. { [ e3e#tad#”| : $6Td?HO *~0000z* | NPUTTI NG | NFORVATI ON TO SYSTEMS | NCLUDI NG A
.DI SPLAY DEVICE Field of the invention The present invention relates to

i nformati on di splay devices, and in particular to one arrajmmuwmmmmm te
in conbination with a pointing device to permt a 5 user t by
mani pul ating the pointing device. Background of Invention Severghssyst ens
are known and in common use in which a user manipul ates a poi nting device

(such as an elongate object) to input data into a conputer 1@ m

including a display device which generates an inmage in a di ””ﬁ fﬁmmwm”be
such common display device is a liquid crystal display (LCD) pargbg,«and
many known systens enpl o ray of sensors, such as pressure sensors,
capacitive sENRUIEING INF ATIONT Q SYHIEMSING G dVBISRILAY DEVIBE of
the 15 LCD panel . However, since the sensors have to ble | ocated in front of
t he displ ay ﬁf . ﬂgﬁ- end to deteriorate the display's transparency.
Furtherm)re,ﬂéH fhe.ih fo cannot be applied to other types of display
device, such as display devices which project an image onto a screen. In
such 20 sit ulbé pnesent inentioneaelstesto irﬁormét&)drpdisptayOdE\ﬂée_é, faﬁhldltoiﬂl pértid@afevi ce
to be sensed, by arrangi for the pointin evice to emt ultrasonic or
radi o wave s grr@@,gsaqurqnﬁrmexanjn@nagm Wit Amainfingede\ies to peamitea
these signal ydet tBRrt& Bsth dﬂléhipﬁldﬂihgrtﬁé%hﬁinﬁeﬁl?ée or radio wave sensors

respectively. In such systéns, (he pbsition o poi nting device is
measured using triangul ati on. However, 25 nore than two transmtters or
recei vers arEﬁ@ﬁﬂﬁﬂﬂ&E&ﬂh@ﬂﬂQﬂed, | ocat ed around the screen. Furthernore,

t he neasurenent errors tend to be relatively |arge. 2 Summary of the

I nvention The present invention seeks to provide a new and useful data

i nput et hodSevetabyystems a8 knownisrid incedninon UBeLiAshign g s hedRiplibtds do not

ffect the quality of the inmage and which can neasure the |ocation of the
SOi nter 5 ag@ gpiﬂtlﬁgﬁ_ewce (such %s an elongate object) to input data into a computer

10 system including a display device which generates an image in a display area.

One such common display device is a liquid crystal display (LCD) panel, and
many known systems employ an array of sensors, such as pressure sensors,
capacitive sensors or a conductive sensors, extending over the surface of the

15  LCD panel. However, since the sensors have to be located in front of the
display surface, they tend to deteriorate the display's transparency.

Furthermore, such solutions cannot be applied to other types of display
device, such as display devices which project an image onto a screen. In such
20  situations it is more usual for the position of the pointing device to be sensed
by arranging for the pointing device to emit ultrasonic or radio wave signals
(e.g. from the tip of the pointing device), and for these signal to be detected
using ultrasonic sensors or radio wave sensors respectively. In such systems,
the position of the pointing device is measured using triangulation. However,
25  more than two transmitters or receivers are generally required, located around

the screen. Furthermore, the measurement errors tend to be relatively large.



In"general terns, the invention proposes that the pointing device should
.include a sensor which is sensitive to a spot of |ight being generated at a
| ocation in the display area which depends on the position of the pointing
10 device. The spot of light is scanned over the display area, and the
sensor generates a signal when that spot of light is at a |ocation. The
time at which the sensor senses the spot of light is thus indicative of the
position of the device. 15 The spot of I?ght may conprise light in the

vi si bl e frequency range. Indeed, in certain enbodinents it is |ight
produced by the display device to display the image in the display area.

Alternatively or additionally, the spot of light may be invisible |ight
(e.qg. infrar theph tiabl y unrel ated to and uncorrelated with the

i mage being displayed. Note that the term™"light" is used in this docunent
20 to inclu tr ic radiation in all fre r.anges, . but nost
particul arl 3? I?%b fegg,eggﬂﬁ%ﬁ%p EPSF‘%*‘? piYide s pgw a'?iﬂgéjfﬁcé%tlai 'Bﬂgtn‘ﬁﬁg?‘{t
possi bl e to aled egdtebr)@andas iphrtulaifa ideghdPand sPSteAEWhh M5 hBGaffdst I§&1SOr S
except the sensor located in the pointing device. 25 Furthernore, the

posi tion of FuRlitysf e impaeandwhich gascmeaguig thedeeatianeofitbewointepr ovi de an
array of 5sen§6qru$a@§pr the display, and thus w thout degrading or di mm ng

t he i mage di splayed on the display device. 3 Furthernore, the present
method is suitable for use when the display device is a projector which
projects the irrar%g ont o atgscreen, The | ocation of on the displ :a/ area is
typical |y selnd&n&galterms thedpygntionropasessthab the peigting devise sheuiche case

t hat the poigtj i i ReTaler N WS em St A HUES hdiS o L t one end
of the poi ntliﬂﬁgagea\elgééﬁesﬁT rgdg!)i nti ﬁg’ecfgvf%%&%Jlbﬁteb%@gig\gﬁeeg&F é%t%uch t he
di spl ay ar edogftion inbedtisplay ared whichadeperidg,ort the gusiticn ofghdgointingray be

sui t abl g or t hout nfact, e.g., if an axis of the ongat e pointing
devi ce ggssiqméj{ﬁf%\rp%l?g _qtﬁgﬂgbﬁﬁlf‘gapﬂggro(‘f@bﬁ? ‘ﬁﬁ%laifé’lr%%ft@ff *h@ N68h on 10
the display gérsrateSReSighaP@héed thatpot sPIGRSS ahadcdtion. TRYSiMd aPwhihan
apparatus for displaying an inage on a display area and determning the

posi ti on of thegenser sensesthespoh of ighttis thus indicative bhtheapesition bethappar at us
conpri si ng: i@ raster scan generator whi ch controls the novenent of a
spot of lighi"t0 'traverse the display area in a raster pattern, a

phot o-detect or associated with a stylus of the pointing device, and for

sensi ng WnenTt he spot of |ight coincides with a |ocation of the display
ar ea 15 he spot of light may comprise light in the visible frequency range. Indeed, in

certain embodiments it is light produced by the display device to display the
image in the display area. Alternatively or additionally, the spot of light may be
invisible light (e.g. infrared light), preferably unrelated to and uncorrelated with
the image being displayed. Note that the term "light" is used in this document

20 toinclude electromagnetic radiation in all frequency ranges, but most
particularly infrared and visible light.

Thus, the invention makes it possible to detect the position of the pointing
device using no sensors except the sensor located in the pointing device.

25
Furthermore, the position of the pointing device is located without the need to
provide an array of sensors over the display, and thus without degrading or

dimming the image displayed on the display device.



sel ected by positioning the pointing device, 20 a conparison unit for
.obtaining a conparison signal indicative of the timng of a signal derived
fromthe output of the photo-detector in relation to a reference signal
indicating the timng of the raster scan, and a location estinmator unit
whi ch uses the conparison signal to estimate the position of the stylus in
relation to the display area. 25 Thus, a,user is enabled to input data to
t he apparatus by nmanipul ating the pointi r?lg device to select the location
within the display area. The apparatus may conprise further conputing
devices (integrated with the display device or not) which enploy the data
for conputing tasks. 4 Brief Description of The Figures Preferred
features of kuithermasas therprasent methodds seitabletferyusé whenithe skisptailevice

illustratio i th reference ta the following figures in which: Fig.
1, which i snié%%Leecgé%\?’h'ﬁﬁd’.rojfcfsawedmgpiCH‘?Of 5(05??“4 s a schematic 5 view of
a first enbodi nent of the invention; Fig. 2 is a schematic view of a second

embodi ment of the invention which uses a cathode ray tube as a display

devi ce; Fi g. The lagatien of endbepispiay afears dypicallyselected usingda styt)s ogﬂ_mewst anf
exanpl e a@f ectar | tabl e S6 | n.emhodi yent o
1)(3 '[rﬁe i%vem??@ﬁﬁﬁg gﬁ%ﬁ%’h@ tQ%?ra gé?@%ﬁgéﬂ&é{ﬁ@g&%@egiqﬁofe%@dﬁ @Y'&ﬁt Scases;
Fig. 4 showstypicatiyat oreanglof tied peingﬁgldegm‘eﬁfrherpoﬁmﬁ@{@é\ﬂée ﬁ#ﬂyﬂ?éé' tehf oreg_sgd
[ enbodi pent of . the jnvention Fig. 5 shows a raster scan and the peri
IOP ? inrre g 4%%’3}?%@ FOHC"'E'@BBWB&}'l @ﬁ@%tvé'tfb?hetﬁ&lusn%ﬁmabnelymawntm shows :;1
third embodiggd t hieRd ] pL Qj di spl ay: Fig.
shows an exarrplI ee ﬁayp%?)lgrtiegdrg{ée\é@#@gﬁﬁ |t%tteér§ @%ﬁ%’%ﬁdé?ﬁgféiag@gn t he
enbodi nent dioirting dévice paBeingithedigbdthe styltis imerctptstheassimsdbdiitation on

10 the display area.

Specifically, one expression of the invention is an apparatus for displaying an
image on a display area and determining the position of a pointing device in
relation the display area, the apparatus comprising:

15 a raster scan generator which controls the movement of a spot of light
to traverse the display area in a raster pattern,

a photo-detector associated with a stylus of the pointing device, and for
sensing when the spot of light coincides with a location of the display area
selected by positioning the pointing device,

20 a comparison unit for obtaining a comparison signal indicative of the
timing of a signal derived from the output of the photo-detector in relation to a
reference signal indicating the timing of the raster scan, and

a location estimator unit which uses the comparison signal to estimate
the position of the stylus in relation to the display area.

25 Thus, a user is enabled to input data to the apparatus by manipulating the
pointing device to select the location within the display area. The apparatus
may comprise further computing devices (integrated with the display device or
not) which employ the data for computing tasks.



Referring to Fig. 1 (a), a first enbodiment of the invention is shown which
.conprises a pointing device 1 and a display device 3. The display device 3
25 includes a display area 5 and a raster scan generator which generates a
spot of light noving in a raster shape 7 within the display area 5. This
spot of light may or may not be the sane |light which is used to generate an
image in the display area of 5 (these twg possibilities are described
respectively belowin the second and thi #d enbodi nents of the i nvention).

5 The pointing device 1 conprises a photo-detector 11 at one end (the
stylus), and a transmtter 8 which transmts signals wirelessly to an
antenna 9 of the display device 3. 5 Turning to Fig. 1 (b) the internal
structure of BrigkDesgriptionpfdée kigutesand t he di spl ay device 3 are shown. The
comuni cation |ink between them produced by the antennas 8, 9 is indicated

as 2. Note t i Ve . ' thig.co ications |ink 2 may
be i npl ementlg %@?%Eéﬁﬁﬁé%‘m%ﬁﬁ@gb&mﬁ‘?’W&%é@?@w ifc?{gf‘ﬁ&é’geé)fpeak
detector 13 Mbstedtiopeorsly Al réfensiie @Qhé%lidﬂﬂn@ﬁﬁﬁ%s%%i&ﬁte l'ight detected
by the sensor 11 is at a peak with predefined characteristics (as descri bed

bel ow). The det eckiBon Whichdsicemposad af i dl (@hand Eigiiléb), i asehematis over the
link 2. - 2 j i . he signal
In gshg \H@ﬂr‘%f%eﬁlﬁ%ﬁ{ffaﬁﬂéﬁt &fﬁhgﬁﬂeﬂﬁgﬁ: SO as to put the signa

generate y the sensor rough a and thereby find the signal
for the light whirly orBQaEAENNE vield oFh s8R Embdifim@nP el e AR 3
includes: a raster “scan generator 31 i ch nmoves the spot of [ight over the
di spl ay ar eawBichrusesea e¢atbode rantuberas @ displaytevieece pul se 20 generator 33
whi ch generates a_reference pulse which is transmtted to the raster scan
generator 31 to tFidgdewhichds gemposed&f Figs. 3@, Bérand 3(g)tshaws 8% whi ch al so

receives th i | o #f. r r r . S a
ime a1 er bR of o ol Aebh ShpRARuE LS IERAGE B A RrBRribed): 7o

pul se aftler thiednvesftioneand tipebperatidnchfahis aeaidecin tedtdiff@ent cagesihi ch
estimates 25 thep‘gosition of the pointing device (that is, of the sensor 11

) within the disprigy4shewssanadherexampleiofa pidk deteotor appdratas isaitalsiedorl .

The raster s . tar 3 be of. the formused to generate a raster
display in a&%g'ﬁ%ﬂgﬁﬁﬁgwﬁ?%sogﬁéﬁ"H’@\?ift'ea, and the display device 3 may
include all the ofigeb sHoWwaeasRr (SREh FHCWMR) petsRfl of AngetehfRudl iMREE 1 N

the display area 5, such as a 30 m croprocessor which generates the content
of the i mageemRedimemisof thesinvestion;spl ay device 3 may alternatively have an

i nput icch receipgs i i | I i spl ay. .Not e that
t he ra\é\,ﬁesr scan g%ﬁé?%?’gralsgmr'r@y&%ggggﬁ to@ﬁ%éﬁ\;ﬁgﬁﬁmrﬂﬁﬁy{?g? é@hele\lcg%e an
i mage in thedigplap) ayd area 5 conposed of raster scans. Alternatively, the
raster scan geneﬁgt ozrg’% maé/ enerate_a raster scan of invisible guide
light to which tHé&9s ws1dn exaqple; pf prapesties phopingl fillersiswiably &r vseage.
10 Since thantﬁéghmngméﬁzigog_trol s the timng of the raster scan
generator 31, the reference pil se corresponds to a fixed point on the
screen. In other words, the reference pulse is conpletely synchronized with
correspandi ng frames of the inmage. 15 Figure 2 shows a second enbodi nent of
the invention which utilizes a

Detailed Description of the embodiments

Referring to Fig. 1(a), a first embodiment of the invention is shown which
comprises a pointing device 1 and a display device 3. The display device 3

25 includes a display area 5 and a raster scan generator which generates a spot
of light moving in a raster shape 7 within the display area 5. This spot of light
may or may not be the same light which is used to generate an image in the
display area of 5 (these two possibilities are described respectively below in
the second and third embodiments of the invention).



cat hode ray tube (CRT) as a display device. Elenents corresponding
.generally to those of the first enbodi nent are denoted by reference
nuneral s 100 higher. In particular, the pointing device 101 may be
identical to the pointing device 1 of Fig. 1, and includes a photo-detector
at the tip of the 20 stylus. Preferably, a pressure sensor also provided
there so that the stylus can sense both the brightness and the pressure

wi th which the pointing device 101 is prgssed against the display screen
105. The internal construction of the display device 103 nay be as shown in
Fig. 1 (b), plus of course the conponents which are required to generate
the CRT display. 25 A first exanple of a peak detector 13 suitable for use
in the enbodinments of Figs. 1 and 2 is shown in Fig. 3(a). The unit 13

i ncludes an inverter 41 which receives the reference pul se (which is passed
to the devi CEhelpginting llevicenk c@hprisesl a photo-detertort TEabi? ¢ {

flip-flop 42. Th(ta D fl.i ;él p 45 al so 30 recejves t?]e ou?gﬁxﬁh&ﬂ'ﬁéj?
pressure serf1hg rapsmitterf which teansipits signals wirelessly to ahantenna8 of the he D
input of fligghlhpRedie 3fhe circuit further includes a conparator 43 which
receives the output of the photo-detector 11 and conpares it to a threshold
set by advariable resistor 44 connected between earth and a known volt age.

11 has an o BhirSpdiE. 16k Hieiri8maf stirtiveSuhs pointing davies daniitha; a 1 e
when the prefisplag device® ke sHdwh. ard é&}ﬁﬁﬁ[ﬁfﬁﬂqrﬁ#%ﬁ%ﬁ ﬁjl%,ﬁ\g&%%ee&ﬁut put

of the flip-flop 42 is passed to a secon 'i'p-T10p t of
t he second flYi{perandennes 8.9 jsdipdicdtachand. Ntz that i dfernative ahhodirehtfse D

i nput of a i | Ri: 48. The secpnd and third flip-flops 45, 46 are
10 bot h con?ﬁ%@é’?"gb"’gt'é'{'gﬁ’&k 2@%5@ IR m@tﬁs&@amg @Wifene third flip-flop
46 is tHe other input to the AND gate 47. The function of the flip-flops

45, 46 is tgl_ enerate a signal corresponding to only the first rising edge

of the phot RRIPHRG gavise Tdneltides gpealk detentos 18uvhich genkratesia peakssur e
Ise is hi Thaed i i i { int.is illustrated i
B a(h) " atestion Bifis WRERInlight Fetbbidothy Mo fBr 8T ot a et he |

pressure pulpsedéfineshcharactetistics (dsedaseribed deldvpt PherctedtRIASe RUI ses, and
the case in which th ressure pulse is longer than the reference pul ses.
fthgdiseagde J

"D FF1 Q@ mi@nSnifted evice 3 pyey thedipk 22 Tihe peak deteator 18tie

flip-fl : ; - di ng t
the'rising casdted 8RS BrnbaigiEn GRklued BU3he seiedld vERIEATREE, 00 o
for use in w nd tbetalyifirehthe signdfifgsthelighhohoh corapeses the rBster séanVii ch al so

shows how this unit 13 interacts with the timer 35. Elenents of the unit 13
whi ch correspond to those of Fig. 25 3(a) are shown by the sane reference

nuneral s. AFherdl§play devicelBinciutes: 87aster 584 ' ' unit 51
which is started %‘\Zt he reference pu?lse,r stﬁgg?ﬁgﬁﬂ%ﬂ@t@ﬂégﬁ{% he unit

13, and whi ROt eiighy s¥ertheisplay area & inithe rastempatierni7at referehce paksee t he

ref eren Si t _though the |ink 2 8 A

measure?rgnt 'gg‘ﬂ @taﬁglo?%g@?#hogéx at%eé)g?@ﬁ]?erws%yhﬂf@r?5%&1@8&?%“%% in
various enboastees¢amendratorrd/ietottrigger theeyerrsafion bftheSabferdgffiertzad by the
CRT as shown i i 5., When the user touches a certain point on the CRT

Fi g. . ]
screen with %‘F&rﬁ%e%?s theesigaalirerndhe esfecenceonylise generatesdd andensor

detects 5t : - f th .

phot o- det ect aiPUhs e difera AETRERERSD Ydtiel FRUCErAdhE Daim ol BB seteptiony o

pul se i s acpHise aftendhe caferateequiles; drdl g tovatioh estimateady deidCéstihates at the
tim t I f.th .ast er - i b The ti 35
reasur e ¢ hit& Phifen SFREpdlatiie ey (Gt e ontisnsansor id) wibin-eiseiayand ¢ he
peak det ect apsd 5@sinklthbaime! SiferORSRdIdafbn s@ﬁ.hﬂ’.@ra{s?er]:%c%nfgseenqe&gﬁ{r ast er

scan begins fromthe upper left corner, sca orizontal ly and
ends at t he3[l &0@y beiofjthe tosmnsed torgerieratesa raster displaylie arcsekntionsl of t he

i mge are dgi.li apd Rv X Rh i xel), respectively, where Rv is
th egnunber g{sb\%ﬁ%@%{ aﬁa)z}hpsd?%m@y gfvice 3(r$|ay lnglude aﬁ |[t)he other c%mponents
(not shown) used to generate an image in the display area 5, such as a
30  microprocessor which generates the content of the image. Note that the



15 the nunber of horizontal pixels. Let the tinme per pixel be P and the
.time per line of pixels be L. Thus, L=1/(F*Ry) and P=L/Rx=1/(F*Rv*Rh).
Under these conditions the |location estimator 37 estimates the coordinates
of the stylus location (x, y) following fornulae (1 ) and (2): 20
x=(tA)/P={t% 1/ (FRv))}*F*Rv*Rh (1) y=
[{t-(to)}/L]+1=[t-{tAQ 1/ (F*Rv))}]*F*Rv+]l (2) where the operation (A % B)
denotes the residue of (A/ B). 25 The eStinmated position of the stylus
obtained by the location estimator 37 constitutes input data generated
under the control of the user, and may be input to software run by the

di splay device 3, 103 or alternatively transmtted out of the display

devi ce 3, 10dsplaygevice imayraiternatively have apsnputiwhioh recaives datatdefinitag a
generated by, the.locatign timator 37 is suitable for 30 interactive
operation be“e’ﬁl&ﬁdmﬁgﬁﬁfcﬁqlﬂigébﬁp Y-t he di spl ay device 3, or another 9
device) and a user. For exanple, it can be used for selecting froma nenu,

answering questions, and so on. Figure 6 shows a portion of a third
enbodi nent dNoterthat theviastarsean gesefripn8il muasbe partcaf the medhanisrgtem nay be

identicalg to 0. ' : [ ' ' his case is an
i mage prc?j ec éor{r@étnel %n %e%}%@é’%??ﬁél?&@aé?gg%ﬁﬁé&&% ogﬁX%t%gaéQ% a screen. The
gr oj ect gr ;Jrﬂ\lterhaﬁve(i%gdaeeaaiersoaﬁgenﬁta'tomﬂh eyt geridrateoa ?ésié; Qéahribﬁ di spl ay
evi ce of Fig.. 1 ..and Fig. shows the construction of the raster
scan gener at'BY'%mgt’@)@H@gbeB?%E?&e@ﬁBrﬂlléﬁ gensibive gweilavingthes 10 of Fig.
1 (b). The d&i§@h?%d%¥'g5_e of Fig. 6 includes four separate sources of
light. Three o ese Sources of light produce respectively a green |ight
beam 1031, a red |light beam 1032 and a blue Iight beam 1033. These pass

th h Ct | 15 LCD |s 1034, 1035, 1036. W h of the b
O PSB Vee TE obf e B S e By

of vi si bl¥e

intensity ofthbhefdréftd phigaBorspBAYS &fﬁ‘i‘ixéa?%ﬁntlb\‘\ thbseteent 18 ottlree beans
are nerged into a signal beamby a unit 1037, and pass through a first

optical filtwerdspw refeneace puilse isrcontetelyasyhahoonized wiithordrespoading1 040,
whi ch focuseﬁﬁ’hggc’?ﬁ%ﬁ[ﬂﬂé@g visible light to 20 create an image on a screen

(not shown). €se are known in conventional projection display
devices. In contrast to known projection devices, however, the display
device of this enbodi ment has a further |ight source 1041 producing
non-vi sitfl e gy 2 shews29 sacond emkedimeghiof the dnveniien whishc attilizgs e an

infrared LE X I } odyc b . Qf d d. light. .The
i1 arod 1T QatTOIE SRAP e "EIRD, ML UGl PRRMCE] EBMERE Codlanglt, .
vertical scagenergliyrto those di4Re fiest énibddimentatederssted bysraieethideatlimdrals

scanni ng bea sses through a second gptical filter 1044) and is overlaid
on the visib ?\'Qj?ﬂr' E’éat??é'gwa'i’ enhRPiNtIag | deviesy 181y sy B idgntical Hogthe her e

It is proj eciaimtiny deliReS ¢ dterigt AT AinaNincRIeR" 2] pHotd- ARt ESS at the tip of the
20 stylus. Preferably, a pressure sensor also provided there so that the stylus
can sense both the brightness and the pressure with which the pointing
device 101 is pressed against the display screen 105. The internal
construction of the display device 103 may be as shown in Fig. 1(b), plus of
course the components which are required to generate the CRT display.
25
A first example of a peak detector 13 suitable for use in the embodiments of
Figs. 1 and 2 is shown in Fig. 3(a). The unit 13 includes an inverter 41 which
receives the reference pulse (which is passed to the device 1 via the link 2),
and uses it as the CLR input to a D flip-flop 42. The D flip-flop 42 also

30 receives the output of the pressure sensing device as a pressure pulse which



10 1040. For exanple, the position referring light may scan as foll ows:
.starting scanning horizontally fromthe upper |left corner of the displayed
i mge; after the beam conmes to the upper right corner of the displayed
image, it returns to the left end and starts scanning again fromjust bel ow
the starting point of the 5 first horizontal scan. Thus the infrared |ight
scans over whol e of the displayed i nage. _The pointing device is designed
such that its photodetector is sensitive’to the infrared | ight, and again
preferably includes a pressure sensor. When the 10 stylus points at a
certain point on the screen and the infrared beam passes near that point, a
peak detect pulse is generated by the peak detector shown in Fig. 3. Then
the | ocati onSopassed ttppthef O hispst yafullipifiope 2. nfibedcifalit dwitgy teudes rail a (1

d (2 th t., 15 Th
iiters LosetorhbRetd 2oCRHGt 82ebe, D AutiR SF 387 Pamowiierte “tF rand ani o
occurs due teorhparesiigld athréé‘rﬂ)Id's%l@'bQ'YSd/a'rlﬁB&eres@tbb’ 4h*t§bﬁﬂe‘&té& Sef\@é’%
penetrates through the optical filter 1038 into the pat h

bet ween the garth gaded knomin velkageal Thus theooutmrkgaf tlaetﬁp ipifloped2ilis sommdmgm be

oy i o 26 i M PhefReladbn 11 naB art byl abple 35€ B3EShRg Watbedhy the T or
1039. Opt i onaisisyor 4 at hetrm@mhenatlhe crrbﬁﬁ!irevmllwmﬁ@htélﬁ fRRf&ePB8PuIRs as
optical filter provid in front of the photo-detector nounted

on the tip df 'Q‘%’SI ﬁ% %Xp‘t'tetfg tBSlfm‘ﬂﬁB %@lR?ésegdot%éeCFQ%D flipiflon 4fasEws
i oush L1 R GO oA 18 AL B B0 B8 1. e

phot o- det ect or. An exanp roperties for
1044 i s shovheil) meLg ofh thingin flrpx-lfloptciﬁoﬁ'sheoéeddmel ambthdid#iptfiopsbydare

P boi it s B GoPolSaRH A cs iTalnbne 70 AERULE! L PdIaRAR i3 e he
pressure sengfer Ut fHépJANEF%a(é)M? ﬁﬂe bﬁf@r“frﬁed}ngbﬁr%ﬁ BYS Dot foO”

e.g. on the side of the pointi devi ce. |s I's parti Surtable in
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area which is a separate screen. In that case, the peak detector should be
desi gned so hat i.f a light of the scan is detected while the push button

i s depréddsedhq H@'Qﬂa&ﬂﬂaﬁeﬁ@@@bﬂt Q@ﬁférpﬂrésls dlysérgtediin Eig. 34b) ead Figr 8tber nor e,

al t hough in l,se
generator RGP BRI bhedt PAGHENIHE pr&e s PRl S sBBRE man,
devi ce and tthe iptervali betwden miemnfprpuslsm are tine @asd ah ewhichnthenplessti s i's
not absol ut el ess nti al laér?r |Eg>fjsement ations of _the invention. Rather the

syst em may ngeet fenggdrylsesral Dddnifdt meansrinesoutpvt R af e
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perform one of nmore of these func

conveni &8t | ypltlmcpmi%ppmhmgemme liging edgeef DaFFd & styl us, enbodi ments of
the invention are possible in which the photo-detector is spaced fromthe
stylus, but connected by an optical path which starts at or

A second example of a peak detector.suitable for use in the embodiments of
Figs. 1 and 2 is shown in Fig. 4, which also shows how this unit 13 interacts
with the timer 35. Elements of the unit 13 which correspond to those of Fig.
25 3(a) are shown by the same reference numerals. As indicated, the timer 35 in
this case includes a timer unit 51 which is started by the reference pulse,
stopped by the output of the unit 13, and which receives also the clock signal.

Note that in this case the reference signal does not have to be sent though
the link 2.
30



20 proximate the stylus and extends to the photo-detector (e.g. through an
.optical cable). Furthernore, the invention may be used in a systemin which
the pointing device is spaced fromthe screen in use. Sone such
conventional pointing 25 devices emt a light beamto indicate a portion of
the screen, and this feature too may be present in the systemof the
present invention. 12 Cainms An apparahus for displaying an i mage on a

di splay area and determ ning the positioh of a pointing device in relation
the display area, the 5 apparatus conprising: a raster scan generator which
controls the movenment of a spot of light to traverse the display area in a
raster pattern, a photo-detector associated with a stylus of the pointing
devi ce, and Amemgmwtwﬁma kh?@tlgpcnf tbe stylghtmaypbaaperéarmad as dollavesairi on of

t he display ar d P Lonl th Qi nting devi

conpari son u %%ﬁ $m§§{j§%$ﬂein%fbt§ ﬁ %ﬁﬁf"ﬁﬂ%ﬁd tgie\pgrag?dtwetl}q ni ng
of a signal ORTiaeehéwah tFig. SUNen mte @é& tehéetiés dederHi®boir dreth CRT to a
reference signal indicating the timng of the raster scan, and a | ocation

esti mat or urfreQmmith tbgesstyltlﬁ@f herpaintiss seyiggni01.1the pressrie sensor detestssi t i on

claim 1 Bn e etrirearor frpted £bisite BLES: ripe MhoRRBRIRNI TSR ™0 1°
det ect or unlmeV\llghthoﬁme(mstea goEn Whﬂel thiec predsyrefpdis@tis adtive, Qﬁét;@eak
period and se to the 20 caonparj son unit

transm t eak detec ul
An appar at us‘EQEEtSF &%‘n%e'{)%'atﬁsa? rﬂe?‘( q?Pt%Eﬁ Ryise 1 the timing sQfﬁﬁﬁrflrﬂ sense of rrer
whi ch neasur é %s&ésr@c:a'ﬁﬁm@es@aﬁ pﬁ‘?é%lﬂfertfg? rﬁ@éﬁfr@é‘oﬁesﬂrﬂggl whlp [Shehdreak
det ecti on p An “appar at us” according to any precéding claim
further corrmermdigﬁtweeeftbeeeﬁeeermﬂ pasgandrithe peakidetdct pailse. at es sai d
referenq signal as a reference pulse, the reference pul se being
transmtt’ed to the location estimator unit and to the raster scan

generator, th& Jsesigpose tREL, @8—RABVNTR Fig. 5, the raster scan begins from the upper
left corner, scans horizontally frequently and ends at the lower right corner.
The frame rate and the resolution of the image are defined as F (Hz) and Rv
X Rh (pixel), respectively, where Rv is the number of vertical pixels and Rh is
156 the number of horizontal pixels. Let the time per pixel be P and the time per
line of pixels be L. Thus, L=1/(F*Ry) and P=L/Rx=1/(F*Rv*Rh). Under these
conditions the location estimator 37 estimates the coordinates of the stylus
location (X, y) following formulae (1) and (2):

20 x=({t%L)/P={t%(1/(F*Rv))}*F*Rv*Rh (1)
= [{t—(t%L)}/L]+1=[t-{t% (1/(F*Rv))}]*F *Rv + 1 2)

where the operation (A % B) denotes the residue of (A / B).

25 The estimated position of the stylus obtained by the location estimator 37
constitutes input data generated under the control of the user, and may be
input to software run by the display device 3, 103 or alternatively transmitted
out of the display device 3, 103, e.g. to another computing system. For
example, the data generated by the location estimator 37 is suitable for

30 interactive operation between a machine (e.g. the display device 3, or another



13 enpl oying the reference pul se to synchronize raster scans with the
.reference pulses. 5. An apparatus in which the spot of light is associated
with the 5 generation of the image in the display area. 6. An apparatus
according to claim5, wherein the raster scan generator is a cathode ray
tube. 10 7. An apparatus according to any of clainms 1 to 4 in which the
spot of light is invisible light. 8. An gpparatus according to any of
claims 1 to 4 or 7, wherein the raster sCan generator is a light source, a
vertical scanner and a horizontal scanner. 15 9. An apparatus according to
any preceding claim wherein the pointing device has a sensor on the stylus
so as to sense contact between the stylus and the display area. 20 10. An
appar at us acdeMier)ngnd @ useli o exampie,dih candes baedfor selacing from @) menu,

capaci tance ' e 1. An apparatus according to any
precedi ng cI%ﬁ?ﬁ%ﬁg%ﬁf’%eQi@%Rﬂ}hg stylus has a push button which is to
be pushed when the user wants the 25 apparatus to recogni ze the | ocation of

the stylus. 12. An apparatus_according to any preceding cl ai wherein the
poi nting devifigdre fahgwssa Rosien ofa thiid erpodisnent;af taisiingentioghTheaiainting t
reaches the I - L flelter )
Component® of STUIEAET i sRsterh Ayl ijica] I fat o Fi6 4 MoBibeline Sl
accor di ng t odelice in iils wase idepreimizgy projectoaiunit’ The prbjectort dnsit pmjéctslar'lf i Idt Sr
filters out visible |ight jle trapsmtting light at a frequency, i pclude
n the spot B19d8 g sdRenAThe Fuaiealadntchas aiorera SonptcR dHecal & m i n
whi ch the ragebf thes 8RBl g BSof ﬂgamﬁ hﬁd¢i§'.'§%h6%sqﬁ¥'db%svrgbﬁdh 8f SO
generates the inmage in the display afea. '15. An apparatus according to

clai m 14 in thei rastarrscagi genergatonr2dd (cormespandingdd theeradies gamygehearator.2316. An
appar at us) accfgrg.dig to claim14 in which the display area is a 10 screen of
a screen dev?cdYs @z}rate fromthe display device. 17. A nethod for

i nputting data to a conputer system the method conprising mani pulating a

pointing device to position a stylus of the pointing device in relation to
an i mage di sphewgisplayrdevige fIRig. Girclydenfoussieparatg atswcese of ightngheee of

fﬂgt ?6??2%9%@%3%?%%3{:?% %g t"éff){s Br&dﬂ%esge%bgéﬁvew a' §feeMEfdiibdath L1, PRy T st ng
light beam 1032 and a blue light beam 1033. These pass through respective
15 LCD panels 1034, 1035, 1036. When each of the beams of visible light is
transmitted through the respective LCD panel, the intensity of the light beam
is modulated pixel by pixel. The three beams are merged into a signal beam
by a unit 1037, and pass through a first optical filter 1038, a half mirror 1039,
and to a projection lens 1040, which focuses the modulated visible light to
20 create an image on a screen (not shown). These features are known in

conventional projection display devices.

In contrast to known projection devices, however, the display device of this
embodiment has a further light source 1041 producing non-visible light, such
25 as infrared light. This light source may be an infrared LED for example, which
produces a beam of infrared light. The infrared light passes to a horizontal
scanning mirror 1042, and then to a vertical scanning mirror 1043, so that a
raster scan is produced. This scanning beam passes through a second optical
filter 1044, and is overlaid on the visible light beams by the half-silvered mirror
30 1039. From there it is projected on the screen through the projection lens



controlling the novenment of a spot of light to traverse the display area in
.a raster pattern, using the photo-detector to sense when the spot of |ight
coincides with a location of the display area selected by positioning the
poi nti ng device, 20 obtaining a conparison signal indicative of the timng
of a signal derived fromthe output of the photo-detector in relation to a
reference signal indicating the timng of.the raster scan, and using the
conparison signal to estinate the positi of stylus in relation to the
display area. .A .AL.AL.A AY_AAEAAAA.AAAGSMbD>0~np dr
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penetrates through the optical filter 1038 which is put into the light path
between the LCD panels and the half mirror 1039. Better results should be
obtained if the other optical filter 1044 which transmits only an infrared ray is

20 placed between the raster scan generator 231 and the half mirror 1039.

Optionally, another optical filter which has the same properties as optical filter
1044 may be provided in front of the photo-detector mounted on the tip of
stylus of the pointing device, so the light which passes through the LCD

25 panels cannot be detected in error by the photo-detector. An example of the
properties for the optical filters 1038, 1044 is shown in Fig. 7.

Many variations of the embodiments shown are possible within the scope of

the invention. For example, whereas the embodiments described above

30 optionally include a pressure sensor, the pressure sensor may be replaced (or
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S (gutfon is depgssed, the pealg &etector generates a peak detect pulse.

Furthermore, although in the embodiments described above the reference
10  pulse generator, timer and location estimator are located within the display

device and the pointing device comprising the peak detection unit, this is not

absolutely essential for implementations of the invention. Rather the system

may comprise one or more of additional computing units which are physically

separate from the pointing device and the display device, and perform one of
15  more of these functions.

Furthermore, although conveniently the photo-detector is located at the stylus,
embodiments of the invention are possible in which the photo-detector is
spaced from the stylus, but connected by an optical path which starts at or

20 proximate the stylus and extends to the photo-detector (e.g. through an
optical cable).

Furthermore, the invention may be used in a system in which the pointing
device is spaced from the screen in use. Some such conventional pointing
25 devices emit a light beam to indicate a portion of the screen, and this feature

too may be present in the system of the present invention.
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a raster scan generator which controls the movement of a spot of light
to traverse the display area in a raster pattern,
a photo-detector associated with a stylus of the pointing device, and for
sensing when the spot of light coincides with a location of the display area
10  selected by positioning the pointing device,
a comparison unit for obtaining a comparison signal indicative of the
timing of a signal derived from the output of the photo-detector in relation to a
reference signal indicating the timing of the raster scan, and
a location estimator unit which uses the comparison signal to estimate
15  the position of the stylus in relation to the display area.

2, An apparatus according to claim 1 in which the output of the photo-
detector is passed to a peak detector unit which detects a maximum intensity
of light in a certain period and transmits a peak detection pulse to the

20 comparison unit.

3. An apparatus according to claim 2 in which the comparison unit is a
timer which measures a time between a peak of the reference signal and the
peak detection pulse.

25
4, An apparatus according to any preceding claim further comprising a
reference pulse generator which generates said reference signal as a
reference pulse, the reference pulse being transmitted to the location

estimator unit and to the raster scan generator, the raster scan generator
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10 7. An apparatus according to any of claims 1 to 4 in which the spot of light
is invisible light.

8. An apparatus according to any of claims 1 to 4 or 7, wherein the raster

scan generator is a light source, a vertical scanner and a horizontal scanner.
15

9. An apparatus according to any preceding claim, wherein the pointing

device has a sensor on the stylus so as to sense contact between the stylus

and the display area.

20 10.  An apparatus according to claim 9 in which the sensor is a pressure,

capacitance or conductive sensor.

11. An apparatus according to any preceding claim, wherein the pointing
stylus has a push button which is to be pushed when the user wants the

25 apparatus to recognize the location of the stylus.

12. An apparatus according to any preceding claim, wherein the pointing

device includes a optical filter for filtering light before it reaches the photo-

detector, the optical filter filtering out at least a component of light which is
30 part of the image.
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the display area.

15.  An apparatus according to claim 14 in which the display area is an area
of the display device.

16.  An apparatus according to claim 14 in which the display area is a
10  screen of a screen device separate from the display device.

17. A method for inputting data to a computer system,

the method comprising manipulating a pointing device to position a
stylus of the pointing device in relation to an image displayed on a display
area, the pointing device having a photo-detector associated with the stylus;

15 the method further comprising the following automatic steps:

controlling the movement of a spot of light to traverse the display area
in a raster pattern,

using the photo-detector to sense when the spot of light coincides with
a location of the display area selected by positioning the pointing device,

20 obtaining a comparison signal indicative of the timing of a signal
derived from the output of the photo-detector in relation to a reference signal
indicating the timing of the raster scan, and

using the comparison signal to estimate the position of stylus in relation
to the display area.



