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PRESENTATI ON BOARD DI G Tl ZER SYSTEMS FI ELD AND BACKGROUND OF THE | NVENTI ON
The present invention relates to digitizers and, in particular, it concerns

devices for use with | ' ns for
digitizing 5 lines d?%ﬁ%ﬁﬁpﬁ@wp&%%kﬁgg@gpggus t echni ques
for determning the position of a witing inplenent or stylus on a flat
surface. U S. Patents Nos. 4,564,928 to Genn et al., 4,886,943 to Suzuki
et al., 4,910,363 and 5,073,685 to Kobayashi et al. and 5,097,102 to

Yoshi nura efJBLD AND BACKGROIPSDADE THEWNYENTION vibrating el ement
associated wth a pen transmts vibrations through the material of a board.
The vibrations are detected by transducers attached to the board and the
position of the ' |+ ) $Sii !

vi brations thr ougﬁl@tégsﬁgéﬁg#ﬁ%gﬁggegﬁ%%{)gﬁnéﬁllrz%ﬁ%%? P%rt[}%@;ﬁlr’girtl c@)ﬁ(&g rtﬁlg ively
when the pedevizes To€ 08¢ aith \Gbhverithmab présensatidh bbatdsvind penofer dightizing
transferred to 15 the board. As a result, no special nechanismis required
to di stifngulisks drawn mpniuallph non-wri ting pen novenents. These systens are
general ly inaccurate due to non-unifor transr}i ssion ti.nes_ through the

board. In fact, dhiskagwndaiuss vasmusriechnignes fendeteaniniag the fogitan g€ dur es

whi ch renders.theme i ve L ncoRveni ent . iyve
approach is “?Hgl%%pge?'?%?ﬁrqrb%&ﬁg éfptar %togwga%q' &i% é’.atﬁaﬂﬁse?’%&’gg@ h%
systens _ar eess bt B84 886943 toFUAI $t DS 4 407763 §1§@5§(Pl3'\@é3 {6 Rbayashi
4,814,552 to Stefik et” al., 4,506,354 to Hansén and 4,758,691 to St uyne.

These syst egs abmphdy5,087]100s te Oyibshimiurons of. all tdiesloss dybteans i twhich and
receivers arranged at two points fixed relative to a board and on a novabl e
25 wr i 1@ ngvibrptingeelement eagsosiatado rwith a hpemdvansimits npbrations thsouglenthe

derived by triangul ation. e systens typically . reguire an addi.ti,ona

har d- wi red Srate c‘?tf'i %E’Q@Fﬁs}ﬁ? Vh?(mb‘égt Q%eﬁiet%’@érhﬁlg'ﬁp YR %‘%%“rhedatﬁdtlhg base
unit to proyj : el 43

pCri 1 Los) 00584 snd B2 O 6B ine pen s caleulated from the trapmission time of the

cal cul at i ongibrAioR¢dhicu@hathe board. These systems inherently function exclusively

when the pen is in contact with the board such that vibrations are transferred to

15 the board. As a result, no special mechanism is required to distinguish writing
from non-writing pen movements.

These systems are generally inaccurate due to non-uniform transmission
times through the board. In fact, they typically require highly specialized board
structures which renders them expensive and inconvenient.

20 An alternative approach is the use of air-borne ultrasound signals.
Examples of such systems are described in U.S. Patents Nos. 4,777,329 to
Mallicoat, 4,814,552 to Stefik et al., 4,506,354 to Hansen and 4,758,691 to De
Bruyne. These systems employ various combinations of ultrasound transmitters
and receivers arranged at two points fixed relative to a board and on a movable

25  writing implement. The position of the movable implement is then derived by
triangulation. The systems typically require an additional hard-wired or

electromagnetic link between the movable implement and a base unit to provide
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switch is quired to identify when the novabl e el enenj i5 dJ nt act
R Fob PebRiea

with the ese systens are typically limted to rela y smal |
boards. This is 5 because of signal to noise ratio (SNR) limtations. The
vol ume of ultrasound used cannot be very high w thout causing bothersone
acconpanyi rigmiwg sofarmgtieni fu'stimedef-flightaultsasound calgulations Apsadditiopaler
consi derations severely limt the transmjted v h)éj . In.order to geperate
reliable poSVEshis alse seqmiradte, 1deptityt Whem ?Fé‘?‘iag 2 pleman} d§ HHFQ?@HE%“&‘\JS'[

t herefore bt??gli:\%pt small. Attenpts to use 10 different sets of receivers
for differe 35(?'ons of a large board generally result in discontinuities
when the movabl e’gﬁé&”@;‘k‘teﬁé A tFpitA P IRARed 98 reThtively?8R1allehoard8 O TRE is
shortcom ng of these systenms is their inability to reproduce rapid

i nt er r upt edbgranss of ckgml Foatviss ratiy {SINRY dimttetionk. Dhenyohimia oifadtrasoumd
Typically, the transmtter_ or receiver elenment in the pen turns off_ when
the pen 15 used ¢anaet be &emnbighswithout eausing hodwesome aecqmpanung duhsting

contact with t he}g(? {.d. ﬂ'he. system then takes a fracééog of a sefo d.to

{ esynchr oni BUISERrARItPhallydn g Hareless Y8t POWeL FANSSErations SRTEDsimikes.

t he | th @f ' I -t 1 - ti
of Cthe gyat s EtfnRRED Ydnie™tl 8fer T eiEr @ RRABY Sosthion ibRfulaBRAPRRE L) T°

probl em of hesrAiteR96 6cdilér ABMed Mg theAgbreSHs WP sinalll Miterhp@ 14l figsasound
transmtter or receiver element is nmounted asymmetrically to the side of

t he dr &M ngdiffeptminsets of recevere forl differdre ragimnsrofcth laoge boamd genavally eesult om
the true drawing position in a direction which changes with rotatign of the
drawi ng i npinedigepntingities yrign thasmovable elemenhirayals fioss oppgegirndgappeeps

changed bet woen SHPRIECEPaeRIRY ST HIRIE APOHET rBRE RACHSA BotORNE i zer
system ar eruifabledd Bl Silok U 48 bBrSRREAhY BEAMGSS ISR Bhe

i mpl enent s. I's renters’ them expensivesince pens have a-very limted

lifetine. E'Yggic‘ﬂh?,r thettbnshiilte£ 8f tecetl@e efementViR) 188/p#88dfhs off when the pen
PCT/ | L98/ 000 _
15 is inactive and is re-activated each time the pen comes in contact with the

board. The system then takes a fraction of a second to resynchronize before it
responds correctly. In the case of short strokes, the length of the operative
stroke may be comparable with the response time of the system, thereby giving
very poor results.

20 An additional problem of the airborne ultrasound digitizer systems is
that the ultrasound transmitter or receiver element is mounted asymmetrically
to the side of the drawing implement. As a result, the measured position is
offset from the true drawing position in a direction which changes with rotation
of the drawing implement. This may result in discontinuities and illegible

25  writing in the digitized image when the drawing implement position is changed
between strokes.

Finally, conventional presentation board digitizer systems are typically
limited to use with specially produced writing implements. This renders them

expensive since pens have a very limited lifetime. Even where the ink cartridge



i S separ aw 88/40838 aceabl e, the conponents used nust be of apcaviyospmesfic
design to be conpatible. There is therefore a need for a reliable,
| ow-cost, digitizer systemwhich nay be used with conventional presentation

boar ds of | S I | u I he. posi,t |

drawi ng i np se%@na?g%# ? h%ﬁggﬁlgl ﬂ}e{‘gagxﬁog@gfss (E)@%(g I%{t‘é%/taﬁ? a%{zgug&&ogégég ca
transm tterdgg‘;\gcli,@@bé@bmqu; h presentation board which can be used with a
wi de range of Conventional writing inplenments. SUMVARY OF THE | NVENTI ON The
present inventi offhere Bfthpreferem needfortrorelihble,dowi-zast, digitizerssyfstemugbicho

wi th presentation boards of all sizes whic¢ch allow accurate reprodugtjon of
short pen smkl&umi nvgatjoral mg%ealtw%%ew(ﬁﬁal Fizes Py detegmining

i mpl ement s. Accor di t 0 .1.he teaghi ngs .of .the present in tion,there is
ot ovi ded  aftrees Bk Bos AR o ShaEE smp 3o Es 1A beafY dlvllel 48P Bear o
digitizer s | bl y resd Do | s ound
recei ver | o%@%%%@ga{%eggg%?{ tngﬁlt§ ﬁg@éru P? gfcag i(; ?ﬁ% \gﬁs@g%éalﬁtﬁgﬁﬂb%%ﬁ; and
(b) a seconghidh ¢asbeased /e a/wﬁdsiia@gb@(f%@nfzémmﬁdlewﬁﬁﬁ%ﬁmplémmund
receiver in a direction substantially perpendicular to the surface of the
presentation board, the first and second ultrasound receivers being
connected so as to generate a total output signal corresponding to the
instantaneoELEéhbﬁBglﬁﬂﬁﬂlﬂiﬂﬁgﬁhﬂﬂggignals received at 20 each of the
first and second ultrasound receivers such that the receiver assenbly is
nost sensitive to ultrasound signals incident froma plane substantially
adj acent to the ffhegeasaitiinveriivar . of\sresentatign thvaad fdigitizer sfstainsr forafset he
present_invention, the first and second receivers are connected in series.
25 10 withpreserdation boardsof all sizesswhinh dldewacdurte reprodusiien efishort

identifying the sitipn,of an uyltrasound transmt{er.associated with an
el enent * novBHH SrpksATd, Which My beised WittheoRyeNtomah HFitE FEPIBEMS hr e

spaced apar! ul t pasarfifle S O YEHind3 SPhE bRk VBB HEFPRDroV I ah

al so provided accordi ng°to
PCT/ 1L98/ 00QRhsound receiver assembly for use in a presentation board digitizer system,

the receiver assembly comprising: (a)a first ultrasound receiver located

15 adjacent to the surface of the presentation board; and (b) a second ultrasound
receiver displaced from the first ultrasound receiver in a direction substantially
perpendicular to the surface of the presentation board, the first and second
ultrasound receivers being connected so as to generate a total output signal
corresponding to the instantaneous sum of the ultrasound signals received at

20  each of the first and second ultrasound receivers such that the receiver assembly
is most sensitive to ultrasound signals incident from a plane substantially
adjacent to the presentation board.

According to a further feature of the present invention, the first and
second receivers are connected in series.

25 In the context of an ultrasound-based digitizing system for identifying
the position of an ultrasound transmitter associated with an element movable
relative to a surface, the system having at least three spaced apart ultrasound
receivers associated with the surface, there is also provided according to the
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t eachi ngs ‘%’é’é@ﬁv resent invention, a nethod of anal yzing Ou}"gﬁhﬁ’é{q{"%? t he

ul t rasound rs conprising the step of identifying as a

position a weighted centroid of at least a first cal cul ated position
derived fromthe outputs of a first pair of the receivers and a second
cal cul at ed pesihing ofethevprséntoinventios, a methna of dfnalyzieg ondppiai fronf thae
recei vers, wherein {he weighting_varies as a,continuous function of.

appr oxi mat e WHISUIShreceIvary pompsising thy slepsefienisuas a8 & CURERLPAFHENtD a
further feature,of,th Lesent i nventi t he ul t.r.asqun L Vel

subst ant | ar 1YFEBRA GG ETFR ens YRSt Pflrralil POUAT ARS8 R L Fubifs

di stance in I+ I | EANIRD dd& e@ﬁﬁ&‘?ﬁ'o ' at
| east a gi veénﬁﬁhg%fgttgﬁﬁ)d\’/fe)ﬂrhe?igﬁg&é%ccor%Fﬁ%oto e{y‘%ﬁSFt her felgltg gﬁg&&a?ﬁ; Fﬁ\g%
present Bnvenitpem, of hesesohdhpaid of aht receiversp whdroni de heigliting ivasits as a

cal cul ated val ue when the novable element is within a first given regi on of
t he surface.copsinuous functigsr eofi sappreximmatov pasitionc gelativag te otheheultragetnchgs

of the present .invention, a presentation board digitizer systemfor
di gi tizi ng JFEFFSve strokes of a drawing inplenent carrying an ul trasound

transmtter again r.d { ri.sing. tql

ul trasound recei \/é&%&ﬁgrﬁg?@c? @ﬁ@;ﬁ@é&ﬁ%@@p@ggﬁqg&é@%@l Rhcﬁ‘g‘%ﬁémdor ne
ul trasound Seg&iess afé’kuﬁsﬁaﬁﬁﬁ'ﬂﬁ USHin&S aadaited “?eq%htiﬂg tx)&n'%?elix%ﬂyd with as
to detect vibrations fromthe transmtter conducted through the bdéard; and
(c) a pibcesdistance sipthesdirection ofikligmnent ofitheng trakolredhsdceiwars over askzastch

receivers to calculate a current position of the transmtter, the processor
bei ng addi t i SIMeR F‘}’lfﬁbsq}(ﬂﬁmé- to an output fromthe transducer to identify

tact bet t d | i npl t d b d, .th b 5 .
Cdont i Tying oper AASUAICELE O TORAEH: St iaph s AEFESHS Veaird o1 swaiehied
pr ovi ded acagholabfchdifal &35 0 Hst el l16eoB VRS0 b HERNRE ThOVRbIC b AR Lt e

device for use w't ﬁﬁg system ?glriggﬁgl t1zing operative str
hand- hel d drwithinga gt giventegibhof tliewirfacd, npl ement havi ng a body and an

operative tip, the transmtter device conprising: (a) a housing 30 havi ng
a substdftially chhémdis calso oprovidagl tagcordingi tog the teathings efidthen pagsent
invention, a presentation board digitizer system for digitizing operative strokes
of a drawing implement carrying an ultrasound transmitter against the board,
the system comprising: (a) at least two ultrasound receivers mounted relative to
the board for receiving air-borne ultrasound signals; (b) a transducer associated
20  with the board so as to detect vibrations from the transmitter conducted through
the board; and (c) a processor responsive to outputs from the at least two
ultrasound receivers to calculate a current position of the transmitter, the
processor being additionally responsive to an output from the transducer to
identify contact between the drawing implement and the board, thereby
25 idéntifying operative strokes of the drawing implement.
There is also provided according to the teachings of the present
invention, a transmitter device for use with a system for digitizing operative
strokes of a hand-held drawing implement, the drawing implement having a
body and an operative tip, the transmitter device comprising: (a) a2 housing

30 having a substantially cylindrical opening terminating at a first end in an
4
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annul ar wedge surface with a central bore, the housing receiving a portion
of the body of the drawing inplenent with its operative tip extending from

t he central ’ i t n f . i ng
o retain o FTHES<Rlee REFA AR £ ERRRET Hufb, ofle Mol S fecBling m PORIPEE 2
spring ele fOhedawing i it LR ARG r
wedge surf ggie% bgcrll% dE c) Eza t réng%h{i?%@émﬂ?leg@ | ati Vzﬁ?‘(’)‘@%tﬁéd%}%&%%%@
proxi mal t ocértealclsntey éb) decminokcattacHabie tooa setond bad dfehewpenidg theetairesent
i nvention, the housing further includes: (a) a mcrosw tch actuated by
changes i n phecdragving smplemanbyyithine thelhonsing vibegetainerthaying @ springeelpment

[ f. t ed. the 10 ti ti f t d ]
ol omert ¢ B BSPEBe RERE B EReb OB RG 4T B PRI PrIESHBAL (O o
th ' ne ' t ) wh th
i or oswi { chipidrLlrdbEfiteg 18Ry Biaehokie SRR bhe Heptraf Bt ar aui ng
i npl ement  t owar A dopediR@ued Y furl&rOfdhine bP thef JrebBR ifveatiohe tRE ﬁchﬁ_in%
present invention, the €lectronic 15 circuitry operates the transmtter
for a gi venfirther incheiesal(a)ad hecrdsidtchi avtnatedtioh chaggessint pressutecadeeted dmr ce
exerted on the outer housing towards the operative tip of the draw ng
i npl enent . Hhecanaplay wedge surfaee sofasataihe tisponsivperiesaforeqexartedmn the

' t] interval.isq.at l,east aboyt half .20 di
Yoot b hePPratvEio 8f Bha a5 neaRPlrmothiruris e Honserenddb) FleciOna o

ti Lo ect . . . . ai ¢ , "t ch
conti nuous ermg?ﬁ/l fétgﬁoﬁél% tf)qgé g:;ﬁﬁ]s%ﬁ'tél{ Yo h&e?@éﬁ%.ibfe{ﬁfttﬂe tPﬁxs%&Ef gw ¢

to change a si ansmtte e transmtter he “mcrosw
i ndi cat es aldagt Ghefthe mbitrodwitdle ifiigital avidréd Bxdtted B tHE BpkAdivie i SFeRd
towards the housing. 25 According to a further feature of the

present i nvdrawing, implementtrsmards ¢he heusingul t rasound transducer. Accordi ng

to a further feature of the present_ inventjon, there are al sg provided
el enents of an eI@&PF@‘#&g‘H’eﬁié‘r@@FﬂfﬁﬁP%ﬂf&h@ Ppreprat inentipaniha slastionis

associ afgd %&&W&p&%@e@tﬁg Q}a%sﬁqii{tgruﬁ)trry 'giVSen time interval after the microswitch
ceases to indicate a force exerted on the outer housing towards the operative tip
of the drawing implement.
According to a further feature of the present invention, the given time
interval is at least about half a second.

20 According to a further feature of the present invention, the transmitter
transmits continuously, and the electronic circuitry is responsive to the
microswitch to change a signal transmitted by the transmitter while  the
microswitch indicates a force exerted on the operative tip of the drawing
implement towards the housing.

25 According to a further feature of the present invention, the transmitter is
an ultrasound transducer.

According to a further feature of the present invention, there are also
provided elements of an electromagnetic communications link, the elements

being associated with the electronic circuitry.
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There is ?ﬂ%‘(‘)s’ﬂf‘%ﬁ/i ded according to the teachings of the pre"s‘é‘f%‘gfg’m}’gﬁtion,
an ultrasound transmtter device for use with a systemfor digitizing the
posi tion of a hand-held draw ng inplenent, the draw ng inplenent having a
central axis andlbereoperadso vprovided tdceordingsto tther tabehings ofnthe girasemd 5
substantially cylindrical piezoelegtric transmtter el enent ?osi,t i oned
coaxi al | y vinven#om afy wlifaseund aasmatersdevige for use withse sy HEMIQAIGIRANG he

aceor i ng TEe RS BLENs RiuadRid AR B itirsnth oot avint SrRLEReBUGRIEET o
di : e _
compr | si ng:2 (S Al A8 kP 2| ReBlihie U, SHE, Hinshile [RARESOIBRRE’S () o

eraser sur faybetantialy (SAindrizhl piezoelditri€ eraneaiitted chahsm epositiendipodddapd t he
eraser elenent, the pivot joint having two degrees of rotational freedom

such that, withuthe, drawingr irmplened¢rdnemtasass ussumaseribe enparti ofh the t dramhing
eraser surfac ﬁgr al | el tg tg’% present gti on board surface substantially 15
i ndependentiTyHeRRRL BIAXAMAstq Hie ORETIRYEHPt he handl e is hel d. BRI EF

he. i ' is,.h ip d i bed,, b f
o o T TR AR RS deR SbhBlnkosd ShE. Rttt SRS
i s a schemghignfidhin ¥aB¥t aé-\éiag %{e%@t@m %%ﬁ@éﬁﬁgeﬁ%aé&ﬁ%h&er §%s%9m

digitizer system ‘constructe operative according to t eachi ngd of
t he pra@entthenstasdr devicsheompgisings\Vfa) ahhavdle; 1byen bertay@elenggtitonsvingt &
different groups of ultrasound receivers; FIG 2 is a plot illustrating the

vari ation dubsantiallydlategrghen suyfase; posl (d)@npivedijointi connettiog hetwesrttbe of

ul trasound recei ve in Figure 1 ag a function of 25 position across the

present at i J}?ﬂ@geafﬂaé %}F‘?r &raSS‘gF’Ler%e‘gi pivehuoint hayine, twe degrass Af Toltignad,

assenbly f i t han | Qi;t] t r and

opor ati ve asetibin ol (AT M R\t et dsSie iR, S Efioh oHiih e
eraser surface parallel to  the presentation board surface substantially

15  independent of the orientation at which the handle is held.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:
FIG. 1 is a schematic front view of a presentation board provided with a
20  digitizer system, constructed and operative according to the teachings of the
present invention, showing a switch-over zone between regions with different
groups of ultrasound receivers;
FIG. 2 is a plot illustrating the variation of relative weighting of position
indications from two sets of ultrasound receivers in Figure 1 as a function of
25  position across the presentation board;
FIG. 3 is a side view of a twin ultrasound receiver assembly for use in a
presentation board digitizer system constructed and operative according to the

teachings of the present invention;



WO 98/ 408380 98/40838 PGRETAIDS/0083893 -

FIG 4 is a schematic representation of the reception characteristic of the
twin ultrasound receiver assenbly of Figure 3; FIG 5 is a side

cross-sectional w f a transmtter device onstrycted and aoper at.i.ve
according to the\ﬁlgy\alcfﬁﬁsr?g?l}ffn%’r?ereﬁeég@ﬁ\tﬁopn eﬁFiTS‘FﬁpL%’t%’e AFRRTINS B e
convent i onali.git ayj LARL Bt ad heRt4eR-System FIG 6A is an

expl oded perspegwél%u\*/l?gwgéo& aa r%egl}%gg\?mgfic%&gt?’fucture, constructed and
operative accor diFlg.tPist deideaosy-sasionh] vivev prasesisnittécdevien, comstnissel i n
the transmtter device of Figure 5 FIG 6B is a perspective view of the
m cr oswi t ch andrepsrative aeceiiding to e tedchingsaofhthedyresint ineehtion,ausedpwitheaw of

the mcroswitch strugture, of, Figure 6A show ng a retaining spring
ar r angen@nt ;copmlthnq(iﬁaws%mh%menﬁ@? 3RBZGESYAteW: of a preferred

suiucture or, o UaTeR! ok Byt A bARUIOTiLD G IOHELBRLER dagel ne
contact sw tc%hs&ﬁétb&%ﬂjog&ag??ra%&b (gn?‘iﬂé M@f@@gg@fkﬁ@m MenfiBpement

and a presentation board ‘as uncti o tine; strates the
recorded dr &t nge inmblearmsimiapedeticonf Figire) profile produced by prior
art systens corrfﬁsipﬁondi ng to the contact profile of Figure 5A; FIG 8C
illustrates the 3P ehaipsrspeetive Y of Abé nyjcrosphitelesiructyer off Figure Oe
profil e produced F@gor ding to a first enbodi ment of a presentation board
digitiz f%‘ﬁ?e onstructed and operative according to the 25 teachings

of the present i td 08, -9 | | ;S ' b v {

raser {ranam ttanciG © 2o ied: bEAR R EnEiaR SRCEkE 8F Blen R PhoPihe
teachi ngs ofa debfinitigegRitlg Arpmegiméil; for use with a digitizer system FIG
10 illustrates the signals received by air-borne ultrasound receivers and a

30 boar d- nount edIG3.asisus eschemesisepeispettyve adewr of mgpteferred esttudure for
enbodi nent of

attachment of a retaining member to a housing for use in the transmitter device
15 ofFigure 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;

FIG. 8B illustrates the recorded drawing implement operation time

20  profile produced by prior art systems corresponding to the contact profile of
Figure 5A;

FIG. 8C illustrates the corresponding recorded drawing implement
operation time profile produced according to a first embodiment of a
presentation board digitizer system, constructed and operative according to the

25  teachings of the present invention;

FIG. 9 is a side cross-sectional view of an eraser transmitter unit,
constructed and operative according to the teachings of the present invention,
for use with a digitizer system;

FIG. 10 illustrates the signals received by air-borne ultrasound receivers and a

30  board-mounted transducer, respectively, according to a second embodiment of
7
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PCT/ | L98/ odﬁg§§’é°85? esentation board digitizer system constr FETELO%Ag3
operative according to the teachings of the present invention; FIG 11
shows a second enbodi nent of the transmtting device; FIGS. 12A and 12B
show two di f qresentdtivmisoartl digitizeppesterh] emistyctdearehoperative Bcéor@ingl ® shows
a second enbodi nent, of the eraser. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present ithetoachiags of thy pissentdnvertidh board digitizer systens for use
wi th presentatjon,bpards of all sizes i | | ow.accuy at.e reproduction of
short pen st%gbeiléﬁﬂw\‘ﬁﬁs&ﬁoﬂéﬁ“%é’éﬂgﬂnﬁtgﬁ%@m@n@gﬁieé“%%nventional pen
10 elenents: I Ny dwdP | Fel gl ASHOLAE N
to the preseﬁgaﬁ\}gﬁt#@nﬂgé}l@g bet(?gir%}él}ﬁggﬁﬁ gggl%ﬁrrbysg?ggee to't g
drawi ngs snd RIGe 13¢h6WeaN¥coad eabedimentut thiefaeri ng now to the draw ngs,
Figure 1 shows a presentation board 15 digitizer system generally

desi gnated 10, constructed and operative according to the teachings of the
present invention, showi ng a swtch- bet ween regions with

di fferent gr RESCRIPTIONAIR TIHE PREFER EBODIMENTS ki ng, system 10
features a presentation board 12, which may be of any conventional type,
provided with a plurality of ultrasound 20 receiver assenblies 14, 16 and
18. Utrasound reGfevsresaitsiaventions isléf preSemtation board digicizer apdtymisofontusd i n

a strip 20 adapted for convenient attachment to presentation boards of

di ffering si »th presentatior hogrdssof athsigenwhicihaltew aegyrate reprpiucien chshogh
clanps or clips of any type...Strip 20 also features an,jnfrared.(lR)
ecelver 25, BRRGSERSY a0t Sithy Ry Be cpSh oI prBla-anle SRy AREPRATAgeDs
ul trasouil? refghyfk assenblies 14, 16 and 18 and IR receiver 22 from sound
and radi ation originating away fromboard 12. System 10 operates with a
novabl e el enent haHenprineigled! | dntaoperationndf 'di%-ftit'é?dsﬁstélﬂyﬁdcbﬁﬂiﬁg & the

exanpl e of which will be described in detail Dbelow. "The present position of
t he novabl e present invention may be better understood with reference to the drawings and -

{

the accompanying description.
Referring now to the drawings, Figure 1 shows a presentation board
15 digitizer system, generally designated 10, constructed and operative according
to the teachings of the present invention, showing a switch-over zone between
regions with different groups of ultrasound receivers.
Generally speaking, system 10 features a presentation board 12, which
may be of any conventional type, provided with a plurality of ultrasound
20  receiver assemblies 14, 16 and 18. Ultrasound receiver assemblies 14, 16 and
18 are preferably mounted in a strip 20 adapted for convenient attachment to
presentation boards of differing sizes and thicknesses. This attachment may be
achieved through clamps or clips of any type. Strip 20 also features an infrared
(IR) receiver 22. A cover (not shown) is preferably provided for shielding
25  ultrasound receiver assemblies 14, 16 and 18 and IR receiver 22 from sound
and radiation originating away from board 12. System 10 operates with a
movable element having both ultrasound and infrared transmitters, an example

of which will be described in detail below. The present position of the movable
X .
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t he second set of ultrasound receivers is well positioned tor 15 receiving

t he signal ‘ofielatgecomndadyistene10ratmiloys mote ah&eonddet ercoeivden dited, & thehus,
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Thus, optimal precision and reliability is achieved by deriving the position of
the movable element from the outputs of ultrasound receiver assemblies 14 and
16 when the movable element is in region A, and from the outputs of
ultrasound receiver assemblies 16 and 18 when the movable element is in
20  region C.

In order to avoid possible discontinuities in the tracking of the position
of the movable element as it traverses board 12, preferred embodiments of the
present invention provide a switch-over zone, denoted B, between regions A
and C. Within switch-over zone B, the current position of the movable element

25  is derived based on a weighted function of the positions calculated from the
outputs of the first and second sets of receivers. Preferably, the weighted
function varies smoothly with position across switch-over zone B such that it
approaches the value calculated from the first set of receivers when the

movable element borders first region A and approaches the value calculated
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be clear to one ordinarily skilled in the art.

15 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 therefore reasonable to employ the last measured
position for calculating the weighting factors for the subsequent measurement.
Alternatively, or for the purposes of making an initial measurement, an

20  approximate measurement may be made with some arbitrary weighting factor
such as, for example, 0.5 for each set.

Although the concept of the switch-over zone has been illustrated in a
simple implementation with only two sets of receivers, the concept can clearly
be extended to more complex arrangements of multiple sets of receivers, both

25 colinearly and on opposite sides of a board. In the latter case, the weighting
factor becomes a function of position in two dimensions, as will be clear to one
ordinarily skilled in the art.

In addition to the switch-over zone algorithm, it is preferable that the
ultrasound receivers are located sufficiently close to provide some degree of

30 redundancy of measurement. This redundancy can then be employed (typically
10
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ul trasound recei ver asdenbly 30 incl udes first ultrasound recei ver 32

| ocat ed adj anplemented be identifgoehidh reteiviee ppodisedt thei errorzoas deading sndstcond
ul trasound receiver 36 displaced fromfirst ultrasound receiver 32 in a
direction stFBeRAAT hﬁl@luﬁéMﬁé?@ﬁﬁhﬁoﬂbpgﬂtm&@@k@aﬁ@& st and second
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15 receiver assembly, generally designated 30, constructed and operative
according to the teachings of the present invention, for use with presentation
board digitizer systems will now be described. Assembly 30 may be used to
advantage with a wide range of digitizer systems, including but not limited to
system 10 described above.

20 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.

First and second ultrasound receivers 32 and 36 are connected so as to

25 generate a total output signal corresponding to the instantaneous sum of the
amplitudes of ultrasound signals which they receive. Typically, for simple
transducers, this is achieved by connecting them in series such that their output
voltages are additive.

Figure 4 shows a plot in polar coordinates of the variation of sensitivity

30  of assembly 30 with angle of incidence in a plane perpendicular to the surface
11
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sensitivity to signals (S[err]) 15 inci'dent fromfurther away fromthe

pr esent al0 onirnwiderst.at Targs englesefedmmuafacp3dperties greatly help to isolate
the ultrasound signals of inportance to the digitizer system increasing
the signal -to-noi & raranging hassemblywd0t B8 dsgcrdfed, other plaagised tmekimum

i nt i ti d.or. | I bl b | de.,

ange of conhO L SRR ey onchSl, Bed ddiRant fhatace 3, ThiTh
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properties greatly help to isolate the ultrasound signals of importance to the
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
20  sensitivity profile of assembly 30 parallel to surface 34 remains substantially
omnidirectional similar to the profile of an individual receiver.
Turning now to Figures 5-7, a preferred embodiment of a transmitter
device, generally designated 40, constructed and operative according to the
teachings of the present invention, for use with a drawing implement 42 in a
25 digitizer system will be described. Transmitter device 40 may be used to
advantage with a wide range of ultrasound based digitizer systems including,
but not limited to, the presentation board digitizer systems described above.

Generally speaking, transmitter device 40 includes a housing 44 having

a substantially cylindrical opening 46 which terminates at its lower end in an

12



t eachi ngswWeK 98/408380r esent i nvention, for use with a draw ng PCEIESRON932 | n
a 25 digitizer systemw || be described. Transmtter device 40 nay be
used to advantage with a wi de range of ultrasound based digitizer systens
i ncl udi ng, | Mg r tsl ol

descri bed agﬂg]\i/uel.gpggr?grg‘a ycggesa[}?ﬁg,g ateragxl;\%%ln %@grﬁglggl&ggmgo@ﬁgf;@ggtzgiﬁ
housi ng 44 haeétved withlibs aﬁhgalﬁlwnmdsi@@fatﬁfé tip Beixtéh difg WriobghttRires0at es
at its lower end in an 1 WD 98/ 40838

PCT/ 1 L98/ 00093 ailmansmitiee digricedl also ineluday iangtainerhd inlthed formm 5.2 Opvaxi ng

I npl ement 42 ig received within opening 46 with its_operative tip )
ext endi ng thmeﬁighf%&ﬂ thegpper gRd atiqnening dble 1etrinl drawing implement gédpner

etain o avPnguonpnEiBroudte £ Rt BT BRR hofBE efimg PN Rk tieb o

features a Is 58> f hasd | ' gé’rqg

annul ar mdéﬂ“r"?ﬁgf g%g%ntAﬁzuﬁwgggﬁdndéﬂ?%ﬁgn% t E?Hé S 'rﬁ‘;&énpe Sglﬁfi he

| ower surf aggnghith? B8 ROmélnibdosn Rl Idveerirfacebf Hdusinty 44 proxinsall terbdreat ur e
of preferred enbodiments of the transmtter 10 device of the present
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spring elenent 567 1s preterably provided wt aped abutnment surfate 60

havi ng f eat vartatiémy indengthy, iand bidwes ldeawingenpienent davbwardshedowrt end of
Typical |l y, abutnment surface 60 has an axial conical projection as shown for
centering dhewsing 44i0 enswiesa Bpreest pgsitignafarcuse. akhialbiasingsin whnpmction
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preferably provided with a shaped abutment surface 60 having features for

centering the back end of a drawing implement. Typically, abutment surface 60
has an axial conical projectidn as shown for centering drawing implements by
engaging a rear axial recess which is common to almost all presentation board

20  pens. Alternatively, abutment surface 60 may be formed with a conical recess
or other features for centering the back of a drawing implement.

It should be noted that the combination of annular wedge surface 48 and
spring element 56 with abutment surface 60 serves to hold drawing implements
of a range of lengths and widths in central alignment within cylindrical opening

25 46 without contacting the sides of housing 44. This arrangement makes
transmitter device 40 insensitive to variations in 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.

13
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| east one el enment of an el ectromagneti c conmmunications link, typically an

| R trand@i t tpreciely byndddingf the abdigl dbmensiém of transitterasydimider 88stoshecathe
around t he IO\iver end_ of tgousi ng 15 44. This ensures that at |east one IR
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the arrangenent described is Freferred for providing higher precision

15~ 44. This ensures that at least one IR transmitter will be correctly ortented 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 carries a receiver also falls within the scope
of the present invention. Furthermore, the IR link may be dispensed with
20  entirely if three ultrasound receivers are used to calculate each position.
However, the arrangement described is preferred for providing 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

25 like.
Ultrasound transmitter 58 and IR transmitters 60 are actuated under the
control of electronic circuitry which is preferably battery powered. Both the
electronic circuitry and the battery are preferably located in a compartment 62

of housing 44.
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15 downward projections 78 aligned with holes 74. An upper cover 80, integrally

formed with annular wedge surface 48, attaches loosely to base layer 66 to
unify the structure while allowing sufficient vertical motion for operation of the
switch. Each layer has a central bore, together corresponding to bore 50 of
Figure 5.

20 In a non-compressed state, conductive contact is made between
peripheral contact 68 and foam layer 72 and between foam layer 72 and upper
conducting layer 76. However, the switch remains open since the 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

25 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 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

15
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rel eased, uqip€icecdBsivias ity eldsedicréwitch l6uf Witeri drmdingtigiplementd2 io ubedak
the circuit. It will be clear that, when drawi ng inplenment 42 is not in
use, spri ngtoedmemn Beprasgetationbward, anforeerdatexertedonnveparativgdimS2 afnul ar
wedge 5 surface 48 so as to.close microsw,tch 64. en. dr awi i npl gnent 42
s sed o UARIPBAMRIERELLA? SR VAHIIIE 44 Grtune SrERiAg SHBUBASIE v

tip 52 of 1NG: la'%ﬁﬁﬁgt b OME, USH ﬁ#‘s' ]

I mpl enent ?f%pgrk?lggo' I [ gﬁ%ﬁg}%agal g\@% ggpﬁ’ﬁgméf&e’%%n .g%gs%fééﬁer € y%nes t he
pressure exgihittr ARIERUIACe WBIGER CittuitSL iBrdshEtc 64 Wpen®! THE Cl@Rnich 64
opens. The electronic¢ 10 circuitry of transmtter device 40 Is responsive
at | eadtd t ociepatryngfofransmitterwidevive640t ds afebponsive sagriedstt tansperihgdoby
transmtter device 40. Fiag,ure 6B shows m croswitch 64 assenbl ed, together

wi th ul t r aseigr@switah ditoradfectg Sﬁgml mnsma@gbytréﬁsmmr df}vg@néo-ec shows a
' f [ t.s5 84 whi . t it hi r. rface

78 <o s AL Sl oG, et el et

censi 11 ve ( Semnittey £8 SBEHIRS nlhifde 6OPRzirBY6C, oWl I o wiitnd T

sensitive to novenents raw ng el ement t he

structure delemiente8d Retiich fag¢ nidumied withih abAula® wadgpsurdicecs88plag t0drip
Al ternative structures may be used such as, for ,
15  the end of a drawing implement inserted through central bore 50. This ensures

that the upper layer of microswitch 64 is sensitive to movements of drawing
element 42.
It should be noted that the structure described here for microswitch 64 is
by way of example only. Alternative structures may be used such as, for
20  example, a switch based on a piezoelectric pressure sensor or the like.
Finally with regard to microswitch 64, it should be noted that correct operation
of the switch depends on a degree of freedom of axial motion of drawing
implement 42 against spring element 56. For this reason, it is important that
spring element 56 is not fully compressed when retainer 54 is attached. Figure 7
25 shows an example of a preferred 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 of release
90 is designed to be at least sufficient to allow an operative range of motion of

microswitch 64.
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20 exanW@98/40838v t ch based on a piezoel ectric pressure senBGCE/IIA8/00063
like. Finally with regard to mcroswitch 64, it should be noted that
correct operation of the switch depends on a degree of freedom of axial
noti on of draw ngy i ’ﬂ‘?’ | [ LS jheason,
It is inportant t gétg%spr %elg %r@fgirq\jltolaS ell%s) dﬁ?%nghﬁ@n%%‘rﬁr%ggg%aﬁgmﬂgﬁh
retai ner 54FiguretitlacBienilafty ¢oikiee greZéred sfbodimenestiswn én Biguae 31 dbeicestd
structure for attachment of retalner 54 to housing 44, in which |ateral

pr oj ect i ons isBitendgslgforsiserwidh sragingimgplemeat 48addnsmuittarslevins 40 atsogi n of
| cact surti eSO A I b GLE Rl GPEAGE B5. HOYSHPTof HHEIB) PPBREDS.
PCT/ 1 Lo 00fBaoR SIBRASSALit5 st end suthadeskst VGt A4dE0mEe 20 1 s
5, devi ce 480 E e R L e b 2
devi ce 40 aksgtentdeat ures housing 44 with cylindrical opening 46. However,

cylindrical opening 5 46 nowtermnates at its |ower end with a gasket
134. Gasket 134 flaplagecefl eetainar f4) trivmitiea deviderdflfgatunns aidiffpranstypeocfi p 52
of drawi ng inplenment. 42 ex ds n_pl.ace .retainer 54 ransm tter

devi ce 40 fé&?mﬁésw 160 ¥Frde f??éefﬁﬂg?felﬁ F?elﬂlﬁgﬁfagc"ch?eé o Hhgeprarss.

Hol der 8 i inl?%y- t . Of .| ' with a
hi nge 137, _gﬁgrbgc S t‘%gﬁg|"gﬁ§§glv‘v|h§%&?z’p?’2‘?r§%? ltgg Oé%ggd&élﬁéi'a l?/Ih(g:gtnégred

Wi t hi n openkistdstialhpteieterdBRithde ke U6 OMs] dte 144 1BYkPohtdhduRsh P b}39.
Hol der 138 features a spring elenment 140 for biasing drawi ng i nplenent 42

t owar ds gasladockisg pis 138c didldep 138 deatuesrenspridg eldnoartldd foebiasiwgket 134,
preferably hel ps further bias and_center drawing 15  inplenent 42 within
openi ng 46. draeng mplgmens A2 tgwards.ganket 184 A seqandgwringrelemsatddd, spri ng
el ement 142 d f.or, dr.awi n | ement. 42. In

order to r eg%‘f\aﬁg %‘lg?r& %ﬁpﬁ?@%ﬁf&é@g quPﬁgl%?fttBP%Gg%iﬁgtﬁ FEWIRE der

15 implement 42 within opening 46. Preferably, spring element 140 is stronger

Iy

than second spring element 142. A cover 143 is also provided for drawing
implement 42.
In order to retain drawing implement 42 in the centered position, holder

138 preferably has an upper biasing element 144. Upper biasing element 144

20  can be in one of two shapes, as shown in Figures 12A and 12B. Figure 12A
shows upper biasing element 144 with an axial conical projection 146 for
centering drawing implement 42 by engaging a rear axial recess 148 which is
common to most presentation board pens. However, this embodiment is
potentially restricted to use only with presentation board pens having axial

25  recess 148 with a particular diameter, as axial recess 148 is not of uniform
diameter between pens. Alternatively and preferably, upper biasing element
144 features a recess 150 into which the upper end of drawing implement 42 is
inserted, as shown in Figure 12B. This second embodiment has the advantage
of being usable with most presentation board pens, since the external diameter

30  ofthese pens is generally uniform.
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138 prefe an upper biasing elenment 144. Upper bi asi 144
20 can bgﬁilj&r?y“gg%sof two shapes, as shown in Figures 12A ancﬁ%ﬁ%.bg |g§hre

12A shows upper biasing elenment 144 with an axial conical projection 146
for centering drawi ng inplenment 42 by engaging a rear axial recess 148
whi ch is conmon ths ermsbingtiencituppeshiasing elepuans 14dogasket 13d1and seaBgdi nent

i ol 25 oo Tt Rt 8 el o RIERE SRR PP aRelE ¥ A o
of unifor m\%ﬁ%ﬁ&ﬁl}n Sl e BB dﬁxﬁ@ffg%fdl Ylt¥a] AT H%eﬁft %&iﬁﬁh%y]iﬂgﬂgél

bi asi ng el enen eatures a recess nto whi e upper “en

draw ng i npipefiiip 46 dubstantiBr witthouBsoth the §ides6ehddding WA, sAgecond
embodi ment has the advantage of being usable with nost préesentation board

pens, sb ncelestribeakamyveafor diigunet rtheavoidanté e éripiosalicontpot avith the sidés or m
17 WO 98/ 40838 . . . . .
PCT/ | L98/ 06ddpusig 4bisalsaimpartant fop séicisnhapeigtionafargontact:-segsifget 134 and

spring el enent 4 142 has the advantage of hol ding draw ng inplenents
of a vari et’f}&ﬁs#%ﬁb?%g and external dianeters in central alignnment within

cylindrical opernsidef$38dhotatd gllésé’uz‘é";%gﬂfvegé?%ﬁﬁﬁ 189 JARhAL4%°f

housing 44. As 5 described above for Figure e avol dance of frictional
contact w tpartsh@pii 884 andl ahwirsted girdditiboasd $656i R 184rdontavts ﬁ{)}béﬁﬁi@ﬁhg
operation of a contact-sensing microswitch 152. Holder 138 also has a

pr essul@- selement/kd4s sensing wism canttaattis maasdet besweantdsawingimplesenadd and
printed cirgcuit board 156. P'kn 154, contacts upper bi%fi ng 10 .e|lenent 144,
sensi ng whdRe PEERtEIoNDAE I combinatinm, iicss tHaPakeao Jransmitting

presentat i | 00, t I .53t i ng
DLPen oL bRk 4o TR0 o 538 4 RO SRRSO 1.,
Transm tting deviafsi@tinkdevicd0/aRs fHhfur@S@ddotn P BaRkMhitesr SPamNR | R
transmtter 60, simlar To the enbodi ment shown in Figure 5 Utrasound 15
transmi t t etraa8matier 602 simalas to theegrab6dinaere shotvmainefigureldr Ulhasmand r ol  of
el ectropic circyit rg( 153 which i s preferably battery powered l%y a battery
160. 15  transmitter 58 and IR transmitters 60 are actiated under the control o
electronic circuitry 158 which is preferably battery powered by a battery 160.
Both electronic circuitry 158 and battery 160 are preferably located in holder
138 of housing 44.
Turning to Figures 8A-8C, a preferred transmission profile of transmitter
20  device 40 will now be described. Figure 8A represents a contact profile of
drawing element 42 as measured by microswitch 64 as a function of time.
During a first period 100, drawing implement 42 is kept in contact with the
presentation board for an extended period to draw a continuous shape. Then,
during a second period 102, drawing implement 42 is used in a series of short,
25  separate strokes to form a dashed line.
As mentioned above, the prior art digitizer systems suffer from a
significant delay in picking-up the beginning 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

30 a dead time during which the receiver system synchronizes and locks on to the
18



Bot h el ect npoiog/aedsgcuUi try 158 and battery 160 are preferably petatsobsd
hol der 138 of housing 44. Turning to Figures 8A-8C, a preferred
transm ssion profile of transmtter 20 device 40 will now be descri bed.

Fi gure 8A represen . t. profil f draw n | ng S 1 by
m croswi tch %gimg lééq g@%%ﬁ%ﬁm."?ﬁﬁﬂs&a@ ]a?cr %&gﬁﬂ?ﬁ%&gﬁg%%

| Mpl ement 42ge§ioheﬁf0 {H Eﬁeé@%ewo&h/e}yh%eﬁa@éerﬁé}&'i% ﬁn%igx%g 188s g tignded
period to draw a continuous shape. Thenh, during a second perfod 102,

drawi ng i npl &epitinid® of thegegiodn bat sies igesat ahajohity tof RS stivkpais aeeosiedowel. t o
forma dashed Iine. As nentioned above, the prior art digitizer Séstems
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s made ana MRER A SHeRCRATAKE 3 perrilio e atsTed s o SuBBIely dagh pon
stroke starts withyoiona dead gk, dHE . liaNebbS, SEBRLARIDE:TRed to

synchroni zes and |'0CKs . . .
PCT/ 1 L98/ 000 9aihfadf SHricheenizhG6R! Setwbef Hr@fisthitferOteties 40 8hE MR Gesdio¥p I N
Figure 8B. During period 100 the effects are not very serious. There is a
smal | si gnal system #br & givée penivdraftaf thehendoof ieach pent stidke. dfgrtaliyg) s iy of
the stroke is recorded well. During period 102, however, the.system
response ti machievedbyathgtslectranie gircaitry cemtinuingfto operate AR Sransweistersrg0 for
result, e shed |j.ne is al t canpletely Jost. To.sqlve this proble
he preskhc [ Ensofitiestnie L Rllts GcRsraihiod Goames b ARPCSiEne Hoths SHrsh
bet ween trangmi ' t ' | |

bet veen, L aneHl e Suleho i g o s IE CHERRHLSYy Y B g B P

el ectronic Pldiswmﬁ%' Yiginl icaHi be dvoidideerher bR HeABREHOhRY TikAithprdiddblidghe
given tinme interval atfter mcroswitch 64 ceaSes to indicate a foorce exerted
on the out er ultvasiung transaritter 68 cluoingrthe idetayt periad, dritey chamgimg thenpdmternof

Fal se drawi n si}gnal s.can he avoided either by the electronic circuitry

di sabl i ng ul th@s @r@aﬂﬁ%maﬂt@@rn%cmﬁaphgm slated dihgydedey pedod ds tjcaliaali ng

Lhe cont gt §ld MohT 4 98bor sl refkebis BUNTeELRAR ) BEFaBbEH Fseckitsde!

period i

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

20  successive strokes, thereby providing an accurate response immediately on
switching of microswitch 64.

Tuming now to Figure 9, an eraser, generally designated 104,
constructed and operative according to the teachings of the present invention,
for use with a presentation board digitizer system will be described. A major

25 problem with eraser elements for use with digitizer systems is the common
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

30  problem, eraser 104 is constructed such that its eraser surface is self-orienting
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15 | east alf a second, and preferably between about ut 2
seconds. F‘lvglt?rg}éhsé% illustrates the response profile of trans%ﬁ@rgmg@\g/i ce

40 as described. During an initial period of a single pen stroke, its
response is not dissimlar fromthat of the prior art. However, when short
repeated st ﬁ@Il@sp%ﬁaﬁebﬁ%&mpﬁsématltoﬂab@ﬁfﬂtﬁuégacéefrmséeﬂﬂlrﬁﬁitmtaMscontaCt
synchroni zati on t successive str ereby providing an

2 k t
accurate redpBhe evrg\ﬁgs&rg EnentdR a Wxspmﬁeﬁ’g?e& 3‘?8#‘5‘"{;svm tch 64. Turning now
to Figure 9, an q‘lﬁéeﬁrasgﬁfﬁ ﬁ!tiéhél haEAe AN At erérasﬁpélgﬁ{eﬁ?tlﬁg vﬁ?ﬁhgﬁgraat Ve

according to the teathings e present 1 nvention, Tor use w

present at i ogubstanalty glat) ekersyafa® M 0. HaRIREE06 iaBd0eradern@lefien? 308 #feobl em
with eraser elenents for use with digitizer systenms is the common practice
of enpl o§i ngountsted by pivot jaintl B, agpicalynii sueforsi of @ baHeardi-spdkiet,ewhich
typically unable to distipguish hbetween flat contact and edge contact of
the eraser, llaﬁéwﬁi‘%gﬁ’ezse Totelernal feagdem. | Thespsset mivaldeingddat ensusssathel ar ea

h h ually b | h ' d i I f . I
Uhis 30 prbpismeGen ran 108" BEkrse, Bt caTQuitot et sty Stpe JA30,

is self-orieakding (th ePatftdt Hdard jally i
PCT/ | L98/ 00093 to 11 e epéj‘rfas g toard surface, substantially independent of, the

ensur es t hatoricheativhndtachichhaadlyf 1068 Iwldser el ement is al ways precisely
defined. Thus, eraser 104 has a handle 106 and an eraser elenment 108 which
has a si®st diresexil0¢ Flsafcatenca sransmittdratnyice featuiandhalogoss tmthose afer el ement

o i SSRBEE Beh o or Ahde o
ok ) bR, LA PR R 00 ARG

surface subsiiittylbatfery 1661€ 198 Coectidh SFHa2AE1 000 pivotfbint182rsl e 106 is
hel d. 10 Eraser 104 also features transmtter device features anal ogous

to those of throaghmi spreng gavassembly d20cAigresbuad ssrsing hesmswitthut22 &

cylindrical ultrasound tranfm'tter el enent. 114, ' a nunber of IR transmtters
116 andlan &reuEted i the seat of pin assembly 120 for sensing contact pressure between

handle 106 and eraser element 108. Wiﬁng from electronic circuitry 118 to

transmitters 114 and 116 is preferably located axially within pin assembly 120
and passing through pivot joint 112.
Eraser surface 110 is preferably circular, and cylindrical ultrasound
20  transmitter element 114 is preferably arranged such that its axis is 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 and
25  determination of the erased area than can be achieved by 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”. Similarly to eraser 104,
eraser 162 has a handle 164 and an eraser element 166 which has a substantially

30 flat eraser surface 168. However, handle 164 is connected to eraser element
20



circujtry/ watsangssbl ock 118. Connection of handle 106 to pi vBCTHIH8/M009B12 i s
t hrough a sprung pin assenbly 120. A pressure sensing mcroswitch 122 is 15
nounted in the seat of pin assenbly 120 for sensing contact pressure

bet ween ha”d!l8§ ti:gf’a S&%%ﬁé—%gﬁﬁgle%@ﬂém%. 'f%%d}%- eégx@v%!e?fxfn%ﬂw cireuitry

118 to transim I'S preferab oca axi a in pin

assenbl y 1201@1\%@8@@3:{1% 112,augh thituehed 8f Rhstlalgortiohasfdrasdtsuafec 168 i s
preferably circular, and cylindrical ultrasound 20 transmtter elenent 114

i s pref erabl gomtacaribe gresentationdioard,sa sighsl istramsirgtied tova ttoudthswitelm @4, of

eraser surface 110. By addition of the radius of the cyljnder to the TOF
measur enent s Touek §Witchd{daretrrably ingludss agrided gisuit ppard 17)& apd electriealnt er

f the cigcle, of. . and f th T, db
urf ace. 110, Sraigd PR AR e ERGal swtB aT o e Reha SeRe e o ano
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devi ces. A seepuECaee e R AR GELOIRN B i Rt el e

162 is desi gpfierds@itchri® oferdssi 4. area, particularly an area of narrow
wi dth, and can thus be described as a "narrow band eraser”. Simlarly to

eraser 104, eraseA s@pnfagethot afddentifationdouchiageaf the presentati®d dardh has
a substantially 30 | at eraser syrface_168. However, handle 164 is

connect ed t ougqsa;gg rfoﬁ«p\ym] eajyyes o?wgsgg;léz}g Egaser surface 128 has two contact
PCT/ 1 L98{ 00093 166 . essur nsiti,ve,el epent 170, Pressure-sensitive
el enent 100 PhercoRiBhed B G560 Wink ftaBRERY of Gl aT e on o
eraser surfaggflQ81ORRRchard B&ﬁ@ﬁ%ﬁ%ﬂﬂeﬁ? ei}r?g\gxﬁéiiox?tosdcggéét thitrbwpighn tt ed

to a touch swtch 174. Touch sw t pr y 1 ncludes a printe

circuit boar 64 bIFigme &l Hanly oak contact nfictoswitchl18 sendes Boretaaidivithtthech
switch 174 to ident_if)r%v\,hen eraser surface 168 is contacting the
pr esent at i onprsantationitosrd,ondy aismall ansapyidkbeerasedrmichgs milettesfor ch 122 of

e oo o SR b e A2 B
surface 158 BASChURORILAE s Hhe withGhORMGHA RS vt oPLALEY Atbiee' RSB

subst antial | eraser
be erased.

Similarly to eraser 104, eraser 162 also has transmitter device features.
Specifically, eraser 162 has at least one, and preferably two, cylindrical
ultrasound transmitters 182, located in handle 164, preferably substantially at

20 eachend 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 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

25  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.

Eraser 162 also has two infrared transmitters 188, preferably located
substantially at each end of handle 164. Each infrared transmitter 188 has an
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surface 16 ' are substantially simlar in function to

m cr osw tcﬁv%%@%&:i gure 6. If only one contact mcrosw tch %@8;@&?{’&%‘?
contact with the presentation board, only a snall area will be erased, such
as a letter, for exanple. If however both contact mcroswi tches 180 sense
cont act vmthmﬂ\a:reglaeﬂecptpeéﬂﬂ,tdm tocateshinchandle 864, whidh serees @siguiatand wi dt h
of eraser surface 168 be erased. Simlarly to eraser 104, eraser 162
al so has traﬁé‘iﬁt’focneq'sr& FE%CPBSt 33 Specifically, eraser 162 has at | east

one, and preferabl t ed
in handl e 164, pr eroa y 'S uﬂm))stac{rllfrﬁar‘,fﬂ Cﬁ@%gggﬁt}{eeggﬁﬁg%l‘@%ﬁ#ﬁ% féa?%%g
Since each ulhg apauididseABed) tit ewill 8Be | 5%;&@@@&@1 that hangimbdbof aliffefint162
al so features an ultrasound conductor tube 184 for each ultrasound

transm tt®r tfbodbaehtsudrerpssibhel substatinlly dsudesciiBéd gbese ffonthehtrandmitte4 t o
eraser el enent 166, such that the ultrasound signal fromeach ultrasound
transnmitter Ugvices transnmitted downward. Eraser 162 al so has a 25

refl ector cone 18Q.for each ultraso mtt 182. .Re ecto con 186
is preferably | ocat&Bfenlt ‘é?’a@e l%irﬁﬁ]gﬂ é’i%gﬁ owgthe &’ﬂq‘l’&’l?h%tl BP?

waves in all t S 6 r 188,
preferably | ggﬁft’x&‘: ér&gé lg{r?t’n?aﬁry&at&agg ?‘M@ha éﬁaﬁﬁ%i& ?i' f’n[?r ZFed
transmtter 3}8&ordass ﬁ:ﬁt}%]teachMFls %/ﬂ‘}@ﬁﬁ%ent invention, for use with a presentation
PCT/ 1L98/ 00093 infrared reflector 190, also |ocated in handl e 164, which
serves al@i mbobard dignrzéraystem.'Biik devire is @eaerhdly. smdﬁahmgranemttcpad&momﬂﬁr
enbodi nent of these transmtter device features has been described, it wll
be appreci at gsqrthad AbeyEbExcent dhatr dt edispenses o nty miieswieh Pds sinstead

b [ b bov h .d
Four o 10- ¢ HRETEHBRPA oA R o By st ipinddPR B vistas Sy iRuet SiEbMR At of
a transmitter devigemAnHoUEhter2RMkians" 8hdfs ARRIYiAY thitghereoeitings

of the present invention, for use present at |
transmission suffer from poor accuracy and dependency on specific board

15  design. However, they have a major advantage of inherent pen-board contact
identification. The device of the present invention combines this feature with all
the advantages of precision and independence from board design provided by
air-borne ultrasound systems, using the through-the-board detection solely for
contact detection.

20 Thus, this embodiment may be used with a presentation board system
essentially similar to that of Figure 1, with the addition of a 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

25  calculate a current position of the transmitter, and to the output from the board
mounted transducer to identify contact between the drawing 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

30 plot 132 represents the signal from the board-mounted transducer. Plot 130
22



10  boar dwaiogi4bs3ser system This device is generally sim | apCraL9s/00093
transmtter device 40 descri bed above except that it dispenses with

m croswitch 64, instead identifying pen-board contact by transm ssion of

vi brations t t sntRahA- ti rld: L0l . t

enpl oyi ng th%&%%% hét?rboar trsgﬁgén%rsési%e@t}?%erélx?rcomﬁgocﬁdrég%g?%iy&ﬂgz e
dependency ogpriiReublyCadtitiglad the pef Sk dh - usspwe¥&iding &s Yhiastabadin®ér! Plot
advant age of inherent pen-board contact identification. The device of the
present i nveldld,am therdsherband)ionly eegistees votrhspirding pulses dutringes perfiod that
preci sion and i ndependence fr_ogn ﬁo&rd qdesi gn provi ded by ai,r-&gr ne )

ul trasound sth&themsis nGontaqtigith fhe bgard. vhltbeush thesigael aualily ef plotd32 is
contact detectiom. 2@ . . . _Thu this e i rent. . be use ith a
present a iontyBH‘??lg ?g??%rmlte?s@ﬂﬁ @W@ﬁﬁ}g&g{ ?ﬁﬁé?nﬁf;‘?ﬂ’&a¥°rvﬁqqi t he
addi tion of ssociated wth the board (not shown) for
detecting vi%orrg{i?o%r?gumnnﬁgt he transm tter conducted through the board. The
processor of the receiver systemis then responsive to outputs fromthe

ai r-borne ul trasoltnghlt deeappresiated &at the albwvkadescaiptivhs ené ipraded wnlpftot he
transmtter, and to the output fromthe board nounted transducer to

i dentify cormeaee abemaoyies,andithatimany wthemembodiments arb qusaible vethdbythe
identifying operative strok of the drawi.ng inplenent. The principle of
this system3§ng %CQQPIC\?%]T?IPWS&GFE’VP@UPH-\AM ch plot 130 represents the
signal fromone of the ultrasound receiver assenblies and 30 pl ot 132
represents the signal fromthe board-nounted transducer. Plot 130 22 WO
98/ 40838 PCT/ 1 L98/ 00093
shows a conti nuous sequence of pulses since the transmtters operate
continuously as long as the pen is in use, according to this enbodi nent.

Pl ot 132, on the other hand, only registers correspondi ng pul ses during a
period that the pen is in contact with the board. Although the signal
quality of plot 132 is 5 typically inferior, it is nore than sufficient
for identification of contact or non- contact conditions. It wll be
appreci ated that the above descriptions are intended only to

23



serve as exanples. and that many oth ' e possible within the
spirit andwpiyé"‘g’?gpe of the present ﬂmﬂﬁmﬂmmmﬂ”mm 98/ 48%@1‘98’00&’%
PCT/ 1198/ 00093 WHAT IS CLAIMED I'S: 1.* ¢ An ulstrasodund receiver assenbly
for use in [ ! ] digitizer system the receiver assenbly
conpri si ng: wg%%?L@wg@%sound receiver | ocated adjacent to the
surface of the presentation board; and (b) a second ultrasound receiver
di splaced fromsaid first ultrasound receiver in a direction substantially
perpendi cular to {he sphnf akfaseind Recdivas edxeaillP ToP¥gE dn Spietehtatioh wawdd
second ul trasound receivers being connected so as to generate a total

out put si gnafligitimer syptemithg reaeivdresserabhneeamposimgsum of the ul trasound
signals received at each_of said first and_second ultrasougd recei vers such
that the receiver(@ssefdifpt ubtraspundseqeiver Jecated @diacgsb g dheisyrare afd@edent
froma plane substanti all j acent ,to fhe presentation board. 2. The
recei ver assenbly of cpgﬁsﬁ{‘%?éo%ﬁlﬂaé‘fl’ id first and second receivers are

connected In Seri @y 3a second ulifaddubliaeeung: ARG Sbid LMY HliEouhar

identifying the p on of an ultrasoun ransmtter associated wth an

el ement novable rel ati V&eﬁxﬁbr?insalrdﬁ@@ﬁon?d%s&hﬁhﬂ?ﬂﬁyéﬁtﬁcﬁlar|t©8dib dulfaee
spaced apart ultrasound receivers associated with the surface, a nethod of

anal yzi ng out puts fronefthe preseatstiomborst;ei ver s conpri sing the step of

i dentifying as current position a_weighted centroid of at |east a first
cal cul at ed p%ﬁédfﬁréhaa@rsp plezsound Téﬁﬁlﬁﬁﬁsgbﬁﬂgéopm%ﬁedp% RS & seperate a

Cecond pai 1 G18 AEERE SR KOrRRERERE' 1 B SiantRne borirb St BHE, Bt iehd O
function of ZRRARYEERLE]RRTabh ¥ safd Bbdtmd Scohd dtchéARRIALIREE SUER Bhat24

the receiver assembly is most sensitive to ultrasound signals incident from a

plane substantially adjacent to the presentation board.

2. The receiver assembly of claim 1, wherein said first and second

receivers are connected in series.

3. In an ultrasound-based digitizing system for identifying the
position of an ultrasound transmitter associated with an element movable
relative to a surface, the system having at least three spaced apart ultrasound
receivers associated with the surface, a method of analyzing outputs from the
ultrasound receivers comprising the step of identifying as a current position a
weighted centroid of at least a first calculated position derived from the outputs
of a first pair of the receivers and a second calculated position derived from the
outputs of a second pair of the receivers, wherein the weighting varies as a
continuous function of approximate position relative to the ultrasound

receivers.
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WD 98/ 408380 98/40833 PCT/IL3888P930093
4. The nethod as in claim3, wherein the ultrasound receivers are

substantially collinear, and wherein the weighting varies linearly with
distance in the dhrect L8A methedi aireslaier 3¢ Rheheins the JUHEsPWRBTHSIECTS\AE at

| east a given,sw t.ch-oves. zone, ,5. . The nethod as in clai 3 rein
the v, ght S LRHAHENY SERER: Aad dberaintheqVrihorec e RS, vt AHRERC  he
novabl e el e | For M i 34 [ | :

or esent at 1 oningg Arefist B AikhirEht SRR JIER ARtk lEre SELEFledit p v
drawi ng i npl ®etH-o¢ér #onddg an ul trasound transmtter against the board, the
system conprising: (a) at least two ultrasound receivers nounted relative
to the board for receiving air-borne ultrasound signals; (b) a transducer

associated with the board so as to detect vibrations fromthe transmtter
conducted throughSthe Bbar thethedi gsc)in cleipr dhesdsreineshonweighted wmtrnids

posi 11 on of AMECEFRHERTR B8 SACACHIBELTBIE BEPRGHEIE B aIePT SS pHYR Ve
to an out put -Sal . c i dentify contact between the draw ng
BB RGL oo R rdd,
7

I mpl ement arft tifying operative strokes of the
drawi ng i npl enent. A transmtter device for use with a system for
digitizing operative strokes of a hand-held drawi ng inplenment, the draw ng

i mpl ement having @ body @m@bemtmﬁrbabfdleiigim_rtég@tém afoy "Higi®Fingeypérative
conprising: (a) a housing having a substantially cylindrical "openi ng
t er m nat i ng sitokes fafra drawihg implesment aearymg hnaltrasturmd transmjtteraaghimstthe ng

receiving a por g&g of the body.of the drawing inplenent with its operative
tip extendi RPFIICSYSEL EPMPEISINEGre; 25

(a)  atleast two ultrasound receivers mounted relative to the board for
recelving air-borne ultrasound signals;

(b)  a transducer associated with the board so as to detect vibrations
from the transmitter conducted through the board; and

(c) a processor respomsive to outputs from said at least two
ultrasound receivers to calculate a current position of the
transmitter, said processor being additionally responsive to an
output from said transducer to identify contact between the
drawing implement and the board, thereby identifying operative

strokes of the drawing implement.

7. A transmitter device for use with a system for digitizing operative
strokes of a hand-held drawing implement, the drawing implement having a
body and an operative tip, the transmitter device comprising:

(a)  a housing having a substantially cylindrical opening terminating

at a first end in a surface with a central bore, said housing
receiving a portion of the body of the drawing implement with its

operative tip extending from said central bore;
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WD 98/ 40838
PCT/ 1 L98/ 00¥938/#49898 4 retainer attachable to a second end ofPGHALI#BWIRi ng
to retain the drawing inplement within said housing, said retainer having a

() "%t Tansm t 4T moahicnpErtibIYd EREETRDbad REHEoRRlifle 2y B

central bore. 8. Th ) i i 4 loMc4; ' '
housi ng further incl udgdsr:h 3:5 %bgﬁfgngﬁﬂét\%ﬁ? ?ﬁldaglfgg@ga S%lyd \géhlg{l%grshaﬁﬁhg a
pressure exerted on saispringr élefens doRbidsindehe elsmngg' aplementf tomesdexeid ed
on the operative tip of the drawi ng inplenent towards said housing; and (b)
electronic circuitry reup@esiand to said microswitch to affect operation of
said transmitter at least when said mcrosw.tch indjcates a force exertged
on the operative ta(Pl) of2 {RBSTHLRT meuniad Efj@ﬁl.‘fe tt%vﬁé}cijg‘ogﬁpg PrornalL fo é?‘l‘f
The transmtter device c%ﬁtlj pb@eai m 8, wherein said electronic circuitry
operates said transmtter for a‘given time interval after said mcroswitch
ceases to indicate a force exerted on said outer housing towards the

operative tip of the draw ng inplenent. 10. The transmitter device as in
claim9, wherein sid diiettahdmifiter de@icéads insclaim 7e dtHeréihGdid hediding fagBend.
11. The transmtter device as in claim 8, wherein said transm tter

transnmits connclodesisl y, and wherein said electronic circuitry is responsive
to said mcroswitch to change a iiagnal transnitted by said transnitter,
whil e said mcrosv@l ch & rrtostatchaastyated By sheages in tnressype exerted on saisk

the draw ng inplement towalds Sad l;]eofjessbgﬂsivg % a force exerted on the operative

tip of the drawing implement towards said housing; and

(b) electronic circuitry responsive to said microswitch to affect
operation of said transmitter at least when said microswitch
indicates a force exerted on the operative tip of the drawing

implement towards said housing.

9. The transmitter device as in claim 8, wherein said electronic
circuitry operates said transmitter for a given time interval after said
microswitch ceases to indicate a force exerted on said outer housing towards

the operative tip of the drawing implement.

10.  The transmitter device as in claim 9, wherein said given time

interval is at least about half a second.

11.  The transmitter device as in claim 8, wherein said transmitter
transmits continuously, and wherein said electronic circuitry is responsive to
said microswitch to change a signal transmitted by said transmitter while said
microswitch indicates a force exerted on the operative tip of the drawing

implement towards said housing.
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WO 98/ 408380 98/40838 PCT/IL98/00093
PCT/ 1 L98/ 00093 12. The transmtter device as in claim8, wherein said
transmtter is an ultrasound transducer. 13. The transmtter device as in
claim 12, fartherl2conpfhestragsmaittersdevicefis am cddinc 81 sviwgeiat $atd dnsmittenis ons
link, said elenments bejng associated with said electronic circuitry. 14.

An ul t r asoundntylaseund Eansgegee for use with a system for digitizing the
position of a hand-held drawi ng i nplenment, the draw ng inplenent having a
central axis and an operative tip, the transmtter device conprising a

substantially cylindrical_ pi t il rapspit e SiLJ
coaxially with the1 dram% *&éﬁ?’g@gt 3§@°§sg?omm‘%‘%ﬁ%@?ﬁ@hﬁgar&{’f“@?ﬁﬁ%
draw ng inpl &EALyR" GFI 'eléagr RBer éél'nYﬁux{ibé’tiorE-link, ARi ST AeRlenfie befify f Or
use with a presentation boar Igitizer system the eraser device
conprising: (aociatedheitklksid dlédtroniasireutser el ement having a substantially
flat eraser surface; and (c) a pivot joint connecting between said handle
and said eraser elenent, said pivot joint having two degrees of rotational

freedom such that, in use, said eraser e] enment assumes an orientation with
sai d eraser surfadé pardn| slirasgupdctransmister adevige biosr use withca system for

bstantial |l y,.i nd t of.th i ent ati t which said le s held.
16" A nar  BBEAE oo oSl o8 poRendely  frarBic duhfirienn sa ik
di giti | : . . . | e:
(b)  an or acuRemEhE RRAREN BB, BAEPERA PR DS ROPR B it N

WO 98/ 40838 comprising a substantially cylindrical piezoelectric transmitter element
PCT/ 1L98/ 00093 (¢) a plurality of contact mcroswitches |ocated on said

eraser surfaqesitsaned adaxiallyhwithahe drawing infplsmictt eo as ¢v crauinacrbe apantcos

the drawing implement proximal to the operative tip.

15.  An eraser device for use with a presentation board digitizer
system, the eraser device comprising:

(a)  ahandle;

(b)  an eraser element having a substantially flat eraser surface; and

(c) a pivot joint connecting between said handle and said eraser
element, said pivot joint having two degrees of rotational freedom
such that, in use, said eraser element assumes an orientation with
said eraser surface parallel to the presentation board surface
substantially independent of the orientation at which said handle
is held.

16. A narrow-band eraser device for use with a presentation board
digitizer system, the narrow-band eraser device comprising:
(a) ahandle;

(b) an eraser element having a substantially flat eraser surface; and
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t he presen%%é;ﬁs oard, at |east one mcrosw tch correspondi ?g@{‘g”szoﬁb%ai q

portion is activated and such that when substantially an ent
eraser surface contacts the presentation board, substantially all of said

m croswi tches are ti 17 o [ f claim
16, further conpr i(@fng\éghg l}ll’ I?fi goggghﬂgé%?%ﬁgggkoﬁg%ﬁ? ? @ﬁs&gsne a
plurality of infra-redshffadssuth et Wikkn i peRidd ¥f §id epiteaShritd Borthts
presentation board. 18. The narrow band eraser device of claim17,
further conprising at ithaptesemationfoand,at iéast oraalicrdswa tihccdrrespsenilingetos .
19. The narrow band eraser device_ of claim 16, further conprising a
pressure-sensitive el efdiParEEniigactivated and sueh that whenrsubstanialy@mt at i on
board. :

entirety of said eraser surface contacts the presentation board,

substantially all of said microswitches are activated.

17.  The narrow-band eraser device of claim 16, further
comprising a plurality of ultra-sound transmitters and a plurality of infra-red

transmitters for identifying contact with the presentation board.

18.  The narrow-band eraser device of claim 17, further comprising at

least one reflector for each of said transmitters.

19.  The narrow-band eraser device of claim 16, further comprising a

pressure-sensitive element for identifying contact with the presentation board.

28



