients | y,.... 18Nd | ... — Viser | €@N be determined by substituting:

Zluser Z2user - Zluxer

10
x m
1 1 1 1 I Lia
X tuser I T, T, T, ., —m and
| 1 | 1 1L L18
Viser |={ T2 Ty Tys Ty X m
1 1 1 1 1R RI4
Zyuser Iy, T, Ty, Ty
ViR ~Mpis
X, —m
1 1 ] 1 2L L
X 2user Iy I, Ty T, y m
| 1l 1 L8
Youser |~ Iy, T, Ty Ty ‘. —m
1 1 T 2R TMpia
Z2user Ty Ty Ty Ty i
Yor —Mpis

15  into the equation for I, , where m,,,, m,,,, m,,and m,, are parameters

~ inthe 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
20 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



Zlusér T31 T32 T33 T34 YIR -nRI8 1 x2L -nL14 x2user T,1 Tie Ti3 Ti4 _ TI
TI I TI Y2L -nlL18 Y2user - 21 22 3 24 1 | X2R -nR 4 Z2user T31 T32 T33
T34 Y2R -nR18 15 into the equation for 'user | where MMI nlLl18, nR14 and
nRtg are paraneters in the two matrices M. and MR respectively. 3) The line
in the user space 22 is transformed into the conputer's space 20. Note
‘that the transform (nmappi ng) between the conputer space 20 and 20 the user
space 22 is initially set be calibratiorn7 before the present nethod is
carried out, and furthernore the transform may be changi ng. The conmputer 3
7 registers the transformation (rotation and/or translation) between the
conputer's current coordi nate system 20 and a reference (defined as

anitial’) reGoed méﬂ%ﬁsfagfﬁégaq rBtigfonind pﬁtrémrﬁlbé‘t%aﬁ@h@y the x-axis

and y-axis |sp , I'Sp ay co-ordinate system1 and an
axi s per pendomﬂuﬂaﬂ;r §cumentrw02<ﬂnd’ﬂ$$ysa@mc%} amd:d rbmembeafdafmedrasgf'rmitiaié)nd | aw.

Usi t hi t f t f
ot i ned ai SRR ESETWUT B soaPe S1I0ana8 bkt PR ABATERS space 20
Thus, by mil i p{ %[é:”gopﬁheTQDh%laP% '@)trdilﬂgtéié)fs@&wpé‘né Qﬁedxmcﬁérdé‘ﬁdiduﬁd?s‘c or med

into a line | 114 onmput er CO- ordinate system
5 to the 2D display defined based on the right-hand law. Using this registered

information, a transformation matrix T can be defined at any moment between
the user space 22 and the computer space 20. Thus, by multiplying by T, the

pointing direction /__ can be transformed into a line in the computer's co-

ordinate system.

10
Based on this information, a line 15 in the display space 21 can be generated
from a transformation M, which is determined by “cameras’ parameters” and
“position parameters”. The camera’s parameters are projective (or affine)
parameters, and refer to the matrix that transforms a 3D co-ordinate system -

15 into a 2D coordinate system via a projective transformation. 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



‘Based on this information, a line 15 in the display space 21 can be
generated froma transformation M which is deternmined by ".caneras
paraneters” and "position paraneters”. The canera's paraneters are
projective (or affine) paraneters, and refer to the matrix that transforns
a 3D co-ordinate system 15 into a 2D coordi nate systemvia a projective
transformation. The matrix is determned by how the 2D "inmage" is
"projected". So, when the 3D co- ordinat@ systemrotates and transl ates
(with regarding to the reference co- ordinate systen), the projective
paranmet ers change accordingly. The canmera paraneters can be cali brated.
The position paraneters are paraneters 20 registered in the conputer's

el g+ orae1D A atddn e BrOAISMHA THRE o IpAP a0 i PYDLETE:
i s di spl ayedhemdrlipuldii@pbh3Ddbjécte, sucheaslin ttamsdatidre di spl ay is augnent ed.

This can be done continuously by a feedback nmechanism 25 Note that the
pointing direction (i.e.. the full positioning of the line: its"

orientation A@ﬁr@t B@én‘attihggn%é Bﬁr@c&ﬁﬁﬂtéﬁ Pﬁ@érré@w fiie 85 dpefati Mode of

i nformation or conmahds to be sent to the conputer. At the sane tine, the
posi tionsof thé kempotert iImihisimodeetheslired $0 iknzed ditecte td heodify-tbe dbjertes of
two ending points 8 are also calculated in the processing. This

i nf or mat i on imtlye edrmputss spaed. For exampleatiiedineamayheoiseDootg et an axisoh as in

transl ati on. first operating node of the co ter i.s referred to the 3D
operating nﬂeét@f" %anﬁ@e?‘bﬁﬁ?‘@mg %W'?vrﬂfgoﬁﬁﬁ?aﬁ?@l?ﬁtne | Pc is used
directly to nodify the objects in the conputer space. For exanple, the

line may be used to define an axis of rotation, to change the view ng
angl e, or td\ seteut operating éeede is referred to as the 2D operating mode of the

10  computer. In this operating mode, the line is used to select a point on a 2D

surface, i.e. the intersection between the line and the surface.

In either operating mode, the pointing device 9 can optionally be a simple
elongate object having no intrinsic electronic function.
15
Alternatively, in either operating mode, other information can be obtained from
the pointing device 9 to perform operations on the 3D space. For example, |
fnechanical/optica| encoders can be used to sense the twisting of the pointing
device along its own axis, to input a rotation angle into a computer. Buttons
20 can be added to the pointing device to define zooming, selection of objects,

selection of operational modes, etc.

A suitable pointing device is illustrated in Fig. 4. It includes a body part 31
which is elongate having a longitudinal axis 36. It further includes an

25 optical/mechanical encoder 33 which measures the rotation of the pointing
device around its axis 36 and transmits this information wirelessly to the
processing unit 11. The pointing device further includeé buttons 35 (or other
input devices such as slider(s), roller(s) or dial(s)) which the user may use to
transmit information (e.g. wirelessly) to the processing unit 11. These buttons

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



‘A second operating node is referred to as the 2D operating 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 between the Iine 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 from the

poi nting device 9 to perform operations ®n the 3D space. For exanpl e,
mechani cal / opti cal encoders can be used to sense the twi sting of the
pointing device along its own axis, to input a rotation angle into a
conputer. Buttons 20 can be added to the pointing device to define zoom ng,

poi nti g dow e sectangmERIEingl ety AP ElettioRnefEA RS or Fidon g 11 i o
I s el ongat e dxaiphg o Ustmyguktrtadonial sigmals. 36. It further includes an 25

opti cal / mechani cal encoder 33 which neasures the rotation of the pointing
device around its axis 36 and transmts this information wirelessly to the

processing ihelbrialb of Md'hbafe SRIbGRNINHESobAE biRShEktdiNTne (o

|
ot her i nput 8@\% ces such as s , whi ch the
user nmay5usenapbe matiglei gointirfgpdendteoa, ¢achghaving el lesgitydinalentihehintoisessi ng
unit 11. These butéons 30, ca%gﬁal | ow t he_user to input selections or
confi r mat i of8eaF WP 5 GniPiBd IRAEATCTGF Peless transni ssion may be by an
el ectromagnetic (IR or radio) signal, for exanple, or using ultrasonic
signals. In one variation of the above systemw thin the scope of the
i nvention, tTheniag rowig Fige Sralsscpneé emho%m@gt gkthieopyemtiorelgshoMay i ng a

ongi t udi nalEIgr)%ie%ts\Aglj t%g éy%terﬁ%?%.q%h%h%re%ﬂuﬂ%lé&qo%ﬂméﬁ& c)?’thg'

10  second system are denoted by the same reference numerals. In the second
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 trénsducers 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



Turning now to Fig. 5, a second enbodi nent of the invention is shown.

El enents of the systemof Fig. 1 which are equivalent to elenents of the 10
second system are denoted by the sanme reference nunerals. In the second
enbodi nent, the caneras 5, 7 are replaced by at |east 3 fixed ultrasonic
transducers 41, 43, 45. The pointing device 9 is also provided with at

| east 2 ultrasonic transducers 47, 49. The transducers 41, 43, 45 are each
capabl e of establishing their respecti @ di stances to each of the
ultrasoni c transducers 15 47, 49, which, using straightforward cal cul ati ons
and the know edge of the co- ordinates of the transducers 41, 43, 45 in the
user's space, nmakes it possible to determne the positioning (i.e.

| ocation an rien [ Qi LER N ' ace. 20
Tarni ng nowCY QR o rRETkefl 5150 B CB b e PP e
third enbodpeeate.igsbgitm Laer's respeetigzbands)eirhedatiemal linexxdeipttheuser t he

transducers 47, 49, instead of .bein ttagched to each oth via the
poi nti ng dePPEEe QP”B?@'”QT@@ é’dv'%‘f?"t’ﬂ%rl r%%? gg‘%'%qtﬂ}ﬁé]ﬁpétoﬁhﬁependent ly

nmoved by a LI'@r?gﬂtuﬁﬁr:eﬂaxis”(%f_?'bﬁthe%oii‘\‘ﬁﬁg HEGiRE tt HMAe HipdtdRb- emhbEdimetis o8 i n the
user space connhecting their 25 centres (and shown dashed on Fig. 6) plays

t he rol e5of théinventigint Tine hed cariesass, 7 santeashpigtemming thewosiioasdn thene fir st

two enbodi nents. Finall Fig. .7 sho a h e i ment,, of :

i nvention. AY3PH pﬂ?féesf‘i)f?/ﬂs"? Mg%%{ﬁi%e\}’\{??rﬁ %@%%Wh@eg%ﬁgéggtpq%ﬁ%ndaes t Wo
caneras 5, Thod®MENGE pldnés o3thé Paspeeavd strirht fhes B thehmalgeaianesers 47, 49
inthe third enbodinent is played 10 by two visual markers 57, 59, which

can be novedonneeiiregthasel gositionshd hgse lines g theretreptedyequivalenthy tothe
respective hands), e.ration %{H ¢! i space connecting the
two vi sual H’EPEZF 8”%?5' el 156 bé@'ﬁ?ﬁ?ﬂ% qdhe R‘S’eHﬁ‘g'ﬁrgi tudinal axis 36 of the
poi ntinggdevice 9 of the first two enbodi nents of
| Note that by means of any of these four embodiment systems, information
can be input into a computer by an intuitive interaction with the computer 3.
- Although the invention has been described above with reference to only four
embodiments, many other embodiments are possible within the scope of the

15  invention, as will be clear to a skilled reader.



5 thé invention. The two caneras 5, 7 can each determ ne the positions in
the inmage planes of the two visual markers 57, 59, and determ ne the
position in those imge planes of the respective straight lines in the

i mage planes connecting those positions. These lines are then treated
equivalently to the lines IL and IR in the first enbodi nent of the
invention. 10 Note that by means of any of these four enbodi nent systens,
information can be input into a conputdn by an intuitive interaction with
the conputer 3. Although the invention has been described above with
reference to only four enbodinents, many other enbodi nents are possible
within the scope of the 15 invention, as will be clear to a skilled
reader. 11 ghigids 1. A data -input systemfor a conputer system the
conput er system including processing neans defining a three-dinensional
nodel in a 3- dinmensional conputational space having a mapping to a

3-di nensi ondl. usé¥ data gppute system sfgfstaeﬁpmﬁ’@F&IdBYﬁjGrTbrtéeoEOfﬂ?@ﬂgeft sysitems or

mani pul ati on a user in th r g i ti.oni tE | or
tool s defini fﬁé@"ei ﬁgoqeﬁQWhe%ué;%}% s‘%ﬁ@ﬁ‘% Sb?grﬁgﬁ“gﬁ?sf?g‘éﬂg“ﬁé% % éaoﬁou xed
posi ti on andilehsionar éGnpathtional Spacs h@vfh?% PRpin@ o @f 3idehsidhal dsdrhe
user space to. determ ne the position of O the line in the user space; and

t he proc8ssispgcaetiesystemindudingged to nodify the three-di nensional nodel
in accordance with the position of the line. 2. A systemaccording to claim

1 which further ipgl ydasbrdpR! ﬁfr”ﬁ%h@lat!“o"‘?ﬁﬂ? d B6ef IHRd AUsBF 3Patbetle! Ne

into the conputational space, the processin
positioning of the tool or tools defining a line in the user space;

observation means having a fixed position and being arranged to
observe the position of the tool in the user space to determine the position of

10  the line in the user space; and

the processing means being arranged to modify the three-dimensional

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.



15 means being arranged to nodify the three dinensional nodel in accordance
with the transforned position of the line. 3. A systemaccording to claiml
in which the processing nmeans is arranged to determine the position on a

t wo- di mensi onal surface of an intersection of the surface with the |ine,
and nodify the three-di nensional 20 nodel in accordance with the position
of the intersection. 4. A systemaccording to claiml, claim2 or claim3
in which the observation nmeans include1d |east two caneras for formng a
visual inmage of the tool or tools. 12 5. A systemaccording to any
preceding claimin which the observation neans include at |east three
fixed ultrasonic sensing devices, the tool or tools including at |east two
ul trasonic tﬁransqbuggétém Gecdrdhy %ft@@@cmwum@ &1QirR NN vﬂﬁléﬁQHéQﬂ)s%'r\Pdt@h' n

whi ch the tool or t I ncl'ude a”pointing device having a | ongitudina
axi s whi ch deéameinciude ati laasuthree fixedislirasepiacernsing deviges etredeeldrdoal§ t o
claim6 in whic oi,nting devic | udes an optical or nechani cal
encoder to d%‘flg lpgragg%qt(gwo f?%?é“%ﬁ? (?Lhcgerﬁew ce about the | ongitudinal
axi s and thereby obtain additional information, the processing 10 neans

maki ng use @. thea gdste agsbrdinyg e @nylm@cemn daifry it hehi¢htiee toalioretosisonal

nodel . 8. A system according.to claim®6 or imY7 in which the pointing
devi ce ﬁncun@le@e cﬁ]@o‘@tmweenqpahavma@Jlorwetuﬂts@é ayisewaishedefinespide g ing o

i nput addi tthgr&% mati on, the processing neans maki ng use of the
addi ti onal F8P#ation to nodi fy the three-di nensional nodel. 9. A

system according to claim7 or claim8 in which the pointing device
7. A system according to claim 6 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 means making use of the additional lnformatlon 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:



includes wirel ess transni ssion neans for transmtting the additional
information to reception neans in comunication with the processi ng neans.
10. A system according to any preceding claimin which there are two tools
20 i ndependently novable by the user in the user space. 11. A system
according to any preceding claimin which the conputer space does not
coincide with the user space. 12. A nethod of inputting data to a conputer
system whi ch includes processing neans1defining a three-dinmensional nodel
in a three-dimensional 25 conputational space having a mapping to a

t hr ee- di nensi onal user space, the nethod including: 13 manipul ating one
or nore tools in the user space, the positioning of the tool or tools

defining allne ifariffatiy bnéQﬁqﬁmre%b&ginftgé%ePQﬁEéé’%é SRR sangeasur e

t he positioning to or tools eterm ne the positi of the
l'ine in thetoder togadefinengda bnerodiheywisey spheet hr ee- di mensi onal nodel in
accordance with the determ ned position of the line. 13. A nethod
according to cl a| m 1

2.1 n e nmodification includes . tr ngthe
he nts the copneabiSstvalaeatscp iftasthe tRE POSER I digRe T e
based on th@o@@ﬁtbtdé?@rrﬁrnetthe posiibhicPR@fné imthe Jbrkpacé amd hod according to
claim12 further including determning the position on a two-di mensional

surface of an intersection of the surface with the line, said nodification
bei ng pebformed Wmdiyinhethposthrediegnsiona madel Jec@ceadanse avithet thed

accordi ng t%e‘fé |Héc}605| |Eﬁ'oWIIRé claim14 in which the 15 positioning of
the tool or ‘tools neasured using fixed optical caneras.

13. A.method according to claim 12 in which the modification includes
transforming the line into the computation space and determining the

modifying the model based on the position of the tfransformed line.

10 14. A method according to claim 12 further including determining the
position on a two-dimensional surface of an intersection of the surface with
the line, said modification being performed using the position of this

intersection.

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



'16. A method according to claim12, claim13 or claim 14 in which the
positioning of the tool or tools is neasured using at |east three fixed
ultrasonic sensing devices, the tool or tools including at |east two
ultrasonic transducers. 17. A nethod according to any of clains 12 to 16
in which the tool or tools 20 include a pointing device having a _
| ongi tudi nal axis which defines the line in the user space. 18. A nethod -
according to claim 17 in which the poinflfng device includes an optical or
mechani cal encoder to detect rotation of the pointing device about the

| ongi tudi nal axis and thereby obtain additional information, the 14
nodi fi cati on maki ng use of the additional information to nodify the three-
di mensi onal msifdatioh9makinteuBe dofatroaddnidnap infbehatidy t6rmediy thé &hvdd-ch
further includes the wuser operating one or nore data input devices |ocated
on the poi nfimgngienaldeodel. t o i nput additional information which is used in
the nodification of the three- dinensional nodel. 20. A nethod according to
claim18 or 4gl ai M dRhdy %&&Bin?“ﬁ) d%l%ln%'?“&r ﬂgﬁﬂ'ﬁ%ﬁigﬂf‘fﬁﬁhéﬁir{cﬁlﬁjegdtﬂ tional
information as a wreless signal. . A nethod according to any of clains
12 to 20 i nushi opetdlieguser omowes daid irtpud devies locateg emdiet pgintindpeepiosi t i ons

of the two tool s toggether . determnin t he sition of.the line. 22. A
met hod abcotatRyta iiga ot YHTen, st M e madiicatignyh e FEesce
does not coigilebASionaitolBe user space. 23. A nethod according to any of
claims 12 to 22 including an initial step of 15 calibrating the conputer

space w th an i mge sgace of the di sPl'ay device ~and/or with the user
space. 20. A method according to claim 18 or claim 19 in which the pointing

device transmits the additional information as a wireless signal.

21. A method according to any of claims 12 to 20 in which the user moves
10  two tools independently, the positions of the two tools together determining

the position of the line.

22. A method according to any of claims 12 to 21 in which the computer

space does not coincide with the user space.

23. A method according to any of claims 12 to 22 including an initial step of
15  calibrating the computer space with an image space of the display device

and/or with the user space.



