;e3ec T62T,0 3 QCT i)02 WO 001 62268 PCT/ | LOOI 00214 PRESENTATI ON Bﬁst
DI A TI ZERS FI ELD AND BACKGROUND OF THE | NVENTI ONThe present inve PRCT 2002
rel at es .01 zers. More particularly, the5present invepti r tes to
devi ces &%;9%@%& ith presentation boards andpens for digit?é?@gwﬂﬁkés dr awn
manual | y thereon. Throughout the |ast decade the presentation of data in a
group settinghas becone highly digitized, involving the use of

t echnol ogi cal | y advancedaudi o-vi sual devices. As such, the use of a

conventional draw ng bogpgrdPRTATRINBOARBISKGITIZERSUCh pr esmm’m,@wwﬂl
.10
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has rapidly declined. Still, sone presenters often prefer to use

and whiteboard topresent- and devel op i deas during group sessions

recordi ng ofi nformati on presented by such neans, several digitized

whi t eboar d FELEMANDY 8 ACKGRIBUNID 0H0 TIHSINVEINTI@Ns typically enploy a
‘conbi nation of transmtters andreceivers for processing signals froma
handhel d devi ce. Theepresenti inyantiesheelatesptodigitidersy Mersepadioutaty,athe t r aced
and recorded, and_as aresult the textual and graphical content of a session
‘can be dPgi Pressat apvaRbonaglates i demises P.TZWaWF'guBf.eSﬂ@éHﬁnqmd&ra@dused f or

det er m ni ng thea&)%ﬁitj on ’Sf aqgandhel d c“av e or stylus on a flat surface.
U S. Pat. NPENS IOTHHEEME Npgs Ganapanyally ekedn. 943" t o Suzuki et al .,

3 211 i ool ose 1yl AICRRARIN Bhe Bteschfon ot thud B o faliR SN "o e
transmts Vit Béqne iy gzt inVBheng the Gie Bf RAANGIoZIBALY bV 4HdeAns ar e

detected by transducer hed 'to the Doard and the position o e penis
cal cul at ed fn@is-vRBAI AAGHEsS S A8 uch/Tthedisé v & icbhaéntivifal tdra el bolfg, boar d.
ese systensi nherently function exclusively when the pen is 1n contact
t h t hg0 boaucls as h vihieboaid) imsiichrreserpatiomnsdscrapedly idecihed boar d. As a
result, no speci al WO 00162268 0 3 OCT 2002 PCT/1L0O0/ 00214 2 nechani sm
is required to disil, sogmegivesenters affen poefendo-vse iatnatkepandnwhitelborrd .toThese
systens are generally inaccurate due to non-uniformtransm ssion tines
t hrough t he PEesgRE and develop ideaedumygigraep pesugns-r d neuhle mseerding &fi zed

board structures ichre rs them expensi v n i nconvenj ent. An

al ternati ve‘%‘:?ﬁ?’aﬁgﬂ pf%sefl{gfg PP MEP -’bsSVFf@?ﬁ%‘%ﬁ%ﬁ‘aﬂte&oﬂéfsﬁmﬁfaml es
of such sys iped in U. S. Pat. Nos. 4,777,329 to Mallicoat,
4,814, 552 tg’gg?g?%'ﬁdée@ﬁ#? 4,506, 354 to Hansen 4, 758,691 and to 10 De

Bruyne ppd PCT/ | Is98h098Res fypicdly-elipley Ya ¢bmbinffth BY tPagasiuers' agAnol ogi es
Ltd., which is incorporated by reference as if fully set forth herein.
These syst emecedvers ofpr viprocessinge signalsafromsa diandheld slevive. t r fhes nifitiags and
receivers arranged at two points fixed relative to a board 15 and on a
novabl e wr i miengnhents preduced thethsse idevigesoare: Wacatbend irecordsdeapdias 8 t hen
derived by triangqul ati on. These systens typically require an additional
har d- wi r ed (5?5‘& g@t%ﬁ@gﬁé‘gl gap ’ﬁ{l,scg'&'(?ﬁt 5’2 3 sessin s b digitizadbanden ¢ he
novabl e i npl e t and a base unit to provide timng information for time-of
faal ght u|tr£83§ﬁ(§°8§f’8m“g‘i’r ons. An additional switch 20 is also required to
ntifygwhen th b} gEe I Secd NY&EEmiNi e . afhgse
syst_emsy%re typi % ¥§I #c(rénhftﬁgg t(r)gnr:_eﬁsaétc{lvfgfy gma 1 _l%%a%sﬁgﬁfog iO:sf %epa_use
of signal -t gafghéld devideOof SYRIs bn @ flat seifacahilgls. iPHt eNod! & 564, 929hbai ni ng
accurate measurenments. The volune of ultrasound used cannof 25 be very high
wi t hout cau<ilegn bett hk) <885, 33c eorpSunstiki getal 5t 4,010,3681 and. 5,078¢85t itonal | vy,
in a wreless system power considerations severely limt the transmtted
vol une. | n &ebayashi eg@hernd 8,099, 1020tce Yosbimuraneti alf all thsdlose systems in
transmtter-to-receiver distance nust, therefore be kept small. Attenpts to
use diff er enthighta vbratingerlement fassogiptade Meith 2 cpgrofEansmits |vibgiopsar d

20, o o P S e 0 e
eproduce’  ApAaah M BPUECHE, s PRREDHCHE B Sp Wb G b8, g

“dashed transmission time of the vibrations through the board. These systems

inherently function exclusively when the pen is in contact with the board

such that vibrations are transferred to the board. As a result, no special
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= 5 1line. Typically, the transmtter or receiver elenent in the ﬁ@ Qﬁini
off when the pen is inactive and is re-activated each tine the p QUZ
cont act widdwd2be board. The systemthen takes a fraction opceisewerd to
resynchroni ze before it responds correctly. In the case of short strokes,
the length of the operative stroke may be conparable with the response tine
of 10 the system thereby giving very popr results. An additional problem
of sone of the airborne ultrasound digitizer systens is that the ultrasound
transni t t ermechamsmi vier reguareehttoi slistngwigd weyimge tfréroalnop-wuitinge pende  of
the draw ng inplenent or stylus. As a result, the neasured position is of
set from t eovemeEndF-awi ng position in a di rection 15 which changes with

rotation of the aw n |%BI enent. Thi ma esul t {n discontinu t| es and
i |1 egible witingPFH t SN AT eBCRGAYYE i 19 RORsLE

board di gi i §€$Q§§%Pgﬁé'@§ﬁy°?ééqﬁ Bpgtd; H‘? g“@%mé%ﬁ?ﬁﬁ%ﬁﬁ%.%“”t won

pr oduced, wr i o! BEEA! St ,%320;»@6 et enddhe ™ FRENShntl 0 Gpiens nave

a very I|m tine. Even where cartridge is separate
repl aceabl gnchbheemenioonent s used nust be of a very speC|f|c design to be
conpatible. Finally, styluses which enploy a color witing tip are usually

Testricted to usAmgaRernatiod @pprdach isi theansd cfaNObosiEPhRIasOiAd &igiHls.col or s
or a 25 tip of a different functlon since the recordation system cannot

di sti ngui shExampmsmeﬁﬂud:}hsyshcﬁfseamndessqrﬂEd ith&}.8. iPatt NasedoT#,329¢ed for a
reliable, |owcost, | tizer Sést em whi ch n%i/ be used with conventi onal

present at i ()Malbb%ads%@ﬂ ML to Stebkredral 4 43063 Hansen 4,238, 69h@n§dgl tion of
T?ﬁ? 00 |
/ILdg)%OagE4§g“e3%Fd§!qFl2E§ ! @dgo%?{g ﬁﬁﬁir g\?gﬁéﬂ?sfﬁlv\?\?%g g)’b CEMYSpr esent
O THE
| NeNT! O e SetinaRing L4, Gt 45 ARCOrpprtid B3, tedBience, b Sehdpah <

provi ded am ghel d device for use with a board suppl ement ed with a
processi ng )

These systems employ various combinations of ultrasound

transmitters and receivers arranged at two points fixed relative to a board

15 and on a movable writing implement. The position of the movable

implement is then derived by triangulation. These systems typically require

an additional hard-wired or electromagnetic link, such as an infrared link,

between the movable implement and a base unit to provide timing

information for time-of-flight ultrasound calculations. An additional switch

. 20 is also Tequired to identify when the movable element is in contact with the
board.

These systems are typically limited to relatively small boards. This
is because of signal-to-noise ratio (SNR) limitations which interfere with
obtaining accurate measurements. The volume of ultrasound used cannot

25 be very high without causing bothersome accompanying whistling noises.
Additionally, in a wireless system, power considerations severely limit the
transmitted volume. In order to generate reliable position information, the
transmitter-to-receiver distance must therefore be kept small. Attempts to

use different sets of receivers for different regions of a large board generally

.



system for digitizing operative strokes of the handhel d device 0@ i&ﬁ?
board, the handheld device conprising (a) a housing having a subSt 'Ta|2D92
cylindri Qﬁa(go@&rzgstherei n termnating at a distal end of thediaysime;aMth a
10-central orifice conmunicating with the bore, the housing receiving a
portion of a body of a drawing inplenent with its drawing tip extending
fromthe central orifice, the housing begng formed with a plurality of
openi ngs being circunferencly arranged at the distal end of the housing and
comuni cat i p@uliihhdisduntimrities when (the neovalile eksmaitdravetefroa ope regmsmi tter
device mounted 15 within the housing, renote fromthe drawing tip, yet in
cl ose proxitdanothét h the bore, the device being for receiving or
transmtting an intermttent ultrasound signal through_ the bore and the
plurality of opehinether shestcopyng wahesegsysteranautheir srabalatyt tocreprednasy ti p.
According - to,another aspect qf the present invenf{ion,there i 0 provided
a handhel d 6P dpterpipted Pegi tFe SWd*‘%lPﬁbﬁoé’ﬁ’ﬁﬁt@ ewqrﬂwén%r%gééﬁdng

“boar . the MaRanrwCguy B baffeRbir e Tafbivén BeBRAS R tenfeh BuBlebin ar 1
eyl i ndri cal e GhbRAL id) if R4V Hd Wrdhcivaledldbh il dthe 6 RBHRNG W Lh a

central orifice co nicating wth the bore, the housing recel ving and

rel easi ng achithtt @hofhe2bBAdY The SystiR abh talddst adhathion 6f avsdtdniingl enent
through the orifice with its drawing tip extending fromthe central

orifice; (besgnélgoalzechefore ithespundsiovgrdotly. il thesabe pfshosti stiokes] the
renovably attached drawi ng i nplenent within the housing; (c) an ultrasonic
recei ver orlengtnefiitliet eperdtive strobemay baicempardbe avitlethiecrespohse time &f OCT
Q)OZ WO 00/ 622G8 PCT/1L00/ 00214 5 connected to the housing for receiving or
ansni k& i nheaystem,dharebyegiving very Poondesil§nal ; (d) a microswitch in the

o he Fesponsi veARAIHGRALPERUD R SR BEARGPE pTBroun gty
Lo be res) | ePBRlFR Rl HE R e A Btk g

el ot roni caltyeoA MO MR End oSkt br FEeciVer Pre¥he 3 Rp08s8 2 | on
lect roni o R Croshi T e For At Tt .

0 € devi %ﬁ'ﬁ?}c{’%ﬂg ¥ne s?&hf%l;ﬂﬁr&%%hgmﬁhngﬁtﬁss&ﬂﬁ. A0 kalige 1S

exerted on rawng tip o raw ng According to Yet

anot her aspgetmedsuréd pBEitivfris offtvefibhPthd trae drawinklpovitun ded dirdetiadhel d
device for use with a board or screen supplenmented with a processing system

for didi%i zwhichoglemges weitls rotakes obfth¢ ldeawmgiheplémst. ddiue mayheesoltand or
screen, the handhel d device conprising (ta) a_housji ng having a substantially
cyl i ndri cal diseertinuidesand illagibleaviiting an the digitizad mpaseowhendheidrawing with a
central orifice conmunicatin vvitd;bthe bore, the housing 15 receiving and
rel easi ng a"‘bPCJ‘chBHPB’F“‘Q“HB&ﬁa’EﬂC St e60 2BOKeSit t achabl e operative i npl ement
t hrough the orifj i it i i L na: f-r: ng r.al
orifice, the _opeir: é‘?‘l’%&ﬁmcéﬁgﬁﬁ{@t@? _gegsée'ﬁ%tg ega }rd;%'é'hgggg%gﬁﬁ&go%éi sting
: a dr awi ngrpidHlyelRiNe i3 R with \Pedld! BN ptoBicEdRAGting finplements. This

20

renders them cxﬁcnsivc since pens have a very hmited lifetime. Even
where the ink cartridge is separately replaceable, the components used must
be of a very specific design to be compatible.

Finally, styluses which employ a color writing tip are usually
restricted to using a single color tip and cannot employ different colors or a
25 tip of a different function, since the recordation system cannot distinguish
between the different tips.

There is therefore a need for a reliable, low-cost, digitizer system
which may be used with conventional presentation boards of all sizes for

determining accurately the position of a drawing implement on the board.



_a retainer in the housing for releasably retaining the rermvablg:}amjc?@@
20 operative inplenment within the housing; and (c) an ultrasoniT i
or transrybbgEz24gVi ce being externally or internally connecicethilp8obdiq
. housing for recetving or transmtting an intermttent ultrasound signal.
According to still another aspect of the present invention, in a board or
screen digitizing systemincluding at |egst three spaced apart ultrasound
25 receivers associated with the board or screen surface, and a handhel d
devi ce i ncl uwdidiGoRdl heddRr4fid iploveindn® ptavidedTblythe  presin dnventiépursded a
met hod of tracking the handhel d device, the signals being transmtted with
a preset fi dedcribedeinvihe spbeifiebgondet followsmet hod conprising the steps of
collecting a plurality of time non-referenced ultrasound signals by each of
the at |east 0 3 OCT 2002 WO 00/ 62268 PCT/1L00/ 00214 6 three spaced apart
ul trasound rece al cul ating a position of the handhel d device for
S : Nound si gnal s, thereby tracking the

handhel d. devi J f h. of the at .. least. th
Corcod shart uli Atconime @ and et of b putatumsptio ths is ro¥ied 3 neer val
fol | owi ng t . i anal t i me_int |
ol out 15 e EAAPAL B g U, o DR R AR, T AL L
the present S}"ﬁé{ﬁnfdr(ﬁ]gﬁﬁﬁégb&am@\éh@ﬁgs 8f BN & aulice Jé'nofhe%(?arw th a

pl enent or digit ny

board or screen sup with a processing system I ZI
operative siHeohndabld Rvien dogiptiskg dRYi & ehausihfeh da Ofulsseaffdlly t he
handhel d devi ce conprising (a) a housing having a substantially cylindrical
bore ther ei gylisndticalaboreothetein tdirminatingnat @fdisthe ehd usdi thg Nhising wightd al

ifice coomunicating with the bore, the housing receiving and rel easing a
*rti onlf aemmlyor&ﬁcacwrannmctﬂtyrgamthdhabbee,élpregausimg réegiviagenpottiorough t he
orifice with its operative. tip extendi nﬁh15 fromthe central orifice and

bei ng sel ecefiBIkodhohg draping snplenest With ats drawipg dipextondingpfremethes; (b) a
i i he .h i f el bl I @i h hl hed

operati ve | FEREHdTTIGH e HOURERBIAS fymeh i) Plialint EaRemebs Dsingrit t er

devi bei ng._i nt | t h i -f

devt o Bt o AL A A SOk U R 5 o

of the pl ur g theObore! bl Tbj bt Mirdri@ $QeIekr b ORMsiniMRY dedicd ﬂ']pfuilﬁééc?nt

frequency, each of the frequencies being associated wth one o

plural ity odvithin tiss Rousingeeaioty franyphedmaviag tip) Jef i) close provialibewitn or in
the housing for setting the transmitter device to transmt an intermttent

ul t rasound sieghare,otheadéviequesing foorresbying iorgtransthitting af internpttemtal i ty of

di fferent 25 operative inplenents. According to still additional aspect
of the presaltfaspy ﬁﬂm% the borg; BM?(!-E?J F&u%rﬁlm%éhﬁﬁb)’use with

a board or screen suppl enent wi,t h a processing systemfor digitizing
operative st® w%"?ﬁgﬂg’t‘r‘?ﬁﬁgﬂm grawmgp tp.

According to another aspect of the present invention there is

20 provided a handheld device for use with a board supplemented with a
processing system for digitizing operative strokes of the handheld device on

the board, the handheld device comprising (a) a housing having a
substantially cylindrical bore therein terminating at a distal end of the
housing with a central orifice communicating with the bore, the housing

25 receiving and releasing a portion of a body of a removably attachable
drawing implement through the orifice with its dré'v;/i}i—g_tip extending from

the central orifice; (b) a retainer in the housing for releasably retaining the
removably attached drawing implement within the housing; (c) an

ultrasonic receiver or transmitter device being internally or externally



, device on the board or screen, the handhel d device conprising (a3 GEChQeg? ng
0 3 OCT 20f1 2 WO 00l 62268 PCT/1L00100214 7 having a substantially

cyl i ndri c8lD 00/622$8t herein term nating at a distal end of th&CHAu8¥eRIni th a
central orifice conmunicating with the bore, the housing . receiving a
portion of a body of an operative inplenent with its operative tip
extending fromthe central orifice; (b) @&n ultrasonic transmtter device 5

being internally or  externally connected . to the housi.ng for, transmtting
one of two iconeepicd: txttha) housdng Hor SiegpYIRE QT ERNEITIAS WMointemaittent t ent

ul trasound signal s havin di ff.erent frequengy; .(c) a mcroswtch in the
housi ng bei d@g’P?P‘H‘ F’r%laﬂn@aea Hi"c%f’sgvé@gn’d‘ ﬂi‘y‘d@“ﬁlﬁ% being 6‘§Wat“\£‘lil|1 Thg in
the first node en.in cont.act wt raxi mal of .the.bo din the
30 second miseten bt PRREH el et Py Boffe s 0 R temeive 192 hes | and
(d) an el ect i | heUl C i ]gm[mg i

m croswi t ch ég%gﬂe? h@ p{r%aérilltsaw?g ??’ %@Pcdg%{i]?ﬁeﬁg ect rng’ﬁﬁ:dqgﬁ)lr)%{u?ﬁ%& oﬁ)‘gﬁeng for
.associ at kng QR|INY Bé_?ﬁ% fihrhé HdNgingesnd dldvadascallyt SorhhfinidaAinpTWifte fhalevi ce,
such that the intermttent ultrasound signals of the different frequency
are 15 transpidrbesittly fore affeetivggn dperatiprieof ke i devdcernate iekspewiient ti@nner ,
thereby inform ng the processing system whether the operative tip is in
contact w t hmicvoswitcl\undicatesthat the fiwae ds @xesed emn theAdvowvisigntpt af ¢hey et
addi ti onal aspect of the present invention there is provided a handheld
devi ce for ulrawing impleseentd or screen suppl enented 20 with a processing

systemfor digitizing operative strokes of the handhel.d devi ce, on the board
or screen, the haheeRIdINg R YeL 208Hsr i aSPRE Pg)tﬁ% &It g veRlem dhere 1s

bstantijal ly cy]i,ndric ote.therein . Rat i t distal en f the
!usi nga\t/bi t I{};ﬁ"{dgﬂt? &an@hl?i P '%coﬁé{u%%ccgﬁﬁ%%ﬁa{(g%{ ﬁsé:r%& %‘,’p@ﬁ ¢ i ng
receiving a t.j - f : té i 0P| i i rative
25 t1 p oxt orniithg ProskveiRe Wetr? fpR QidtBAng bafil SHOREY of the HannBREC™: L o
of the housiqigidy b9 itHEbod1a crlsciceR, teHaalheldevicd bsmpasinid) beidwi.q% an
infrared conveying material; (b) an ultrasonic receiver or transmtter
devi ce bei ntavirga sabtantiallyexykmdridal pooo threeeinctdrhinating dtaudisty) dnd of
receiving or transmtting an intermttent ultrasound signal; (c) an
i nfrared trdhehousisg with azeqral onhice vemowicate POl the bore,ahe hadsingyi ce
being i mpl enented at a proxjmal end of fhe_ | qngifudinal rtion_of the
housi ng?gt haeseiving: aRd: YelGAsHE ePOTHED eé abbpazg eﬁfegi g%avaﬁﬁy tachableg
infrared radiati,on emited. there t hrowgh t | i tudi nal porti.on of the
housi ng. 5 R@&Bﬁ“&iﬂnb'“?%“?wt‘ﬁ&é“&?‘églcuPE!’%FnWEtﬁeP-gpﬁ’&E‘ﬂb"r%ﬁai E@tﬁf'g"& t he

i nvention dﬁiﬁ@%&%%ﬁ&%@@g&m%rmkplee.em BEing sd1B&eAO S the S

suppl enent e an infrared reflector for reflectifng the infrare

radi ation owro@p cbhisis %fﬁgiraﬁﬁi%if pleghen® andfdn AitatdGip Gaplepherdth €b)yr esent
i nvention tltgerrgﬁi S 106?)$|ovi ded a arﬁ%hel d device for use Wlpth a bggl]?d or
screen supplaenstained initht housinge forsialepsablyt eetaining dhgireinoivablyopttached e
!rgkes of the handhel d device on the board or screen, the handheld device
conpri s2flg (apgrativeoimplementviithjnhe hiousings iand (c)oan nlasooid ressivert drer ei n

oSt i eV s skl A oS e i, oo
i i h I y

f td i | { it its. i i { di f th t I
ori Ticer (byehrecsrupgss rapdniring B RBF RSl 3B el ng i nternal |y
or external ly conechglt@ Agf?ﬁu(ngfa &geépafnﬁcae¥emP9énﬁ6&W§@ bbaftf) 2n

intermttent ultrasound®sign a‘pressure sensitive m’crosw in the

housi ng bei : | dy, so
R U L

as to be responsive _ _ “on the drawng ti _

i npl enent; geekiveds azfocibtediwidnile board or iscsechaurfacearid e handhéldHevice

el ectronically comunicating with the mcroswitch for affecting operation
of the devi decladingeas tinteimaittenil sigriat teawmitier, ithelfec it provideak a trhethiodrof i s

rexerted on the draw ng tip of the drawing_inplenent. 25 According to a
still furthdrackingthe bandheld slexicentthe signals being &aasmatted svithiadpeeseknot el y

controll ed handhel d vige for use with.a board or, screen suppl enented with
a processin ‘§9§%‘%‘WPF§FT§?‘§WFF% tf?ﬁ 'Bﬂngth%ﬁlPB@‘% sIﬂPSthZp(ﬁ HREId device
on the board,or,screen, the handhel evice.co i $L.n a housi ng havi ng
a subst ant | d?]\’Vl%X/IO?ﬁHW @gp-rsgqrgnﬁﬁqﬂ? -aﬁound mg%xrls %y eqacim gf the '3t TeasP
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0 3 OCT 2t102 WO 001 62268 PCT/1L00/ 00214 9 term nating at a désta.|l eﬁg of
the housing with a central orifice comunicating wth the borg, t 8 i ng
recei vi ngo®a0/62268i on of a body of .. an operative inpl enentPGR/AL0/00234
operative tip extending fromthe central orifice; (b) an ultrasonic
receiver or transmtter device being internally or 5 externally connected
to the housing for receiving or transm®ting an intermttent ultrasound
signal; and (c) a renote signal receiver fo r?c i Vi ng operational conmand
si gnal s fr 8imee spased @partgsrasewng JREEHVErs 5@5&@ MBI peswipnanl dber at or .
Accor di ng er a of ..t he present i vgrtion there js 10

provi ded J‘é’a&tﬁqﬁe?@évjﬁé@ig@eeﬁf e. s 35835 geRsre ?ﬁ?;’éﬁﬁﬁnsah nted with
on'the. boaPdrely barkisd inf hahdhdii PG IR, EREERRR of¥oh WidheRhg having -

a substantial |.i i i r-'@ﬁsjlh J L. end of the -
housi ng w ?%nggg%tsbg‘fgdoaﬁﬁh Q@a%g%ﬁ?%ﬂﬁrﬁd% P qug{)rqeé,ycﬁhg t'ﬁrg'{]si ng 15
recei vVifig ayBAk ifRoRinghl e¥etforPdf 2RBIMAN thebyRhE ¥BBSndMiE idisrvaper ative  --
tip extending fromthe central orifice;  and (b)" 'a transparent ultrasonic
recei ver ofs $Horesthan the filevtinre inedregl.connected to the housing and

surroundi ng the operative tip for receiving or transmtting an-intermttent
ul trasound si giaicordingrteban radditeorial gaspieet ogehatp'remrtti mventiohl thetoisa user.
20 The present invention successfully addresses_the shortcom ngs of the

present |y prexided enhangdbeld devicepior prsgy athng beapd o Acresn sapplemestedrent s to
handhel d devices for use with boar.d or screen supple ed with a
processi ngVals APFOCETSING §YStED faﬂj ?Qf’gv?}’esr?'t“b‘kégmng Ir‘r’r?e]ﬁ‘ﬁg}?ﬁi'ﬁﬁllehj devi ces,
ich joprquenents. are further address i,n; the follown egtions of the
‘; spei:(ﬂ)i 88Y‘i°8ﬁ’." %ﬁlbﬁﬁrw%ﬂgﬁ?@ggﬂe iR SRBPHRINE é’ﬁf‘?‘ﬁﬁ’ﬂ s herein
descri bed, . I L or.e t F NQ
desort bect pRingy s s AIRL00bol Kot pSLRIERRARRIAG SRFRTBAIALIY, |
schemati ¢ {K{ORSusThEWiftf a BertfAlQifidd cOHMARMIERIHOWIARE e OiHedfshsg h a
digitizer system sShow ng a switch-over zone between regions wth different
groups of hédcliﬁﬁﬁumﬂ relessingrs;pdrtién &f iasbedypl oft ai tdmicvaldyi agadhablevari ati on
of relative weighting of 5 position indications fromtwo sets of ultrasound
recei vers ppeftiyarinplements throughnihei orifick wubi its @perativs $ipt kxtepdingent at i on
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expl oded pRIERBAID HBnsthiB¥r BEvie MeiWd imteindllyCoOexYetrfdliys EomeddtE® td tHe use in
the transmtter device of Figure 5 {prior art); 15 FIG 6B is a perspective
vi ew of t hhowusing demtrandiistinigione b€ agslufality of it ittetivledsdurd signalst ) ; FI G
g is atop viewof the mcroswitch structure of Figure 6A show ng a

t ai 2thg each off the rugbneof inenmtitent ultraspud] signals hayene madifterprtr specti ve
view of a prior art structure for_ 20 attachnent of _a retaini n? nenber to a
housi ng f ofreqyengys epeleof therfzeauensies being associated with one of the plurahity

of different operative implements; and (d) a controlier on or in the housing

for setting the transmitter device to transmit an intermittent ultrasound
signal of a frequency corroborating with one of the plurality of different

25 operative implements.
According to a still additional aspect of the present invention there is
provided a handheld device for use with a board or screen supplemented
with a processing system for digitizing operative strokes of the handheld

device on the board or screen, the handheld device comprising (a) a housing



device of Figure 5; FIG 8Ais a plot of the output of a contagty 9gT 2002
activated by operational contact between a drawi ng inplenent and a

present 3L gaeear d as a function of time (prior art); 25 MCAEILEB00214

ilJustrates the recorded drawi ng i npl enment operation tine profile produced

by inferior prior art systens corresponding to the contact profile of
Fi gure SA;
the correspondi ng recorded draw ng i nplenment operation tinme profile
produced apg@hgisubistartidlyenyiiiricehborsf thergini tormanatingr atse distaliend obar d
digitizer systemm FIG 9 is a side cross-sectional yiew of a prior art
eraser trafmhéusing with agentraloorheecompimacaing pirthe °§XF§
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rror ar eraser,;

present 1 nvention, having an ultrasonic receiver .or

different f f t i asi A . FIG 13
S ebsﬁ’(e&r @nmaﬁkﬁte%&mgﬁ% WBRGEC1RE 36 th thﬁE?gor ({ﬂyrl:sfgﬁgﬁf g %rées
thi%éﬁf ifedhiifedl PRfkbARY Ofighaliarshienl Gflshélewis cimesnitdntig to one

transm tt eim%%}xﬁa dighak athvirguat @ifforenn froquelicyyi (@) 4 npictdsevieddf in Wit enabl es

triangulation o

the“drawing tip itself; FIG 1 Sis a cross sectional

Vi ew

of a handhgbgsifgVbeing df cofitst igodo onnatehend avpde;tthefmidreswiek deing ivent i on,
having a retainer adapted at frontal 20 replacenent_ of an_operatiyve
i npl enent  tihe fiestfimadel vehemi r osvactcwitha pexamad epgd eftheghrdyaand danithg)| enent ;
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second mode when not in contact with the proximal end of the body; and (d)
an electronic circuitry electronically communicating between the
microswitch and the transmitter device, the electronic circuitry being for
associating one of the first and second modes with the transmitter device,
such that the intermittent ultrasound signals of the different frequency are
transmitted by the transmitting device in a mode dependent manner, thereby
informing the processing system whether the operative tip is in contact with,
or removed from, the board or screen.

According to a yet additional aspect of the present invention there is
provided a handheld device for use with a board or screen supplemented
with a processing system for digitizing operative strokes of the handheld
device on the board or screen, the handheld device comprising (a) a housing
having a substantially cylindrical bore therein terminating at a distal end of
the housing with a central orifice communicating with the bore, the housing
receiving a portion of a body of an operative implement with its operative
tip extending from the central orifice, at least a Jongitudinal portion of the
housing originating at the distal end of the housing being of an infrared
conveying material; (b) an ultrasonic receiver or transmitter device being
internally or extemally connected to the housing for receiving or

transmitting an intermittent ultrasound signal; (c¢) an infrared transmitter



. FIG 16 is a graphical depiction denonstrating the operation of § 300002
according to yet another aspect of the present invention, which nethod is
di rect ed Y40 0088 vi ng t he signal -to-noise ratio; 25 FIG 17P¢HIIH0HP2I4S
sectional view of a handheld device according to still another aspect of
the present invention, having a retainer adapted at replacenent of an
operative inplenent thereof and a control8 er for controlling the frequency

peratfve | ABYGRAIE TolGmEried SPIRIN 82364 ‘heiviiionivabparich pfG 15
[ ' | v f handhe]. d i di t 1 anoth
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por t1on of UHeAeRRtlon Eindd shérePy 5% B A o 8 I ocent

i nvention, {jgypg. an infrared link directed through the housing thereof.;
FIG 20 is a cro8s sectional view of a renote controll ed handhel d devi ce

accordi g to stildccardingt ber ftieeclediircshin Prefeptld embdieatc e of
recei ving operational commands via renpote control comunication |ine; 10
and FI G 2liriventionr descritet ibeha, \thewloofgitadimahdpmtidndefi the hoasingi g t o yet
a further aspect of the present invention having a transparent ultrasonic
devi ce sur r supplemgntedew infyaredigflector Her raflacting ke imphraderadiaticrer eof .
15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention is of a
handhel d deovtef bediowsimiB-e with a board or screen suppl enented with a

processi ng system whj.ch can sed for, di.gitizing operatjve strokes of
t he handhel d dev;&]&éo nghto &)Qﬁﬁﬂﬁﬁ @BF@eﬂkgtbﬁeEﬁelsg@aPmﬁE"t%t Fr€s Ent

the hay c PEnt> BodPETEF $BFdefl’ 'Y e

@7 o Pibifed Ao s’ R ROMIBYRE) of el Senli@iepyed, ™ "
| ati t ; f t

ndier standi ATk R eI oY RvEn o T liging (i@tve SROLAYDFAREHAR®E OF 1

drawi ngs, rgéweedaaht bohid 6t séreer, the HahdheldrdevidiCédraprising (@patdushiy of 2
conventional (i.e., prior art) handheld device 25 as illustrated inm Figures

1- Z 3 whi chaving a sybrstahtiadly ¢ylondriR@T biok® SicdéidAdrminagupeatia distalend of
presentation board digitizer system getrerally designated 10, constructed
and oper at i ths hastsingiwvith 2 gentnal erzfieh cagunuricating withdhe bore, thadwiusipga
switeh- Overrczcginv?ng %t }\)Aoer%rc]mrg L r(‘)%ymé Qn Ocl)ipfcxfa%fv%r}trnp%r%ggtswith its operative
tip extending from the central onfice; (b) an ultrasonic receiver or
transmitter device being internally or externally connected to the housing
for receiving or transmitting an intermittent ultrasound signal; (c) a pressure
sensitive microswitch in the housing being actuated when pressured by a
. 20 proximal end of the body, so as to be responsive to a force exerted on the
drawing tip of the drawing implement; and (d) an electronic circuitry being
in the housing and electronically communicating with the microswitch for
affecting operation of the device at least when the microswitch indicates
that the force is exerted on the drawing tip of the drawing implement.
25 According to a still further aspect of the present invention there is
provided a remotely controlled handheld device for use with a board or
screen supplemented with a processing system for digitizing operative

strokes of the handheld device on the board or screen, the handheld device

comprising (a) a housing having a substantially cylindrical bore therein



of -ul trasound receivers. 0 3 OCT ~'D 0~ WD 00162268 PCTI 1L00100284 38T 2002
Ceneral |l y speaking, system 10 features a presentation board 12, which may

be of anywoewéerssi onal type, provided with a plurality of ®Crnaswonzad

recei ver assenblies 14, 16 and 18. U trasound receiver assenblies 14, 16
and 18 are preferably nounted in a strip 20 adapted for 5 conveni ent
attachnment to presentation boards of dif§ering sizes and thicknesses. This
attachnment may be achi eved t hrough clanps or clips of any type. Strip 20

al so feat ur egndnatingr at eal @isR)] readeioferthe Zhoukingveith( rot cettealn Jorifice
preferably provided for shielding ultrasound receiver assenblies 14, 16 and
18 and | R r ecmnvenicating voth gwubereathe beusing resgvang gi pritiongoadpdyoof r om
board 12. System 1Q operates with a novab) e el enent having hoth ultrasound
.and i nf r ar 8N tQREKAAYE dEPlement Wihnits OPSTatig; B sxiending thepeentral det ai |

bel ow. The pr. it f th le el t.is derived f th
(i orof 111 GHRCET 6] aBTRandS SERR S AP G EkierBUR BIGPalAT (o t ne

“Gynchr or 5 SEXGIMIR ormERR 4 B, PoustbC KT sl & Bl it it i on
such as, fOfntmmh%um&%uﬁg'fsggaaﬁafarﬁa (5% @mowsiggsﬂrecbfve?rfbﬂa%&@i@mﬁ

t wo
ul trasound recervers are su ent to“uniquely determ ne the position of a

movabl e el egpgtatioRlal W¥mmhnd tignileaifbniZa renftipesighal | tadnditter t BeippoOVi de
reliable ultrasound reception over the entire 20 area of a |large. Doard,

system 10 eppiteyldedrby entdperatone set of receivers. Thus, in the system as
illTustrated, a first set of receivers is defined as the pair of ultrasound
recei ver assenbl Aecotdingrie ¥4, a fudher aspechef dhe po¢sentdoventien ithergeisi ned as
e pair of ultrasound receiver assenblies 16 and 18. Cearly, the first
t of LQtrpevyided achandhsid d§b‘°§e€)i'ﬁ§§ wih gebpardoen s¢rsgBSUPplerpsntedcei vi ng

| t d. si | f the t 1tt when. t h b t. 1S i
i st 1 ogi OMHIcR GTBRCSE T AP e K UBHIAIGE CPBFaL Y SR O B DADGRI & wol |
st 1 egi o HeRdIeEE? . o ffcBrodh |
" eoi on denot§ickSh kY o] D st A the HAFMId BRI FE TR hiwilledy "5,
deri vi th i d ; J i ; 0/ 62268
eI 1100/ 000 B 4 F e LAt B A dir e P e 1 6

when the nolgifcustdgewithia tentrdl orifiieotormuaitdtihp avith kise bote) whe hohsivpt r asound
receiver assenblies 16 and |8 when the novable elenment is in region C In
order tkb avmbcdiving si portiogi afca body wiftdncepdrative) snplemednitngitbfits bperativesi ti on
of the novable elepent as it traverses_board 12, some configurations
provide a stiptevendiag fome thecseatal anficss:ansk b} @giteanspareat mlttasamichi n
switch-over zone B, the current Posi i on of theﬁgovablttﬁ e*lerrent is.derived
based on a VEEYEF <87t HARYPUIFT o ACYItE B’Séqgticé’ﬁ’?eﬁ cdPadley PPUSIPEna™dut put s
of the firs - of . i .S T i - . i vari es
Sroot il y v i IAE BERRi (P R6F Sizing I riIIB dif snlARIAGR TEL.

the val ue caiGUbdh@SighalihdrBBy térddetingahe @peralivRitipeViBibie ¢H atlder MOVabl e
ment borders first region ‘A and approaches the value calculated fromthe
cond Xet of reThe peesentviipientibr snosssbiudlyedddiesses b slesrscdhiingsesfahe regi on.
presently known configurations by providing a plurality of improvements to
handheld devices for use with a board or screen supplemented with a
processing system for digitizing operative strokes of the handheld devices,

which improvements are further addressed in the following sections of the

25 specification.

BRIEF DESCRIPTION OF THE DRAWINGS
' The invention is herein described, by way of example only, with

reference to the accompanying drawings, wherein:



.| S Figure 2 shows a typical variation of the weighting functio i

di stance across board 12. Here, plot 24 corresponds to the wei t?mm a@%r
appl i ed tWQeps2268r st group of ultrasound receivers, and pl o?C'Q/gLW?b‘sponds
to-the weighting factor applied to the second group of ultrasound
receivers. In this exanple, the variation within swtch-over zone B is
shown as linear. 20 However, other, norelG®onpl ex functions nay be used as
desired. Wthin region A plot 24 s constant at, 1 and plot 2Gis zero,
wher eas within rddfen B arschsmalig| ﬁ‘é%t ¥ rOE\ﬁbrPéW&ﬂ.arF Preseairgondassded t hat

I cul ation of th . position of the novable el ement ding to th
Syst em descAPEdon il BCIERRELI IS SPOTHE OHIR FACtUrs T ERTare

t hensel ves a_f.uncti.qn L i 3 ircularity of calculation

may be ci rcﬁﬁ%‘gﬂf&&dﬁ] ﬂﬁ%r%nﬂ%_é?ﬁ%?f%?%g&gc&% y, since the positionis

measur ed 1 epeal eqi, af iSRoplot NMEMME the lvatitibBASP aRl;ve ! c?%'ﬁﬂ'{%eo?hat the
ly Ssmal | e pre

new current position i1s a relative di stance fromt ously

measur edg pO?o%itRﬁ'l- inldicativons ffom tWelsefQF WPastihfPR%8iviees id FARRR02 14 15

t herefore reasonable to enploy the | ast nmeasured position for calculating

t he wei ghti Fgnétasit of posiven bhress tHrsmgsanation beard(privr.arl t er nativel y, or for
the r purposes of making an initial neasurenent, an approxi nate-nmeasurenent
may be made with HOms iardside angwwdi agtwinngltfageend reaetveraassembly denope e, 0.5
5 for each set. In addition to the switch-aover zone algorithm it is

pref erabl e tmatpreseatation bessd digitises¥stsm (BAEr pBEat ed sufficiently close to

rovi de sone degr of. reduyndancy of neasure t. Thi.s redundancy can then
Ee enpl oyed (tygiFig;l' s Pﬁ&ﬁﬁgﬁﬂg%{:w&ﬁc’{tﬂ‘éogﬁ%&ﬁ?@}'oﬂ r?ﬁiﬁ'é‘?%‘ef’gti ons)
rovi de 1 el,f test, for. r . igdentify any erroneo
agur\é:@nt ?‘?\E’l"ﬁ‘hﬂ]F‘Fﬁ§/°u§lgcrﬁ?mtvg‘rc1%%?§'rq¥¥3’?% er(‘:::‘{?!i ca: I ))C i ?‘/ recei velrJ: 14, 1G
d 18 [ 1 . j i . h
and 18 are co | L HAe, vk iGaRLss SPAGbRA iewadita phier ARGt GOR AL

recei ver as neasured culatrons 1s sl s1 and s3, respectively,

sinple trigeEedtithya Q&Mﬁ@ﬁalt&@Winé—ﬁnﬁf@ncmaﬁ%?digitﬁz%? systéfiz. (constant) By

calculating this sum whenever three sinultaneous TOF neasurenents are
avai | abl e, the sYGeBACinaexploded ysirspeicaivt vibat of & prriorfarh ahiceeswigchyi t hi n
an acceptable margin of accuracy. In a case that a significant error is
found, f urt istmcerafaorsisednithe/transmoidtes devicgdiKignee 3 (paen alis 20 may be

i npl enented to i tify. which receiver duced the erroneous readi ng and
to tenpbrarily e%i uéb ‘FW&ECTF%‘?%W\%‘PC‘P‘?% @F%’PBW"E%FE’HFE’(‘F&#IS}?E‘S\'ER ni ng

now to Figures 3 a a _desi gn of an ultrasound receiver assenbly,
general |y d& ﬁﬁ?ﬁ?’@%‘é@nqgﬁuw with presentation board digitizer systens

W Il now be desCigiBedc i aFopeURW brSReAiddswitch’ AR bEISRURI saSSeNbl Y

30 includes a first ultrasound receiver 32 |ocated adjacent t0 the surface
34 of the PEREWiHgA }aﬂnh@gﬁin@m}aﬁgm@ﬁu}hﬂ%ﬁound recei ver 36 displ aced

fromfirst ultrasound receiver 32 in a direction substantially

per pendi cul ar t o FGt f 2ds a3sthematic perspective view of a prior art structure for

. 20 attachment of a fctaining member to a housing for use in the transmitter
device of Figure 5;

FIG. 8A is a plot of the output of a contact switch activated by
operational contact between a drawing implement and a presentation board
as a function of time (prior art);

25 FIG. 8B illustrates the recorded drawing implement operation time

profile produced by inferior prior art systems corresponding to the contact

profile of Figure 5A;



. 0 3 OC~t 2002 WD 001 62268 PCTI|1L00/ 00214 16 First and second ulff 3agounzn02
receivers 32 and 36 are connected so as to generate a total output signal
corr espoM #2268 t he i nst ant aneous sum of the anplitudes ofCTM:A048H4nd
signals which they receive. Typically, for _ . sinple transducers, this is
achi eved by connecting themin series such that 5 their output voltages are
additive. Figure 4 shows a plot in polarlkoordinates of the variation of

itivit f 30 with I f incid [ I di cul
o the surf ace SHIOTAS JASEHGF (hereresRomIrBIEROGIeH, JBoNnE PEEbns -
10 he. Sens APEURISp BedgeBlP P aged ehoiF 1 bt ErileRe SEa st "

Speci ficall regeg@at{@fo(gggmﬁﬁpg;gﬂ%éof assenbly 30 occurs in a plane
[

-central to the naln o] gure orresponding to a plane of symetry

bet ween recei ver §182 (aidh 3fe FosPtioNal Ni@@%f%tpﬁbﬁaﬁ%aiéqgiﬁéﬁ{i&ewi ch

are incident fromthis plane necessarily have zero path and ase

-di fferenge, uhit fop@asemittos dibidzarystemmxi mum anpl i tude out put signal .
Reception fromthe n=1 side |obes is preferably m nimzed by use of a cover

el ement (not shoWllG. wh citlustratels dtheasggndld yreeéived oby saimbdmecaltasburd | ar ge
angl es fromsurface 34. By arranging assenbly 30 as described, the plane of
maxi num 20 geesivensviang psbeaidemountest Jsansdueen | espaetivelyl acsardiggatent to

surface 34. This is _ideal for receiving signals. incident. fromnear the

present at i orfnBHer gmbgshmenyy '@Féﬁ%ﬂar&g&eéﬁ’gtwoﬁéméﬁ8_@%‘§erg9ryc§m§y reduced

sensitivity to si s, (91) incident from.furthe way from.the, .

presentation boarfg.&iTﬁ]essgo Sy 835C8Ad) e'Bg%g?Wtegf‘gtﬁEa%’Wg"bgt‘#‘i‘%%l ate

ﬁe ul trgsm(gg ls;l als of inportance to the 25 digitizer system increasing
e sigr! | -t 6" Rof'SE ratio. This allows the use of |ower transnitter

intensities and/ @GN ak@ar s shewdvwid drEsreRt ?&Hﬁ%f@ﬁé‘é&gepﬁiéélﬁ ?5

range of conmon noi se sources. It should be noted that th ensi t

profile of ajaRedl(pridPanyrallel to surface 34 remains substantially
omidirectional simlar to the profile of an individual receiver. 030C
~ 2002 WO 001 62263GPC3/shba6/adzond embhdimentiohaprioo afi grasas 5-7, a
transmtter device eneral |y designated 40, for use with a drawin

i npl enent 42 in J‘Iﬁ-gif& 15z crespsteshonal Vigye of s distaleportiom et a) hqu&xsgdaki ng,
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yet enables triangulation of the drawing tip itself;

FIG. 15 is a cross sectional view of a handheld device according to
another aspect of the present invention, having a retainer adapted at frontal

. 20 replacement of an operative implement thereof and a microswitch
actuatable by the operative implement;

FIG. 16 is a graphical depiction demonstrating the operation of a
method according to yet another aspect of the present invention, which
method is directed at improving the signal-to-noise ratio;

25 FIG. 17 is a cross sectional view of a handheld device according to
still another aspect of the present invention, having a retainer adapted at
replacement of an operative implement thereof and a controller for
controlling the frequency of an ultrasound transmitter therein, as an

indication of a change of the operative implement;



Transm tter device 40 also includes a retainer 54 in the formop w@wr
attachabl e to the upper end of opening 46 to retain draw ng i nple n
position w.thi ousing 44. Retainer 54 features a spring for

bi asi ng ﬁ%&?’ﬁ%“?m enment 42 towards annul ar wedge surfacegg%%{oa%
ultrasound transmtter 58 is nmounted on the |ower surface of housing 44
proximal to bore 50. Spring elenent 56 ig%preferably provided 15 with a
shaped abutnment surface 60 having featur for centering the back end of a
draw ng i npl ementey STy FSa'cl k:%’oss.asl%lﬂfigﬁﬂtviéw E)iaﬁ%aggh%‘as%e%ﬁ'ceaéé@drdﬁ%&oc al
proj ection as showt 'fior centering draw ng I nplenents by engagi ng rear

axi al recesgeWiglihf &PEEODHI ¢hél PREEnBIAVAHIRSENEapabRY dToaffhshfftn

Al ternatively, abutnent surface 60 may be fornmed with a conical receéss or
20 ot her fegledueicy encedvddlirasenit isfdimakionf a drawing inplenment. It shoul d
be noted that the conbination of annul ar wedge surface 48 and spring

el ement 56 with FIG nEhis swuréssceedidnakbvwes dfoa dodtal portnennof briplnelield s of a
range of lengths and widths in central alignment within cylindrical opening
46 wit hdut dewicacadaegdingetos pofusthsr aspeei af) the preyend insentiomnbavingtamakes
transmtter device 40 insensitive to variations_in drawing inplenment w dth.
The avoi dantrarediink-dirented thegnghdhe hpusing therepfies of housi ng 44 is also

important for efficiept.operation,of cont act sensin ioroswiteh —as wll
be described bel ?ﬁ% gdar%%zéeaﬁ‘t?“g?&ﬁw 37 ?ifgeﬁleﬁsﬁmﬁ‘%eﬁ rasound
transmtter i -A S =IN | i ' iezgelectric
transmtter d %5%8%8%4}16&6(?2%&@0%?%%} %fgggg#g%éhgﬂr?&akﬁ Cgai’ggﬁed&tent ral
bore 50. Thj ihgNg5ere NSothfmndoabia whasstel , iR §;

ansm tteri—%s??‘?g xial %&?zﬁ draw rrllg i r#pl emsm(:: ‘ZbZTHﬁg %‘%‘?@H%écdrqbg’i ngﬂa part

drawong hpd! enent 42 proxinmal to operative tip 52. As a result of the
symmetry of this arrangenent, TOF neasurenents of the position of draw ng
i npl ement 42 ar eFiGmRllakal gross deqtiortd niewfofoa hahdhelt alevive adcordmpsts tt er
device 40. Furthernore, the position of operative tip 52 can be determ ned
very preci sgétya fyrtheraspget b theapresentginvenon hayingl @ transparant ubrasopld nder 58
to the value calculated, fromthe TOF, Transmtter devjce 40 also typically
feat ures atdewgssugREndingthsOPsratlys tip ekt \aYs toplsments thereefas” | i nk,
typically an IR transmtter 60, and preferably about four such transmtters
spaced around the | ower end of housing 44. This ensures that at |east one
I R tranggm t Hpge N G S MBOISIMBNAS | R recei ver nounted
on t he preser g any . . noted that a reversed
arrangenment i n wyhehp@sertRnvention Sisféf Aeshridheld debiRr enpriyabes viklpasni tter
and device 40 is also applicable. The IR |ink may be dispénsed with
entirely ifbodnlesr sdreemsupplemenrtedi withs proeessing systemg iwhithtcandsmcisedosi ti on.
However, the arrangenent described is 20 preferred for providing higher
preci si on t farndigitizing| gperativeseiokes ek de g@sdbﬂdwﬂmgc o dhelibogrd her need

for conplex IR signal progessjng circuitry in the transmijter, devjce.
ddi ti onal | 3£T¢he BRCFBI%@M f ‘érPTQF?‘HV\H“‘[%&HQnF%i% used ofary JigIHEME L i on

SR T IR et SR T PR b
o oh i, DB RaEERRonSalh ek 654 SRS, SLaEH 4 ROy bt ery e

switch for det eCFbﬂgpx\cArPaﬁé%fbsétf@emrﬂeﬁsrtﬁsdmg thed prése dirveation! face of a
witing board. This switch is 0 3 OCT 2002

illustrated in Figures 14-21 of the drawings, reference is first made to the

construction and operation of a conventional (i.e., prior art) handheld device

25  as illustrated in Figures 1-13 which are reproduced from PCT/IL98/00093.
Figure 1 shows a presentation board digitizer system, generally
designated 10, constructed and operative according to the teachings of the
prior art, showing a switch-over zone between regions with different groups

of ultrasound receivers.



WO- 001 62268 PCT/ | LO0/ 00214 19 associated with the el ectronic ci @i 0CY s
is enployed to actuate ultrasound transmitter 58 and IR transnitters 60.
The swi t oMOi08/62268ned as a m croswitch positioned to respond®@GlalLovaseges i n
the force applied by drawi ng i npl enment 42 agai nst annul ar wedge surface 48.
5 Figures 6A-6C show a construction for such a mcroswi tch, generally
designated 64. Mcroswitch 64 is fornmed igom three functional | ayers.
First, a base |ayer 66 provides the two termnals of the mcroswitch, a

si ngl e peri pher alGenerallyt sp@king] system b9 feamren acprasaotationo bosphck- apar t
around the center of base _|ayer 66. _Onaiop of base |ayer 66 lies a | ayer of
10 conduct i wehichsmayebe pbaARY7 SORNIHYNA WPeuPTPfed Withopppliralityc oft act s

70. Athird rigid ducti | . 761l b f 2. Conducti
[oyer bo haatliagundt gaasier ves-aitlig, Mot Jmd S8 O DhaYeind trcervao; oo
4. A . ql | 1 . f 48,
T o PPeaBRKES 0, J6TEE1# bk pRACARY Wl el b S AP SaSHElR, 15
suffici egt VRhVEfRht Mt GindAr t&ﬁ Feabh@fion’ bolflsS Wt amelgﬁghsizgxgsnaas a

central bore, together corresponding to bore 50 of Figur

non- conpr esgpRkhkses, TRRGGChiRNE alyabe dchicved ahkrighedlamipR! o BRpelofcont act
68 and foam | ayer 72 and between foam | ayer 72 and upper conduct.l ng | ayer

76. However ,apyhgpewiSteip 20 aBorfsatapesnars imicaret (SR P ecehver RS & obvérogivt! ayer
72 prevents contact between projections 78 and inner contacts 70. Wen
pressur e i s shpphi)dsl prefesartyrpeevided oo sivMealdingouliratamd tewgiver 743 sembbies s
conpressed until projection 78 conme into contact with inner contacts 70,
t her eby cl odidnd6tand L&\PB@%R TEGEIpen S figma soynd and gadiatigmenigimating avay | ows

f I ' initial h 25 Ki h
Ol e 1o s 101 pdrafn i o malSbmisns daghng otk oo
terial i | cald | t hi B ' 82 1 ted
et woen basdHRyAPda It fed kaltomlifis, o B BBROSE AN e SostipRY, e

pressure is; p Io¢Ri f ' | ' ' y SO as
o broak 1 hi G celoWPoThe RS HXSrDEF (s RO BHY RIGHTIOTIA ey W)

be clear thgtomWien tighe Wi TlghtPTORgn6f 4dtrasound!t sighalds Frong PitieN thVAIENt 56
urges drawi ng i npl enment 42 downwar ds agai nst annul ar wedge surface 48 so as

to cl ose n elasmtitolthé4ecalienasienbiieg biyrtplasgelation2 The IR sigriab peowideson a
presentation board, a force is exerted on operative tip 52 5 of draw ng
i npl emedf 43yndwantzationy dnfegmation,casisweld @ saryipg sgittianal informatien oi |

slightly against spring elenent 56. .This .reduces,the pressure exerted on
annul ar wed§H¢ G-F’fngQxa@llhqagﬁ%?‘?leﬁpfaﬁcnrhed?%mq'ch 64 opens.

In principle, two ultrasound receivers are sufficient to uniquely

determine the position of a movable element in contact with board 12.
However, in order to provide reliable ultrasound reception over the entire

‘ 20 area of a large-board, system 10 employs more than one set of receivers.
Thus, in the system as illustrated, a first set of receivers is defined as the

pair of ultrasound receiver assemblies 14 and 16, and a second set of
receivers is defined as the pair of ultrasound receiver assemblies 16 and 18.
Clearly, the first set of ultrasound receivers so defined is well positioned for

25 receiving an ultrasound signal from the transmitter when the movable
element is in a first region denoted A, and the second set of ultrasound
receivers is well positioned for receiving the signal when the movable
element is in a second region denoted C. Thus, optimal precision and

reliability is achieved by deriving the position of the movable element from



The electronic circuitry of transmtter device 40 is responsi velqag [WE% go
opening of mcroswitch 64 to affect a signal transmtted by transm r 9
devi ce 4Quo bid/eMk€ 6B shows microsw tch 64 assenbl ed, toget Begrabdbozis

ul trasound transmtter 58 and IR transmtters 60. Figure 6C shows a pair of
spring elenents 84 which are nounted wi thin annul ar wedge surface 48 so as
to grip the end of a draw ng inpl enent ilqserted t hrough central bore 50. 15
This ensures that the upper |ayer of mcroswitch 64 is sensitive to

nmovement s Q%ecﬁlﬁ?h&%ieﬁmn&?ecew&fhséﬁﬁmiés 19 apdcrésibehctheGhovableshoul d

be noted that correct operation of the switch depends on a degree of
freedom of ¢lgm@ht gt iregionddgwang fropt etendutpitsagdi nlttasepnd ngecthiesent 56.
For this reason, it is 20 inportant that spring element 56 is not fully
conpr essed assembiies dibread F4when #ha moiveblle ¢lementisingbgion Gn exanpl e of a
structure for attachment of retainer 54 to housing 44, in which |ateral
projections 86 ehyxjdetharmveid mosiie chiseprminigredn theptrackmg ofnthegi n of
rel ease 90 when fully ena&ge .. Margin 25 of.release 9Q is deﬁi gned to be at
| east suf fiROBHPN { §TathumaNablse elf et ( afi gl $FAVERES o Po3Fd nildr oSMECh 64. A
second option for transm tter device 40_iS S im Rigure I 1..Simlarly to
the.cont | o ISaERERRRMAER PIIESVED sbfe, “Gied B, Bt rhgicastA
drawi ng i np t - TT, 1 r Vi 2002 WO
001 62268 e LE?J_O/%‘}TI sg?éﬁ]o‘%}tsﬁ?nzg&%4%%_ﬁ%é’ﬁeﬁﬁ Gl ggeﬂr'ueﬁag)iéﬁzmv\ever,
cylindrical cjepfat RIdéGvelPlisk8dH A& phied ﬁh@tib@w&h@gasmohe Aldastat 134

Gasket 134 features a central bore 136, through which operative tip 52 of

drawi ng i npfrefiethie 48tpeitd ofidse fistl andlsacendtets ajfaieveivebst, Thamsiphtedr devi ce
features a different type of retainer, which is a holder 138. Hol der 138
hi ndéd| yfumktien hadies sntdothlyppith pestticf atross swijcH-bver zbne Bisucie th&7, and

acts to hold drawing i nplenment 42 substantially centered within opening 46.

Hol der 138 it@ppsoashes tho valuggralalptedafroat ke frsdiset pigeceiyeiewheastheeat ur es

a spring eleneng, 1Q 140 for, bi asing.drawi ng i npl egent, 42 toward asket
134I.o A geco‘ﬁ'@"é%ki"&@"’él‘@?@ﬁ?“l fi”ét rﬁﬁ%ea 3"&@8&%&%@%@?5@[@“%@” her

s st r onger PP SR Ao BRdhuctE Whinshe IRERIIP ISinerloondas . e

for draw ng,d-BRhEERL. 42- 15 In order to retain drawi ng inplement 42 in the
centered posc:ctgﬁon,g@hol der 138 has an upper biasing elenent |44. Upper

bi asi ngsel ement Fiphre Mshsvd & Bpicalf viridticnhapeke wsghtingfunBtibh OWitRs 12A
and 12B. Figure 1ZA shows upper biasing elenent 144 with an axial conical
proj ecti on distantemcross board 12. Here, plot 24 corresponds to the weighting factor
applied to the first group of ultrasound receivers, and plot 26 corresponds to
the weighting factor applied to the second group of ultrasound receivers. In
‘ this example, the variation within switch-over zone B is shown as linear.
20 However, other, more complex functions may be used as desired. Within
“ region A, plot 24 is constant at 1 and plot 26 is zero, whereas within region
B, these values are reversed.
It should be noted that calculation of the current position of the
movable element according to the system described requires calculation of
25 weighting factors which are themselves a function of position. This
apparent circularity of calculation may be circumvented in a number of
ways. Most simply, since the position is measured repeatedly at short

intervals, it is reasonable to assume that the new current position is a

relatively small distance from the previously measured position. It is



centering draw ng inplenent 42 by engaging a rear axial recess MBPMH mzzo
is comon to nost presentation board pens. However, this enbodinent is

potenti ak}y of/eBkg i cted to use only with presentation boar dppgagodiyis9
axial recess 148 with a particular diameter, as axial recess 148 is not of

uni form di aneter between pens. Alternatively and preferably, upper biasing
el ement |44 features a recess 150 into Y\Qi ch the upper end of draw ng
i npl enent 25 42 is inserted, as shown in” Figure 12B. This second

confi gur at i fBrdfafe resorRbleidt 109 Tthd ¢t gndtsaridep ddition ms@alemﬁﬁpttﬁ&i on
board pens, since the external dianeter of these pens is generally uniform

The conbi naktightiag fagipey fdviths isnseguenenieadurémenaskternbdedy)orsforithe

el enents 140 and 42 has the advantage of holding drawing 0 3 OCT 2002 WO
.001 62268 PGRirpb6l eabkigy an npitielreneasupémenty ani approvfmatermpeasuramenext er nal
dianmeters in central alignnment wthin ,C}_/‘Li ndri cal qpening 46 substantially
wi t hout cormarbeigadewithisgme abitrasy yeightng fagioraudy asdar sxemple, &S Fi gur e
.5, the %voi ance of frictional contact with the sides of housing 44 is al so
i nport ant f19F €8 $¢¢i ent 5 operation of a contact-sensing microswtch 152.

Hol d 138 al h - - it I 152 i h ,
Rbin 154 and a BrodRid £ iRBEGYey e BN, 0 B IC B S DS g
I t 14 j i i j 42 d
The pr esentuRSHdIScHIER £EHaEA LTIRERLIALLER pIVE Bolo BB B) 42 o
transm ttingdesdineg 4P rhoashfdfentheThisoRidaaHak@F danethepdR \&ﬁfslggﬁtg

presentation board. Transmitting device 40 also features ultr
transm t t er(tgficalhdindependein wftthe swildh-cveridoae donsideeatinis)) itgypravidera shown in
g’gure 5. Utrasound transmtter 58 and IR transmtters 60 are actuated

der tlBe cseifi test forf adduradye and daiidentifyc any reprorg@usiedsurementst svhath y
battery powered by a battery 160. Both electronic circuitry 158 and battery
160 are | odBE¥QCeUT tBBIPEEATIIY38 of housing 44. Turning to Figures 8A-8C, a

T S o A A A S ARRE, £
rpl omont  ABSFE A i e Miaihed i fm, AN, Moediver oS uRBEMR b TUF O onded
(i avi ng | T GRS b 4R S e R, e Bn S PR e Pabes 1o form
a dashag line. 25 As nentiogjdd2sfove’ =sDA® (ctigkdrityer systenms suffer froma
stonificant By calculating this sum whenever three simultaneous TOF

measurements are available, the system can continuously test that it is

functioning within an acceptable margin of accuracy. In a case that a

significant error is found, further statistically based self-analysis algorithms
20 may be implcmegxtcd to identify which receiver produced the erroneous

reading and to temporarily exclude that receiver from position calculations.

Tuming now to Figures 3 and 4, a design of an ultrasound receiver

assembly, generally designated 30, for use with presentation board digitizer

systems will now be described.
25 Generally speaking, ultrasound receiver assembly 30 includes a first

ultrasound receiver 32 located adjacent to the surface 34 of the presentation

board, and a second ultrasound receiver 36 displaced from first ultrasound

receiver 32 in a direction substantially perpendicular to surface 34.



delay in picking-up the beginning of each pen stroke. This Isné)g(r:mlr eg@[ﬁe
transmtters are actuated each tinme pen contact is made and i gt

each ti ntact ceases. As a result, each pen stroke r i,th a
dead ti @"3’3&3?}"3 whi ch the receiver system synchroni zes anla /glé(;l@o%yh to the
0 30CT 2t102 WO 001 62268 PCTI 1L00/ 00214 23 transnitted signals. The
results of this systemare shown in Fi ggée 8B. During period 100 the
effects are not very serious. There is smal | signal |oss at the beginning

of the period, Bykthh@ sBEGRE uliRisBlhd Ye&bivERSBLAPRS drs croﬁﬁeét%g?;%' .

During period 102, however, the systemresponse tine is 5 conp le to the

length of {gemaateSi tXaPSutpht siried orfespbhdingdasthd ihétBftansod sBAtof
conpletely Iost. To solve this problem synchronization is maintained

bet ween t r @hizs ehiplgudete off adtréSowant] sigrels ewlichethegy sdceivel oFypicgllyeforper i od
after the end of each pen stroke. Typically, this is achieved by the

el ect r oni csitfpleitransduesrsctins inacmgved bypeommeetin®R themnprdertesrsech@hitor t he
given tine interval after mcroswitch 64 ceases to indi.cate a force exerted
on t he Jout @}C’%@W}lhﬁoﬁﬂﬁér@%afig’é’v&per ative tip of the drawi ng inpl ement.

Fal d | | I b | ded eit her by. t t l.C.Ci it

(i sabl i ng ul U LR SRSHA & EO5EH dapleh g ainaiiea g O] SRSERM (8] changi ng
th t - I- ' : | Kdi . - t st ate. Fi

oC i 11 ust rarBiEof SkmBy Pk e FThERnO R, SHOACbeRBARMRS,, T o0a ©
8C i 11 ust raES et & ik 3 S

di ssi i 1 ar 9 et SPrBEE FF OThe £l IR Rl IR ech e o

repeat ed Sftera_ehrx'@bﬁrcen@ﬁ SEUEWRE eheh! AR et HEPHSRUHLedVabihabh of20
n“bet ween successi ve strokes, thereby providing an accurate

nchroni zatio
gsponsﬂe | thee Geasiavity olof S uédeniblng 36f withr asglet of Grkciddnge)i A9 shawh.0 Fi gure
9, an eraser, generally designated |04, for use with a presentation board
digitizer Sy@tigmw,l thebmagrpum sensitixityaph asssmilyedd wicchreimseplameenent s
for use with di %itizer _systemi_ |.S thg conmon &5 practjce of enploying only
a part of e¢edralfigdhe majpilgbe of &1guke ¢ (rorEsspPRGIRg 1o 3 plapsi ofasyMmetdibl e to

di sti i bet flat t d edge .cont th .. 1h
dtg t :r‘?gh??m%sf?r%@aasﬁt %@‘%Sniﬁér el Bpec hecbu geeégml:nth

u i y is
pr obl emy e%%g g?xd‘%ﬁﬁﬁ‘ﬂg‘f @8%{3?55{& gg%ﬂ%ﬁ% 2%? g%fﬁsggraégghagﬁrgﬁz%gnf% sel f 0
3 0 CH52008,eYi3y000080253 SmbkihiR S9plituddoRpueighan kec%hfonoe&ﬁ' 1?\@' to the
presentation board surface. This ensures that the contact area of the
eraser el epentside lobesaiss prefeibde niniafizad by Tbuiof £rcever elédematng handl e

106 and an eraser elenent 108 which has a substantially flat, eraser
surface 1| showignwhishishields assembly3Qfremepound incident at large angles from

surface 34.
. By arranging assembly 30 as described, the plane of maximum
20  sensitivity is oriented substantially parallel and adjacent to surface 34. This
is ideal for receiving signals incident from near the presentation board (S,).
Conversely, assembly 30 exhibits greatly reduced sensitivity to signals (S,)
incident from further away from the presentation board. These directional
properties greatly help to isolate the ultrasound signals of importance to the
25  digitizer system, increasing the signal-to-noise ratio. This allows the use of
lower transmitter intensities and/or larger boards, and solves problems
caused by a wide range of common noise sources. It should be noted that
the sensitivity profile of assembly 30 parallel to surface 34 remains

substantially omnidirectional similar to the profile of an individual receiver.



5 I0O8 are connected by a pivot joint 112, typically in the formﬂ)f @C 2002
bal | -andsocket, which has two degrees of rotational freedom The I}S Jf

pi vot j o} ensures that, in use, eraser elenent |08 agsyiER

orient atWoHnoov;\an}ﬁ? eraser surface 110 parallel to the presentati onmgglé'rd
surface substantially independent of the orientation at which handle 106 is
hel d. 10 Eraser 104 al so features tran (r?tter devi ce features anal ogous to
those of transmtter device 40 described above, These include a cylindrical
ul trasound tranggitihgl MIve®NiFifhfes a5-TUnRekrapbmitterd r&éﬁé@”g%héral]éﬁ and an
electronic circuitry/battery bl ock 11 8. Connection of handl e 106 to pivot
joint 112 Hgsi%;kmedgﬂ),d'osmselrvgtlpbrdrasa'ﬂgfﬁmp]érﬂem A2pnes digieizeeegdtem | S
mcroswitch 122 is nmounted in the seat of pin assenbly 120 for sensing
contact preslibeelebetibekn handl e 106 and eraser elenent 108. Wring from
electronic circuitry 118 to transmtters 114 and 11G is preferably | ocated
axi al |y within Pencrallespeakingotrangmptersdavice 4@uighludes a haising #2. Er aser
surface 110 is circular, .and _cyljndrical ulirasound transmtter 20 el enent
‘11 4 i s %rrbangeg asdstantially %%ncefjpgeamggﬁédvawlﬂ fempigatesateits lpwer aser
surface |110., By addition of, the radi of .the cyli [ to,t TOF

measur enenf?d 1 Fﬁnsa’éwlgﬁdé%ﬁts‘gﬁc V\gg d}aé’é?%é’ F%’étﬁqriﬁfe?rga??'ogsmw?‘ﬁe center
of the cir r e e efg | d req: er aser
surface 11%'55i re%‘grﬁ;gﬁ Fﬁg@g%?&%@eg&pa&mn{l%hﬁi‘gﬁgfﬂgg) %g%ﬁ‘(,ﬁqu}r))esczi sion 25

and det er mngah 4B BfolgEbsedped area than can be achieved by other prior
art devi cgﬁ A sgcond enbodi nent of an eraser 162 is shown in Figure |3.

Eraser |62 is dgshgnattef device afl) alsoairiudds aretindiasd iifihar formABf ar ea of
rrow wi dth, and can thus be described as a "narrow band eraser”. 03
00l Wrdeh Caachabd / o Gty Qfjshesd 2hd Sobfii dperingt 46 etcasetaihOdraveingser 162

has a handl e 164 and an eraser el enment 166 which has a substantially flat
eraser surimplemess 42Hppasstion wathim housing 44, Retamee Sddganues aspeingel enent

| 66 by a pressure-sensit.ive e‘%rerrent 170, Presgure-se sitiV(i el enpnt 170
inc:c udes ael§$5'lﬁpﬁgs‘§7fg,r WadRg ¢ éf’”%eﬁ“ﬁ’ce'%?teagttoé"ﬁf t BB (rj

168 L . . .
S e OBl AE AR AR ARy BR3E Saysh P 3he MR ABRAES 12 2
el ectrical ?&sﬁﬁgggfﬁoﬁﬁm i dr8 wagbﬁng%eﬁeﬁiﬂﬂsmg Sﬁ?%ﬁ‘%]ﬁi proGitied v when

eraser surface I's contacting the presentation Sis simlar to

pressure Sefthi Nehaped abitrical shefdcobiehaviag tatired For\vantfing e iutkof
identification of touching of the presentation board uses the follow ng

f eat ures oéndofizedrairifg implanents Thfpacalyl 6ébutarent warface éichasranraxsali t ches
180 | ocated substantially at each end of eraser surface 168, which are
subst ant i atanycaliprp)estionrastshavm (o5 ceatering drawingcimplements BY esgagingure 6. | f

boal . onl § T SRR TSP SLBIoR 1S GOTIRAR R, ISk APirstieehioh baol PERBmpl o 11
h , bet.h t M | . It 0t tati
®: - g R DR A T SR S S A
Si m : . : itt devi 20
Fear arks. OmEEfeatur O A e o R e e el crabl y 1 o,

cylindrical ultiraseunfibé hefedthat feScomBindtivhcdPanmilantedbe subface Agef er abl y
substantially at each end of handle 164. Since each ultrasound transmtter
182 i s | ocaidegpring federdent 564yitkrabsdmen6t2uafase 6@ atovesstoahold drasimgnd
conductor tube 184 for each ultrasound transmtter 182. Each ultrasound 25
conduct or implemests gbasrangeofHgngths amd wisiths in centrab aignmens withioh t hat

t he ultrasound signal fromeach ultrasound gran m t%g};) 182 is transmtted
downwar d. Elindeical gpermgodt gthoutgontaciing dhe s1dessof housimenddy t Mhsound

.transnj r 182. Refl r ne. 186, s. prefer.ably.l i.n.eraser el n
tra erSI t earran8gem<:n? mea‘i(teg tI‘aCnOSH?ittCISGdIC\%Cg %06 u‘filsben)éltxv%c%eqlzalnatlgns?1 Sl?l el ement

drawing implement width. The avoidance of frictional contact with the
sides of housing 44 is also important for efficient operation of a contact-

sensing microswitch, as will be described below.



166, reflecting the ultrasound waves in all directions. 03

001 62268 PCT/ |1 L0O0OI 00214 26 Eraser |62 also has two infrared tr%@rﬁzgﬁﬁr ?ﬁ’?
| 88, | oowo®diéz2a6Bst antially at each end of handl e | 64. Eactrdmaioeoexis
transmtter 188 has an infrared reflector 190, also |ocated in handle |64,
whi ch serves a simlar function as reflector cone 186. 5 Turning now to
Figure 10, this shows the principle ofjgperation of a :further enbodi nent

of a transmitter device for use with a presentation board digitizer system
Thi s devi ce i s (gkraspand ytransmitier 3801% farmed tasea suabstantaly cdexiridabd above
except that it dispenses with mcroswitch 64, instead identifying pen-board
contact bypiezogheninie Jransmittey ielgraentorttached doghetipwer gndoal housingndht | oned

AR I e R s Tt
h | or._gdvant f...Lnh t - bgas d t Ldepntification. Th
e SR et L T R, RN A

f eat ] : Of - Y i : boar d
L 18 iy SN A 97 RO o

through- t bes heanflt SEHRCSAMNS! 6f thid Afrastiphan! TOR ffcabemeIydf ﬂlﬂ{i S

enbodi nent may be used With a“presentation board systemessentially simlar

to that ofpokitivw of ldrawiihg infislenrddt td20aroicomplétely andepemdenasyogtial ed with
the board (not shown) for detecting vibrations fromthe transmtter

conduct ed rotationgif travsnhitter devibkeel(or burtberonoref thehpositemeof epemyivedip i s t hen
responsive to outputs fromthe air-borne ultrasound receivers to calculate
a current 530sén ibsndetferminred vens precissly bnadding ke sadiplidimensionhef boar d

07458 o eyt Shypiihe SEBE Sl ToResheTOine. 0Cani ng | ol ement
30 1 eprasent s kBB gefobAD T8 B irturct b I Budielementobnl i os
oo B! 0L BEESRIRAB A s icent A SRR R e B O, 2O
Feaence, AT ek abahet 7081 s s et ono @
housing 44. This ensures that at least one IR transmitter will be correctly
15 oriented facing an IR receiver mounted on the presentation board at any
time. It should be noted that a reversed arrangement in which an IR link is
formed with a board-mounted transmitter and device 40 is also applicable.
The IR link may be dispensed with entirely if three ultrasound receivers are
used to calculate each position. However, the arrangement described is
20 preferred for proﬁding higher precision than a purely ultrasound-based
system whilst avoiding the need for complex IR signal processing circuitry
in the transmitter device. Additionally, the IR transmitter allows
transmission of extra information such as pen color and the like.
Ultrasound transmitter 58 and IR transmitters 60 are actuated under
25 the control of electronic circuitry which is battery powered. Both the
electronic circuitry and the battery are located in a compartment 62 of
housing 44.
Transmitter device 40 features a switch for detecting contact between

operative tip 52 and the surface of a writing board. This switch is



this enbodinment. Plot 132, on the other hand, only registers og)(?r Bﬁﬁoz@'}ng
pul ses during a period that the pen is in contact with the board. t gh
5 the sigpalpogpagity of plot 132 is typically inferior, it pcyampgeiyan
sufficient for identification of contact or non-contact conditions. The
principles and operation of a handheld device and digitizing system
according to the present invention may Qe better understood with reference
to drawi ngs 14-21 and acconpanyi ng descriptions. 10 Before explaining at

| east one eqsbodlatsentwith the élavtemicowrincnitgetanidl isi empdoyed e unrtestst ood
that the invention is not limted in its application to the details of
const r uct i artraseiindhtransmittegSPeand B transematiarp 6Berkihe syextch oy farmead ahae

followi ng description or illustrated in the drawi ngs. The invention is
.capabl e of mimeswishopesiiened dp tsspeed ng phanges c‘é‘d%!ﬁ‘r feser iapphiedt by n
various 15 ways.

Alsg, it j b d h h | d
t er m nol og)ﬁféW}!ﬁPg)VEEP%‘:”éi#S?ia??%r%"gﬂg?mgé‘é}%&a sgr Pp': ?zﬁoaggysﬁgul d
.not b ded Limting. . T . i i |
T opr overtent s +o TRUrETRYE shlh QR oh JUhWRIGHLHER, SRV i o
render SUC*H(ﬁEY F dﬁ?r%?é?o?&ﬁltﬂ?]aéﬁ i€THHRE] £ ShFTERRLRONA fa9hrslase-

Thus, accor to one aspect, e present 1 nvention provides a” handheld

device for pisR ¥bhée Payep8bProvides HERVE termiinidls of Heom@soEWatchy & Rip1é O
digitizing operative Strokés of the handhel d device on the board.” The

handhel d deériphesdlcontadi G8tand hsat afSminoafcohtaetspT@ spated-aperttaroond s 25
shown in Figure 14 and is referred to hereinbel ow as device 200. Device 200
i ncl udes a theussmtey 2@2baseiolayen®®@020hatopaof hase dayéralbbylicy|a dayércal bor e
4 therein. Bore 204 termnates at a distal end_206 of housing 202 with a
nt r allOor i donducttos regilient ammiAihayirg cwi-o¥ klee 7d0eppasigsioniacto F0ser ves

f I Vi i f bod .of d i 00162268.,0 3 OCR
2 F o PoTnIATEEoREID SondhtBieclitn 78 lifk AOPYS RATRHG (2p SORRSERA: ng

f tral PEi 208, [ i,S,4f i . kit f

opent ngs. 21816 a5 Bl cREIE demivard SoltkHoR 78 Aied S lolg} 1,561 ng
202 and compuniaAGRLLBG Ybie? S0 Nifte forheed @ﬁh?&&uwgglege Ishffbd oy, an

1
ultrasonic recelver or transmtter Jevi ce Z20, preter a piezoefectric

ul trasoni ¢ dtReRéy 2bos¥ly ttoabase 1dyer 66 \tocenifiPahe atruetiiel svhiRualaw g t hi n
housi ng 202, renote fromdrawing tip 214, yet in close proximty wth bore
204. Dd$i cesuffiCieatverticadl anotiex doviopgrationt ofirtberiswtitohg dachnlayerihasemt

ul trasound signal through bore 204 10 and plurality of openings 26,

t her eby enasnirahbere, togathertqosrespendingtphgre §§ ob Fagwse Seonpat i bl e ul tr asound

receivers/trans Tnt taeglgn—lcg?na}}rgsdscldnst%pc, agcpnrcﬁ%{ilvg tceon?gcqt 1ethma ct ett»t]/gcg oard.

peripheral contact 68 and foam layer 72 and between foam layer 72 and

upper conducting layer 76. However, the switch remains open since the

. 20 thickness of foam layer 72 prevents contact between projections 78 and
inner contacts 70. When pressure is applied to compress microswitch 64,
foam layer 72 becomes compressed until projections 78 come into contact
with inner contacts 70, thereby closing the switch. In principle, release of
the pressure allows the foam layer to return to its initial state, thereby
25 breaking the circuit. However, in practice, the relaxation response time of
the foam material is typically quite slow. For this reason, a spring 82 is
mounted between base layer 66 and upper conductive layer 76 such that,

when the pressure is released, upper conductive layer 76 is lifted

immediately so as to break the circuit.



. Thi-s aspect of the , present invention has advantages over conf(QdiQgT 062
in which the device born ultrasound receiver/transmtter is |5 |ocated

cl ose to Wo0OWR2Z681 Nng tip and thickens a portion of a draw MRCT/P0ONIAL
which is traditionally narrow. The use of ultrasound tunneling through bore
204 and openings 216 (or vice versa) ensures accurate triangulation of the
drawi ng tip although the handhel d devi cea®porn ul trasound
receiver/transmtter is remote therefrom 20 It will|l be appreciated by one
ordinarily skill déiwil berdearrthat, mdrendriganng éaplemeentcf2 isiiotpniuse, springandhel d
devi ces descri bed herei nabove and novel features of the handhel d devices
accor di ng' t ¢lement/20 PEges draWElg Ynplema 49 darpwar g renlan wedge

?SSELL? Eﬁr “%Ef' ¢t 4 “q@fﬁafoigrﬁ?%%‘%ﬁ%%ﬁ%&%é? Vs r%v‘f’wis?&%%%rné%ﬁég for bse
G gi 1 2i ng. e 40 Y ey b REeERROpcbolhin Torse L SRERSH AR, SRR 4352 ccr cen

The handgel : i ngot ' tq0f :
OOIGGZgEBQ S&ﬁééﬁ%?ﬁﬁ%ﬁﬁg?‘és@ﬁ%ﬁ?iﬁﬁ?@ n4‘f)’s°a§‘ﬁﬁ‘v%ndﬁ"q‘ﬂggﬁ?ég‘?§"§fd is
referred to feierdiosl Qi@hﬂ?i a%eavﬁsq%p%ﬂ@- element $630Thisfddides the Hpesung 302.

Housi ng 302 has a substan ly cylindrical bore 304 therein, 'termnating
at a distal exefted¥n afnulauwtdge sGdace F8vikiehcircuie of mikcraywitéle 643GFenshi ch
comuni cates with bore 304. Housing 302 serves for receiving and rel easing
a portion ofThe bledyrogicOcioduitry rafntrensrhittest desieadileisorespansive atnjsastremt 312
through orifice 308 with its operative tip 314 extending from central
orifice 308.0opening ohdnisrervilrh §4t to atigspeac sizppl tt??@sgnegfgrhyimmmgn front
gadi ng.10 a d_rﬁ‘@l acenent of operative inplenent 312 is enabled, to assist
mai nd Qi ni Y1G&ft- el ect roni ¢ conponents of device 300 undi sturbed upon

replacing inple ts 3 as, require . desired. Thi in turn r.Qvi des
for construction 1g‘éricrrp CFP?/\ngdmgg%&;'é&? e 'f‘i \ﬁstswi)%&i 383 i &"‘ er
includes a r ' - Retag |48, JShi dpdn, i gm_?,;, or
rel easably Pﬁ%ﬁﬁﬁg%ﬁb y&gt_g %’géﬁ"éﬁﬁ‘dgg‘%ﬁvg rrr%aiaedqrren g?f%\?\nlz?tll n
housi ng 302.spRAYict@nais S4Uvhithrart HabUSIed withil AnMAMNMedEE GaI4eE 4% so
transmtter device 318, preferably a piezoelectric ultrasonic receiver or
transm tter adawigip. thBendad a3d@wing iimipdement inserted threnghldentiah bosd 50n)

connected to 20 housing 302 for receiving or transmtting an intermttent
ul trasolifd Shina¢nsures that theampper slayeh efevniscosvirhd ais semsitive to

configuration and is rrunding opgrative tip 314 of inplement 312. It
will, homv@?vw%pféa“a%&iq"ﬁ% her constructions, in which, for

eram e, 921 ce S’ b “plrGRRRR gt ol S ARGR s B
Device 300 fodetdifh dfthk 4dARhAEPRBODY 4 QBer2of fFRLASTRBetiM htidn of
drawing implement 42 against spring element 56. For this reason, it is
' 20 important that spring element 56 is not fully compressed when retainer 54 is
attached.
Figure 7 shows an example of a structure for attachment of retainer
54 to housing 44, in which lateral projections 86 engage channels 88 which
are shaped to provide a margin of release 90 when fully engaged. Margin
25 of release 90 is designed to be at least sufficient to allow an operative range
of motion of microswitch 64.
A second option for transmitter device 40 is shown in Figure 11.
Similarly to the configuration shown in Figure 5, device 40 is intended for

use with drawing implement 42. Transmitter device 40 also features



housi ng 302. Mcroswitch 320 is actuated when contacted by a pro&idv8iCTengn2
322 of body 310, so as to be responsive to a force exerted on operative tip
314 of ope@avVe3268 | npl ement 312. The construction and operat”F@ﬂL@VOOZI‘b 30C
T 2t102 WD 001 62268 PCT/1LOO 00214 30 m croswitches are further described
above with respect to prior art devices. These descriptions are

i ncorporated herein to describe the con2truction and operation of

m croswitch 320. Both, touych.and pressure actuated rnicrosw tches are
envi saged. wugmg 44 with gghn TF%‘{] Qeaang gfi gﬁwﬁ?iﬁ‘é Cé’éWé&F?iﬁ’PFglnSx%ri enced,

in the latter case sensatjon of a .continuaous vardaple is tional. In this
case, the Méﬂ@"?ﬁfd‘? I‘Iﬁﬁo&?rceé’ gh‘i’oﬂga%&%‘ﬁ% g{aﬂgg 1?‘8&@9%‘? e, to
di fferent ope i { x| S y b N : i j on
sensed by RATEALEHTG 13E (RN y M BhRanyb Y52 TRGwie FrlpsREiS T
system vi a gidgei cated communi cation line, e.g an infrared conmuni cation
| ine. However, other possibilities are further described hereinunder with

-respect st o addi tinglade ebresdher 54, trivesrpites davicer(efeatures ardifferetitspped.

Devi ce 300 further includes an electronic circuitry 324. Crcuitry 15 324

" is engaged ofirehiineriousiclngs 30idlderdl38.e dHolder 238 iy hangediyiattached o tthe

m croswitch 320 for affecting operation of device 300 at |east -when

m cr oswi t chupp2od enddpf atheusingad4 fwith ea i kingx d¥7e cansh aeisetmtiold drapimg 4 of

operative inplenment 312. A power source 326 (e.g., pai r. of batteries)

serves to pmplement42 gubstarhiaihgcenigred Wéﬁ\PPEW"I&Z@ngHWdﬁB\Aéﬁ logks

operation. Qperati.ve Jjnple t _accorgin this.and ot her. aspects, of the

present i mASR 8“5195144%’,3 %?“%&Bfﬁ)igb ?%&gquweémnga emeAbt at i on

B! e t ar ¢ .\ p ' o qi fly.skilled in

@2 270, o 5 grabind bl P RS FalRet 108, DASEERH BB 1 e

her ei nabov I & h MaTak t he
eeléméntngaet, rl}géagfde I;I%‘ﬁfgé%i(ef 284 hpagdehdhdlen §%ﬁd%ﬁ%rgixﬁﬂ'ernté§n

various aspects o _ nt~invention as further describe can be
conbi ned tQH?WQhéiteﬂ\ﬂ whhitevpesing086. SPridgoclenen© 1 4009 GhAges than
PCT/1L00100214 31 As shown in Figure 16, according to still another aspect

of the preseotnd spengidemehedd2i s Aprcoved dd3aisnelshoprapdeditfoy eltawimg boar d or
screen digitizing tZéstem including at | east three spaced apart ultrasound
receivers asplghente®.-with the board or screen surface, and a handhel d

device including S gn intermtient si.gnal trapsmtfer (e.d. si.n
f r\élqueﬂbi esuo:c g@-%gﬁr IIE‘I’-IzreWﬂ Idé"‘\VI%IéﬁIP?‘EWﬁ'& gisllngh%ﬁ f‘gm?%éi Rgf’h(? » serves

for collecti 0 i I an I j f t racki ng
the movensiiogy HERRCHEREPH” HEsThel LMt CEiRet iithg R1end R4, 17 F it
the time i ﬁrbg% IARIOFRRD s?aﬁgeg%@fshwﬁmgh&ﬁm%a 198 SFigure 1240€ner at ed
by the handhel d device is substantially constant and equal s %2’ At an
arbitrary tshgwsnfppet biaking ekakerntf14d evithas axidlt cascalnprojeativn 46 foH 1, CH2
and CH3, is turned on so as to receive the first signal S~ . The tine of
t hat r eceptdentemingadrawaghimplemeant 42cky wogaging d rear axidl recessdi4®whichlepends

t he di stance between each of the receivers _and the handheld 1 $ device

t he 20i mds epmmeminnest preseni@tian hopsd meas. Biewewst, this carbodiment 1s

T il ot S e SRR
heref or o aheangd B &Rt AerbEF: 4 el BARRYN A ool SOMERER.C1° o

t he receivey: i i i i i i tant D,
which is sﬁ%@fégbg oerc\'stn ?re“%'efdgﬁnagody r}’fg%’gr%%ﬁbﬁl? g%fsjtaﬁgr% ﬁeg)(r%g?a
position dgpgnidefired Airé€es8!150Mnte whibhithé upper efid-of dfving infplément A2";
and A3 ~, A32 ... A3". The tinme interval between the actual transmttance
of the2si gl & insuitednas showaantFiguré d2BeaThisosecond cerfejuration ihas ther esent ed
by d ~~, d12, ... d ~n; d2 ~, d22 --- d2n~ and 25 d3,, d32-... d3". As
al ready nendventage of being usehlst avith andstdpreisemtatiant beardppensydsineg It ng t he
“reception of a signal by any of the recejvers, Since Dis selected shorter
than K, it exteraakdiemeter of thessipeasis ggnesallyanifogml i s

The combination of upper biasing element 144, gasket 134 and
spring elements 140 and 142 has the advantage of holding drawing



expected to arrive at any of the receivers and therefore, signad X@(Te@d0Zon
t hereby can be shut down or disregarded for the Dtine period. This, in 0
3 OCT 2f W@ onse3¥es 00/ 62268 PCTI | LO0O/ 00214 32 turn, reduces ti@Emackersund
signals collected by each of the receivers and inproves the signal to noise
ration of the system Thus, in order for the systemto track the position
of the handheld s, device, in a signal tjynng free nmanner, the follow ng
steps are undertaken. 5First, the handhel d device is selected to transmt
signal s of pppledrinty Bihad vhrienuarfcYengthe dridmexierhslr diamelees dhecemesl equal s
K. Second, an arbitrary tinme point for signal collection, To, in whicheach
of the recea]wgnmcmtswnimrtcyi roval qunmgt‘}ﬁq' pubsthntiably witbbubéontactingthei ver s
the system cal cul ates the tine el apsedlQbetween the actual transm ssion and
actual recepdepefdrousing gﬂal ASF@S@ﬂbﬁﬁl aboventer tFigere Saphe @veidanseroft he

actual transm ssion and ac on of tae ;ﬁ;ﬁond 5|gnaf| bé,the first
recei ver i sireiong 8?@6‘15&” zh‘B’lSAP&“ 13 IRoftaNt| 19t FHirIeRt
repeated for eagch g ?cel vers and 3 1 t hel5si gnal s. However, d~~ is
unknown? | nPRFARPN P a&gpm AERSIHE MICHOSWIL ~ thesyst em enpl oys tvvo pairs

of the three recgiy fﬁéssﬂ%%%&{.cggg? A0fkifE %lefnﬁ%]‘ﬁ 12 Wich s 5& on of

cal cul ates, for eac he tine enceé 1n rece
signals S paf ' pirl §1584dnld bgarﬁﬁea%c%sﬁso&rhaiﬁuqﬂa%‘f ESﬁﬁsteél? drOr - each
pair of recel vérs are represented by a hyperbolic plot rther be
appr eci at edbiabiag efegndmt e44 £eetnsigbathenesontiet ivonuder betweenP Bffwing
represents the coordinates ‘of the handhel d device at tine offirst
transni ssi cimpl&nent H3mnthihelprésentatid® -boand  d8-coodinigo,athesd ave gpafisus,

ing the nmethod herein described, one can follow the | ocation250f the
indhellﬁ deallave tiapsittingadevicadDrig sense pientdoptaciinas beenmade withgthaf i r st
signal and further by (iji) calculating the change inits
posi ti ont heRTeagntation #&d-transmitti ng subsequent signals.ln order to

nder taken. - 0. BAEEPSDBL 000 RSbRReTY HEPong HPraT et o i BB ning to

Eiag;a Tlsrcszz)l {%@ﬁgﬁhéﬁach %ﬁ?ﬁ‘a{&?ﬁﬁt 'S l? %‘\%ﬁ% irs gggdeggrg%hgﬁgﬁosgom

using the ordfspnifer S8 BAE VIR tritdhiificRf 60CSR uaﬁﬁteuouﬁaé;c%@tc%nﬁtm ofi 1 St
data point and thereafter the m1 data points that follows, ' S and second

by conslﬁderelagrmcmmmmyﬂdmw}ashasrpeékraiﬂyd)attttryhm\f'ﬂieﬂow agbatedrg poi nt .
Then averaging for mdata points is undertaken to substantiate the results.
Addi ti onal ofer Bgihnejegpironic sircuity A§8iamddattery 160 aredocaied omholdepd38 of the
handhel d deflce W th respect to the board or screen and the continuity 10
of the han®iH® ‘he devi ce when sketchl ng or WI’I t| ng t hereon, can be

effected to furt er.suﬁ?)t nt i at rﬁ:res [t wil E eC| ed that K
o o vy o it 15" Eftdse® (BANG.LE0 Habnission prafile b Brispfe
speci i ¢ Pigapsl 56 Wil &ms%tcgésigseh.OWgu&n@Atr@ RRERsS LoRtacEpioie et &

tenmperature I nce ove

ctors,
i cul api Orlﬁad%’g?@lén%httﬂeaélﬁié&ufﬁd By rhiteoseitelrlb4KasPL FhAEHdMBf tighd. he
systemat a given tinme should be cal cuI ated. In order to calculate the

actual K vdDuengt farspperdod 100pdrdwmganaplenment #Rds kept imvcogtactwithithe i s

enpl oyed: K=D+A~Z-d~1+dii 20 d~2 and. dig are cal cul ated as descri bed
above, whermeaseritation tbeard dot ame¢xfemdedvperyoditgndiavbya coptihetss shape. K~ = |
wherein j is the last signal sanpled, say the thousandth signal. Kis thus
cal cul at ed Fhsn, dusing assegand psr@dal A2, ﬁewm&anmnta%xmﬁedgntaosms aspect

of the pres invention a pluralit non-ref erenced ul trasound
signal s ar @&P%é@@&atﬁﬁﬁé’gﬁ%g@'ﬂb¥ (%Sh?tiggP three spaced apart ultrasound
recel vags and Log. BRRlibned ophul e RiRkg SRS slftePBofih githlan cach o

the ti non-r ef
delay in picking-up the begmnmg of each pen stroke. This is because the

transmitters are actuated each time pen contact is made and interrupted each
time pen contact ceases. As a result, each pen stroke starts with a dead time

during which the receiver system synchronizes and locks on to the



- 0 3 OCT 2002 WO 00/ 62268 PCT/1L00/ 00214 34 thereby enabling t@® 3 nadk otdre
handhel d eViﬁﬁgGB whi | e obvi ating the need for an infrared IL OBB§2 4

r ef er enc o time of each of the signals, which link is known dbe a
hi gh energy consuner. As nentioned herei nabove, the Iength of the D
interval as conpared 5 to the Kinterval_is selected so as to ensure

pi cki ng-up of each of the actual signal%3transm'tted by the transmtter, to

: Eg_r ool ?[ oo T il o, 0B DS ety fe 3SR FCKidRecRd; “one ©
Pandhel  obri PRl T dre b e e oa TR S el el

devi ces acesysdiithet BegifRinsasf BHSpaSEECHSt Mk drBSt RIARSRY of HEHHI i@S
“further described herein .” can be conbined to operate with the nethod

herei n desggddided welt.orDurigg tperivet 102,0chbeevers plee systeergspeashtiméyent i on
provi des a 15 handhel d device for use with a board or screen suppl enented
wi th a procesgianaplsytettbenléngth dif ghe ipenrsgrokper &ts ¥ eessilty theedasifed hee andhel d
device on the board or screen. The handhel d device according to this aspect
of the preshnosticorepletedy 108. shown in Figure 17 and is referred to
her ei nbel ow as devi c? 400.. 20 vi ce 400 includes a housi ng 402__ Housi ng
402 has a subst drft iSlY§ iRQPIR  SYBFRrONizAtORe 1% HAINEINEd 1 §EWesN i nat es
orifice. ni cating

di | d. f. h i i.t h |
o bore: gemiflacafvicd ol uld e Fedive St 6P 2 Vb AR IR ) oo of

a body 410 r V, ac : e Is ' tidl h

orifice 40§?8W|8{ ﬁglg?sﬁ%g%g%ie(%at :13?1%11384171? éi%ec?]'%g otr}r!?%cé]rﬁc%ﬁ?%ri fice

ﬁ' Opgr atirdgithebMimilng 46 dpefaté BR afdrliteR G0 tbrah®lgiWel fifné ipterdhf f erent
erative inplerents, including, but not limted to, drawi ng 1 nplenents,

e.g., of dafteendbtossitch 64 cedsas@s indiphterefirse anertahontld bﬂ&rihﬁﬂsﬁ?nts- 0
3 ACT 2U02 WD 00l 62268 PCT/ 1 L0O0/ 00214 35 Device 400 further includes a

retai ner 4t®wardstthe nperativg fip of ihedeaving: implementi fgls¢ Glrawmig sigmalss f or
rel easably retaining rerrqvablg atthtea(é]he%?m%)cerc?rtciuye idrggellbe][rent 412 within
housi ng 40gan be avoided either by iry ing ultrasound
transmitter 58 during the delay period, or by changing the content of the IR
15 signal to indicate a non-contact pen state.

Figure 8C illustrates the response profile of transmitter device 40 as
described. During an initial peniod of a single pen stroke, its response is not
dissimilar from that of less comprehensive devices. However, when short
repeated strokes are encountered, transmitter device 40 maintains

‘ 20  synchronization b::tween successive strokes, thereby providing an accurate
response immediately on switching of microswitch 64.

Turming now to Figure 9, an eraser, generally designated 104, for use
with a presentation board digitizer system will be described. A major
problem with eraser elements for use with digitizer systems is the common

25  practice of employing only a part of the eraser surface. Since the digitizer is
typically unable to distinguish between flat contact and edge contact of the
eraser, the digitized image frequently shows a much greater erased area than

has actually been cleared from the presentation board itself. To solve this

problem, eraser 104 is constructed such that its eraser surface is self-



Devi ce 400 further includes an ultrasonic transmtter device 408 GLDMZe
418 is internally, or as shown, externally, connected to housing 402 for
transnit MORPEBHS of a plurality of intermittent ultrasound?STHPRI08214c5ch of
the plurality of intermttent ultrasound signals according to this aspect

of the present invention has a sonewhat different frequency, say in the
range of 40-100 kHz, wherein each of tRd frequencies enployed is associ at ed

with 10 one of . the ﬁ’leural'ty o{] di fferent o&ﬁe;rati e inml.ements 4%2

appl i cabl eonenting o i maraldslitedhe paesepialionebomg syg ?dﬁﬁastf:as‘ifﬁﬁé alspect of
t he presené_‘invention fyrther i nel udes a controlle[ é‘g@ being on or in
housi ng 4othereamiatareagl thegasarclapenids abdaysprectsety delaned: an internittent

| d si f i i | [ i
o e erant I3 hud orstr FRRRRCK HhndBOI08 06 A Aol LB AT BB BRAP 113V
the presen,d F‘éﬁﬂ%}hgft?aﬂ}h ¢l GhidrZ@eifaty 319N HindRIFDAUR Srader %ﬁngﬁr ative

i npl enment enpl oye a gl ven tinme and responds accordi ngly. | be

appr eci aat eqlog Aad comEctad bora Pt §aint D2 28 piciiBoimathedfoint 6f b halldadd-er ent

operative inplenments 412,- such that insertion of one of inplenents 41 Z

i nto housi seckéAvhidhrimsttino depreds of ratataertad feteidom. d€he use oditpivot joint he
inserted inplement 412. Alternatively, and as specifically show in Figure
17, a user 11hteas@msdhat isnpsep\esaseascloment 308 cassumes |asr origntation withl f ur t her

be appreciated, as further detailed 25 hereinunder, that controller 440 can
be renot el gragensuigagesd18yparaliglstoothe, presentaign board suwtagsi sibstaptiallyt will be

i at ed i dly skilled,. t t. th th f eat f th
P Lt Tnthmatent GEohe aberatnn o aineh Pl Bbts B nover fearur s of the
dh devi i t 10U T Zf | WO
i e A e S C L L
can be confRedriAnSRGtat Gevibd B0 RV AovACTRESH RN hd@eat her

Eyl;
aspect, the present 1 nvention provides a handheﬁd devi ce ?oyluse wth a

board or sgReeFusd BRhSHRNademen] B4, a Suiber 6f SR earsyfiiters 116 afd @nt | 2i ng
operative strokes of the handhel d device on the board or screen. The

handhel d del¢ctenigceiondirpdattery bicckatbctCaindchenpofbandlei Hotetd pivot s shown
in Figure 18 and is referred to herei nbel ow as device 500. Device 500

i ncl udes ajoimiudil@gissdroughua i spgumsR) Pinaasssmblysi2ht | 4l Ipyessore sensimgi cal bor e
504 therein. Bore go4 termnates.at, a di stﬁl .end 506, of Egiusi ng 502 with a
cent ral? or MisTEEWEGh 147 i, i Ahe seql oh Py asseaplly 180 donseReBEser ves

Lo Tece! akNSeehd heRAEHL G AL 106 MY <5 Blylhy 198, AWithe b
SIB 15 i ntarearTy rlaiy PR HnshRRas F14 e TG L Py IBRed T T ho
one of tvsaail{vathihipis assembly A20und psging throlgepivel jdifie1120
Eraser surface 110 is circular, and cylindrical ultrasound transmitter
. 20 clement 114 is arﬁmgcd such that its axis 1s aligned with the center of eraser
surface 110. By addition of the radius of the cylinder to the TOF
measurements, this arrangement allows precise identification of the center
of the circle of erasure, and hence of the entire area covered by eraser
surface 110. Eraser 104 thus provides a much higher degree of precision
25  and determination of the erased area than can be achieved by other prior art
devices.
A second embodiment of an eraser 162 is shown in Figure 13.

Eraser 162 is designed for erasing a small area, particularly an area of

narrow width, and can thus be described as a ‘‘narrow-band eraser”.



intermttent ultrasound signals has a sonewhat different frequencg,qgﬁyzggg
the range of 40-100 kHz. 20 Device 500, further includes a mcroswic
engaged WYOH™§238usi ng 502. M croswi tch 520 can acquire a fRGEILOMBed40r a
second node of operation. Mcroswitch 520 acquires the first node of
operation when it is in contact with a proximal end 522 of body 510 and the
second node of operation when it is not 25n contact with proxi mal end S22 of

seni 1 ve S B c8ber T e Tasdad i ek IEntat cui 1
4. G i 4 | i ' '

Cransm ¢t or BoTREnSE S BRFRYY (SRR SRlE, 1B PGB NS REKEARA T 0 one
of the 1115l 00,3081 200% . ABKPIREBLPCT IO cABAN 75 00N

‘modes of operation m Ccrosw t ransm tter device such

that inter mpdaite-SrisitAROERhent AT nQhdél &f B 172686 Ha@bheh! gNSM tt ed

by transmtting device 518 in a node dependent manner, thereby 1 nformng
‘the procgssigagt 5yoiten vheabarsuofaee di68venitadis Hedpresentation boatd, adighal Or
renmoved from the board or screen. The use of frequency encoded I nformation
obvi at ed t his treesinitted i@ &tpwhatvatéh #24ofTawhnswitcdail7dnnchides aaprihteidr ar ed
comuni cation, to forward such information to the digitizing system This,
in turn, savcweuibhaasdy76canst electncal qrqutryel 7 pyichagnadleyovete swritthnari | y
skilled in t art that other feature f. the pr.ior. an handhel d devi ces
descri bed h&?&“f’té‘ﬁﬁﬁ&)’mnm SH é??lﬁég ’%FO’P‘ﬁgt’%Hlﬂquc&c’é@VPBé@aﬁé-cor di ng
to the varigys aspecgts, of the present .inventi Sefurt descri bed herein
can be conb?ﬁésd’stsgm@_ﬁ%}oaﬁrgswr? Emlfé% EBCW(‘)Y‘{MQB?@FW%% yet anot her

bect b 1o B s Aottt BRI of [ ia¥hIfEadol HrRRIcAfiE b e’ BBt 2

ard or” screen suppl enent t rocessi ng system

operative sphgiesselithd Aidwang *fﬁ#tﬂréiedf ERs@N 611CEPARF duFhcS §68%s te

handhel d device according to this aspect of the present invention is shown
in Figure 18omact iricievaichesl 180 HecstedbabintartinlBO atlesdche ef@0of Raysdge 600
I ncl udes a housing 602. Housing b02 has a substantially cylindrical bore
604 t her ei nsurBazee B8 wdwch rarcesubstantiallyt simidard 180dundtidrouti nopMA& with a
central orifice 608 which _communicates with bore 6Q4. Housi ng 602 serves
for receivi AUCERsHaichi ¢h obFigurg ety I%mlbfor'&nc‘btﬁé?tammr@swrtzb lg!blsemi‘rt 612

wth i tf 5 Opgorr%ci:tv \%ithit}?c grlcfsler%ttigx? giozrilﬂi,forn }gn a%%lnatl{ grlca Ce’«giillfl;eceeragg ‘such as
a letter, for example. If, however, both contact microswitches 180 sense
contact with the presentation board, a zone with the length and width of
eraser surface 168 will be erased.
Similarly to eraser 104, eraser 162 also has transmitter device
' 20 features. Speciﬁ‘cally, eraser 162 has at least one, and preferably two,
cylindrical ultrasound transmitters 182, located in handle 164, preferably
substantially at each end of handle 164. Since each ultrasound transmitter
182 is located in handle 164, eraser 162 also features an ultrasound
conductor tube 184 for each ultrasound transmitter 182. Each ultrasound
25 conductor tube 184 goes from handle 164 to eraser element 166, such that
the ultrasound signal from each ultrasound transmitter 182 is transmitted
downward. Eraser 162 also has a reflector cone 186 for each ultrasound
transmitter 182. Reflector cone 186 is preferably located in eraser element

166, reflecting the ultrasound waves in all directions.



At. I east a | ongitudinal portion 615 of housing 602, originatingy FHe i g?@l
end 606 of housing 602, and preferably termnating at a proxinal end O
housi ng BU200/62268pde of an infrared conveying material. AcE&FALPRORY 3
preferred enbodi nent all of housing 602 is made of the infrared conveying
0 3 OCT 2' 00Z WO 001622G8 PCT/1L00/ 00214 38 material and is coated by an
infrared reflecting coat 617, which preférably al so coats bore 604.

Exanpl es of infrared c eying jmterials suitahle for housihg ,602 include,

but are not |i nmif@g§eh o,?gill'ei‘!ﬁ?, Basi cW%ah“%%reﬂagﬁarlsB“ftﬁ@I Mpilaﬁtﬁ@s whi ch

renders it 0 ue. i 0 r leq N I ni ceiver or

transmtt ersugg\%pﬁallglag%\éfﬁ%p geoqé} ag’dltlés]ejiﬁr?t' e?!riléfﬁf/ﬁ%rgd @%t“éﬁ’ﬁﬁﬂ §8§ Nected to
" housing 602 _a LY it h3R 1lgdl BehidR rd:t Lent

At asound 5 hieaFE8 KaTect OF OGS IQRAAL it hEANEIIGS, BN stlel R BE

transm tt erfyHeNbs 8s dfbctbeddnfeec1 8630 is i nplemented at a proxi mal end 632 of

| ongi tudinal 10 portion 615 of housing 602. Infrared transmtter device 630

i s designed for Tinmésg how fonFigared0y tdds ahbws theiptineiplé fropeyatidir 6figh

| ongi tudi nal portion 615 of housing 602. At a distal end thereof, portion

615 i ncl uddarther embotiment ofre transmittesfdexiaeoior &3¢ with a pfésentationebdand r ar ed

radi ati on out of housing_602. Thus, according to this aspect of- the present

i nvention tdigitizar system. 1 This deyisails wenerlly sanilasciet sensmitier ssvias 40 whi ch

is rempbte fromth perative ti whi.ch is traditi.onally. the narrowest

regi on of ﬁ?écﬂ'é?ﬂeé’g’,o‘@a?’“i‘aﬂé ‘bg()ﬂ n‘ipr%‘?ﬁﬁ’s oV itHeaNSIosHatch 84, dpstead devi ce,

which is, i. cases. shi el de he_hand of -t he user and under such
condi ti ons ’E%‘b% ipr?B%%cFaéai ?Pé’.qagog t{’?APT’P‘%S%é’“aBEr‘éﬁfai‘c°é’a OBéjbqg? dinarily
gi | eg i”btoQFdart that other features of the prior art handhel d devi ces
scri bed herei'nabove and novel features of the handhel d devices according
to the various g8pgafdntiontd ehfick! &igatiter sgxsmﬁs %Xf@iﬁ%&hhﬁrghdm&%dap&d herein
can be conmbined to operate with device 600. 25 Accordi ng to anot her aspect,
t he presentirdnwfisdion Ruffen fiche poar aecutalyy and depeidendy ran gpedific dmarde f or
use with a board or screen supplenmented with a processing systemfor
di gi ti zi ng designat | Hewsverykthey diaveha mmdheidyaniage cef omherhnt Ipeartbaod screen.
The handhel d device accordin 0.3 OCT,JQ2 WD 0Q/622G8 PCT/1L00/00214 39
to this asﬁ@@ta%ﬂd‘M@%”@ﬁlenﬁl}’F et a8 rdgvace desgribed 1 eentexbwitnthis s

referr ?9 t%xggurp?é nc%%'quyxvcsa ?higefgaﬁjerc 7\%9& all the advantages of precision and

independence from board design provided by air-bome ultrasound systems,
.using the through-the-board detection solely for contact detection.

Thus, this embodiment may be used with a presentation board

system essentially similar to that of Figure 1, with the addition of a

. 20 transducer associated with the board (not shown) for detecting vibrations

from the transmitter conducted through the board. The processor of the

receiver system is then responsive to outputs from the air-borne ultrasound

receivers to calculate a current position of the transmitter, and to the output

from the board mounted transducer to identify contact between the drawing

25 implement and the board, thereby identifying operative strokes of the

drawing implement.
The principle of this system is shown clearly in Figure 10 in which
plot 130 represents the signal from one of the ultrasound receiver

assemblies and plot 132 represents the signal from the board-mounted



Devi ce 700 includes a housing 702. Housing 702 has a substantialnqj)g7 T
cylindrical bore 704 therein, Bore 704 termnates at a distal e 8& o?‘"g
housi ng wWodowk2ds a central orifice 708 which comuni cat es RECT/HLI0OIAE4704.
Housi ng 702 serves for receiving a portion of a body 710 of an operative

i mpl enent 712 with its operative tip 714 extending fromcentral orifice
708. Device 700 further includes an ultyasonic receiver or transmtter
device 718. device 718 is internally or externally connected to housing 702
10 and ser tressdumerr ePbotvl3y showsr ancoritinuong sequience ofi pulsest suicer theound
signal. Device 700 further includes a renote signal receiver 740 for

recei vi ng pesmitters sipecaiencantinuouslyias lpng s dhe AeBtis 11 ugpaacaordimgnior t er

t trol jich i | | ed tor. ti .. d
accordi ng. W ErbocREisabiPlat T8 heor s aier Hpth oD P EHEP RATSSBRIIAEI © of 15
ds, t I mpl te. {1 i at ed
by ono. of dPAAPS FYFEIR 1 PERoT Rt iEeain Sri Cothe, Vbt beltchs AR or oyt
. handhel d dgvi ges.1d ' ' | 54 dhel d
dovi ces achbr R GRANITPIDCLT A RIME M RALE, L RIoH Bt fenE e

further degsrilBRYRBAGGH Bf EctitadiCorGRIRtSRdct Comligem.e 20 with device 700. ~.
According to still another aspect, the present invention provides a

handhel d devi ceTher pdfi€iplést ind dpesatibmoof se tradheldpitvoe riindddi/g'iﬁbing :
processi ng systemfor digitizing operative strokes of the handhel d device
on the boasybtan aciording fbhthehpredbrt thvimtionemayche better undersfomdawithct of t he
25 present invention is shown in Figure 21 and is referred to hereinbel ow
as devi ce sderenpevd deawsngsilde? Lignd agcorppanyiggsigscripiansi ng 802 has a

bstantially cylindrical. bore 804 therejn, Bore 804.term nates at a distal
dd 80H of housPBgosERplpinngAtdenitone WL?@%"@@ thnientiganfetades with

e, 804 61 Sl SRR OG8RI SR P2,

i ts operat jyGiit igh Hrdubii&n dhd dnt A npERentloftht ‘ofifpoffits set forth in
the following description or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or carried out in various

15 ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be
regarded as limiting.

The present invention provides several improvements to the above
described prior art digitizing systems, which render such systems more

. 20  accurate and/or-more comfortable for use.

Thus, according to one aspect, the present invention provides a
handheld device for use with a board supplemented with a processing
system for digitizing operative strokes of the handheld device on the board.
The handheld device according to this aspect of the present invention is

25 shown in Figure 14 and is referred to hereinbelow as device 200.

Device 200 includes a housing 202. Housing 202 has a substantially
cylindrical bore 204 therein. Bore 204 terminates at a distal end 206 of
housing 202 with a central orifice 208 which communicates with bore 204.

Housing 202 serves for receiving a portion of a body 210 of a drawing



Devi ce 800 further includes a transparent ultrasonic receiver or 8 3 oCcT 702
transmtter device 8/ 8. Device 818 is connected to housing and surrounds 5
operat i v¥Q P68 for receiving or transmtting an interm PEEROMMEMasound
signal, thereby rendering operative tip 814 visible to a user. Transparent
pi ezoel ectric polynmers are known in the art. Exanples include PVdF, PVF2
and P(VF2-VF3) copolyner. It will be a@® eci at ed that this feature of

device 800.is of gr r ai ght forward_| ocation

t. The
for |ocati r‘\'@‘PJFéUFE‘efgqt 8"8’5“%8%55‘?‘%&0‘&’3%1‘{]8"% F% 1o tentral aribee 208¢ t he
t i t ked | at wh
(o ng. an- oblshing 2V hr e FERER 2 B PIEH ot PRI RER AT e i et . a
i i t th f. Thi
habit s ﬂ&ﬂ%eﬁ‘ef%?eﬁ’ﬁfylggﬁ?ﬁ? éarmg‘t a%‘é*v"*.'ggs"'agy ﬁe%ﬁﬂ‘?&a“s% fo o M s ™S

i mpl enent egob{}ﬂ{lﬁ?%ﬁ%gmm sbe203. transparent device overcomes this

limtation appreci ated by one ordinarily skilled in the art

that otder featn@gcO200nfuridromchideshamaiighsbrievideer edese idRehilier ei nabove
and novel features of the handhel d devices according to the various aspects
of the 20 deerenR20nypecterably -a piezbalechie ulrasoriibertcbhiveei or aramshatteobi ned
to operate with device 800. Al though the invention has been described in
conj unct i odeviceh Pgeisef22) isrmouited whinhbousang 202, remetd fireomw drinsingrany
alternatives, 25 nodifications and var,i ons will be apparent to t hose
skilled i ntiphd1dy et ABcdpss REPXimIty With %@r?d’éd tlaewéws@g@ mesS
alternatives, .nodi ficatians and. varl t hat .fall |r|t and

t h
B oad aconEeisiv R SR AL ermitie? Spsoand arenal thguah borodidi1 WAL

gppl e t38§\ﬂlP qu é?gég:g%éﬁé}gy\@{ap&n?%n?abg: ge‘{‘ %%Hfa 987 #g\‘/‘}égg 'rpg(lzggdof
the_handhebdsday) CeofiBatibe RARASnd SrdBRARGLndiRiEaS qs&a&as'lng W@ a

housi ng havi ng y cy I ndrical boret erel n termnati ng at a
di st al endaﬁ rcqﬁﬁc bmaxm,twﬂ,@bamgent ral orifice comrunicating with said
bore, said housing receiving a portion of a body of a draw ng inpl enent
wWith its draw n@His paspecendf nghd r preseat dimemtionl has f adeantagésd bo¢rsi ng
being formed with a plurality of’ openings being circunferencly arranged at
said di st apor@ﬁeur@ftmaula wighithg devtrec barrubitsasound waceivesiramsivatter, isand ( b)

an ulty ceiver o ansnmtter device nmounted.within said housing,
r enot el (g ?%\M“?]g‘;‘?i‘ifaw)}‘éﬁ tm A élé‘cg??ﬁ(iamﬂoﬁ’%‘t‘ﬁ%@a dRwWige, said

Sonat thr é‘rﬂgL PGt O i TN TR i gt 00 Bisfnans i ng
triangul at 'u%ugf, sa*edzdaaxwgo bhe 32216 tendhed dvdeyy ehshfs YoGurle N @

board suppl enented with a processi ng systemfor digi'tizing operative
strokes of tiidignatisihedfl thevdra®ing tip although the handheld device born

ultrasound receiver/transmitter is remote therefrom.

. 20 It will be appreciated by one ordinarily skilled in the art that other
features of the prior art handheld devices described hereinabove and novel
features of the handheld devices according to the various aspects of the
present invention as further described herein can be combined to operate
with device 200.

25 According to another aspect, the present invention provides a
handheld device for use with a board or scréen supplemented with a
processing system for digitizing operative strokes of the handheld device on

the board or screen. The handheld device according to this aspect of the



the board, the handhel d device conprising: (a) a housing havinglad 0CT 2002
substantially cylindrical bore therein termnating at a distal end of said
housi ng W@RV/62268ntral orifice communicating with said bor ECTaAPHORAY S| ng
.receiving ' and releasing a portion of a body of a renovably attachable
drawi ng i npl enent through said orifice with its drawing tip extending from
said central orifice; t WD 00/ 62268 A29- o cT zooz PCT/1 L0O0/ 00214 42 (b)
a retainer in said housing for releasab retaining said renovably attached
drawi ng i mpreseshinvgntiamIssEiow By E1gHe J(%)'mgﬁs &f to Bereankglonr agr
transmtter, devi bei ng connected to said housing for receiving or
transmtti rﬁ’&v&}?ﬁﬁ}'ern‘i ttent ' ultrasound signal; (d) a mcroswitch in said

o he Pesponsi va b aca PEIRuaGH AEhSHe 027 PARSHERG2E Sroddebdife g° *°
|l ement; SRAakiEd BeteIACHERM Qehhirtting 3t PEISA dud 508 Gfpeuﬂn%gsgi'pgr i on

el ectroni catly comunicating wth said croswtch for afrfecti

_of sai dsdevyigeadlentraP6rifitd1808 odiich danamitated witldberal3od. t Hdhsipl 3pd orce s
exerted on said drawing tip of said drawing inpl enent. 3. A handheld

devi ce for sgpesWor receibingrahdorelensingea poupph efenbedy il 0hofaa pearrably'g system
for digitizing operative strokes of the handhel d device on the-board or
screen, thattachatielapetativecinplompnt il Aghrgugh erifice 308 withhitsiopgrative
substantially cylindrical bore therein_termnating at a distal end of said
housi ng wi tip 314exiepdmgdromicentralpmiies 388 ng wit h sai d bore, said housing

receiving and rel.easin . portjon of dy of a renovably attachable
operative inpl efﬂé}% ?T’&a’d‘ﬁ tgé}’ﬁ WW?EEWPWSFP'S'“HSEPQH%“Q foﬁdéﬂ& endi ng

m said central,_orific sai gd. Lve J enent ing, sel ected fromthe
’gup i@msf’g i FRPlaFement, §€vi°rpgmﬂlr?p%lp2ﬁ§’i%m§?#dr@? E%nc agfefd;nfq n‘bsfs_bs&rem_; 'y
nousi ng 1 of i [ PEaBnc Comp RS 00 JPicap0d REYARER ke ¢
i mpl ement %ﬁlh&iﬁhgﬁﬁhﬂmﬂ@ﬂ%iﬂlg;as&Bgﬁiiréd ©0f desified!! ThiS &M el PPEVIdRE f6F
transmtter devi Ce being connected to said housing for receiving or
transm tti egnetrudtivnal simpleoity andtcoat-effedtisitgnal . 4. In a board or screen

digitizing systemincluding at |east three z_glaced apart _ul trasound
recei vers associRgvaee 309 furthes ineJudes 8retaenerel & uRetainer 3 imengaghik| d

device_ including.an jntermtient signal .transmtter, a nethod of tracking
the hahdhef ]E@W%,id}hégéirﬁ ably o ?f@"’c‘?%m?ﬁ?i‘?‘f%ﬁy mﬁ‘tlt%nh;dp%&"‘fq r st

i nterval thergbet vLde e nprising the steps of collecting a
plurality H‘Pfﬁwﬁﬁ-‘?‘ lé'r}g’r\l%@%cbu@r asound signal's by each of the at |east
three spaced apgydyish B0@SAIr iRERIALE! sn AMHasHiC YealiveE Gt BARERE Olf the

handhel d devi ce for each of the tinme non-referenced ultrasound signals,
t hereby trdewicag3ideprednedbBl d pryd€Rctric ultrasonic receiver or transmitter

device. Device 318 is internally or externally (as shown) connected to

' 20  housing 302 for réceiving or transmitting an intermittent ultrasound signal.
In the example shown device 318 has an annular configuration and is
surrounding operative tip 314 of implement 312. It will, however, be

appreciated that other constructions, in which, for example, device 318 is

remotely engaged within housing 302, as described, for example, with

25 respect to device 200 above, are also envisaged.

Device 300 further includes a microswitch 320 implemented within

housing 302. Microswitch 320 1s actuated when contacted by a proximal

end 322 of body 310, so as to be responsive to a force exerted on operative

tip 314 of operative implement 312. The construction and operation of



. 5.. The nethod of claim4, wherein reception of each of said at IgaﬁstO&ThrZG&Z
spaced apart ultrasound receivers is suspended for a second tine interval
f ol | owi ngv@Re62268epti on of a signal thereby, said second tifREI/ILeP@P2IAI i s

» shorter than said first tinme interval. 6. A handheld device for use with a
board or screen supplenented wth a processing systemfor digitizing
operative strokes of the handhel d devi c80on the board or screen, the

handhel d devi i si ng: i hayi bstanti al ly.
Y1 i i calmISBPEVRBFCTS e ASHTTROADGY i Sh aFsiaeed (o gk fetieeng wit h a
tral . cati 1 h "4 b . . b 0 3
QT " o wO WO SE3BEPBEN PLOBOB AR A IAt RLASReieg e UsBrEPERonANg body of
a renovably at%gctgﬁgbﬁc%%éhim_i npl enment through said orifice with its
N9 g

operative t(?pﬁr romsaird central orifice and being sel ectable

among a plurali tﬁo% Hubh Chsd preRGiat ABatedPhAERRWIIcheR) ard ERTRAPES. 1N said
housing for releasably retaining sard . renovably attached operative

i npl ement  ivihimeNinS BHedfiR@ Wk 0all @dndse sdhsdtion’ RSexpeticntadsit thelattigVi ce

bei ng connected to said housing for transmtting one of a plurality of

i nt erm tt erdaselbénsationrof aségnaiueons anhblefis optidnpl. ulnethis yasef thenpressaret ent

ul trasound signals having a different frequency, each of said frequencies
bei ng assodnfurewtion hameacede slatai reJating) fory exsmpl e, ftor differeple ppernative

i npl ement's;_ and (dz a controller on or in said housing for setting said
transm t t edmpdementsianploygdiit an intermittent ultrasound signal of a

frequency corrohorating with.one of said rality of different. o erati've
ol ement s 7. ARG B poEmatien geasd B Tk aielh,3 2005 dupicslly

pl eqgnt W t essin tem.for, digi.tjzin at i e strokes of

e ha heﬁgr‘ﬁﬁ(ﬁggoghggﬁagg’%rsg%gcﬁéé gedr?fal%ﬁéed ﬁé‘ﬁ‘g‘h‘gﬁ%‘&%‘bﬁe& %gnpri Si ng:
(a) a housi g'rg?éﬁ% &2@ i y I i el k&ghating
at a dist alzﬂle}l 0 8gcal Hgﬁégﬁﬁg l\?\nﬁ%h Igé‘%'gg?{’a(ﬁﬁ%rr PPF%%“@%%W%% cating with
sai d bore, &atAbé®Umréiduh@Ec Wit Gespet ROr hiditionhl aspecty of the pregymti ve
inplement with its operative tip extending fromsaid central orifice; (b)
an ul t r asorineentianare drtvésagddyi ce bei ng connected to sai d housing for

transmtting one of two intermttent ultrasound 0 3 OC T 2t102 WO
00/ G2268 PCT/ | LODe0Ge BP0 Birthesniachides aamh elgcteoniel cisgyitrn 3&dmi Girowitry

ul trasqund signal s having, a diff.er fr ency.. ) a mcroswitch in said
housi ndgbei% }Sne%gaﬁeés‘f’ghﬁ’dgo\ﬁm&e@éc%‘S%ﬁ“‘géfﬁ CRIMIRYRIGALES WHRI ng i n
said first node when 4 ntget wth oxi rpal sal dy,and in
sai d second"’r?ﬁ‘asew\,\ﬁ_éni@pt Frf %cm&toﬁﬁo%ﬁrﬁd‘p’?%gi gré? %i_ngego)‘? é’gf’ﬂ body;
and (d) an Gl6HwRm 3200 ity RACRIEE sCRkdned URMUPLGRVEN, PA4IREN Sal d
mcroswitch and sald transmtter device, said electronic circuitry being
for associ a{ﬂcagimﬂénﬁ;atglij rst and second npdes with said transmtter
device, such that said intermttent ultrasound signals of said different
frequency are trAnpowet sdutvg 326 detg.ams pairt ofi datteviesk servea twgpeoddpendent
t hereby inform ng the processing system whether said operative tip

ir’ |n ﬁr 20nt adevicg 318 anﬁ-nn@rmwét@ﬁfﬂ&mvith Rowrdon operationeen.

Operative implement according to this and other aspects of the

present invention can be, for example, a drawing implement, an annotation
implement or an eraser.

It will be appreciated by one ordinarily skilled in the art that other

25  features of the prior art handheld devices described hereinabove and novel

features of the handheld devices according to the various aspects of the

present invention as further described herein can be combined to operate

with device 300.



8.. A handhel d device for use with a board or screen suppl enent el 20T £002
processi ng systemfor digitizing operative strokes of the handhel d device
on t he bwva al/@eesscreen, the handhel d devi ce conprising: (aPCHIEA99821dg
having a substantially cylindrical bore therein termnating at a distal end
of said housing with a central orifice conmunicating with said bore, said
housing receiving a portion of a body @1 an operative inplenment with its
operative tip extending fromsaid central orifice, at |east a |ongitudinal
portion of sai dAlsoskowny ior Figurat | g ageoTing telj silhpnether vaspeat @fidesi ng

bei ng of an infrared conveyi.ng nmateri al ; 0 3 OCT %O%q\é\l) 001 62268

PCT/ | LOOI CRFesent4gvention theie ds REyided dmethng opgrative, ik gibaazd ofscieen bei ng

| cpzsantdBVEBfoR et e Fealf ey caagiee
urt rasounc@iEAnE, ek et dine S [led SetdsR B bsPBoRhY Pt Sivent ca a

ound YA, LT A P rPPCE BEN B BEPHG Pt Bhent ed at
Cr Bnom 11 cFooHEph VBl g SRR HEkeRRpn RO an e SEURCICUEE AR o 11 o

thereby thipygRradieht paal HAhgAINAOId porushy SRigHefidusis1040 00TRAhandhel d

device of claim réin said |ongrtuadi nal” portion of sard housing is
suppl ement ggi1wi trdhstittiny basigehly.efTIee nethdd sefvek | fof Collgctimg @ltraounaded

radi ati on out of said housing. 10. A handheld device for use with a board
or screen signglsefrent e Wanhdheldpdoaes simigfarysaekhing ahe dingveinenn@fother at i ve
strokes of the handhel d device on the board or screen, the handheld device
conpr i si nghar(dheldidevigsivwith tespeefodhebegtdintial |y cylindrical bore therein
termnating at a distal end of said hou's)in vm%(? a central orifice

communi cat i ng whssHRE| hah the timerpteryals ?@‘gete@c Jacer wtrasenicorigBalsa body of

fing w oo . ™ P . |
@ I (S araeategnby e BrOBRER! obVigh R RlsRiAlS . sORURRC Bdrec: o
t ot (o) re _ Lol . ( °
S onal o ( oAl KL A SArE iR tirhE L T Ghch of hE|diHed Silasdubli®o 00
when presswcgﬂcpe/, @H@,rgn'md eMB O Binied HPY as 10 réSeil O the fir@Shgii ve to a

force exerted on'said drawng tip of said drawi ng 1 nplenent; an - ~. 0
3 OCT ~r ~~S\OThe/tfd2 G thalTiet PPN FBL eacty of the puteblers,t AQNIA,, GindCALL Y bei ng
in said housing and electronically comunicating with sai d2 m croswitch for
af fecti ng depemas icem the distarcedbetiveaenacadhe of tthevireceiversdand tho bandhidldi ndi cat es
that said force is exerted on said drawing tip of said draw ng inplenent.

11. A Fenodevige @ntheolimed of AFemanissIngy e 2 ghey ime,oehveem dhe el scr een
suppl enented with a pr.ogessing s m f di,qi tigzi-ng operative strokes of
t hgphandheqrﬁf‘%’é\ﬁaeﬁet%ﬁ tﬁﬁzﬁﬁtoglgagggsa&dg@ﬁ 3‘%?\%"%%%8?&%%0&%%@” si ng:

d,;, dy, thereof, for each of the receivers. The time between adjacent signal

receptions for each of the receivers depends on the movement and therefore
change of ‘position of the handheld device relative to each of the receivers.

. 20  This time is showﬁ in Figure 16 to include a constant D, which is selected
shorter (e.g., about 20-60 % shorter) than K and a position dependent
interval, Ay, Az, - Ay Azp, Agy o Ay and Agy, Ay . Ay,. The time
interval between the actual transmittance of the signals and their reception

for each of the receivers is represented by d,,, d,, ... di5; dy;, dy5 ... dy,; and

25 dy,, ds; ... d3,. As already mentioned, D is a constant and defines a time
period following the reception of a signal by any of the receivers. Since D

is selected shorter than K, it is anticipated that during D, no signal is
expected to arrive at any of the receivers and therefore, signal collection

thereby can be shut down or disregarded for the D time period. This, in



(a) a housing having a substantially cylindrical bore therein teqrgl em 2@2
at a distal end of said housing with a central orifice comunicati g i
sai d bor eyo9kd2dgousi ng receiving a portion of a body of anp@ﬁﬁ[(,?;ob%g
inplenment with its operative tip extending fromsaid central orifice; (b)

an ultrasonic receiver or transmtter device being connected to said

housing for receiving or transmtting a§ intermttent ultrasound signal;
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. difference in rccc]_)t_ion of signals S, to S,. It will be appreciated that such
20 differences, for-each pair of receivers, are represented by a hyperbolic plot.
It will further be appreciated that the intersection between the two
hyperbolic plots represents the coordinates of the handheld device at time of
first transmission, S,, from which d,;, d;; and d,, can be calculated.
Thus, using the method herein described, one can follow the location
25  of the handheld device by (i) calculating its position when transmitting a
first signal and further by (ii) calculating the change in its position
thereafter, when transmitting subsequent signals.
In order to further substantiate the results, some corrections are

preferably undertaken.
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1794 0% & ()- 3 Mshidfitsoned BereinkBbve, the length of the D mterva] as compared
5  to the K interval is selected so as to ensure picking-up of each of the actual
signals transmitted by the transmitter, to thereby provide much higher
signal-to-noise ratio and track more accurately the operative tip of the
handheld device.
It will be appreciated by one ordinarily skilled in the art that other
. 10  features of the prior art handheld devices described hereinabove and novel
features of the handheld devices according to the vanious aspects of the
present invention as further described herein can be combined to operate
with the method herein described.
According to yet another aspect, the present mvention provides a
15 handheld device for use with a board or screen supplemented with a
processing system for digitizing operative strokes of the handheld device on
the board or screen. The handheld device according to this aspect of the
present invention is shown in Figure 17 and is referred to hereinbelow as
device 400. _
' 20 Device 400 includes a housing 402. Housing 402 has a substantially
cylindrical bore 404 therein. Bore 404 terminates at a distal end 406 of
housing 402 with a central orifice 408 communicating with bore 404. .
Housing 402 serves for receiving and releasing a portion of a body 410 of a
removably attachable operative implement 412 through orifice 408, with its
25 operative tip 414 extending from central orifice 408. Operative implement
412 is selectable among a plurality of different operative implements,
including, but not limited to, drawing implements, e.g., of different colors,

eraser implements and annotation implements.
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+ 10% & O o? 48%10%%2,(\)&'hercm each of the frequencies employed ts associated with
. 10  one of the plurality of different operative implements 412 applicable for use

with device 400.

Device 400 according to this aspect of the present invention further
includes a controller 440 being on or 1n housing 402 for setting transmitter
device 418 to transmit an intermittent ultrasound signal of a frequency

15 corroborating with one of the plurality of different operative implements
412.

Thus, according to this aspect of the present invention the digitized
system is made aware of the operative implement employed at a given time
and responds accordingly. It will be appreciated that controlier 440 can be

' 20 integrated with.the different operative implements 412, such that insertion
of one of implements 412 into housing 402, directly results in automatic
identification of the inserted implement 412. Altematively, and as
specifically shown in Figure 17, a user interface is employed as part of
controller 440. It will further be appreciated, as further detailed

25  hereinunder, that controller 440 can be remotely controlled by means of
remote control communication.
It will be appreciated by one ordinarily skilled in the art that other

features of the prior art handheld devices described hereinabove and novel

features of the handheld devices according to the various aspects of the
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the board or screen. The handheld device according to this aspect of the
present invention is shown in Figure 18 and is referred to hereinbelow as
device 500.
Device 500 includes a housing 502. Housing 502 has a substantially

‘ 10  cylindrical bore 504 therein. Bore 504 terminates at a distal end 506 of
housing 502 with a central orifice 508 which communicates with bore 504.
Housing 502 serves for receiving therein a portion of a body 510 of an
operative implement 512, with its operative tip 514 extending from central
orifice 508.

15 Device 500 further includes an ultrasonic transmitter device 518.
Device 518 is internally or extemnally connected to housing 502 for
transmitting one of two intermittent ultrasound signals. Each of the two
intermittent ultrasound signals has a somewhat different frequency, say in
the range of 40-100 kHz.

. 20 Device 500 further includes a microswitch 520 engaged within
housing 502. Microswitch 520 can acquire a first mode or a second mode
of operation. Microswitch 520 acquires the first mode of operation when it
is in contact with a proximal end 522 of body 510 and the second mode of
operation when it is not in contact with proximal end 522 of body 510.

25 Microswitch 520 can be, for example, a touch or pressure sensitive
microswitch.

Device 500 further includes an electronic circuitry 524. Circuitry
524 electronically communicates between microswitch 520 and transmitter

device 518. Electronic circuitry 524 serves for associating one of the first
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separate line of communication, such as infrared communication, to forward

such information to the digitizing system. This, in turn, saves battery
power.

. 10 It will be appreciated by one ordinarily skilled in the art that other
features of the prior art handheld devices described hereinabove and novel
features of the handheld devices according to the various aspects of the
present invention as further described herein can be combined to operate
with device 500.

15 According to yet another aspect, the present invention provides a
handheld device for use with a board or screen supplemented with a
processing system for digitizing operative strokes of the handheld device on
the board or screen. The handheld device according to this aspect of the
present invention is shown in Figure 19 and is referred to hereinbelow as

@ 20 device600.

Device 600 includes a housing 602. Housing 602 has a substantially
cylindrical bore 604 therein. Bore 604 terminates at a distal end 606 of
housing 602 with a central orifice 608 which communicates with bore 604.
Housing 602 serves for receiving a portion of a body 610 of an operative

25 implement 612 with its operative tip 614 extending from central orifice 608.

At least a longitudinal portion 615 of housing 602, originating at
distal end 606 of housing 602, and preferably terminating at a proximal end
of housing 602, is made of an infrared conveying material. According to a

preferred embodiment all of housing 602 is made of the infrared conveying



3940% & () - :40/&0% & ()-qrrrr7ss|[:vW410 3Sf 10%& ()-3 3&98&/&@](?0023
Y10% & ()- 3 109% & ()- OWA0% & ()- 310% & ()- ss+tqt uwiul [

L 10% & ( MB0B62260% & () - g) Z90% */ & ()- 3& 10% & ()- 3ch<mvraf1&w/pouaa
#1096 & ()- UUVNVVV-w. W [:-410* 3951096 & ()-3 3710% & ()- 3510% & () -
3,3110% & ()- 3,210%& ()- 3L0L0% & ()- .w wowswh wwxbA410* 3

3Y810% & ()- 3Y 10% & ()- s fV(iO%B)S&'( s YA0% & ()- 3%l 10% & ()-

10*10* 5 z3 410* O%& - od O9dR* R& Y

3vomog/§ o et dnd O Sy gpated bysm a&ﬂ?fe gating SoRt 617 Sy Bichassarsbie; () -

L o0t 7o bbb A1 “Brhahiel of WAy bhxelind WEEnbls suitante for

#&FM 109K 8 Y1 09% & -1
3YF%%&  udin é@%@&i&% S e ST ORHRe 3 fekngDptic Yah%be miaedt8 ¢ O

a0 2L -

BF010% & ()-| Blevie690( furthed inche¥é&ar )ultrasonic receiver or transmitter
device 618. Device 618 is internally or externally connected to housing 602
and serves for receiving or transmitting an intermittent ultrasound sigmil.

Device 600 further includes at least one infrared transmitter device

630. Device 630 is implemented at a proximal end 632 of longitudinal

' 10 portion 615 of housing 602. Infrared transmitter device 630 is designed for

directing infrared radiation emitted thereby through longitudinal portion 615

of housing 602. At a distal end thereof, portion 615 includes at least one
infrared reflector 634 to reflect the infrared radiation out of housing 602.

Thus, according to this aspect of the present invention the infrared

15 transmitter can be located at a position which is remote from the operative

tip, which is traditionally the narrowest region of the device, say the

proximal end or medial portion of the device, which is, in many cases,

shielded by the hand of the user and under such conditions becomes

inoperative. _

‘ 20 It will be appreciated by one ordinarily skilled in the art that other
features of the prior art handheld devices described hereinabove and novel
features of the handheld devices according to the various aspects of the
present invention as further described herein can be combined to operate
with device 600.

25 According to another aspect, the present invention provides a
remotely controlled handheld device for use with a board or screen
supplemented with a processing system for digitizing operative strokes of

the handheld device on the board or screen. The handheld device according
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device 718. device 718 is internally or externally connected to housing 702
. 10  and serves for receiving or transmitting an intermittent ultrasound signal.

Device 700 further includes a remote signal receiver 740 for
receiving operational command signals from a remote signal transmitter
(remote control) which is controlled by an operator. Operational commands
according to this aspect of the present invention, include 'on' and 'off

15 commands, operative implement change commands, etc.

It will be appreciated by one ordinarily skilled in the art that other
features of the prior art handheld devices described hereinabove and novel
features of the handheld devices according to the various aspects of the
present invention as further described herein can be combined to operate

@ 0 vithdevice 700,

According to still another aspect, the present invention provides a
handheld device for use with a board or screen supplemented with a
processing system for digitizing operative strokes of the handheld device on
the board or screen. The handheld device according to this aspect of the

25 present invention is shown in Figure 21 and is referred to hereinbelow as
device 800.

Device 800 includes a housing 802. Housing 802 has a substantially

cylindrical bore 804 therein. Bore 804 terminates at a distal end 806 of

housing 802 with a central orifice 808 which communicates with bore 804.
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It will be appreciated that this feature of device 800 is of great

. 10  importance. The most straight forward location for locating device 818 is at

or close to operative tip 814 because the operative tip is to be tracked by

sequential triangulation. However, when using an operative implement,

such as a drawing or annotation implement, a user is in many cases

accustomed at viewing the operative tip thereof. This habit is hampered in

15 prior art devices by the ultrasonic device implemented thereat. Providing a
transparent device overcomes this limitation.

It will be appreciated by one ordinarily skilled in the art that other
features of the pnior art handheld devices described hereinabove and novel
features of the handheld devices according to the various aspects of the

. 20 present invention as further described herein can be combined to operate

with device 800.

Although the invention has been described in conjunction with

specific embodiments thereof, it is evident that many alternatives,

25 modifications and variations will be apparent to those skilled in the art.
Accordingly, it is intended to embrace all such alternatives, modifications

and variations that fall within the spirit and broad scope of the appended

claims.
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processing system for digitizing operative strokes of the handheld device on
the board, the handheld device comprising:

(a) a housing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
a portion of a body of a drawing implement with its drawing

‘ tip extending from said central orifice, said housing being
formed with a plurality of openings being circumferencly
arranged at said distal end of said housing and communicating
with said bore; and

(b)  an ultrasonic receiver or transmitter device mounted within
said housing, remote from said drawing tip, yet in close
proximity with said bore, said device being for receiving or
transmitting an intermittent ultrasound signal through said
bore and said plurality of openings, thereby enabling

triangulation of said drawing tip.

2. A handheld device for use with a board supplemented with a
processing system for digitizing operative strokes of the handheld device on
the board, the handheld device comprising:

(a) a housing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
and releasing a portion of a body of a removably attachable
drawing implement through said orifice with its drawing tip

extending from said central orifice;
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by a proximal end of said body, so as to be rcsponsivé to a
force exerted on said drawing tip of said drawing implement;
and

an electronic circuitry being in said housing and electronically
communicating with said microswitch for affecting operation
of said device at least when said microswitch indicates that
said force is exerted on said drawing tip of said drawing

implement.

A handheld device for use with a board or screen

supplemented with a processing system for digitizing operative strokes of

the handheld device on the board or screen, the handheld device

comprsing:

(a)

a .héusing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
and releasing a portion of a body of a removably attachable
operative implement through said orifice with its operative tip
extending from said central orifice, said operative implement
being selected from the group consisting of a drawing

implement and an annotation implement;
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method of tracking the handheld device, the signals being transmitted with a

preset first interval therebetween, the method comprising the steps of

collecting a plurality of time non-referenced ultrasound signals by each of

the at least three spaced apart ultrasound receivers and calculating a position

of the handheld device for each of the time non-referenced ultrasound

signals, thereby tracking the handheld device.

5. The method of claim 4, wherein reception of each of said at
least three spaced apart ultrasound receivers is suspended for a second time
. interval followiné the reception of a signal thereby, said second time

interval is shorter than said first time interval.

6. A handheld device for use with a board or screen
supplemented with a processing system for digitizing operative strokes of
the handheld device on the board or screen, the handheld device
comprising:

(@) a housing having a substantially cylindrical bore therein

terminating at a distal end of said housing with a central

orifice communicating with said bore, said housing receiving
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(c) an ultrasonic transmitter device being connected to said

housing for transmitting one of a plurality of intermittent
. ultrasound signals, each of said plurality of intermittent
ultrasound signals having a different frequency, each of said
frequencies being associated with one of said plurality of
different operative implements; and
(d) a controller on or in said housing for setting said transmitter
device to transmit an intermittent ultrasound signal of a
frequency corroborating with one of said plurality of different

operative implements.

7. A handheld device for use with a board or screen

. supplemented with a processing system for digitizing operative strokes of

the handheld device on the board or screen, the handheld device
comprising:

(a) a housing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
a portion of a body of an operative implement with its
operative tip extending from said central orifice;

(b) an ultrasonic transmitter device being connected to said

housing for transmitting one of two intermittent ultrasound
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’ second mode, said microswitch being in said first mode when
in contact with a proximal end of said body and in said second
mode when not in contact with said proximal end of said
body; and .

(d) an electronic circuitry electronically communicating between
said microswitch and said transmitter device, said electronic

. circuitry l;eing for associating one of said first and second
modes with said transmitter device, such that said intermittent
ultrasound signals of said different frequency are transmitted
by said transmitting device in a mode dependent manner,
thereby informing the processing system whether said

operative tip is in contact with, or removed from, the board or

screen.

8. A handheld device for use with a board or screen

supplemented with a _processing system for digitizing operative strokes of

' the handheld device on the board or screen, the handheld device
comprising:

(a) a housing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
a portion of a body of an operative implement with its
operative tip extending from said central orifice, at least a
longitudinal portion of said housing originating at said distal

end of said housing being of an infrared conveying material;



"10% z,]& ()- $10%z,: & ()- 22\3{3344|[: NA41010 10% z,: & ()-N @ 3 O0CT 7902
%W0% z, [& ()-m 10%z,:& ()- 910%z,:& ()- yl0%z,: & ()- Y 10% % & () -
44, 5}555%1‘{”%1010 ' 1098z, B& ()-N s%d0% z, : & () - #1098CF11go(0p214
YEi$10% 6% & ()- , 10%z,: & ()- L10%z,: & ()- =666#7977L8| [ : NA41010

6' 10%4%&() N334)10%r%&'()- CS21Q%z,: & ()- "010%z,:& ()-

L 10% 2z, & ()- p,) $10%z, ~& ()-L8T8USVENBg8s8VE8VLAL10 1098 ME' (

Se<cl | vUil0 %ms%%ae@ﬁ%f AL S AR %‘&ﬁé&) o

) @%0% & () - | " 109G 0K houshmg for reefvifl g}axv%h@mx $ih2"ah& it rm it & ()-
'10%, & ()-L10, 10, 10, X3/ T, & () ETUR0% & ()} S>oK2PX@R | T V410

9%0% , & ()- | " s#10%hasour@ sighdld% , & ()- @3#10%$& ()-@F s#10% ()- @
110% , & () - @APA\ AABF B [: VU410 0, ) @10%{& ()- 1%0%, & ()- #10% , & ()-
10% , & ()- &10%) & (In mffemed &aosmimcccm(vmmmmgolmpmmd &a()a
SO, & () - me(lO%(I&() O%I'&a/%p 10K WK 10K WK 10K WK
) @109K WK & () - DEekmn-grd vfm d longitedin @lpyqf sgichbgusing) said
98.094-T, H&! q1Q9 31094, - 109,

HH~1 | J@AJI(B?JCJF[ XA4 10 rGﬁeCﬁo*Faﬁ%ﬂ*“ef %6 %Fe&b(s ng g"Ff‘o%Pf&d{fFCBng

SS10%, & ()- 1109%7.:460)ed radiation emitted thereby through said longitudinal

portion of said housing.

. 9. The handheld device of claim 8, wherein said longitudinal
portion of said housing is supplemented with an infrared reflector for

reflecting said infrared radiation out of said housing.

10. A handheld device for use with a board or screen
supplemented with a processing system for digitizing operative strokes of
the handheld device on the board or screen, the handheld device
comprising:

(a) a housing having a substantially cylindrical bore therein

terminating at a distal end of said housing with a central

. orifice communicating with said bore, said housing receiving
a portion of a body of an operative implement with its
operative tip extending from said central orifice;

(b) an ultrasonic receiver or transmitter device being connected to
said housing for receiving or transmitting an intermittent
ultrasound signal;

(c) a pressure sensitive microswitch in said housing being
actuated when pressured by a proximal end of said body, so as
to be responsive to a force exerted on said drawing tip of said

drawing implement; and
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11. A remotely controlled handheld device for use with a board or
screen supplemented with a processing system for digitizing operative
strokes of the handheld device on the board or screen, the handheld device

. comprising:

(a) a housing having a substantially cylindrical bore therein
terminating at a distal end of said housing with a central
orifice communicating with said bore, said housing receiving
a portion of a body of an operative implement with its
operative tip extending from said central orifice;

(b) an ultrasonic receiver or transmitter device being connected to
said housing for receiving or transmitting an intermittent
ultrasound signal; and

(c) a remote signal receiver for receiving operational command

' sign'als from a remote signal transmitter being controlled by an

operator.

12. A handheld device for use with a board or screen
supplemented with a processing system for digitizing operative strokes of
the handheld device on the board or screen, the handheld device
comprising:

(a) a housing having a substantially cylindrical bore therein

terminating at a distal end of said housing with a central

orifice communicating with said bore, said housing receiving
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