WO 03/ 104965 PCT/ GB03/ 02533 COWPUTER NAVI GATI ON The present invention
relates to conputer navigation and particularly, but not exclusively, to
an appar awo3mhiseh facilitates navigation of software stoPed/GBU30LS3

apparatus even where the display for the apparatus is small. 5 It is known
to provide small, hand-held conputer devices such as pocket organisers,
Personal Digital Assistants (PDA s), cellular phones or the |ike. The
current trend is to manufacture such devices to be as snmall in size as

possi ble. Smaller devices are nore easily carried and generally require a
reduced GOMRUTERONAVIGAMWOR . a significant di sadvantage of such devices
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nunber  qfowidiRr, 0P LighR antCAYERANTBE of Wuth F6ViE&Nist MatlilPiedcddngzs ¥hc@PLi Ons
fully eclipsing the original nmenu. The accidental selection of the wong

opt LBn mednstipes the pig e gser gntesace andrpartigutartylie thei sigsiodyhea sgreep St displapr i gi nal
list of w284 foodlgpla}y}gfo%agigrﬁl 816§at5 ggée%%@%r%&%&ed by the device.

Many such devices have the processing power of conventional desktop or laptop computers
or of similar devices many times their size and a number of products, such as the Wacom and
Sony Vaio pocket computers, are fully operable portable computers which use operating

15  systems such as Microsoft Windows or the like.

Those familiar with such pocket devices will appreciate the problem of displaying all of the
necessary information on a relatively small display, particularly where the user is able to
select specific functions from a large number of options. Conventionally, the selection of one
option, for example, results in a new “window” opening which displays further options and
20  sub options. Whilst devices having large displays are able to organise the data so that it is
displayed in a more easily understobd manner, devices having smaller screens tend to use
data “layers” or “levels” whereby the selection of one option having a number of sub options
causes the full screen to display the sub options fully eclipsing the original menu. The
accidental selection of the wrong option requires a number of steps to return the display to

25  the original list of options.



It would be advantageous to provide a pocket conputer or hand hel d device
whi ch incorporates neans for enabling easier access to data on the device
and i npr owestieuiser interface of the device. Accordi ngPCe/GBw/ozaspect of
the present invention, therefore, there is provided an electronic 5 device
havi ng a display for displaying data stored thereon, input nmeans and
control neans for controlling the data displayed on said display in
dependenk eveid i bre advpntageetisnionBioyitkel 2 peckett campudér ehbandhbeld desaess whichh
respect ¢ ' ' Pref.erably, the, device.ingludes.means for sensing
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di spl ay. mdde remaeehithé axged. i on wi Il now be descri bed, by way of exanple
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display includes sensing means for sensing the position at which the signal strikes the
display. The signal may be in the form of a conical or circular infrared beam and the sensing
means may be operable to sense the area and/or the intensity of the beam as it strikes the
display thereby to determine the three dimensional position of the input device relative to the

15  display.

According to another aspect of the invention there is provided an input device for a computer
or the like having a display for displaying data stored thereon, the input device comprising
input means, and sensing means for sensing the three dimensional position of the input
means relative thereto and applying a position signal to said computer or the like in
20  dependence on said three dimensional position thereby to control the data displayed on said

display.

The present invention will now be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1 shows illustratively a device according to the invention;



Figure 3 shows illustratively a cross-section through a device according to
one enbodi nent of the invention. Referring to Figure 1, an electronic
devi ce acworoditmgei o the invention is shown generally at PCIGB0¥2s3devi ce
10 may be, for exanple, a hand-held or "pal mtop" conputer, a personal
digital assistant (PDA) or a nobile comunication device such as a nobile
t el ephone. The device 10 is capable of storing and displaying data froma
di spl ay Figure @rsbews iipsigptively thapondsat of datyUeweles 92¢ al di splay, a dot matrix
display or a TFT (thin filmtransistor) display. Conventionally, the user
of the device 10 controls the data displayed on the display 12 by 10 neans
of a nurgire 9khowus lassatidly nadsedctivh thivtig@\deciee accollingito dneeitibodivdnte such
as a scratch pad or tracker ball. Alternatively, many such devices

i ncor poroathe MEeMsensi ti ve displays which permit the user to sel ect
options or to change the data on the display 12 by neans of a
penci | - shaped pointing device which is physically pressed agai nst the
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i ntended, the display 12 -maybe required to display simlar anounts of data

to that of a conventional desktop or Ia@-top comput er having a display
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PCT/ GB03(,0%338a pencil-shaped pointing device which is physically pressed against the display at
the required position thereby to select the required option. Such touch sensitive displays are
15  able only to determine the two-dimensional, X - Y position of the pointing device relative

to the display 12 when the pointing device is pressed against the surface of the display.

A disadvantage of such devices is that in order to achieve the required reduction in size to
enable the device to be used as a hand-held device or pocket computer, the display 12 is
made correspondingly smaller in size. However, depending on the application for which the
20  device is intended, the display 12 may be required to display similar amounts of data to that
of a conventional desktop or lap-top computer having a display which may be an order of
magnitude larger in size. The small size of the displayl2 reduces the amount of data which

can be displayed at any given time.

To minimise the effects of this, the device is programmed to display data in a number of
25  “levels” whereby the display 12 initially displays, for example, four options which are

selectable by the user. Selecting one of these options, by means of the pointing device for



exanpl e, may cause the display 12 to display a second "level" of options,
for exanple in the formof a drop down list or nmenu commonly used in
convent i owelosgoeput ers. Each option displayed in the |isPCrGBopiosisce a
further drop down list. It will be appreciated that the nunber of |evels
used by the device is generally proportional 5 to the nunber of options
avail able to the user and inversely proportional to the size of the
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options displayed on the display 12. The concept of the invention is that the electronic

device 10 is able to detect or monitor the three dimensional position of the stylus 16 relative

to the device 10, and in particular relative to the display. This permits, effectively “three-

dimensional control” of the display 12 which can be used, for example, to achieve the

20  following control functions.

Movement of the stylus 16 in the X or Y directions relative to the display 12 causes the
cursor on the display‘ 12 (for example the mouse pointer or equivalent) to move accordingly,
in the manner of a conventional mouse. Importantly, however, movement of the stylus 16
in the Z direction, i.e. in a direction generally perpendicular to the display 12, performs a
25  “zoom” function which, depending on the direction of movement of the stylus 16, either

towards or away from the display, causes the display 12 either to zoom in or to zoom out.

In one embodiment, for example, movement of the stylus 16 in a direction towards the



4 WD 03/104965 PCT/ GB03/02533 display 12 causes the data in the region of
the display 12 corresponding to the X-Y position of the stylus 16 to be
magni f i eawonesao4vehiner simlar to that achi eved by the "zo®geTiGBo3/02a3aCt i on
of conventional conmputers and conputer prograns. Thus, the data in the
region of the display 12 corresponding to the X - Y position of the stylus
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zoomi ng displey 12 keusds theldata it heyeginn dEthd displaydl2aoimespontimgo thedp{Y posstiam be

di spl ayed.jn pl.ac f.the origi.nal option. .Howeyer, whereas gonventjonal
Sof { var 6O BRPSPIUE 6 15 Rt e M Ay PR e 4bieL BE b EO8R It ho
device f@36sd SRdnvbitibna Rl RRECartdohipRtd HAddrAES PHRVIhE 88ta HOME HEBOYSE ZOOm
t hrough const ant| refreshed i nformation based on the conputed trajectory

of the sthyldigpla arresipuslingdonhe X0 Ynpgedtdorpokibe biylusd is enlaiged esthamstylus

br o dor ef e NG < ko R aplf ol I Hokes Maft SRR e S SRS MR rdpting
addi ti ontot eub @ptibis P deedigplagedr inf plasé din'éhe]'g di\?%ﬁnilhﬁptﬁiﬂ)e@owévﬁf; Whérghgnal

option. Figure 2 illustrates the concept of "levels" of information to be
di spl ayeepypntional enftyparagitars an "imgremental zgony’ witleachidissreig selectien.dhe deviegat a

whi ch, ag.il .at in.Fi - ' r [ TION 1
and_ cpr GReae G R Bl 1 ¢ Sitingi o plaLE BN ol B8 BTy

speci f i crefileshwd in®Brmaddm budedan thegomputed evajorire of ithecdtyide &ohtiiduerzobito

choi ces, OPTI ON A‘ and OPTION B. OPTIONs, A ?nd B represent respective

"l evd) 3makesnossiflean miytiveragd respQusiys wser pterfacgent different functions which
the device 10 can perform for exanple to send 20 an e-nmil or to access
the internet. Simlarly, OPTION 2 in the level 1 data nay correspond to
OPTI ONS Whendzomh 't oie"zeoemond” rehehesla matdaterminetl thfeshdid, adata epting dotssb-
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t he integmpin. function fromthe above exanple, the user 25 would be

required to press the stylus 16 onto the screen at OPTION 1 and then again
at ‘

Figure 2 illustrates the concept of “levels” of information to be displayed by the display 12.
15  Initially, the displays “level 1" data which, as illustrated in Figure 3, may give the user two
choices, OPTION 1 and OPTION 2, which are selectable by the user. OPTION 1 represents
specific “level 2" data which may, for example, include a further two choices, OPTION A
and OPTION B. OPTIONSs A and B represent respective “level 3" data which may, for
example, represent different functions which the device 10 can perform, for example to send

20  an e-mail or to access the internet.

Similarly, OPTION 2 in the level 1 data may correspond to OPTIONS C and D in the second
level data, each of which represents different functions which may be performed by the

device 10, for example opening a calendar or opening a diary.

In conventional devices, to select the internet function from the above example, the user
25  would be required to press the stylus 16 onto the screen at OPTION 1 and then again at
OPTION B and finally on the internet option. Thus, three separate operations are required.
An incorrect selection, for example selection of OPTION A instead of OPTION B requires



OPTION B and finally on the internet option. Thus, three separate
operations are required. An incorrect selection, for exanple selection of
OPTI ON A wogBaetdeDf OPTION B requires 5 WD 03/104965 PCTPGBEGEBIRAZ33 t he
user to select an "exit" option (not shown) in order to return to the |evel
1 data. The present invention, on the other hand, permts the user to
select, for exanple, the internet, wth a m ninmmof individual
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across the display 12, only certain parts of the sensitive
15  relative to the display 12 whilst the stylus 16 is not in contact with the display 12 itself,

unlike conventional touch-sensitive displays. This may be achieved in a number of ways.

In one embodiment, the stylus 16 is a so-called “smart stylus” which contains a source of
electromagnetic radiation, for example an infrared emitter, an LED or other such light
emitting device (not shown). The stylus 16 emits a beam of light, for example infrared or
20  other spectrum light, from a circular, spherical, or other shaped tip. The light is sensed by
a sensitive layer (not shown) positioned over, or incorporate in, the display 12. The light
sensitive layer may, for example, be in the form of a CCD or CMOS infrared sensitive array
or the like. As the stylus16 is moved across the display 12, dnly certain parts of the sensitive
layer will be illuminated by the beam of light emitted by the stylus 16 and this will be
25  detected by the sensitive layer. The sensitive layer determines the appropriate X - Y
coordinates of the stylus 16 and sends a corresponding position signal to the central
processing unit or similar of the device 10 which adjusts the display 12 accordingly. Figure

4 is an example of this embodiment. The stylus 16 when moved closer to the display



| ayer will be illum nated by the beamof light emtted by the stylus 16 and
this will be 25 detected by the sensitive |layer. The sensitive |ayer

det er m newotohao@ppropri ate X - Y coordinates of the styl e€TABA0L33ends a
correspondi ng position signal to the central processing unit or simlar of
t he device 10 which adjusts the display 12 accordingly. Figure 4 is an
exanmpl e of this enbodinent. The stylus 16 when noved closer to the display
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di stance of the stylus fromthe display. 5 In an alternative enbodi nent,

the styl ffembedpldtes in the manner of a conventional |ight pen and
contains a light sensor or photodi ode therein which senses the |ight given
off by the display. The display 12 is scanned as in a conventional
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the devi g ittt GPrent raster line and so it can determine which pixel on the display 12
15  is being refreshed when the stylus 16 sends the signal to the controller. The display
controller then sets a latch which feeds two numbers, representative of the X and Y
coordinates of the pixel, to the central processing unit or similar of the device 10 which is

therefore able to determine where on the screen the stylus 16 is pointed.

The above examples describe only how the device 10 determines the X - Y coordinates of
20  the stylus 16 relative to the display 12. It will be understood that the device 10 must also
determine the Z- coordinate, i.e. the distance of the stylus 16 from the display. Again this

can be achieved in a number of ways.
In one embodiment, the stylus 16 emits a beam of electromagnetic radiation, for example
infrared or other spectrum light which is transmitted in a conical beam which widens in

25  diameter with distance from the tip of the stylus 16.

The light incident on the display 12 and hence the sensitive layer is in the form of an ellipse,



determne the Z- coordinate, i.e. the distance of the stylus 16 fromthe
display. Again this can be achieved in a nunber of ways. In one
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In operation, the sensitive layer detects the light incident on the display 12 and sends
15  appropriate signals to the processing unit of the device 10. The elliptical eccentricity of the
light incident on the display 12 is then calculated and from this the angle at which the stylus
16 is determined. The total area of light incident on the display 12 may also be calculated and
from this the distance of the stylus 16 from the display 12 may be determined. Alternatively
or additionally, the intensity of the incident iight may be measured and used either to
20  independently determine the distance of the stylus 16 from the display 12 or to refine the

result of the calculation based on the measured area.

The angle of the stylus 16, in conjunction with the distance of the stylus 16 from the display
12 are then used to determine the vertical height of the stylus 16 above the display 12. Hence

the position of the stylus 16, in the Z-dimension, is determined by the device 10.

25  Repetitive calculation of the stylus position, several times a second, as the sylus 16 is moved

allows a stylus trajectory to be recorded. The stylus trajectory may then be used to assist in



20 i ndependently determ ne the distance of the stylus 16 fromthe display
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15 10, which thus calculates the distance of the stylus 16 from the display 12.

In yet a further embodiment, not shown, the display 12 is inset or sunk into the body of the
devicelO to provide a surrounding wall. The wall is provided on two faces with a plurality
of light emitting devices and on the other two faces by a corresponding number of light
sensing devices. The light emitted by the light emitters are sensed by the opposing light
20  sensors such that if the stylus 16 is moved towards the display 12, it will interrupt the light
transmitted between some of the light emitters and the corresponding light sensors which
will indicate to the device 10 that the stylus 16 has moved closer to the display. If the light
emitters and sensors are layered in the Z-direction, this can provide an indication of the

distance of the stylus 16 from the display.

25 It will be clear to those skilled in the art that there are a number of possible ways of sensing
the X- Y- Z, three-dimensional position of the stylus 16 relative to the display, the above

examples representing particularly simple and advantageous techniques. The important



sensing devices. The light emtted by the light emtters are sensed by the
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where a light emitting device is employed in the stylus 16.

The stylus could optionally be attached to the device with a simple tether (spiral plastic cord,
etc.) simply to prevent its loss from a place where many people might use it often, such as

a refrigerator, computer or a commercial site.

20  The device 10 may incorporate a touch-sensitive screen or a conventional screen by which
a selection is achieved by means of a button or the like located on the stylus 16 which causes
a signal to be sent to the electronic device 10, similar to conventional light guns or the like.
Where a sensitive layer is used, this may be formed of any suitable material, which may
additionally or alternatively be heat-sensitive. The sensitive layer may be layered above or
25  below the screen of the display 12 or integrated therewith. The sensitivity and qualities of

the material chosen can be selected as desired.

While the above described embodiments talk of sensing the position of the stylus 16 relative
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The stylus could optionally be attached to the device with a sinple tether
(spiral plastic cord, etc.) sinply to prevent its loss froma place where
many peopwe ogilgess use it often, such as a refrigerator, ®OREER0/02338 a
comercial site. 20 The device 10 nmay incorporate a touch-sensitive screen
or a conventional screen by which a selection is achieved by neans of a
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intuitively come “closer” to meet the intention of the user. In addition, more space becomes

available on the display 12 because fewer of the level 1 choices are shown and additional

layers of choices, such as contextual menus, could be selectively added permitting more

selections to be made with fewer “clicks” or selections of the stylus 16. Where two or more

20  levels of selection are required, movement of the stylus 16 may permit the device 10 to
anticipate the selection required by the user to allow the selection to be made with only a

single operation of the stylus 16.
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15 that coordinate to fill a larger part of the display. This enables the
information display to intuitively conme "closer” to neet the intention of
t he user.wbr3aadwss i on, nore space beconmes avail abl e on treTaiBPl233312
because fewer of the level 1 choices are shown and additional |ayers of
choi ces, such as contextual nmenus, could be selectively added permtting
nore selections to be made with fewer "clicks" or selections of the stylus
16. WhereL&WSor nore 20 | evel s of selection are required, novenent of the
stylus 16 may permt the device 10 to anticipate the selection required by
the user to allow the selection to be nade with only a  single operation of
the styl us 16Anklectionidde0d 86rnpiéitg:GB03/ 02533 CLAIMS 1 An el ectronic
device conprising: a display for displaying data stored on said electronic
device; input neans; 5 sensing neans for sensing the three-di nmensional
osition ' . ' ﬁ%ﬂi vice; and control nmeans for
(F:)ont roll ?ﬁ%ptaﬂgdd‘g?@}&%gﬁ?‘g’gé@# gs{,ag(} %}ch sp(?(ziaey&%h dependence on the
t hree- di nensi onal position of the input nmeans relative to said device. 2 An
el ectronjc device as clained in claim1l wherein the input neans includes a
source HPUbPCSect romagnetic radiation for directing onto the display. 3
An el ectronic device as clainmed in claim2 wherein the el ectro-nmagnetic
radiation is in the formof an infrared conical. beam 4 An electronic
devi ce asensinginmeds for sedsaigth@thage-dmeneipralposition obths inpyt meassrelative tyrardabl e t o
sense the elliptical eccentricity of the el ectromagnetic radiation incident
on the ?¥Wﬁ’splay thereby to determne the angle at which it strikes the
display. 5 An electronic -device as clainmed in claim?2, 3 or 4 wherein the
sensing neans is operable to sense the area of the el ectromagnetic

radi at i ornd ersit@bmearhior pentenlling thy detacdigndgyed on said display in dependence on the
three-dimensional position of the input means relative to said device.

2 An electronic device as claimed in claim 1 wherein the input means includes a source

10  of electromagnetic radiation for directing onto the display.

3 An electronic device as claimed in claim 2 wherein the electro-magnetic radiation is

in the form of an infrared conical beam.

4 An electronic device as claimed in claim 2 or 3 wherein the sensing means is
operable to sense the elliptical eccentricity of the electromagnetic radiation incident on the

15  display thereby to determine the angle at which it strikes the display.

5 An electronic device as claimed in claim 2, 3 or 4 wherein the sensing means is
operable to sense the area of the electromagnetic radiation incident on the display thereby

to determine the distance of the input means from the display.
6 An electronic device as claimed any of claims 2 to 5 wherein the sensing means is
20 operable to sense the intensity of the electromagnetic radiation incident on the display

thereby to determine the distance of the input means from the display.
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to determ ne the distance of the input neans fromthe display. 6 An

el ectronic device as clained any of clains 2 to 5 wherein the sensing neans
is 20 opwpabliesd sense the intensity of the el ectronagn@®CraGBoad2zsi on
incident on the display thereby to determ ne the distance of the input
means fromthe display. 12 WO 03/ 104965 PCT/ GB03/ 02533 7 An electronic
device as clained in any of claims 2 to 6 wherein the sensing neans is
oper abl €7 f or Aerictrgniclevipess tlrmmedan anriof blairhe? & @whewimthsseisngmerses t he

di splay.. 8 An el ectrani ¢ device as.clajnmed any of .the.pr i cl ai nms

wher ei n ERECERISIPT O8RS %le&tﬂ%ﬁwp ?’h%fhﬁhﬁagﬁté‘?%a%‘gw 8%1k§%§1%%§sg Tagr. stylus or
the like. 5 9 An electronic device as clained in any preceding claim
wherein the input means includes a transmtter for transmtting a position
si gnal ahd t handlespomydévied asdbimedanst afghe nrecedingicbrms sisteiythe HPUBBISARS on at

whi ch the position sjgnal .strikes t di spl 10 An el ectronic device as
cl ai med ‘?Q’iﬁ)ﬂﬂsﬁf ﬁﬁgn%%ggpwc?ﬂg 68&5?3’?%%0@?%?1}%' isinthe form of a conical
infrared beam and the sensing nmeans is operable to sense the area and

intensity 10 of the beamas it strikes the disp]ay ther.eb%eto det er m ne
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11 An input .devi r | di { : I ;

di spl ayi ﬁﬁfugg% %@g %%ug%r ﬁ)[rﬁcgar?igr%t’ﬁﬁ% %ep ngirg%&t“‘h%%\l/?@&e/m(%gdl rllg}é ?‘%ﬁf frslf)}ﬁs%ngneans;
15 and sgBsidYor sEeng thoositpngit pdidihthe pbeiten digndnsgiken e gispay.i on of the

i nput neans relative thereto and applying a position signal to said
conputer or the like in dependence on said three dinensional position

thereby {© cont ol biie i8atSatiSRlcaY e o Sdlerbikhne Po@¥on di3nal is in the form

of a conical infrared beam and the sensing means is operable to sense the area and intensity
10  ofthe beam as it strikes the display thereby to determine the three dimensional position of

the input means relative to the display.

11 An input device for a computer or the like having a display for displaying data stored

thereon, the input device comprising:
input means;
15  and sensing means for sensing the three dimensional position of the input means relative

thereto and applying a position signal to said computer or the like in dependence on said

three dimensional position thereby to control the data displayed on said display.
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